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Abstract 

Algebraic thinking is a person’s ability to understand, analyze, and solve problems using algebraic 

concepts to simplify statements and find solutions. Currently, many prospective teachers still lack 

proficiency in applying algebraic thinking skills. Self-efficacy is one of the factors that influences 

algebraic thinking ability. This study aims to reveal the relationship between self-efficacy and 

algebraic thinking skills in pre-service mathematics teachers. In the context of solving math 

problems, especially algebraic ones, algebraic thinking skills are crucial. Using a qualitative 

method with a descriptive approach, the study employed interview guidelines, questionnaires, 

and tests as instruments. The results show a clear correlation between the level of self-efficacy 

and algebraic thinking ability. Pre-service teachers with high self-efficacy can effectively evaluate 

information, use symbols to represent variables, and solve algebraic equations well. They are also 

able to determine the values of unknown variables. On the other hand, participants with moderate 

self-efficacy can interpret and communicate information but are less systematic in selecting 

problem-solving steps that involve abstraction. Participants with low self-efficacy struggle to 

interpret information and cannot explain the relationship between the information in the problem 

and the question asked, leading to incorrect solutions. The conclusion of this study is that the 

higher the level of self-efficacy, the better one’s algebraic thinking ability. This indicates the 

importance of enhancing students’ self-efficacy to support more effective algebra learning. 
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INTRODUCTION 

Algebraic thinking is a fundamental skill in the era of 
the Industrial Revolution 4.0. It emphasizes the ability to 
analyze relationships between quantities, pay attention 
to structures, study changes, generalize, solve problems, 
model, justify, prove, and predict (Eriksson & Sumpter, 
2021). It involves a specific way of thinking that goes 
beyond the use of letters and focused on general 
relationships and relational aspects (Radford, 2008; 
Sibgatullin et al., 2022). This type of thinking includes 
generalization, abstraction, dynamic thinking, 
modeling, analytical thinking, and organization 
(Yusrina & Masriyah, 2019). Research has shown that 
algebraic thinking is critical to success in mathematics, 
and its development in the early grades is an important 
component of supporting algebraic reasoning later in life 

(Dougherty et al., 2014). It is a mental activity that 
requires generalization abilities, transformation, and 
global meta-level skills to solve problems 
(Sukmaningrum & Kurniasari, 2022). Algebraic thinking 
extends beyond the use of symbols to explore 
relationships, generalize and formalize concepts, use 
algebra as a tool, and engage in logical reasoning and 
making connections between different representations 
(Walkoe et al., 2022). 

The ability to think algebraically is a fundamental 
aspect of mathematical development, especially in the 
educational environment. Several key indicators are 
essential for assessing and promoting algebraic thinking 
in students: generalization, problem solving, reasoning, 
and the ability to represent data using tables and 
diagrams (Eriksson & Eriksson, 2020). These indicators 
not only help understand algebraic concepts, but also 
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provide a foundation for further algebra learning 
(Acosta & Alsina, 2020; Eriksson & Eriksson, 2020). True 
algebraic thinking skills go beyond algebraic notation; 
they include the capacity to generalize, solve problems, 
predict results, justify models, and prove mathematical 
ideas. 

To improve algebraic thinking skills, it is imperative 
to cultivate proficiency in comprehending problems, 
constructing mathematical representations, solving 
difficulties, and interpreting answers. Students can 
master algebraic thinking skills well by mastering 
affective skills, one of which is self-efficacy. Students 
need to have self-efficacy in order to be successful in the 
learning process. Self-efficacy is the assurance that one 
has in organizing and directing one’s capacity to adapt 
and cope with circumstances. Learning mathematics, 
including numeracy, requires willpower, survival skills, 
self-confidence, a good attitude toward mathematics, 
and the ability to solve mathematical problems (OECD, 
2012). In terms of comprehending mathematical 
material, pre-service teachers scored inconsistently 
(Norton, 2019). Inadequate mathematical self-efficacy 
will affect reading comprehension and problem solving 
abilities (Öztürk et al., 2019). 

Problem Statement 

The initial findings from this current study indicate 
that pre-service mathematics teachers lack proficiency in 
algebraic thinking, including concepts such as variables, 
statements, algebraic connections (equalities and 
inequalities), change analysis (graphing), patterns, 
functions, and modeling (problem solving). The results 
of another study stated that one of the components of 
algebraic thinking is representation. In this case, Results 
from other research state that one of the components of 
algebraic thinking is representation. In this case, the 
weak ability of students in mathematical representation 
results in low achievement of the most dominant 
indicator of algebraic thinking ability, with an average 
achievement of only 1.57% (Toheri, 2013). There are still 
many students who, when presented with an algebra 
problem, immediately calculate without understanding 
the meaning of the question and the relationship 
between the sentences, making it difficult for them to 
solve and represent the problem. According to Wilujeng 
(2017), low algebraic thinking skills are caused by low 
algebraic readiness (Wilujeng, 2023). Agoestanto et al. 

(2019) stated that one of the causes of students’ errors in 
algebraic thinking is students’ lack of understanding of 
modeling algebraic forms. One of the things that 
teachers can use to develop and train students’ algebraic 
thinking abilities is problem solving. Students frequently 
struggle to get information from the questions, which 
leads them to have difficulty predicting patterns and 
grouping information. It follows that self-efficacy and 
the capacity to think algebraically are related.  

According to Kieran (2004), if students engage in 
good algebraic thinking through problem solving, it will 
encourage and help in their cognitive learning process. 
More studies are needed to understand how algebraic 
thinking skills of teachers and pre-service teachers adapt 
teaching practices to meet the needs of students (Manly, 
& Ginsburg, 2010). Previous research, including that of 
Hill et al. (2005), has shown that student achievement is 
closely related to teachers’ mathematical knowledge. 
However, many teachers lack a strong foundation in 
algebraic thinking skills, which affects their ability to 
teach algebraic concepts effectively (Magiera et al., 2013). 
The development of algebraic thinking skills is 
influenced by various factors. Some students tend to 
avoid using variables in problem-solving due to a lack of 
confidence in their own abilities, commonly referred to 
as self-efficacy. Self-efficacy is defined as the belief in 
one’s ability to solve mathematical problems, the 
approach to learning or working in understanding 
concepts, the ability to communicate mathematical ideas 
with peers and educators, as well as the competence in 
demonstrating specific levels of reasoning. 
Consequently, self-efficacy constitutes a critical aspect of 
self-knowledge that significantly impacts mathematical 
problem-solving abilities. 

Research Gaps 

The lack of in-depth studies on the algebraic thinking 
profiles of pre-service teachers remains a concern. 
Although some research has developed and mapped the 
stages of algebraic thinking development, there is still 
limited research that systematically describes how pre-
service teachers move through various stages within 
different frameworks. Further research is needed to 
specifically identify the algebraic thinking profiles, 
particularly about the affective abilities of pre-service 
teachers. This is important in the learning context, where 

Contribution to the literature 

• This study provides an opportunity to thoroughly examine pre-service teachers' thinking regarding 
algebraic thinking profiles. 

• The research delves into the algebraic thinking profiles of pre-service teachers in solving mathematical 
problems based on self-efficacy. 

• The results of this study are used to propose improvements aimed at enhancing the algebraic thinking 
abilities of prospective mathematics teachers and in studying mathematical problems. 
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teaching strategies can be adjusted to different algebraic 
thinking profiles and their connection to self-efficacy. 

Research Questions 

A review of the available research on the algebraic 
thinking profiles of pre-service mathematics teachers 
reveals a gap. Therefore, the research question for this 
study is: How do the algebraic thinking profiles of 
students in teacher education programs approach 
solving mathematical problems when viewed through 
the lens of self-efficacy? 

Research Goal 

This study undertakes an in-depth analysis to 
examine in detail the algebraic thinking profiles of 
prospective teachers in solving mathematical problems 
from the perspective of self-efficacy. The aim of this 
research is to analyze the algebraic thinking profiles of 
prospective teachers in constructing new knowledge. 
The findings will be utilized to propose improvements 
in the teaching and learning of algebra courses, viewed 
through the framework of self-efficacy. 

LITERATURE REVIEW 

Algebraic Thinking Skills for Pre-Service 
Mathematics Teachers 

Algebraic thinking often involves the process of 
generalizing arithmetic operations, and as it gets more 
complex, it deals with unknown quantities. The five 
categories of algebraic thinking are  

(a) generalization and formulation of arithmetic 
operations,  

(b) manipulation and transformation of certain 
equality problems through inverse operation and 
principal syntax,  

(c) analysis of mathematical structures,  

(d) relations and functions, including numbers and 
letters, and  

(e) algebraic language and representation (Stephens 
et al., 2015).  

Additional studies have demonstrated that the 
development of algebraic thinking comes from 
recognizing the structural connections within arithmetic 
patterns and structures, which includes understanding 
concepts such as generalized arithmetic, functional 
reasoning, and utilizing generalizations as modeling 
languages. It is an approach to problem solving that 
emphasizes general relationships and relational aspects, 
using tools beyond symbolic representation (Rudyanto 
et al., 2019). The development of algebraic thinking is 
viewed as a process. Pattern generalization is an 
excellent strategy for developing students’ algebraic 
thinking skills (Nurwidiyanto & Zhang, 2020; Rudyanto 
et al., 2019).  

Reviewing the investigative studies that have been 
conducted algebraic thinking involves the 
generalization of mathematical procedures and the 
handling of unknown numbers (Sibghatullah et al., 
2022). It emphasizes the skills of pattern recognition, 
mathematical generalization, and symbolization that are 
important for children in Piaget’s formal operational 
stage, which spans the ages of seven to fifteen. Teachers 
and pre-service teachers need to understand and 
promote algebraic thinking to improve students’ 
problem-solving skills and overall mathematical 
competence. As noted above and according to the 
findings of Wahyuni and Herman (2019), algebraic 
thinking involves various components such as 
reasoning, mathematical modeling, pattern recognition, 
and the ability to generalize and predictions. Developing 
algebraic thinking in students in the early grades is 
critical to building a strong foundation for later algebra 
learning (Dougherty et al., 2014). Teachers play an 
important role in cultivating algebraic thinking in their 
students by recognizing moments of algebraic potential 
in them and supporting their generalization and 
formalization skills (Walkoe et al., 2022).  

Low algebraic thinking skills can lead to difficulties 
in solving algebraic problems and interpreting 
mathematical relationships. Accordingly, in the view of 
Kusumaningsih et al. (2018), teachers needs to have a 
comprehensive understanding of their students’ 
algebraic cognitive processes in order to effectively 
provide instructional content on topics such as 
polyhedrons, numbers, functional relations, social 
arithmetic, and other topics that require the utilization of 
algebraic concepts and problem solving techniques. 
Introducing algebraic thinking early in mathematics 
education can lead to better outcomes in algebra 
learning. This introduction includes recognizing 
patterns, using symbols for quantity variables, and 
systematically representing relationships (Manly & 
Ginsburg, 2010). Teachers needs to be aware of the 
algebraic thinking skills of their students, especially if 
they are middle school students, in order to help them 
solve mathematical problems. Teachers need to have a 
thorough understanding of how student reason 
algebraically. This is important for teachers to consider 
when teaching topics such as linear programming, 
equations and inequalities, exponentials and logarithms, 
and other topics that involve the use of algebraic forms 
and algebraic solutions. In particular, teachers of 
mathematics for younger age groups should plan 
instruction to develop algebraic thinking skills 
(Sibghatullah et al., 2022). From the results of other 
studies it was found that prospective mathematics 
teachers still had difficulty developing algebraic 
thinking skills, which had an impact on solving 
mathematical problems of prospective teachers 
(Kusuma et al., 2024). Based on mathematical problems, 
particularly in algebra, a strong algebraic thinking 
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process is required to solve such problems. A good 
algebraic thinking profile can be identified through an 
individual’s cognitive style, which can serve as a 
reference in solving algebraic problems. 

Self-Efficacy 

Self-efficacy also predicts numeracy performance 
(Gatobu et al., 2014). A self-efficacious individual is one 
who believes in their own talents before approaching a 
problem (Kirbulut & Uzuntiryaki-Kondakci, 2019). In 
addition to students’ conceptual understanding, it is 
suggested to consider students’ self-efficacy also in 
learning success. Self-efficacy is an individual’s belief in 
his ability to succeed in doing something. Sun (2020) 
revealed that student self-efficacy positively impacts 
student learning outcomes and is positively related to 
academic achievement in both before class and in class 
learning environments. Students’ self-efficacy in 
collaborative learning also has a positive impact on 
students’ conceptual understanding. Math self-efficacy 
and math grades showed a unidirectional relationship 
with former math grades being related to later math self-
efficacy. Considering math test scores, reciprocal 
relationships could be found for math self-efficacy 
(Arens et al., 2020). 

Schunk and Dibenedetto (2016) mathematical self-
efficacy has a direct influence on students’ cognitive 
abilities and stated that mathematical self-efficacy serves 
as a better predictor of mathematics performance 
compared to gender and previous learning experiences 
and . The confidence of a person in overcoming different 
challenges is related to the strength dimension. 
Meanwhile, confidence in predicting the success of the 
problem-solving procedures undertaken is related to the 
generality dimension. To improve students’ algebraic 
thinking skills, educators need to provide students with 
high self-efficacy with practice questions and familiarize 
them with expressing mathematical ideas and provide 
students with moderate self-efficacy with training in 
identifying problems to get a pattern (Setyawati et al., 
2020). with high, medium, and low levels of self-efficacy 
have differences in algebraic thinking skills, this shows 
that algebraic thinking skills and self-efficacy are 
interrelated.  

METHODOLOGY 

Study Design 

This study used a qualitative descriptive approach 
that aimed to describe the algebraic thinking profiles of 
students based on self-efficacy categories. The objective 
of this study is to provide a comprehensive profile of 
algebraic thinking of future mathematics teachers, 
focusing specifically on their self-efficacy category. 

Sampling and Data Collection  

Data were collected from students in the fourth 
semester of the mathematics education program at 
Kusuma Negara Teacher Training and Education 
College, Indonesia. This study involved twenty-five 
participants as subjects. The selection of research 
subjects is based on the consideration that the subjects 
have studied linear programming material, which is a 
practical application of algebraic concepts, particularly 
in solving problems involving systems of equations and 
linear inequalities. Three samples were then selected 
from twenty-five subjects using purposive sampling. 
Purposive sampling is a method of selecting data sources 
based on certain criteria or considerations (Sukestiyarno, 
2020). In this study, the concern was to select samples 
that represented high, moderate and low self-efficacy 
criteria. Subjects (participants) were referred to by 
initials to facilitate data analysis. 

The survey used a set of 12 items rated on a scale of 1 
to 10, with 1 indicating uncertainty and 10 indicating 
strong certainty. Expert judgment validated the 
algebraic thinking skills test instrument and declared it 
suitable for use in obtaining data according to the 
objective of the study. Limited trials of the instrument 
were then conducted. The results of the validity test 
showed that the algebraic thinking skills question items 
were valid and reliable. In the meantime, the self-efficacy 
questionnaire and the interview guide were reviewed by 
psychological experts. Expert judgment validates the 
algebraic thinking test instrument and is declared 
eligible to be used to obtain data according to the 
purpose. Then, the researchers conducted a limited trial 
of the research instrument. The results of the validity test 
show that the algebraic thinking questions are included 
in the valid and reliable categories. Meanwhile, expert 
judgment in the field of psychology validated the 
interview guide and self-efficacy questionnaire. Validity 
test using content validity test and reliability test using 
Cronbach’s alpha. Testing the validity of the data in this 
study used triangulation technique. Data obtained from 
written test results were compared with think aloud 
results and students’ answers during interviews so that 
the data obtained is accurate. 

Data Analysis 

Based on the data collected, a self-efficacy test was 
administered using a questionnaire to the twenty-five 
selected research subjects. Based on their self-efficacy 
test scores, participants were categorized into three 
different groups according to their level of self-efficacy: 
high, medium, and low. Student self-efficacy is 
categorized into three levels: low, moderate, and high, 
based on the scoring categorization method by Frisbie 
and Ebel (1991). Subsequently, participants were given 
an algebraic thinking ability test, with attention given to 
answer variations, the uniqueness of responses, and 
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communication skills. From each category, one subject 
was selected for an in-depth interview. The in-depth 
interviews and test results were used in the data analysis 
stage to group, reduce, present, and hypothesize 
(Sukestiyarno, 2020). The credibility of the data was 
tested using triangulation by comparing data from 
algebraic thinking tests and in-depth interviews. 

RESULTS 

This study began with the collection of student self-
efficacy data using a questionnaire from 25 participants. 
Based on the results of the self-efficacy questionnaire 
completed by all participants, the participants were 
grouped based on their self-efficacy levels, as shown in 
Table 1. 

Table 1 shows that of the 25 students who were given 
the self-efficacy questionnaire, 7 students had high self-
efficacy, 12 students had moderate self-efficacy, and 6 
students had low self-efficacy. A total of two participants 
were then selected from each category to construct an 
algebraic thinking profile centered on the self-efficacy 
category. Considering the range of responses, the 
distinctiveness of responses, and the proficiency in 
communicating, six study participants from each 
category were selected to participate in comprehensive 
interviews. Then, one student from each of the three 
categories was selected to participate in an interview 
focused on the algebraic thinking process. As a result, 
three participants were selected, each of whom was 
referred to by initials NV, NU, and MH, respectively. 

The algebraic thinking profile was derived from the 
combination of test results, interviews conducted with 
the three participants, and recording of the participants’ 
worksheets. Algebraic thinking skills were measured 
using six markers, as follows:  

1. Generalization, which is characterized by 
students being able to determine the general form 
of a linear equation in two variables.  

2. Abstraction, which is characterized by 
understanding what is asked in questions that 
involve the use of variables symbolized by letters.  

3. Analytical thinking, which is characterized by 
students being able to solve equations to find 
unknown values.  

4. Dynamic thinking, which is the analysis of 
arithmetic patterns involving variables from a 
problem, characterized by performing algebraic 
manipulations to simplify equations or 
mathematical models.  

5. Modeling, which is characterized by students 
being able to model and represent mathematical 
problems using algebraic forms.  

6. Organizations, which is characterized by the 
ability to openly articulate changes in a process or 
relationship as functional connections between 
variables using mathematical equations or verbal 
expressions.  

The following assessment questions can provide pre-
service teachers with a mathematical profile of their 
algebraic thinking. 

Sabrina, Geovani, Agatha, and Tari bought 
basketballs and soccer balls. As a punishment for losing 
some balls, Sabrina and Geovani bought 2 basketballs 
and 1 soccer ball for IDR 170,000. Agatha and Tari 
bought 1 basketball and 3 soccer balls for IDR 185,000. 
How much does 1 basketball and 1 soccer ball cost? 

Self-Efficacy Category 

The exam and interview results are thereafter 
compared and scrutinized to obtain a comprehensive 
understanding of the algebraic thinking profile of the 
teacher or potential Mathematics instructor. Below, we 
provide a description of the outcomes obtained from 
tests and interviews conducted with informants. 

Based on Figure 1, participant NV was able to know 
the given information about each given problem. 
Participant NV was able to construct their own formula 
by trial and error and was able to identify two strategies 
for solving the problem, i.e., using elimination and 
substitution and determining the answer correctly. The 
participant was able to answer the problem well by 
writing down the information given and what the 
question the participant to find (Figure 1), indicating a 
good ability to analyze the information given in the 
question. Moreover, participant NV was able to write 
alternative solutions based on formulas obtained using 
different methods. In the implementation stage, 
participant NV solved the problem using the two 
formulas found. Two elimination and substitution 
formulas were used because it was easier to work with 
and check the result of the calculation.  

Based on the interview, participant NV met all 
indicators:  

(1) generalization, indicated by being able to 
determine the general form of a linear equation in 
two variables;  

(2) abstraction, indicated by being able to understand 
mathematical concepts by giving reasons for the 
information given and what the question asked, 
using symbols related to concepts and rules in 
solving problems;  

(3) analytical thinking, indicated by being able to 
solve equations to find unknown values by 
explaining what steps were taken;  

Table 1. Distribution of participants based on self-efficacy 
questionnaire scores 

Total number of participants 
Self-efficacy 

High Moderate Low 

25 7 12 6 
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(4) dynamic thinking, indicated by being able to 
perform dynamic manipulation of mathematical 
objects by explaining the relationship between the 
information and what the question asked and 
being able to solve problems using multiple 
solving methods;  

(5) modeling, indicated by being able to model and 
represent mathematical problems using algebraic 
forms; and  

(6) organization, indicated by being able to simplify 
information related to the information given and 
what the question asked and choosing a solution 
plan that fits the problem.  

Q: Can you identify the given information in the 
question and what the question asked you to find? 

NV: Yes, I can. 

Q: What did you have in mind when you were 

given this question? 

NV: [I must first] understand the question by 
determining the information given and then what 
the question asked me to find, sir. Next, (I must) 
determine the solution. 

Q: How did you solve the problem? 

NV: [I solved the problem] by first determining 
each variable, x for basketball and y for soccer ball, 
to make it easier to work on,[and] then proceeded 
to create a mathematical model.  

P: What method did you use and why? 

NV: I have studied this topic before, so in my 
opinion, using either elimination or substitution is 
an efficient way to do it. 

Q: Did you use both methods (to solve the 
question) and were the results the same? 

NV: Yes, they were, sir. I’ve also solved (the 
problem) using the substitution method to 
confirm my answer. 

Q: When (you were about to) work on the 
question, did you feel sure you could solve it the 
moment you saw it? 

NV: I did, Sir. I know how to solve the problem, 
and I was sure that I could do it. (After all) I 
understand the topics I have learned. 

Based on the answer to the question and the 
interview results, participant NV was able to solve 
problems well. The participant was able to correctly 
write the information given and what the question 
asked. In addition, participant NV accurately arranged 
examples and equations in the correct order, represented 
the problem visually, and transformed the problem into 
mathematical language through the act of writing 
examples and equations expressed in mathematical 
notation. Then, participant NV was able to determine the 
method of solving the problem with the correct answer, 
answer the question, and write the conclusion correctly. 
The participants had very good confidence in working 
on the questions, as shown in the results of the interview. 
Participant NV, after reading the question, immediately 
responded by determining each variable so that no 
mistake was made in determining the algebraic 

 
Figure 1. Response of the participant with initials NV to the test item (Source: Authors’ own elaboration) 
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modeling. Participant NV was quite confident in doing 
this because they still remembered the material they had 
been taught in the linear programming course. 
Participant NV seemed to have a very good stimulation. 
Participant NV felt challenged and enthusiastic about 
solving the problem. 

Moderate Self-Efficacy Category 

From Figure 2, it can be seen that participant NU 
knew the information given in the question well, as 
indicated by the fact that the participant wrote down all 
the known information in the given question. However, 
participant NU was not able to write down structurally 
appropriate and complete solution steps, and in the end, 
participant NU was able to complete the answer 
correctly, but did not write down the conclusion. 
According to the results of the interview, participant NU 
met only the following criteria:  

(1) generalization, indicated by being able to identify 
the information given and what the question 
asked;  

(2) analytical thinking, indicated by being able to 
solve equations to find unknown values;  

(3) modeling, indicated by being able to model 
situations using patterns in solving problems by 
adopting the patterns used in the questions; and  

(4) dynamic thinking, indicated by being able to solve 
problems using logical deduction and being able 
to explain the chosen solution plan according to 
the problem.  

The results showed that participant NU was a 
student with moderate self-efficacy. 

Q: Can you identify the given information in the 
question and what the question asked you to find? 

NU: Yes, I can. [That is why I] let A be basketball 
and B be soccer ball 

Q: What did you have in mind when you were 
given this question? 

NU: [I had to first] understand the problem by 
determining the variables, then determine what 
the question asked, and then determine the 
solution. 

Q: How did you solve the problem? 

NU: after determining each variable, I 
immediately manipulated it to find each value 
that was sought for each price 

Q: What method did you use and why? 

NU: I used the substitution method because I have 
better understanding on the method, sir. 

Q: Did you happen to try other methods and were 
the results the same? 

NU: No, sir. I only used the substitution method. 

Q: When [you were about to] work on the 
question, were you sure that you could do it right 
after seeing it? 

NU: I was sure that I could do the question, but I 
was not sure about my answer, sir. I did my best 
to do it anyway. 

Participant NU was able to understand well the 
information given in the question but was not able to 
achieve the criteria of dynamic thinking, because 
participant NU was not able to answer with a complete, 
sequential and detailed strategy, and was not able to 
achieve the criterion of organization because the 
participant was not able to solve problems based on the 
plans made. Participant NU was able to answer 
questions correctly by using the substitution method to 
get the results. The participant exhibited an exceptional 
proficiency in comprehending the content of the 
questions and a high level of confidence in approaching 
the question. 

Low Self-Efficacy Category 

From the response of participant MH to the question, 
as shown in Figure 3, it was concluded that MH achieved 
three indicators of algebraic thinking:  

(1) generalization, indicated by being able to identify 
the information given and what the question 
asked, although not perfectly, and then construct 
the problem with a specified pattern;  

(2) analytical thinking, indicated by understanding 
mathematical concepts and rules, such as giving 
reasons for the information given and what the 
question asked and performing calculation 
operations based on the information given using 
the elimination method, although only being able 
to explain well the steps to solve the problem 

 
Figure 2. Response of the participant with the initials NU to 
the test item (Source: Authors’ own elaboration) 
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using the elimination method, but not being 
careful in working on and determining the 
variables, which caused errors in the calculation; 
and  

(3) modeling, indicated by participant MH being able 
to do mathematical modeling, although the 
answer was still incorrect.  

The result shown by MH was usually shown by 
students with low self-efficacy.  

Q: Can you possibly identify the information 
given and what the question asked? 

MH: Yes, I can, sir.  

Q: What did you have in mind when you were 
given this question? 

MH: [I had to find] a value for the prices of soccer 
balls and basketballs. 

Q: How did you solve the problem? 

MH: [I solved it] using the elimination method. 

Q: Why did you use the elimination method? 

MH: It is the only method I know, sir. 

Q: Did you happen to try other methods and were 
the results the same? 

MH: I did not, sir.  

Q: When [you were about to] work on the 
question, were you sure you could do it right after 
seeing the question? 

MH: I was not sure [whether I could do it or not], 
but I did what I could, sir. 

Based on the written answer and the results of the 
interview, participant MH had a good understanding of 
the information given in the question. Participant MH 
answered the question using the elimination method, 
but was not able to answer the questions correctly and 
did not write down the information given and what the 
question asked in full. Participant MH was not able to 
explain in a structured way the process of working from 
knowing, asking questions and mathematical modeling. 
It can be seen that participant MH knew the information 
given in the problem by writing down the mathematical 
model and the steps to do it, but the answer obtained is 
not correct due to errors in the calculation operations. 

Table 2 shows that participants in different self-
efficacy groups showed distinct tendencies in solving 
mathematical problems. Participant NV was able to 
determine the general form of a linear equation in two 
variables and use a sequential and systematic solution 
pattern and was able to identify information given in the 

 
Figure 3. Response of the participants with the initials MH 
to the test item (Source: Authors’ own elaboration) 

Table 2. Description of the algebraic thinking process of each participant 

Indicator 
Participants 

NV NU MH 

Generalization Being able to determine the general 
form of a linear equation in two 
variables. Understand the use of 
symbols to represent variables as 
something not well known 

Noticing the information given and 
what the question asked, and then 
identifying the factors involved 

Being able to formulate linear 
equations without explicitly 
documenting the information given 
and the desired outcome 

Abstraction Being able to understand 
mathematical concepts by reasoning 
about what is known and what is 
asked, using symbols related to 
concepts and rules in solving 
problems, and performing 
calculation operations based on 
what is known using elimination 
and substitution methods 

Being able to use symbols related to 
concepts and rules in solving 
problems, but not being able to 
write down the information given in 
the question and what the question 
asked using symbols systematically 

Failing to write down the 
information given in the question 
and what the question asked, 
leaving the information incomplete 

Analytical 
thinking 

Being able to solve equations to find 
unknown values by sequentially 
and completely explaining the steps 
taken using elimination and 
substitution methods 

Being able to write down the 
problem by explaining the steps 
taken using the substitution 
method, but not sequentially and 
completely 

Being able to solve problems using 
elimination and substitution 
methods, but not being able to 
organize equations to describe the 
problem, making the results less 
accurate 
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question and what the question asked and choose a 
solution plan that fit the problem. Meanwhile, 
participant NU, in interpreting information, was able to 
write down the information given in the question and 
what the question asked using symbols, then determine 
the variables, although not in a complete and sequential 
manner, and propose a correct solution result. Next, 
participant MH was able to construct a linear equation, 
then determine the information given in the question 
and what the question asked, albeit not completely and 
sequentially, but did not make general rules from the 
pattern determined sequentially and completely, thus 
arriving at an incorrect answer. Algebraic thinking 
profiles based on self-efficacy categories are presented in 
Table 3. 

Table 3 shows that the profiles of algebraic thinking 
varied according to self-efficacy. The higher the self-
efficacy, the better the students were at making general 
rules from the patterns, correctly writing conclusions 
from problem solving results, selecting and displaying 
the appropriate form of representation, and selecting 
and using the correct problem-solving approach. 

DISCUSSION 

Various algebraic thinking characteristics are 
believed to be influenced by several things. First and 
foremost in algebraic thinking is the ability to 
comprehend information. Errors in the algebraic 
thinking indicators will results from a failure to interpret 
the information. Interpretating information was usually 
not a problem for participants in the high and medium 
self-efficacy groups. Meanwhile, participants in the low 
self-efficacy category typically had incomplete 
information interpretation. These results are consistent 
with other studies that have indicated that reading and 

comprehension of text play a role in numeracy 
competence (OECD, 2016). Understanding, thinking 
about, and explaining numeracy difficulties are all 
influenced by text comprehension (Gal et al., 2020).  

According to the results of this study, participant NV 
demonstrated proficiency on the generalization 
indicator. Specifically, the participant was able to 
identify the overall structure of an equation in two 
variables and was able to determine the significance of 
the variables in the given problem. This was indicated by 
the participant presenting all the information given in 
the question using specific variables, visualizing the 
question, and expressing it in mathematical terms by 
providing examples and equations in mathematical 
notation. In addition, the participant possessed 
denotative attributes (signs), where the participant 
recognized the need to assign names or symbols to 
ambiguous numbers (Radford, 2014). The current stage 
is crucial to progressing to the next stage. The more 
students understand the problem, the easier it becomes 
for them to solve it. Participant NV met the abstraction 
indicator. The participant was able to write down the 
information given in the question using symbols by 
substituting x for basketball and y for soccer ball and 
representing the relationship symbolically, numerically, 
and verbally. Furthermore, participant NV met the 
analytical thinking indicator by being able to solve 
equations to find unknown values. Participant NV was 
able to pose a question involving the relationship 
between variables by constructing a mathematical model 
based on the equations 2x +  y =  170,000 and x +
 3y =  185,000. This was consistent with the information 
provided about the problem. In addition, participant NV 
met the dynamic thinking indicator, which is 
characterized by the ability to perform dynamic 

Table 2 (Continued). Description of the algebraic thinking process of each participant 

Indicator 
Participants 

NV NU MH 

Dynamic 
thinking 

Being able to perform dynamic 
manipulation of mathematical 
objects by explaining the correlation 
between existing knowledge and 
the specific question at hand and to 
solve problems using elimination 
and substitution methods 

Being able to manipulate 
mathematical objects dynamically 
and find all the values of the 
variables to obtain the correct 
answer using the substitution 
method, but not write the 
conclusion 

Not being able to manipulate 
mathematical objects dynamically 
and not being able to clarify the 
correlation between the existing 
knowledge and the specific question 

Modeling Being able to model and represent 
mathematical problems using 
algebraic forms and correctly 
perform mathematical modeling 
using elimination and substitution 
methods 

Being able to model situations 
using patterns in solving problems 
by adopting the patterns used in the 
problem and use the substitution 
method 

Being able to do mathematical 
modeling using elimination and 
substitution methods, but arriving 
at the wrong answer 

Organization Being able to provide information 
related to what is known and what 
is asked and choose a solution plan 
that fits the problem, make general 
rules from the pattern and find the 
correct answer 

Being able to provide information 
related to the problem by only 
writing the information given in the 
question and being able to choose a 
plan in completion, thus making 
general rules from the pattern, but 
not completely and sequentially 

Not being able to make general 
rules from patterns that have been 
sequentially and completely 
determined, thus arriving at a 
wrong answer 
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manipulation of mathematical objects and to test 
problem identification by using both substitution and 
elimination methods. This indicated that the participant 
was able to work on the problem in more than one 
approach and was able to express the answer using more 
than one notion, as evidenced by the correct answer that 
the participant proposed.  

Participant NV also met the modeling indicator, 
demonstrating the ability to model and present 
mathematical problems in algebraic form in detail so that 
nothing was overlooked. Participant NV was able to 
visually represent issues and translate it into 
mathematical language through the use of examples and 
equations. Additionally, the participant met the 
organization indicator by being able to structure and 
present data in the form of equations and sentences. 
Participant NV was more organized in drawing 
conclusions. In summary, participant NV was able to 
solve questions well, write the information given in the 
question and what the question asked correctly, write 
examples and equations correctly, determine the method 
for solving questions with the correct answers, and 
answer questions and write conclusions correctly. These 
results align with research stating that another factor 
contributing to the significant difference in students’ 
performance between groups is the level of self-efficacy 
(Bhowmick et al., 2017; Grigg et al., 2018) 

With regard to participant NU, the results of the test 
and interview indicated that the participant met only 
four indicators. The first indicator that the participant 
met was generalization, indicated by being able to 
identify the information given in the question and what 
the question asked by creating linear equations. Then 
using analytical thinking, participant NU was able to 
determine the variables and solve the equation to find 
unknown values, doing the calculation directly using the 

substitution method. The process was not done in the 
correct order, although the answer obtained was correct. 
Furthermore, in terms of the modeling indicator, 
participant NU was able to model situations using 
patterns in solving problems by adopting the patterns 
used in the questions. Participant NU performed 
modeling according to their knowledge and showed 
dynamic thinking, which is characterized by being able 
to solve problems using logical deduction and being able 
to explain the chosen solution plan according to the 
problem. The results shown by participant NU indicated 
moderate self-efficacy. Participant NU showed a fairly 
good understanding of the question, but the solutions 
were not written down systematically and completely. 
However, participant NU did not meet the abstraction 
indicator because the participant did not completely and 
systematically write down the information given the 
question using symbols. In addition, participant NU did 
not meet the organization indicator because they were 
unable to explain the relationship between the 
information given in the question and what the question 
asked, although they found some of the values of the 
variables and obtained the correct answer. In summary, 
participant NU subject did not write down the 
information given in the question and what the question 
asked, but wrote the examples and equations correctly, 
was able to determine the solution method, although not 
writing it completely, and did not make a correct 
conclusion. 

For participant MH, the results of the test and 
interview indicated that the participant met only three 
indicators of algebraic thinking. The first indicator met 
was generalization, was the participant was able to 
identify, albeit not perfectly, the information given in the 
question and what the question asked, and then 
assemble the problem in a specified pattern. Participant 

Table 3. Algebraic thinking profile using the self-efficacy classification 
Indicator High Moderate Low 

Generalization Identifying the pattern of the 
problem completely and correctly. 

Identifying the pattern of the 
problem completely and correctly 

Identifying the pattern of the 
problem, but only partially and 
incorrectly 

Abstraction Make general rules from the pattern 
and suggesting the correct answer 

Making general rules from this 
pattern, but not completely and 
systematically 

Not making general rules for the 
pattern, resulting in an incorrect 
answers 

Analytical 
thinking 

Testing the identification results in 
the problem, which can be solved by 
systematically and comprehensively 
using the chosen approach 

Testing the identification results in 
the problem, which can be solved 
according to the strategy used, albeit 
not always in a sequential or 
comprehensive manner 

Understanding the use of symbols to 
represent variables and solving 
equations, but arriving at an 
incorrect answer 

Dynamic 
thinking 

Performing process and problem-
solving outcome checks 

Performing a process or problem-
solving outcome check 

Not checking the process and results 
of problem solving 

Modeling Doing mathematical modeling 
correctly 

Doing mathematical modeling 
correctly 

Doing mathematical modeling but 
arriving at an incorrect answer 

Organization Making general rules from the 
pattern and writing down the 
conclusion from the problem solving 
results correctly 

Making general rules from the 
pattern and correcting them, but not 
writing down the conclusion from 
the problem solving results 

Creating general rules from the 
pattern, but arriving at an incorrect 
answer and not writing the 
conclusion from the problem solving 
results 
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MH was able to know the order of the problem, as 
indicated by the ability to construct linear equations and 
think analytically. Participant MH was able to translate 
the problem in the problem into mathematical language 
and understand mathematical concepts and rules, such 
as giving reasons for the information given in the 
question and what the question asked, and performing 
operations based on the given information using the 
elimination method. Participant MH was only able to 
explain well the steps to solve it using the elimination 
method but was still not careful in doing the calculation 
and determining the variables, which caused errors in 
the calculation. In terms of modeling, participant MH 
was able to determine the mathematical model to use, 
although the answer was still incorrect. Participant MH 
showed that they were able to work on the problem and 
understand the problem, but the solution was not 
appropriate because of an error in the calculation 
operation that began with the use of mathematical 
symbols. However, participant MH did not meet the 
abstraction and dynamic thinking indicators because the 
participant was unable to explain the relationship 
between the information given in the question and what 
the question asked, which the participant did not state 
sequentially and completely at the beginning of the 
solution, which led to an incorrect answer. Furthermore, 
the participant did not meet the organization indicator, 
as the participant was unable to simplify the information 
given in the question and what the question asked, 
unable to solve the problem well and unable to explain 
the chosen solution plan according to the problem. In 
summary, participant MH did not write the information 
given in the question and what the question asked, did 
not explain the example, did not determine the method, 
which caused inability to answer the purpose of the 
question, and did not write the conclusion of the 
question. According to Booth et al. (2013), errors in 
writing and manipulating variables are an indication 
that students do not understand key variables, which 
hinders their understanding of algebraic concepts. Other 
research findings also state that ability grouping for 
students in the low category affects self-efficacy (Schunk 
& Dibenedetto, 2016). 

In the algebraic thinking process, participants with 
high and medium self-efficacy categories tended to be 
able to solve problems correctly. This is consistent with 
the study results of Wu (016), which stated that self-
efficacy is the main part of motivational beliefs and has 
a positive association with mathematics achievement 
compared to other variables. From the answer of the 
student participant with high self-efficacy, it can be seen 
that the student participant was able to meet the 
algebraic thinking indicators. The participant with high 
self-efficacy presented relationships visually, 
numerically, and verbally in interpreting the 
information in the representation. In another previous 
study by Adni et al. (2018), students who had high self-

efficacy had high mathematical connection abilities. 
Juhrani et al. (2017) found that there was a relationship 
between students’ self-efficacy and students’ 
mathematical understanding abilities. If students had 
high self-efficacy, or in other words, good self-
confidence, then their mathematical understanding 
abilities would also be high, and so would be their 
algebraic thinking abilities, which could help them to 
analyze problems in order to explore and measure 
important things. Other research results state that 
students who are confident in their performance in 
mathematics tend to have better mathematics 
achievement (Muhtadi et al., 2022). This confidence 
reflects self-efficacy. Students with high self-efficacy 
have confidence in solving problems (Pratiwi et al., 
2019). Self-efficacy have significant and positive effects 
on mathematics achievement. We recommend that every 
concerned body should pay concerted effort to these 
motivational variables so as to encourage students’ 
achievements in mathematics (Woldemichael et al. 
2023). In teaching, teachers with high self-efficacy are 
more prone to use student-centered and constructivist 
instruction, whereas those with low self-efficacy are 
more prone to use teacher-centered and traditional 
instruction (Zee & Koomen, 2016). 

The participant in the moderate self-efficacy category 
appeared to be less systematic and structured in the 
process of problem solving. The participant 
demonstrated the ability to comprehend and articulate 
questions effectively as evidenced by their interview 
responses. They displayed a clear understanding of the 
problem presented in the question and exhibited a 
genuine interest in finding a solution. Moreover, the 
interview results indicated that they had a high level of 
confidence in their problem-solving abilities, were 
firmly convinced that their answer was correct, and were 
able to perform two stages in problem solving, preparing 
a problem solving plan and executing the problem 
solving process. Participants who had self-efficacy were 
quite capable of planning problem solving well, even 
though there were differences in the subject’s beliefs in 
understanding the problem. The results of the study 
revealed that pre-service elementary mathematics 
teachers’ self-efficacy beliefs scores towards 
mathematics teaching and mathematics are high and 
there is a positive relationship between mathematics 
teaching efficacy and mathematics self-efficacy (Ünlü & 
Ertekin, 2013). This is consistent with the statement of 
Zakariya (2021) high mathematics self-efficacy is 
associated with high performance in mathematics while 
low mathematics self-efficacy is associated with poor 
performance in mathematics.  

Conversely, participants with low self-efficacy 
exhibited inaccurate problem-solving processes and 
outcomes. The information process was well received, 
but because the solution process was not performed 
systematically and sequentially by the participant, the 
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solution result was incorrect. The participant was 
actually able to construct quadratic equations and use 
the quadratic equation method they had studied. From 
the results of the interviews, the student participant in 
the low self-efficacy category knew about the problem in 
the question but was not interested and motivated to 
solve it. This showed that participant, who had low self-
efficacy, was less familiar with the problem solving 
question and lacked self-confidence when working on 
the problem solving question. This is consistent with the 
statement of Alifia and Rakhmawati (2018) that students 
with low self-efficacy tend to avoid difficult things, so 
when they are given challenges or obstacles in the form 
of questions that they consider difficult, they become less 
careful and work according to their needs and abilities. 
At the rechecking stage, the participant did not 
recalculate and did not show how they would recheck 
their answer. The participant also lacked stimulation to 
solve problems and was unable to develop strategies to 
achieve goals. 

Self-efficacy gives one composure, persistence, good 
information and result interpretation, and the courage to 
use the best approach to solve problems in real life. This 
conclusion is consistent with previous studies that have 
shown that self-efficacy contributes to the reduction of 
mathematics anxiety (Macmull & Ashkenazi, 2019; 
Rozgonjuk et al., 2020), the achievement of predefined 
goals (Doÿru, 2017), sources of mathematics self-efficacy 
have effects on both mathematics test and course 
achievement (Özcan & Kültür, 2021). Overall, the results 
of the study support previous studies (Schöber et al., 
2018; Zakariya et al., 2022) that have highlighted the 
importance of self-efficacy in academic success and the 
relationship between better mathematical 
comprehension and greater self-efficacy. 

CONCLUSION  

Based on the above data and discussion, it can be 
stated that self-efficacy exerts a significant influence on 
the process of algebraic thinking. The higher the self-
efficacy, the better the algebraic thinking process will be. 
Students with high self-efficacy will be able to explain 
well the known and required information, can create 
mathematical models from the information in the 
problem, make equations and solve equations correctly, 
and perform calculation operations carefully. 
Optimizing a person’s basic ability to think logically and 
solve mathematical problems strongly influences 
algebraic thinking skills. A strong understanding of 
basic mathematical concepts such as arithmetic, number 
operations and mathematical relationships is an 
important foundation for algebraic thinking. Good 
problem-solving skills will help to analyze problems, 
identify the necessary steps, and apply appropriate 
strategies to solve problems. The results indicate a 
significant relationship between levels of self-efficacy 

and algebraic thinking ability. Students with high and 
medium self-efficacy tend to exhibit a better 
understanding of algebraic concepts and demonstrate 
greater creativity in problem-solving. Conversely, 
students with low self-efficacy experience challenges in 
applying algebraic concepts and often lack the 
confidence necessary to respond effectively to the 
assigned questions. These findings underscore the 
importance of enhancing students’ self-efficacy as a 
means of supporting more effective algebra instruction.  

 Implications 

The practical implication of this study is to provide 
knowledge to mathematics teachers and pre-service 
teachers so that they can always maintain and improve 
self-efficacy in supporting students’ algebraic thinking 
processes. It is on the basis that confidence in an 
individual’s own ability to complete algebraic tasks 
greatly influences the performance and effort made by 
the individuals in algebraic thinking processes. 

Research Limitations  

This study was limited to those who had the ability 
to engage in algebraic thinking, as demonstrated by their 
ability to solve mathematical problems, which was 
assessed in terms of self-efficacy. Thus, it is still very 
open to study related to algebraic thinking in the form of 
other problems with different course characteristics, 
metacognition, cognitive styles and learning styles. 
Tracing the algebraic thinking process can also be done 
using assimilation and accommodation theory 

Recommendations  

Any problem that arises in daily life can be solved 
mathematically. Various difficulties in daily life require 
the process of algebraic thinking to be solved. Therefore, 
one must cultivate and get used to both learning and 
non-learning algebraic thinking. Self-efficacy in 
numerical reasoning is as important as knowledge 
aspects related to mathematical content. It is necessary 
to do more research on the elements that influence the 
algebraic thinking process and how it is applied in the 
classroom as well as in different everyday problems in 
different settings.  

Author contributions: APK: concept and design, analysis, and 
manuscript preparation; SBW: reviewing, supervision, and final 
approval; R: reviewing and critical revision of manuscript; & SM: 
reviewing and data analysis/interpretation. All authors have 
agreed with the results and conclusions. 

Funding: No funding source is reported for this study. 

Ethical statement: The author states that this research is based on 
anonymous data from prospective mathematics teachers. Prior to 
conducting the study, the author obtained the necessary 
authorization from the university to develop and analyze the 
competencies of prospective mathematics teachers. No specific 
conditions were imposed by the research site. The authors further 
stated that the prospective teachers were informed about the study 
and participated voluntarily. The confidentiality of participants' 



EURASIA J Math Sci Tech Ed, 2024, 20(11), em2532 

13 / 15 

data is guaranteed by the author and used solely for research 
purposes. All author have read and approval the manuscript and 
take full responsibility for its content. 

Declaration of interest: No conflict of interest is declared by the 
authors. 

Data sharing statement: Data supporting the findings and 
conclusions are available upon request from the corresponding 
author. 

REFERENCES 

Agoestanto, A., Sukestiyarno, Y. L., Isnarto, Rochmad, & 
Lestari, M. D. (2019). The position and causes of 
students errors in algebraic thinking based on 
cognitive style. International Journal of Instruction, 
12(1), 1431-1444. https://doi.org/10.29333/iji. 
2019.12191a 

Arens, A. K., Frenzel, A. C., & Goetz, T. (2020). Self-
concept and self-efficacy in math: Longitudinal 
interrelations and reciprocal linkages with 
achievement. The Journal of Experimental Education, 
90(3), 615-633. https://doi.org/10.1080/00220973. 
2020.1786347  

Bhowmick, S., Young, J. A., Clark, P. W., & Bhowmick, 
N. (2017). Marketing students’ mathematics 
performance: The mediating role of math anxiety 
on math self-concept and math self-efficacy. Journal 
of Higher Education Theory & Practice, 17(9), 104-117. 
https://doi.org/10.33423/jhetp.v17i9.1426  

Booth, J. L., Lange, K. E., Koedinger, K. R., & Newton, K. 
J. (2013). Using example problems to improve 
student learning in algebra: Differentiating 
between correct and incorrect examples. Learning 
and Instruction, 25, 24-34. https://doi.org/10.1016/ 
j.learninstruc.2012.11.002  

Doğru, M. (2017). Development of a self-efficacy scale of 
technology usage in education. Eurasia Journal of 
Mathematics, Science and Technology Education, 13(6), 
1785-1798. https://doi.org/10.12973/eurasia.2014. 
1204a  

Dougherty, B., Bryant, D. P., Bryant, B. R., Darrough, R. 
L., & Pfannenstiel, K. H. (2014). Developing 
concepts and generalizations to build algebraic 
thinking. Intervention in School and Clinic, 50(5), 273-
281. https://doi.org/10.1177/1053451214560892  

Eriksson, H., & Eriksson, I. (2020). Learning actions 
indicating algebraic thinking in multilingual 
classrooms. Educational Studies in Mathematics, 
106(3), 363-378. https://doi.org/10.1007/s10649-
020-10007-y  

Eriksson, H., & Sumpter, L. (2021). Algebraic and 
fractional thinking in collective mathematical 
reasoning. Educational Studies in Mathematics, 
108(3), 473-491. https://doi.org/10.1007/s10649-
021-10044-1  

Frisbie, D., & Ebel, R. (1991). Essentials of educational 
measurement. Prentice Hall. 

Gatobu, S., Arocha, J. F., & Hoffman-Goetz, L. (2014). 
Numeracy and health numeracy among Chinese 
and Kenyan immigrants to Canada. SAGE Open, 
4(1). https://doi.org/10.1177/2158244014521437  

Grigg, S., Perera, H. N., McIlveen, P., & Svetleff, Z. 
(2018). Relations among math self-efficacy, interest, 
intentions, and achievement: A social cognitive 
perspective. Contemporary Educational Psychology, 
53, 73-86. https://doi.org/10.1016/j.cedpsych.2018 
.01.007  

Hill, H. C., Rowan, B., & Ball, D. L. (2005). Effects of 
teachers’ mathematical knowledge for teaching on 
student achievement. American Educational Research 
Journal, 42(2), 371-406. https://doi.org/10.3102/ 
00028312042002371  

Juhrani, J., Suyitno, H., & Khumaedi, K. (2017). Analysis 
of mathematical communication skills based on 
student self-efficacy in the MEA learning model. 
Unnes Journal of Mathematics Education Research, 
6(2), 251-258. 

Kieran, C. (2004). Algebraic thinking in the early grades: 
What is it. The Mathematics Educator, 8(1), 139-151. 

Kirbulut, Z. D., & Uzuntiryaki-Kondakci, E. (2019). 
Examining the mediating effect of science self-
efficacy on the relationship between metavariables 
and science achievement. International Journal of 
Science Education, 41(8), 995-1014. https://doi.org/ 
10.1080/09500693.2019.1585594  

Kusuma, A. P., Waluya, S. B., & Mariani, S. (2024). 
Algebraic thinking process of students with high 
mathematical ability in solving linear equations 
based on cognitive systems. Pegem Journal of 
Education and Instruction, 14(3), 146-159.  

Kusumaningsih, W., Darhim, D., Herman, T., & 
Turmudi, T. (2018). Improvement algebraic 
thinking ability using multiple representation 
strategy on realistic mathematics education. Journal 
on Mathematics Education, 9(2), 281-290. 
https://doi.org/10.22342/jme.9.2.5404.281-290  

Macmull, M. S., & Ashkenazi, S. (2019). Math anxiety: 
The relationship between parenting style and math 
self-efficacy. Frontiers in Psychology, 10. 
https://doi.org/10.3389/fpsyg.2019.01721  

Magiera, M. T., van den Kieboom, L. A., & Moyer, J. C. 
(2013). An exploratory study of pre-service middle 
school teachers’ knowledge of algebraic thinking. 
Educational Studies in Mathematics, 84(1), 93-113. 
https://doi.org/10.1007/s10649-013-9472-8  

Muhtadi, A., Assagaf, G., & Hukom, J. (2022). Self-
efficacy and students’ mathematics learning ability 
in Indonesia: A meta analysis study. International 
Journal of Instruction, 15(3), 1131-1146. 
https://doi.org/10.29333/iji.2022.15360a  

Norton, S. (2019). Middle school mathematics pre-
service teachers’ content knowledge, confidence 

https://doi.org/10.29333/iji.2019.12191a
https://doi.org/10.29333/iji.2019.12191a
https://doi.org/10.1080/00220973.2020.1786347
https://doi.org/10.1080/00220973.2020.1786347
https://doi.org/10.33423/jhetp.v17i9.1426
https://doi.org/10.1016/j.learninstruc.2012.11.002
https://doi.org/10.1016/j.learninstruc.2012.11.002
https://doi.org/10.12973/eurasia.2014.1204a
https://doi.org/10.12973/eurasia.2014.1204a
https://doi.org/10.1177/1053451214560892
https://doi.org/10.1007/s10649-020-10007-y
https://doi.org/10.1007/s10649-020-10007-y
https://doi.org/10.1007/s10649-021-10044-1
https://doi.org/10.1007/s10649-021-10044-1
https://doi.org/10.1177/2158244014521437
https://doi.org/10.1016/j.cedpsych.2018.01.007
https://doi.org/10.1016/j.cedpsych.2018.01.007
https://doi.org/10.3102/00028312042002371
https://doi.org/10.3102/00028312042002371
https://doi.org/10.1080/09500693.2019.1585594
https://doi.org/10.1080/09500693.2019.1585594
https://doi.org/10.22342/jme.9.2.5404.281-290
https://doi.org/10.3389/fpsyg.2019.01721
https://doi.org/10.1007/s10649-013-9472-8
https://doi.org/10.29333/iji.2022.15360a


Kusuma et al. / Algebraic thinking profile of pre-service teachers in solving mathematical problems 

 

14 / 15 

and self-efficacy. Teacher Development, 23(5), 529-
548. 
https://doi.org/10.1080/13664530.2019.1668840  

Nurwidiyanto, & Zhang, K. (2020). Strategies of pattern 
generalization for enhancing students’ algebraic 
thinking. Periódico Tchê Química, 17(36), 171-185. 
https://doi.org/10.52571/PTQ.v17.n36.2020.187_
Periodico36_pgs_171_185.pdf 

OECD. (2012). Literacy, numeracy and problem solving 
in technology-rich environments. Framework for 
the OECD survey of adult skills. OECD Publishing. 
https://doi.org/10.1787/9789264128859-en  

Özcan, B., & Kültür, Y. Z. (2021). The relationship 
between sources of mathematics self-efficacy and 
mathematics test and course achievement in high 
school seniors. SAGE Open, 11(3). https://doi.org/ 
10.1177/21582440211040124  

Öztürk, M., Akkan, Y., & Kaplan, A. (2019). Reading 
comprehension, Mathematics self-efficacy 
perception, and Mathematics attitude as correlates 
of students’ non-routine Mathematics problem-
solving skills in Turkey. International Journal of 
Mathematical Education in Science and Technology, 
51(7), 1042-1058. https://doi.org/10.1080/0020739 
x.2019.1648893  

Pratiwi, D., Suendarti, M., & Hasbullah, H. (2019). The 
influence of self-efficacy and learning 
independence on mathematical problem solving 
ability. JKPM Journal of Mathematics Education 
Studies, 5(1), 1-14. https://doi.org/10.30998/jkpm. 
v5i1.5083  

Radford, L. (2007). Iconicity and contraction: A semiotic 
investigation of forms of algebraic generalizations 
of patterns in different contexts. ZDM, 40(1), 83-96. 
https://doi.org/10.1007/s11858-007-0061-0  

Radford, L. (2013). The progressive development of early 
embodied algebraic thinking. Mathematics 
Education Research Journal, 26(2), 257-277. 
https://doi.org/10.1007/s13394-013-0087-2  

Rozgonjuk, D., Kraav, T., Mikkor, K., Orav-Puurand, K., 
& Täht, K. (2020). Mathematics anxiety among 
STEM and social sciences students: The roles of 
mathematics self-efficacy, and deep and surface 
approach to learning. International Journal of STEM 
Education, 7(1), Article 46. https://doi.org/ 
10.1186/s40594-020-00246-z  

Rudyanto, H. E., Marsigit, M., Wangid, M. N., & 
Gembong, S. (2019). The use of bring your own 
device-based learning to measure student algebraic 
thinking ability. International Journal of Emerging 
Technologies in Learning, 14(23), Article 233. 
https://doi.org/10.3991/ijet.v14i23.11050  

Schöber, C., Schütte, K., Köller, O., McElvany, N., & 
Gebauer, M. M. (2018). Reciprocal effects between 
self-efficacy and achievement in mathematics and 

reading. Learning and Individual Differences, 63, 1-11. 
https://doi.org/10.1016/j.lindif.2018.01.008  

Schunk, D. H., & Dibenedetto, M. K. (2016). Self-efficacy 
theory in education. In K. R. Wentzel, & D. B. Miele 
(Eds.), Handbook of motivation at school (pp. 34-54). 
Routledge. 
https://doi.org/10.4324/9781315773384-9  

Setyawati, R. D., Nurbaiti, I., & Ariyanto, L. (2020). 
Analysis of class VIII students’ algebraic thinking 
abilities in terms of self-efficacy. JIPMat, 5(1), 
Article 432179. https://doi.org/10.26877/jipmat. 
v5i1.5517  

Sibgatullin, I. R., Korzhuev, A. V., Khairullina, E. R., 
Sadykova, A. R., Baturina, R. V., & Chauzova, V. 
(2022). A systematic review on algebraic thinking in 
education. Eurasia Journal of Mathematics, Science 
and Technology Education, 18(1), Article em2065. 
https://doi.org/10.29333/ejmste/11486  

Solichah, S. M., & Sulaiman, R. (2019). The profile of 
junior high school students about PISA problem 
solving based on personality type. MATHEdunesa, 
8(3), 465-471. https://doi.org/10.26740/math 
edunesa.v8n3.p465-471  

Stephens, A., Blanton, M., Knuth, E., Isler, I., & Gardiner, 
A. M. (2015). Just say yes to early algebra! Teaching 
Children Mathematics, 22(2), 92-101. https://doi.org 
/10.5951/teacchilmath.22.2.0092  

Sukestiarno, Y. L. (2020). Educational research methods. 
UNNES Press.  

Sukmaningrum, R., & Kurniasari, I. (2022). Profile of 
student’s algebraic thinking in solving 
mathematics problems reviewing from adversity 
quotient. Jurnal Pijar Mipa, 17(2), 252-259. 
https://doi.org/10.29303/jpm.v17i2.3349  

Sun, Z., Xie, K., & Anderman, L. H. (2018). The role of 
self-regulated learning in students’ success in 
flipped undergraduate math courses. The Internet 
and Higher Education, 36, 41-53. https://doi.org/ 
10.1016/j.iheduc.2017.09.003  

Toheri, T. (2013). Analysis of algebraic thinking skills for 
semester IV students in the 2011-2012 academic 
year Iain Syekh Nurjati Cirebon. EduMa: 
Mathematics Education Learning and Teaching, 2(2). 
https://doi.org/10.24235/eduma.v2i2.42  

Ünlü, M., & Ertekin, E. (2013). The relationship between 
mathematics teaching self-efficacy and 
mathematics self-efficacy. Procedia-Social and 
Behavioral Sciences, 106, 3041-3045. https://doi.org/ 
10.1016/j.sbspro.2013.12.350  

Wahyuni, R., & Herman, T. (2019). Is algebraic thinking 
suitable for Indonesia elementary school 
curriculum? In Proceedings of the 3rd Asian Education 
Symposium. https://doi.org/10.2991/aes-18.2019. 
18  

https://doi.org/10.1080/13664530.2019.1668840
https://doi.org/10.52571/PTQ.v17.n36.2020.187_Periodico36_pgs_171_185.pdf
https://doi.org/10.52571/PTQ.v17.n36.2020.187_Periodico36_pgs_171_185.pdf
https://doi.org/10.1787/9789264128859-en
https://doi.org/10.1177/21582440211040124
https://doi.org/10.1177/21582440211040124
https://doi.org/10.1080/0020739x.2019.1648893
https://doi.org/10.1080/0020739x.2019.1648893
https://doi.org/10.30998/jkpm.v5i1.5083
https://doi.org/10.30998/jkpm.v5i1.5083
https://doi.org/10.1007/s11858-007-0061-0
https://doi.org/10.1007/s13394-013-0087-2
https://doi.org/10.1186/s40594-020-00246-z
https://doi.org/10.1186/s40594-020-00246-z
https://doi.org/10.3991/ijet.v14i23.11050
https://doi.org/10.1016/j.lindif.2018.01.008
https://doi.org/10.4324/9781315773384-9
https://doi.org/10.26877/jipmat.v5i1.5517
https://doi.org/10.26877/jipmat.v5i1.5517
https://doi.org/10.29333/ejmste/11486
https://doi.org/10.26740/mathedunesa.v8n3.p465-471
https://doi.org/10.26740/mathedunesa.v8n3.p465-471
https://doi.org/10.5951/teacchilmath.22.2.0092
https://doi.org/10.5951/teacchilmath.22.2.0092
https://doi.org/10.29303/jpm.v17i2.3349
https://doi.org/10.1016/j.iheduc.2017.09.003
https://doi.org/10.1016/j.iheduc.2017.09.003
https://doi.org/10.24235/eduma.v2i2.42
https://doi.org/10.1016/j.sbspro.2013.12.350
https://doi.org/10.1016/j.sbspro.2013.12.350
https://doi.org/10.2991/aes-18.2019.18
https://doi.org/10.2991/aes-18.2019.18


EURASIA J Math Sci Tech Ed, 2024, 20(11), em2532 

15 / 15 

Walkoe, J., Walton, M., & Levin, M. (2022). Supporting 
teacher noticing of moments of algebraic potential. 
The Korean Society of Educational Studies in 
Mathematics-Journal of Educational Research in 
Mathematics, 32(3), 271-286. https://doi.org/10. 
29275/jerm.2022.32.3.271  

Wilujeng, H. (2017). Profile of student algebra thinking 
ability based on mathematical preliminary skills. 
International Journal of Research-Granthaalayah, 5(11), 
210-216. https://doi.org/10.29121/granthaalayah. 
v5.i11.2017.2349  

Wilujeng, H. (2023). Analysis of algebraic thinking 
ability based on Kriegler’s theory in view of school 
origin. Journal of Mathematics Research and Learning, 
16(2), 217-227. https://doi.org/10.30870/jppm. 
v16i2.19635  

Wu, Y. (2016). Universal beliefs and specific practices: 
Students’ math self-efficacy and related factors in 
the United States and China. International Education 

Studies, 9(12), Article 61. https://doi.org/10.5539/ 
ies.v9n12p61  

Zakariya, Y. F. (2021). Self-efficacy between previous 
and current mathematics performance of 
undergraduate students: An instrumental variable 
approach to exposing a causal relationship. 
Frontiers in Psychology, 11, Article 556607. 
https://doi.org/10.3389/fpsyg.2020.556607  

Zakariya, Y. F., Nilsen, H. K., Goodchild, S., & Bjørkestøl, 
K. (2020). Self-efficacy and approaches to learning 
mathematics among engineering students: 
empirical evidence for potential causal relations. 
International Journal of Mathematical Education in 
Science and Technology, 53(4), 827-841. 
https://doi.org/10.1080/0020739x.2020.1783006  

Zee, M., & Koomen, H. M. Y. (2016). Teacher self-efficacy 
and its effects on classroom processes, student 
academic adjustment, and teacher well-being. 
Review of Educational Research, 86(4), 981-1015. 
https://doi.org/10.3102/0034654315626801  

 

 

https://www.ejmste.com 

https://doi.org/10.29275/jerm.2022.32.3.271
https://doi.org/10.29275/jerm.2022.32.3.271
https://doi.org/10.29121/granthaalayah.v5.i11.2017.2349
https://doi.org/10.29121/granthaalayah.v5.i11.2017.2349
https://doi.org/10.30870/jppm.v16i2.19635
https://doi.org/10.30870/jppm.v16i2.19635
https://doi.org/10.5539/ies.v9n12p61
https://doi.org/10.5539/ies.v9n12p61
https://doi.org/10.3389/fpsyg.2020.556607
https://doi.org/10.1080/0020739x.2020.1783006
https://doi.org/10.3102/0034654315626801
https://www.ejmste.com/

	INTRODUCTION
	Problem Statement
	Research Gaps
	Research Questions
	Research Goal

	LITERATURE REVIEW
	Algebraic Thinking Skills for Pre-Service Mathematics Teachers
	Self-Efficacy

	METHODOLOGY
	Study Design
	Sampling and Data Collection
	Data Analysis

	RESULTS
	Self-Efficacy Category
	Moderate Self-Efficacy Category
	Low Self-Efficacy Category

	DISCUSSION
	CONCLUSION
	Implications
	Research Limitations
	Recommendations

	REFERENCES

