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Abstract 

Algebra is a fundamental topic in the mathematics curriculum at Madrasah Tsanawiyah (MTs), yet many students 

continue to face challenges in solving algebraic problems. This study aims to examine the algebraic thinking skills 

of eighth-grade students at MTs Unggulan PP Amanatul Ummah Surabaya, particularly through number-oriented 

and structure-oriented approaches. A descriptive qualitative method was employed, involving 61 students as 

participants. The instruments included an algebraic thinking test incorporating visual illustrations and in-depth 

interviews with six selected students representing high, medium, and low ability levels. The findings reveal that 

only high-ability students were able to effectively apply structure-oriented algebraic thinking. The majority of 

students demonstrated moderate-level skills, with primary difficulties in constructing mathematical models based 

on problem structures. These results underscore the importance of instructional strategies that cultivate students’ 

structural reasoning in algebra. The study provides valuable insights for educators to design learning activities 

that support the development of students' algebraic thinking, and it serves as a reference for future research to 

explore targeted interventions aimed at enhancing algebraic problem-solving abilities in MTs students. 
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Introduction 

In the Indonesian education system, Madrasah Tsanawiyah (MTs) is an educational 

institution equivalent to junior high school. However, due to differences in their foundational 

purposes, the characteristics of MTs and junior high schools are not identical (Abdima, 2023) 

MTs operate under the guidance of the Ministry of Religious Affairs and incorporate Islamic 

characteristics, whereas junior high schools fall under the jurisdiction of the Ministry of 

Education, Culture, Research, and Technology (Muallif, 2023). Additionally, MTs have a 

greater number of subjects and longer study hours compared to junior high schools (SEO, 

2023). 

Mathematics is a mandatory subject for MTs students, aligning with the views of 

researchers who emphasize its importance at the junior high school/MTs level (Kamarullah, 

2017; Priyanto & Agus, 2013; Siahaan et al., 2018; Zulfah, 2019). In accordance with this, the 
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Curriculum Implementation Guidelines for Madrasahs outlined in KMA 184 of 2019 classify 

mathematics as part of Group A, meaning its content and curriculum references are developed 

by the central government (K. A. R. Indonesia., 2019). 

Students are expected to master mathematical symbols and expressions when learning 

mathematics (Amalliyah et al., 2022; Harini & Oka, 2016), a key component of the 

mathematics curriculum in MTs, focuses on mathematical symbols (Hardianti & Kurniasari, 

2019; Krismanto, 2004; Napaphun, 2012). The mathematics curriculum in MTs includes the 

following subject areas, namely: numbers, algebra, geometry and measurement, and statistics 

and probability (K. P. Indonesia, 2006; Stacey, 2011). 

Unlike Arithmetic, which deals solely with numbers, Algebra introduces letters as 

mathematical symbols, commonly referred to as variables. In Arithmetic, students work with 

numbers and their operations (addition, subtraction, multiplication, and division), whereas in 

Algebra, they must understand how letters function as variables representing unknown 

quantities (Alibali, 2005; Hidayanto et al., 2014). When solving Arithmetic problems, students 

can directly visualize numerical quantities, whereas in Algebra, variables replace numbers, 

making it more abstract (Widyawati et al., 2018). 

Students frequently encounter contextual problems involving Algebra in their daily lives. 

These problems are presented in the form of story-based questions that reflect real-life 

experiences and connect to students' activities, either directly or indirectly, while integrating 

mathematical concepts (Anggraeni & Herdiman, 2018). Table 1 provides examples of 

contextual and non-contextual Algebra problems. 

Table 1. Contextual and Non-Contextual Example 

No. Example Contextual Questions 
Examples of non-Contextual 

Questions 

1 Abdulloh has 45 marbles and 70 Lego blocks. He gives 

some of them to his younger brother. After giving them 

away, Abdulloh has 15 marbles and 30 Lego blocks 

remaining. 

Question: 

How many marbles and Lego blocks did Abdulloh give to 

his younger brother? 

Equation: 

[ 45x + 70y - 15x - 30y = , ? ] 

2 The total price for 5 pairs of shoes and 10 pairs of sandals 

is Rp. 700,000. The price of a pair of shoes is 5 times the 

price of a pair of sandals. 

Question: 

Determine the cost of a pair of shoes and a pair of sandals. 

Equations: 

[ 5x + 10y = 700,000 ] 

[ x = 5y ] 

Determine the value of ( x ) and ( y )! 

 Teaching students how to think critically is one of the primary goals of mathematics 

education (Shadiq, 2014; Siahaan et al., 2018). The Ministry of Education and Culture, through 

Permendiknas No. 22 of 2006, mandates that all students—from elementary to senior high 

school—study mathematics, as it fosters logical, analytical, systematic, critical, and creative 

thinking, as well as collaboration skills (K.P.Indonesia, 2006; Subanji, 2011). 

Algebraic thinking is a cognitive process that enhances mathematical reasoning by 

assigning meaning to Algebraic symbols and operations (Sukmawati, 2015). (Kieran, 2014) 

further defines Algebraic thinking as the ability to use various representations to solve 

quantitative problems through symbolic relationships (Sanit & Sulandra, 2019). 
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In contrast, Arithmetic thinking is primarily focused on numerical calculations and 

computational operations. (Hidayanto et al., 2014) describe Arithmetic thinking as a process 

centered on obtaining numerical answers through direct computation. At the elementary level, 

students engage with numbers and their operations, which they can easily visualize. However, 

at the secondary level, Algebra introduces variables—letters that replace numbers—making it 

more abstract and challenging to conceptualize (Widyawati et al., 2018). Due to these 

fundamental differences between Arithmetic and Algebra, students require distinct cognitive 

approaches when transitioning from one to the other.   

Interviews conducted with mathematics teachers at MTs Unggulan PP Amanatul Ummah 

Surabaya on October 9, 2023, revealed that some eighth-grade students struggle with Algebraic 

problem-solving. Specifically, students frequently make errors when converting information 

into Algebraic expressions. This issue was further highlighted by the teacher’s analysis of daily 

test scores on linear equations in two variables, which showed significant difficulties among 

students. 

One effective strategy for enhancing students' Algebraic thinking is problem-based 

learning, where students engage with Algebraic concepts through structured problem-solving 

exercises. After completing these problems, teachers provide feedback, including explanations 

and corrective guidance, to help students refine their understanding. By actively involving 

students in Algebraic problem-solving, educators can foster deeper cognitive engagement and 

improve their ability to think Algebraically (Amalliyah et al., 2022; Kusumaningsih & Herman, 

2018; Sanit & Sulandra, 2019). 

(Widyawati et al., 2018) examined Algebraic thinking and found that eighth-grade students 

often struggle with writing mathematical expressions, constructing problem-solving models, 

and formulating conclusions when addressing word problems. Additionally, (Hardianti & 

Kurniasari, 2019) identified gender-based differences in Algebraic thinking among eighth-

grade students. Their study revealed that male students tend to rely on trial-and-error methods, 

whereas female students prefer Algebraic approaches when determining unknown values in 

equations. 

While previous studies have explored various aspects of Algebraic thinking, they primarily 

focus on problem-solving processes and cognitive approaches among eighth-grade students. 

However, there remains a gap in research regarding students' perspectives on Algebraic 

problems, particularly in relation to specific value-based reasoning or structural approaches in 

problem-solving. Addressing this gap, the present study aims to investigate the Algebraic 

thinking skills of students at MTs Unggulan PP Amanatul Ummah Surabaya in solving 

Algebraic problems. 

Based on the discussion above, this study seeks to analyze how eighth-grade students at 

MTs Unggulan PP Amanatul Ummah Surabaya approach Algebraic problem-solving. It 

specifically focuses on four key aspects: students' cognitive processes in interpreting and 

solving algebraic problems, common errors that occur during the transition from arithmetic to 

algebra, the role of structural reasoning in shaping algebraic thinking, and effective teaching 

strategies that can enhance students’ ability to think algebraically. By exploring these aspects, 

this research aims to provide insights into students' Algebraic reasoning patterns, identify 

challenges they face, and propose instructional methods to improve their understanding of 

Algebra. 
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Research Methods 

Algebraic problems involve concepts related to Algebra, requiring students to identify and 

apply appropriate mathematical principles to solve them. As demonstrated in the contextual 

problem examples, students must develop a strong understanding of Algebraic concepts to 

effectively approach these problems. Consequently, acquiring Algebraic thinking skills is 

essential (Sanit & Sulandra, 2019) Algebraic thinking is a cognitive process that enhances 

mathematical reasoning by assigning meaning to Algebraic symbols and operations 

(Sukmawati, 2015). (Kieran, 2014) further defines Algebraic thinking as the ability to use 

various representations to solve quantitative problems through symbolic relationships. The 

indicators for the Algebraic Thinking Test in this study were adapted from (Lenz, 2022) and 

are presented in Table 2. 

Table 2. Thinking Category   
Thinking Category Indicator Code 

Number-Oriented Approach 

 

Students can state clear values in the problem (Focuses on specific 

values) 
A1 

Students can deterimine values based on appropriate calculation 

procedures (Focuses on computational procedures) 
A2 

Structure-Oriented Approach 

 

Students can transform problem information into mathematical 

examples (structural perspective) 
R1 

Students recognize the “equal to” sign as a symbol of relationship 

(focuses on quantities) 
R2 

Students can accurately and appropriately solve the given problems 

(focuses on using a structural perspective and quantities) 
R3 

This study employed a descriptive qualitative approach to analyze and interpret the broader 

meaning of the results (Creswell, 2012). Researchers explored and described the Algebraic 

thinking of MTs Unggulan PP Amanatul Ummah Surabaya students on October 9, 2023. The 

study involved 61 eighth-grade students, who were given four Algebraic Thinking Test items 

featuring illustrative images related to linear equations in two variables. 

Data for this study were collected through Algebraic Thinking Tests and interviews with 

selected students. The interview subjects consisted of two high-ability students, two medium-

ability students, and two low-ability students. To ensure the quality of the research instruments, 

the validity was tested across three aspects: content, construction, and language. The validation 

process involved a mathematics education lecturer from the State University of Malang and a 

mathematics teacher from MTs Unggulan PP Amanatul Ummah Surabaya. The validators 

confirmed the validity of the instruments, offering several suggestions for improvement. The 

final instrument achieved a validity coefficient of 3.86 on a scale of 1 to 5, indicating that it 

was valid and reliable for use. 

The research was conducted in three stages. The preparation stage included designing the 

research framework, developing and validating the instruments, conducting seminars for 

feedback, revising instruments, securing research permits, and conducting a pilot test followed 

by data analysis and subject selection. In the implementation stage, the researchers 

administered the Algebraic Thinking Test, assessed student responses, analyzed the data, 

conducted interviews, and drew conclusions based on the students’ problem-solving 

approaches. Finally, in the concluding stage, all findings were compiled and documented in a 

comprehensive research report. 
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Result  

This study investigated the algebraic thinking skills of students at MTs Unggulan PP Amanatul 

Ummah in solving algebraic problems. The researchers focused on analyzing the components 

of algebraic thinking demonstrated by students when responding to problems presented 

through Algebraic Thinking Tests (TBA), which were designed using illustrative visual 

representations. The test consisted of four essay-based questions and was administered 

individually within a 90-minute timeframe. After the tests were completed, researchers 

collected, corrected, assessed, and summarized the students’ responses to gain a comprehensive 

understanding of their algebraic thinking abilities. Furthermore, six students were selected for 

in-depth analysis based on their performance level: two high-ability students, two medium-

ability students, and two low-ability students. Their responses were further analyzed and 

presented in visual formats to effectively illustrate the key findings of the research. 

Algebraic Thinking Test Results 

Based on the results of the Algebraic Thinking Test, researchers converted the data into 

statistical form, as shown in Table 3. 

Table 3. Statistical Data of Students' Algebraic Thinking Tests 
No Statistics Results 

1 Highest score 100 

2 Lowest Score 0 

3 Mean 41,33 

4 Median 37,50 

5 Modus 16,67 

6 Standard Deviation 30,26 

Table 3 shows that the standard deviation is 30.26, which indicates the degree of variability in 

students' Algebraic thinking scores. Additionally, the mean score of 41.33 suggests that the 

overall level of Algebraic thinking among students at MTs Unggulan PP Amanatul Ummah 

Surabaya falls within the moderate category, as classified in Table 4. 

Table 4. Categorization of Students' Algebraic Thinking Levels 

Value Range Algebraic Thinking Category 
Number of 

Students 

Average Algebra 

Ability 
Percentage 

71,59 – 100 High Capability 12 95,83 19,67 

11,06 – 71,59 Medium Capability 39 38,37 63,93 

0 – 11,06 Low Capability 10 1,39 16,39 

Total 61   

Table 4 indicates that the majority of students (63.93%) exhibit moderate Algebraic 

thinking skills, while 19.67% demonstrate high capability, and 16.39% fall into the low 

capability category. These findings suggest that students' Algebraic thinking skills are generally 

below average, with most students performing at a moderate level. 

Description of Algebraic Thinking in High-Ability Students 

High-ability students (SKT) demonstrated proficiency in solving all the algebraic thinking 

test items accurately and effectively. SKT carefully read and comprehended the question 

material, as evidenced by the following interview excerpt. 
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P : When you received this question, what was the first thing you did?  

SKT : I read the information in the question and first tried to understand 

what was being asked. 

P : What did you understand from each item presented? 

SKT : I understood taht both boys and girls received red packets containing 

money and envelopes. There were two envelopes of different colors. 

Envelops with identical graphic designs contained the same nominal 

amount of money, whereas envelopes with different designs 

contained different amounts. Both boys and girls received the same 

nominal amount of money. The question explicitly states this (while 

pointing to the sentence: “so that both children have the same 

nominal amount) 

SKT confidently conveyed that all test items were answered correctly. This assertion was 

further reinforced by SKT’s written responses, which aligned with statements made during the 

interview. Table 5 presents SKT’s written answers alongside corresponding interview excerpts. 

Table 5. Algebraic Thinking Test and Interview Results 
No Algebraic Thinking Test Result Interview Response 

1 

 
Algebraic Form “Structure” Test 

“For number 1, in my opinion, 100 and 2x 

are the correct expressions” 

 
“How Much Rupiah” Test 

“For number 1, the boy receives Rp 100,000, 

and the girl receives two green envelopes. 

To ensure the girl receives the same amount 

as the boy, each green envelope must 

contain Rp 50,000. With two identical green 

envelopes, the girl ultimately receives Rp 

100,000, just like the boy.” 

2 

 
Algebraic Form “Structure” Test 

“for number 2, the correct expressions are 

100 and 20 + x” 

 
“How Much Rupiah” Test 

“For number 2, the boy receives Rp 

100,000, while the girl receives Rp 20,000 

and one black and orange envelope. To 

equalize the amounts, the black and orange 

envelope must contain Rp 80,000, since the 

illustration suggests that Rp 20,000 is 

already accounted for.” 

3 

 
Algebraic Form “Structure” Test 

“I used variables, sir. I represented the 

green envelope as x and the black envelope 

as y. For number 3, the boy’s amount is x + 

y, while the girl’s amount is y + 50.” 
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No Algebraic Thinking Test Result Interview Response 

 
“How Much Rupiah” Test 

“I applied concepts from PLSV and PLDV, 

sir. I performed simple calculations like this 

(the subject shows calculations identical to 

those written on the answer sheet).” 

4 

 
Algebraic Form “Structure” Test 

“For number 4, the boy’s amount is x + y + 

20, while the girl’s amount is x + 2y + 10.” 

 
“How Much Rupiah” Test 

“I applied concepts from PLSV and PLDV, 

sir. I performed simple calculations like this 

(the subject shows calculations identical to 

those written on the answer sheet).” 

In addition to correctly answering each test item, as demonstrated in Table 5, SKT was also 

able to provide alternative solutions. Table 6 presents the alternative approaches proposed by 

SKT. 

Table 6. Alternative Solutions Provided by SKT 
 Question Illustration Subject’s Alternative Answer 

 

 

 
“Hmm… (the subject pauses to think). There is another way 

to approach this without calculations, although I am 

somewhat uncertain, sir. I can analyze the picture instead. 

For example, in number 4, both boys and girls received the 

same green envelope (while pointing to the green 

envelopes). The boy receives Rp 20,000, and the girl 

receives Rp 10,000. If we assume this (while pointing to a 

Rp 20,000 bill), then the girl receives two Rp 10,000 bills. 

To balance the amounts, we place one Rp 10,000 bill inside 

the black envelope for the girl).” 

Description of Algebraic Thinking of Medium-Ability Students 

Medium-ability students (SKS) demonstrated an understanding of the information 

presented in the problem but were unable to complete all test items thoroughly. SKS struggled 

to independently comprehend each aspect of the test questions and relied on peer explanations 

to grasp the information. While SKS appeared confident in the correctness of answers for items 
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1 and 2, there was noticeable uncertainty regarding items 3 and 4. This lack of confidence was 

evident in the interview responses. 

Interviewer (P) : Are you confident in the answers you wrote on the test answer 

sheet? 

SKS : I don't know sir, I'm not too sure. Maybe I'm sure the answer 

to numbers 1 and 2 is correct, but for numbers 3-4 I'm not 

sure of the answer because I only guessed the answer. 

On the TBA answer sheet, SKS correctly answered items 1 and 2 but was unable to solve 

items 3 and 4 accurately. In general, SKS struggled to construct an appropriate mathematical 

model for the given problem, which led to errors in the responses. As a result, the answers 

recorded on the TBA answer sheet did not yield the correct solutions. Additionally, during the 

interview, SKS expressed difficulty in solving mathematical problems, particularly those 

presented in visual form. This challenge was reflected in the following interview excerpt. 

SKS : I feel confused, sir, when I see questions presented in picture form. 

The teacher needs to explain examples of such questions first. Maybe 

I could solve them if I still remember the explanation, sir. 

Description of Algebraic Thinking in Low-Ability Students 

Low-ability students (SKR) were unable to correctly solve the given test items. This was 

evident from SKR’s TBA answer sheet, which contained careless responses, unanswered items, 

and blank spaces. During the interview, SKR admitted to struggling with the problem-solving 

process, although at times, SKR attempted to seek guidance from peers. 

P : How did you approach solving this problem? 

SKR : Hehehe… I don’t know, sir. I just counted randomly. At first, I looked 

at my friend’s answer, then I tried to calculate it myself. 

SKR appeared confused and uncertain about how to solve the given problems, ultimately 

providing only approximate answers without a clear understanding of the solution process. 

Discussion  

Based on the research objectives, this section describes the algebraic thinking of eighth-

grade students at MTs Unggulan PP Amanatul Ummah Surabaya. According to (Sudijono, 

2015), students’ algebraic thinking abilities in this study are categorized into three levels: high, 

medium, and low. Algebraic thinking refers to students’ capacity to solve algebraic problems. 

(Lenz, 2022) classifies algebraic thinking into two main categories: the Number-Oriented 

Approach and the Structure-Oriented Approach. The Number-Oriented Approach emphasizes 

specific numerical values and relies on procedural calculations, whereas the Structure-Oriented 

Approach focuses on a structural perspective, interpreting mathematical expressions and 

equations holistically rather than as isolated computational steps. 

To assess students' algebraic thinking, four test items were designed based on two 

categories (Lenz, 2022). Items 1 and 2 represent the Number-Oriented Approach, in which the 
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nominal amounts received by the boys and girls are explicitly stated as Rp 100,000. In contrast, 

Items 3 and 4 represent the Structure-Oriented Approach, where the total nominal amounts are 

not explicitly provided, requiring students to construct the mathematical relationships 

themselves. 

Algebraic Thinking in High-Ability Students (SKT) 

The results indicate that high-ability students (SKT) successfully solved all test items 

accurately. In items 1 and 2, SKT was able to determine numerical values using appropriate 

calculation procedures. The question "How much Rupiah?" was answered correctly based on 

precise calculations, categorizing SKT within the Number-Oriented Approach, Level 2 (A2). 

Furthermore, in items 3 and 4, SKT not only solved the problems correctly but also provided 

alternative solutions. The question "How much Rupiah?" in these items was answered correctly 

by S1 and S2, demonstrating their ability to construct mathematical models and establish 

relationships between mathematical objects, particularly in relation to the equality sign (=) 

(Freiman & Lee, 2004; Napaphun, 2012). Consequently, SKT is categorized within the 

Structure-Oriented Approach, Level 3 (R3). 

Algebraic Thinking in Medium-Ability Students (SKS) 

Medium-ability students (SKS) demonstrated an understanding of the given problems but 

were unable to complete all test items thoroughly. In items 1 and 2, SKS correctly answered 

the "How much Rupiah?" question using appropriate calculation procedures, categorizing them 

within the Number-Oriented Approach, Level 2 (A2). However, SKS struggled to solve items 

3 and 4 correctly. Interview results revealed that SKS was unable to formulate mathematical 

equations in algebraic form due to a lack of familiarity with writing known and unknown 

elements of a problem. SKS also faced difficulties in constructing algebraic expressions, as 

they were accustomed to solving problems through direct calculations rather than abstract 

representations. 

Algebraic Thinking in Low-Ability Students (SKR) 

Low-ability students (SKR) were unable to independently comprehend the given problems 

and required assistance to interpret the information. Interview results indicated that SKR lacked 

the ability to translate problem information into algebraic expressions due to difficulties in 

understanding visual representations. Additionally, SKR struggled with algebraic concepts, 

which contributed to their inability to solve the problems correctly. 

Factors Affecting Students' Algebraic Thinking Ability 

The primary factor contributing to students' limited algebraic thinking ability is the lack of 

practice problems that facilitate algebraic reasoning during classroom instruction. As a result, 

students struggle to interpret problems presented in visual form, leading to deficiencies in 

problem-solving skills (Yani et al., 2016). Another contributing factor is SKR’s lack of 

understanding of algebraic forms, which serve as the foundation for solving two-variable linear 
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equations. Without a grasp of algebraic structures, SKR is unable to formulate the necessary 

rules for problem-solving. 

Conclusion 

The researcher anticipates several outcomes from this study, including: For teachers – This 

study can serve as an initial reference to help educators design lessons that align with students' 

thinking and reasoning needs. Additionally, teachers are encouraged to place greater emphasis 

on students' algebraic thinking and actively train them to enhance their problem-solving skills 

in algebraic contexts. For future researchers – It is expected that subsequent studies will explore 

further and experimental research by implementing targeted interventions to improve students' 

algebraic thinking skills, particularly in solving pictorial problems. 
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