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Abstrak 
Huruf-huruf aljabar biasanya hanya dikenal sebagai variabel oleh siswa, padahal huruf-
huruf aljabar ini memiliki ragam makna pada suatu permasalahan matematis. Pada 
penelitian ini bertujuan untuk menyelidiki interpretasi siswa terhadap makna dari huruf-
huruf aljabar dalam menyelesaikan masalah matematis dengan perspektif siswa dalam 
masa transisi berpikir aritmetik ke berpikir aljabar. Penelitian yang digunakan pada 
penelitian kualitatif dengan jenis penelitian pada penelitian fenomenologi. Partisipan 
penelitian ini merupakan 18 siswa SMP yang diambil dari tiga sekolah yang terdapat di 
Riau. Teknik pengumpul data pada penelitian ini adalah dokumen lembar kerja siswa, 
wawancara yang direkam secara audio dan video dan catatan lapangan penelitian. 
Berdasarkan temuan penelitian pada siswa kelas VII tersebut, ditemukan bahwa siswa 
menginterpretasikan huruf-huruf aljabar hanya sebagai pengganti dari bilangan tertentu. 
Siswa menjadikan huruf-huruf aljabar sebatas pengganti bilangan asli dibandingkan 
sebagai bilangan yang diperumum. Huruf-huruf aljabar yang dikaitkan dengan ekspresi 
aljabar dan operasi aljabar serta persamaan aljabar memberikan kesulitan bagi siswa 
dalam menyelesaikan masalah tersebut. Hal ini disebabkan siswa belum mampu melihat 
bahwa huruf-huruf aljabar tersebut merupakan serangkaian konsep dasar aljabar 
generalized numbers bahkan pada konsep variabel. 
Kata Kunci: transisi; berpikir aritmetik; berpikir aljabar; huruf-huruf aljabar; kualitatif. 
 

Abstract 
Algebraic letters are usually only known as variables by students, even though these 
algebraic letters have a variety of meanings in a mathematical problem. This study aims to 
investigate students' interpretation of the meaning of algebraic letters in solving 
mathematical problems from the perspective of students in the transition period from 
arithmetic to algebraic thinking. The type of research used in qualitative research is 
phenomenological research. The participants of this study were 18 junior high school 
students taken from three schools in Riau. Data collection techniques in this study were 
student worksheet documents, audio- and video-recorded interviews, and research field 
notes. Based on the research findings on the seventh-grade students, it was found that 
students interpret algebraic letters only as a substitute for certain numbers. Students 
make algebraic letters as a substitute for natural numbers rather than as generalized 
numbers. Algebraic letters associated with algebraic expressions, algebraic operations, 
and algebraic equations deliver difficulties for students in solving these problems. This is 
because students have not been able to see that these algebraic letters are a series of 
basic concepts of generalized numbers in algebra, even on the concept of variables. 
Keywords: transition; arithmetic thinking; algebraic thinking; algebraic letters; qualitative.  
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I. INTRODUCTION 

Several studies have been conducted 

regarding students' understanding and 

difficulties in algebra (Asquith et al., 2007; 

Brizuela et al., 2015; Samo, 2009; Tiwari & 

Fatima, 2019). Algebra as an initial gateway 

to further learning (Chimoni et al., 2018; 

Ferrucci, 2004) has provided coherence at 

all school levels that algebra is an 

important topic in mathematics. These 

reasons underline the necessity to teach 

algebra at the elementary level (NCTM, 

2000; Diva & Purwaningrum, 2023). 

The need to improve the integration of 

algebra in mathematics learning at schools 

needs to be initiated from the elementary 

level to the intermediate level, which is a 

transition period from arithmetic learning 

to algebraic learning. The basic concept 

underlying this transition is when basic 

algebraic concepts are introduced to 

students (Kilhamn, 2014; Afriansyah & 

Turmudi, 2022). An important 

characteristic of the basic concept of 

algebra is the emergence of symbolization 

in the form of algebraic letters that have 

various meanings or roles in a problem. The 

existence of these algebraic letters is often 

considered as a substitute notation for 

certain numbers (Kilhamn et al., 2019). 

Thus, when students are encountering 

problems related to algebraic letters as 

generalized numbers, students are 

distracted and probably unable to solve the 

problem. 

The national curriculum explicitly states 

that algebraic letters are studied in grade 

VII with the topic of algebraic forms (As'ari 

et al., 2017). In this topic, students are 

introduced to symbolization by algebraic 

letters known as variables. In the national 

curriculum sequence, before students learn 

algebra, students first learn arithmetic 

(Sugiman et al., 2016). Students will study 

arithmetic for 6 years, followed by algebra 

(Hidayanto et al., 2014). The sequence of 

this mathematics learning encourages 

continuous learning of arithmetic or known 

as generalized arithmetic (Çelik & Güneş, 

2013; Pitta-pantazi et al., 2019). 

In line with the studies, according to 

Chimoni et al. (2018) arithmetic learning 

would involve numbers and operations, 

while algebraic learning involved algebraic 

letters and other operations. Furthermore, 

algebraic learning also includes 

relationships between numbers in 

arithmetic, as well as the representation of 

a problem that surrounds the algebra 

(Kaput, 2008). Algebra learning is also 

known as abstract learning. The abstract 

nature of algebra is often considered 

challenging and unpleasant (Warren et al., 

2016; Lisan, Risnawati, & Setyawan, 2023). 

Some studies stated that difficulties in 

learning algebra were found among the 

student mathematization process, the 

process of student understanding of 

algebraic letters, the process of student 

understanding of algebraic expressions, the 

process of using algebraic operations and 

the process of understanding the meaning 

of the equals sign (Fulop, 2015; Jupri et al., 

2014; Astutik, & Purwasih, 2023). Of the 

several difficulties in learning algebra 

stated in the study, one of the results of 

the study, namely the difficulty in the 

process of understanding algebraic letters, 

is an important problem in learning algebra 

and gaining attention among educators 

(Christou & Vosniadou, 2012; Khalid et al., 

2020; Warren et al., 2016). The rationale is 
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related to algebraic letters as a foundation 

for students to learn algebra. This is in line 

with Malisani and Spagnolo (2009) who 

stated that the use of algebraic letters was 

a requirement to learn algebra and basic 

knowledge in the transition phase of 

arithmetic thinking to algebraic thinking. 

Furthermore, Malisani and Spagnolo also 

revealed that students were struggling to 

learn algebraic letters because they had 

trouble determining algebraic letters as a 

substitute for certain numbers. Students 

are puzzled when several algebraic letters 

appear in a mathematical problem. They 

find it difficult to interpret the algebraic 

letters whether the algebraic letters are a 

substitute for the value of a particular 

number or a substitute for the range of 

values of numbers. 

With the recent studies, Mashazi, (2013) 

stated that there were some learning 

barriers that occur in learning algebra. The 

barriers were mainly dealing with students' 

understanding of algebraic letters. The 

difficulty was rooted from the diverse roles 

of algebraic letters. According to Christou 

et al. (2007), the tendency of students to 

use their experiences at the basic level in 

the form of numbers and arithmetic 

operations caused students to be 

distracted in interpreting algebraic letters. 

In addition, students had a tendency to 

simplify algebraic answers into a single 

answer. According to Stacey & Macgregor, 

(2001), the occurrence of erroneous 

interpretation in students was related to 

the development of students' cognitive 

level from concrete to abstract. In a study 

conducted by Küchemann (1981), it was 

found that various interpretations were 

given by students to the letters of algebra 

from the study. There are six students' 

interpretations of algebraic letters, which 

are the letter evaluated means interpreted 

as numerical values through trial and error, 

the letter not used means interpretes as 

irrelevant, the letter as an object or labels, 

the letter as a specific unknown, the letter 

as generalized number and the letter as 

variable means interpreted with awareness 

of functional relationships. Of the six 

student interpretations of algebraic letters, 

it was found that students were able to 

interpret algebraic problems on letters as 

evaluated,  with a percentage of 92%, 

meaning that students interpreted the 

algebraic letters as a number value, while 

other algebraic problems related to 

students’ interpretation of algebraic letters 

provide the lowest percentage of 

interpretation of algebraic letters as 

variables, namely only 6%, which means 

students had difficulty in understanding 

algebraic letters as variables (Kilhamn, Röj-

Lindberg, & Björkqvist, 2019). Küchemann's 

research showed that students' difficulties 

in interpreting algebraic letters appeared 

when the algebraic letters acted as 

variables. In fact, the role of algebraic 

letters as variables is a concept for 

students to learn functions (Molina et al., 

2018). 

Students' interpretation of algebraic 

letters as a substitute for a certain number, 

a substitute for a range of number values 

and a substitute for a general number is a 

transition process of students' thinking 

which is first dealing with numbers and 

number ranges then later introduced to a 

generalized number. The transition process 
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is identified as the transition of students' 

thinking. The transition thinking on 

numbers, range of values in numbers, and 

the symbolization of these numbers into 

algebraic letters guides students towards 

algebraic thinking. The process requires 

conceptualizing of thinking processes both 

in the form of numbers and in generalizing 

numbers (Molina et al., 2018). 

 According to Powell et al., (2016) 

students need to be facilitated in 

conceptualizing their way of thinking, such 

as paying attention to the transition of 

students' arithmetic thinking to students' 

algebraic thinking. In the arithmetic stage, 

students tend to think about numbers and 

calculations while in the algebraic stage, 

students are trying to make connections 

between algebraic letters and numbers, 

perform algebraic operations and accept 

algebraic expressions as the final answers 

(Kieran, 2004). 

However, studies on making 

connections between algebraic letters and 

numbers, performing algebraic operations 

and accepting algebraic expressions as the 

final result of student answers has not 

been developed much at the national 

setting. Previous studies mainly concerned 

with the students’ difficulties in learning 

algebra. Therefore, studies on making 

relationships between algebraic letters and 

numbers, performing algebraic operations 

and accepting algebraic expressions as the 

final result of student answers in 

understanding algebra still need to be 

explored and developed. In particular, this 

study aimed to investigate students' 

understanding of the role of algebraic 

letters in solving problems in the 

perspective of students' thinking transition 

from arithmetic thinking to algebraic 

thinking starting from how students make 

the relationship between algebraic letters 

and numbers, perform algebraic operations 

and accept algebraic expressions as the 

final result of students' answers. 
 

II. METHOD 

The research approach used in this 

study was qualitative research utilizing 

phenomenological approach (Merriam & 

Tisdell, 2016). This type of research was 

appropriate with the research objectives 

which provided an overview of the 

phenomenon of students' understanding in 

interpreting algebraic letters in a 

mathematical problem. 

The study involved 7th grade junior high 

school students who were in the odd 

semester as the participants. The number 

of students was 18 students within the age 

of 13 years old. Students were also 

residents nearby, approximately 3 

kilometers from school. 

This study was conducted in three ways 

starting from the study of literature related 

to algebraic letters, the design of test 

questions and the design of estimated 

students’ interpretations of algebraic 

letters in mathematical problems, and 

finally the test of test questions to 

participants. 

The test questions consisted of eight 

questions involving algebraic letters. Before 

the test questions were tested on students, 

the test questions had first been validated 

regarding the feasibility and readability of 

the test questions. For this reason, the 

researchers conducted a validity test with 

three junior high school teachers and three 

lecturers from the mathematics education 
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department. These 3 math teachers had 

teaching experience in grade 7th and 

working experience for approximately 5 

years, while the three lecturers were 

teaching at universities in Riau. After the 

test questions were declared feasible, the 

researchers conducted tests on the 

questions to students. 

 Students took the paper-based test. In 

solving the problem, students were given 

the opportunity to write all the arguments. 

Since the test was conducted during covid-

2019 pandemic and students did math 

learning for only 60 minutes, this test was 

carried out over a period of two days. On 

the first day, students worked on multiple 

choice questions and on the second day 

students worked on description questions. 

Each test was set to 60 minutes to 

complete. After the test was carried out, 

interviews were conducted regarding the 

test result, conducted openly in the school 

hall and adhered to the covid-2019 health 

protocol. 

The data of this study were collected 

from student worksheet documents, audio 

and video recordings of interview results. 

The audio was a recording from the 

recording gadgets, while the video 

recording was generated from a handycam. 

The data was later analyzed by testing, 

coding, and reducing the result of students’ 

works and interviews. At the final stage, 

the final data were presented and 

interpreted. 
 

III. RESULT AND DISCUSSION 

Based on the results of data analysis, it 

was discovered that students completing 

the arithmetic thinking to algebraic 

thinking transition representation test 

related to algebraic letters provided 

different interpretations. It was illustrated 

by the test of the transitional 

representation from arithmetic thinking to 

algebraic thinking in the following 

mathematical problem. 

“If 𝑎 + 𝑏 = 15, then the value of 2𝑎 +

2𝑏 = ⋯” 

On the test, there were two different 

algebraic letters in the equation. 

Furthermore, the two equations involved 

algebraic expressions that required 

students’ observation regarding the role of 

these algebraic letters in the mathematical 

problem and the value of other algebraic 

expressions.  

Table 1 presents the data from 18 

participants of the study. 
Table 1. 

Name and participants' responses towards algebraic 
letters   

No. Name Responses 

1. AT1 replacing letters with numbers a = 7 
and b = 8 

2. AT2 replacing letters with numerical 
expression 2 × 15 

3. BT1 replacing letters with numbers a = 
10 and b = 5 

4. BT2 replacing letters with numerical 
expression 2 × 15 

5. CT1 
replacing letters with numbers 

a = 7,5 and b = 7,5 

6. CT2 
replacing letters with numerical 

expression 2 × 15 

7. AS1 
replacing letters with numerical 

expression 2 × 15 

8. AS2 
replacing letters with numbers a = 

10 dan b = 5 

9. BS1 no answer 

10. BS2 
replacing letters with numbers a = 

10 and b = 5 

11. CS1 
replacing letters with numbers a = 8 

dan b = 7 

12. CS2 
replacing letters with numbers a = 

10 dan b = 5 

13. AR1 replacing letters with numbers a = 7 
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dan b = 8 

14. AR2 
replacing letters with numerical 

expression 2 × 15 

15. BR1 no answer 

16. BR2 no answer 

17. CR1 
replacing letters with numbers a = 

10 dan b = 5 

18. CR2 
replacing letters with numerical 

expression 2 × 15 

 

Tabel 1 Showed that most students 

interpreted the algebraic letters as a 

substitute for the number which were 

replaced with several numbers. There were 

3 students who replaced the algebraic 

letters with the numbers a=7 or a=8 and 

b=8 or b=7, while there were 5 students 

who replaced the algebraic letters with the 

numbers a=10 and b=5.   In fact, there was 

also one student who replaced algebraic 

letters with the numbers a=7.5 and b=7.5. 

In addition, there were 6 students 

replacing algebraic letters based on the 

form of algebraic expression, namely 2a, 

which meant that students replaced 2a = 

15 then students did the operation, namely 

2×15. On the other hand, there were also 3 

students who did not answer the question 

and did not provide the reason for their 

action. The five different responses 

indicated that students were able to solve 

the given problem by interpreting algebraic 

letters as a substitute for certain numbers 

in an unknown quantity. 

Further observation on the students’ 

worksheets discovered that students 

provided answers by determining certain 

numbers that were suitable for the 

equation containing the algebraic letters. 

Here is student A's worksheet. 
 

 
Figure 1. Student A’s answer sheet 

 

Figure 1 illustrated that the students 

could solve the problem correctly. The 

student solved the problem by replacing 

the algebraic letters in the equation a + b = 

15 with a certain number value so that 

students replaced the letter ‘a’ with 7 and 

the letter ‘b’ with 8 then the student 

formed the algebraic equation into a 

number equation, namely 7 + 8 = 15.  

Based on the observation, after the 

student wrote the equation, they remarked 

that the numerical equation had matched 

the algebraic equation in the problem, 

namely a + b = 15 and 7 + 8 = 15. 

Therefore, students continued to perform 

calculation by replacing the values of 𝑎 and 

𝑏 in the algebraic expression  2𝑎 + 2𝑏 to 

obtain 14 + 16 = 30.  

To find out the students' thinking 

process when solving the problem, the 

following interview was conducted. 

P: How did you solve the equation? 

S:  (the student is reading the question) If 𝑎 +

𝑏 equal to 15 then 2𝑎 + 2𝑏 equal to? I 

think the answer is (pointing at 𝑎 + 𝑏 =

15), 15. Because this one is 15, so I tried to 

change the letters like this 𝑎 = 7 dan 𝑏 = 8, 

so I got 15 as the result and I counted again 

7 +  8 =  15.  Because this is similar (the 

student is pointing to the algebraic and 

numerical equations), so 2 times 7 plus 2 

times 8 so 14 +  16 =  30. 

P: Why did you replace 𝑎 and 𝑏? 

S: Because we need to find the value. I was 

supposed to find the value of a and b. 
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P: Were there any alternatives to solve this 

equation? 

S: No, there weren’t. I think this is the easiest 

way. 

When students were asked how to solve 

the problem, students explained that they 

replaced the algebraic letters with a certain 

number and each algebraic letter had one 

certain number. Students explained that 

the algebraic letters could be replaced with 

certain numbers. To ensure that the 

algebraic letters that were replaced with 

certain numbers were correct, students 

checked the answer by performing the 

calculation of the numerical equation 7 + 8 

= 15. Afterwards, the students changed the 

algebraic expression 2a + 2b into a 

numerical expression 14 + 16. Thus, the 

students found that the value of the 

expression was 20. From the interview 

excerpts, it was also discovered that the 

students found it easy to solve these 

mathematical problems by replacing 

algebraic letters in a variety of certain 

quantities. 

In addition, there was also a different 

answer from student A. The following is 

student B's worksheet in solving the 

problem. 
 

 
Figure 2. Student B’ answer 

 

Figure 2 illustrated that the student 

solved the equation incorrectly. The way 

thes student solved the problem was that 

students separated the algebraic 

expression 2a + 2b into algebraic 

expressions 2a and 2b then students wrote 

15×2 = 30a and 15×2 = 30b. The student 

continued the operation by forming 

30a+30b=60.  

To find out the student' thinking process 

when solving the problem, the following 

interview was conducted. 

P: How did you solve the equation? 

S:  (the student is reading) if 𝑎 + 𝑏 equal to 15 

then 2𝑎 + 2𝑏 equal to?. Hmmmm (the 

student is thinking and observing the 

answer he had written). It’s hard. I actually 

do not understand this.  

P: What do you understand then?  

S: I think it’s 2𝑎 and 2𝑏. Hmmmm (quiet). And 

this is 2𝑎 + 2𝑏, because 𝑎 +  𝑏 =  15 so it 

means 15 multiplied by 2. 

P: why did you multiply 15 by 2? 

S: because it’s 2𝑎 and 15, and 15 multiplied by 

2 was 30. And this one is 30 for 𝑎 and this 

30 is for 𝑏.  So, I summed the numbers, 30𝑎 

and 30𝑏 equal to 60. 

P: where did you get 15 from?   

S: I got it from this equation 𝑎 +  𝑏 =  15. So, 

the values of the letters are known as 15 

(pointing out that 𝑎 equal to 15). 

When student B was asked the same 

question as student A, namely how to solve 

the problem, student B gave a different 

explanation from student A. Student B also 

took quite a long time to remember and 

explain the answer. After a while waiting 

for the student's answer, student B gave an 

explanation of equations and algebraic 

expressions. Student B explained that a + b 

= 2a, which was 15 and a + b = 2b, which 

was 15. Thus, student B interpreted 2a = 

15, because in the problem there was also 

2a, so the student assumed that there 

were 2 times the value of 15, namely 15 

multiplied by 2 = 30. Likewise done with 2b, 

to explain how he got the value of 30, the 
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student wrote 30a and 30b. Finally, he 

wrote 30a+30b=60. 

From the student's answer, it was 

concluded that the student had not fully 

comprehend the meaning of algebraic 

expressions, algebraic expression 

operations and algebraic equations. From 

the observations made during the 

interview, student B also focused on the 

numbers contained in the algebraic letters 

only, thus the student could not pay 

attention to the letters and numbers 

simultaneously that were necessary in the 

problem. 

The results showed that seventh grade 

students had diverse interpretations in 

interpreting algebraic letters in 

mathematical problems. Most students 

interpreted algebraic letters as a fixed 

unknown quantity. This was similar to the 

study by Christou & Vosniadou (2012) 

which stated that students tended to 

replace algebraic letters with natural 

numbers both when the algebraic letters 

appear in algebraic expressions and in 

equations. 

Students were thinking that algebraic 

letters in a mathematical problem must be 

able to be replaced by a certain number. 

Thus, they interpreted that algebraic letters 

were only a substitute for certain numbers 

not as a generalized number. This 

interpretation implied that students found 

it difficult to describe that the algebraic 

letters were generalized numbers and even 

students would also find it difficult to form 

the meaning of the algebraic letters as 

variables, namely varying known quantities 

(Brizuela et al., 2015). 

Whereas in the perspective of school 

algebra, algebraic letters were not just a 

substitute for certain numbers but had a 

variety of roles, especially towards 

generalized and variable numbers. On the 

other hand, it should be noted that 

algebraic letters that become generalized 

numbers would require students’ analysis 

on the meaning of algebraic letters and 

numbers simultaneously instead of just 

focusing on one thing, either algebraic 

letters or numbers. This was in accordance 

with the question given by Kieran (2004) 

that in developing algebraic thinking as a 

transition of thinking from arithmetic to 

algebra, students were required to focus 

on both aspects of algebraic letters and 

numbers. If they observe the algebraic 

letters or numbers only, students would 

have difficulty in solving problems (Brizuela 

et al., 2015; Steinweg et al., 2018). 
 

IV. CONCLUSION 

Based on the research objectives, 

namely investigating students' 

interpretations in interpreting algebraic 

letters in mathematical problems, it was 

concluded that students would probably 

interpret algebraic letters as a substitute 

for a certain number rather than as a 

generalized number. These algebraic 

letters could be something that was not 

used when there was an algebraic 

expression, algebraic operation or algebraic 

equation. However, this had not yet been 

reflected in the students' interpretation in 

solving problems. The inclination of 

students to regard algebraic letters as a 

substitute for specific numbers provided 

the impression that students were thinking 

in an arithmetic manner. The study came 

to the fascinating conclusion that students' 

interpretations in solving algebraic letter 
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problems were still focused on the 

difficulty of transforming a notation to the 

form of a natural number. In fact, seventh-

grade students were expected to have 

algebra learning experiences including 

algebraic letters in the sense of generalized 

numbers. This required the attention of 

both educators and mathematics education 

experts while delivering algebra learning 

materials. What may be investigated 

further is how to construct a learning 

sequence based on algebraic letters, 

beginning with the meaning as a 

substitution for specific numbers and 

progressing until students discovered the 

variable values of the algebraic letters. 
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