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Abstract: This study aims to explore the cognitive obstacles experienced by middle school students 
in understanding the concept of variables in algebraic expression learning. Using a descriptive 
phenomenological approach, this study introduces the term cognitive disconnect to describe a 
disruption of meaning caused by incompatibility between students’ prior knowledge (Met-Before 
the Lesson/MBL) and the new concepts acquired during the lesson (Met-During the Lesson/MDL). 
Data were collected through classroom observations, analysis of student worksheets (LKPD),     
error-based interviews, and examination of textbooks and worksheets used by the teacher. The 
results show that students tend to interpret variables as concrete objects rather than quantitative 
symbols. Although algebraic expressions can be written correctly in terms of syntax, the meaning 
of letter symbols remains tied to prior arithmetic experiences, resulting in inaccurate                        
interpretations of variables. The incompatibility between MBL and MDL is not explicitly bridged 
in the learning process and is reinforced by didactical situations, such as inconsistencies in       
learning resources and the dominance of procedural approaches. These findings highlight the 
importance of learning that connects arithmetic experiences with variables through                         
representations and scaffolding. 
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INTRODUCTION 
Algebra is a major branch of mathematics that forms the foundation for mastering concepts in 
geometry, statistics, and calculus (Bush, 2013; Edogawatte, 2011; Joanna & Jacquelynn, 2019; 
Nataraj & Thomas, 2017; Wettergren, 2022; Yew et al., 2020). At the middle school level, one of 
the essential topics is the introduction to algebraic expressions, particularly the concept of varia-
bles, which functions as a starting point for the cognitive transition from concrete arithmetic to 
abstract symbolization (Kieran, 2011; Öztürk, 2021; Pratiwi et al., 2019). Algebraic expressions 
include elements such as variables, coefficients, constants, and terms (Girit & Akyuz, 2017; Tekin-
Sitrava, 2017).  
However, various studies have shown that many students experience difficulties in understanding 
the conceptual meaning of variables (Blanton et al., 2017; Edogawatte, 2011; Ely & Adams, 2012; 
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Radford, 2006; Wettergren, 2022). This phenomenon is also found in Indonesia, where students 
often hold misconceptions regarding the function and meaning of symbols in algebraic expressions 
(Das, 2020; Jupri et al., 2014; Natalia et al., 2016; Wahyuni & Herman, 2019). Fitria et al. (2023) 
found that although students can identify algebraic expressions symbolically, they often interpret 
variables as concrete objects rather than abstract quantities (Fitria et al., 2023).   
 
The transition from arithmetic to algebra demands a cognitive restructuring in the way students 
think. Their prior experiences with arithmetic, which are concrete and object-oriented, often con-
flict with the abstract nature of algebra, leading to conceptual gaps and increasing the likelihood 
of misconceptions (Akkan & Baki, 2016; Humberstone & Reeve, 2017; Malisani & Spagnolo, 
2009; Sudianto & Kisno, 2021). These difficulties become one of the key barriers to effective 
algebra learning at subsequent stages. A large proportion of students who fail to understand vari-
ables and subsequently algebraic expressions tend to struggle with mathematics at higher levels 
(Blanton et al., 2018; Sugiman, 2023). One of the main contributing factors to this difficulty is the 
activation of pre-existing thinking schemas that are misaligned with the new symbolic context. 
 
According to Tall (2004), before receiving formal learning in the classroom, students have already 
been exposed to various mathematical ideas and knowledge through everyday experiences. This 
knowledge is informally constructed by students before they encounter the formal definition of a 
concept in school learning (Beyene, 2023; Levin & Walkoe, 2022; Tall, 2008). Tall refers to this 
prior knowledge or experience as met-before, which is a mental structure formed from previous 
interactions with mathematical concepts (De Lima & Tall, 2008; Mallet, 2013; McGowen & Tall, 
2010; Tall, 2004). In learning, met-before can support understanding if it aligns with the concept 
being taught (Liaw et al., 2021; Özdemir & Yıldız, 2021). However, met-before can also become 
an obstacle when applied in a different context, namely when previous rules or ways of thinking 
are no longer relevant or suitable to be used in a new learning situation (De Lima & Tall, 2008). 
For example, experiences in arithmetic can become a hindrance when students are accustomed to 
the assumption that "addition always results in a larger number," whereas this assumption does 
not always apply in the context of algebra (Kieran, 2011). An obstacle can hinder the learning 
process and cause students to experience difficulties in understanding the concepts being taught 
(Beyene, 2023; Brousseau, 2006; Herscovics, 1978; Mallet, 2013; Tall, 2004).  
 
The idea of this obstacle was first introduced by Bachelard (1938) as an epistemological obstacle, 
namely a disruption in thinking that hinders the understanding of new concepts (Trindade et al., 
2019). This concept was later adapted by Herscovics (1978, 1997) into a cognitive obstacle in the 
context of learning, which arises when students’ knowledge schemas conflict with new concepts, 
particularly during the transition from concrete to abstract understanding, such as in the shift from 
arithmetic to algebra (Herscovics, 1978).  
Tall (2004) stated that prior experiences (met-before) often become a source of obstacles in learn-
ing mathematics. Students have a tendency to apply existing schemas to new contexts, so when 
the concept being learned conflicts with previous experiences, cognitive conflict arises and hinders 
the learning process. In such conditions, students prefer to rely on familiar procedures rather than 
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engage in the reorganization of more complex concepts, in line with theory of equilibration by 
Piaget, which postulates that individuals are more likely to assimilate than to accommodate when 
facing knowledge discrepancies (De Lima & Tall, 2008; McGowen & Tall, 2010).  Expanding on 
this idea, Beyene (2023) introduced the Met Before the Lesson (MBL) and Met During the Lesson 
(MDL) framework to explain in greater detail how cognitive obstacles occur. Cognitive obstacles 
arise when there is a incompatibility between MBL, which refers to students’ prior experiences 
and knowledge schemas, and MDL, which represents the new concepts introduced during the 
learning process. This incompatibility may take the form of misconceptions or inaccurate interpre-
tations of new concepts and is strongly influenced by cultural contexts and teaching approaches in 
each country (Artigue et al., 2014; Beyene, 2023; Jupri & Drijvers, 2016). Therefore, understand-
ing the nature of obstacles stemming from the MBL–MDL incompatibility is a crucial step in 
designing more effective and conceptually grounded mathematics learning.  
 
Since cognitive obstacles are related to the incompatibility between MBL and MDL, it is important 
to trace how MDL is formed during the classroom learning process, particularly in the context of 
introducing algebraic expressions. The Theory of Didactical Situations (TDS) is used to analyze 
the formation of MDL through didactical situations, which include the milieu and the didactical 
contract (Artigue et al., 2014; Brousseau, 2002; Maknun et al., 2022). In this study, the milieu 
refers to the learning environment, which includes learning resources such as textbooks, teaching 
modules, and student worksheets (LKPD) that are used and designed by the teacher. If the provided 
milieu is procedural and does not present challenging problematic situations, then students’ under-
standing tends to be shallow (Artigue et al., 2014; Brousseau, 2002). Meanwhile, the didactical 
contract refers to the teacher’s instructional strategies, including the use of analogies and the ways 
in which student responses are addressed during the lesson (Artigue et al., 2014; Radford, 2014). 
Exploration-based instructional strategies can provide opportunities for students to connect their 
MBL with the new concepts being learned in a more meaningful way.  
 
Furthermore, indications of cognitive obstacles can be identified through student errors that are 
repeated and consistent. Such misconceptions are not random occurrences but rather reflect an 
underlying structure of understanding that has been formed (Beyene, 2023; Brousseau, 2002; Mal-
let, 2013). Persistent misconceptions indicate the presence of obstacles in the thinking process that 
cannot be resolved merely through additional instruction but require a deeper analysis of how stu-
dents construct understanding during the lesson process. 
 
Various studies have examined students’ lesson difficulties in algebra through the perspectives of 
misconceptions, epistemological obstacles, and didactical design (Fitriani et al., 2023; Joanna & 
Jacquelynn, 2019; Jupri et al., 2014; Lenz, 2022; Noto et al., 2020; Öztürk, 2021; Rakes & Ronau, 
2019; Riastuti et al., 2023; Stacey & MacGregor, 1999; Weinberg et al., 2016). However, studies 
that explicitly highlight cognitive obstacles in understanding the concept of variables based on the 
framework of incompatibility between MBL and MDL are still limited. In fact, at the early stage 
of introducing algebra in middle school, this incompatibility can lead to students’ failure to connect 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      34     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

symbolic meaning with their prior arithmetic experiences. Based on this background, this study is 
formulated to answer two main questions: 

1. How do middle school students experience cognitive obstacles in understanding the concept 
of variables in algebraic expression lessons as a result of the incompatibility between MBL 
and MDL? 

2. How do classroom instructional practices (through teacher strategies and lesson resources) 
contribute to the formation of these cognitive obstacles? 

By using a phenomenological approach and didactical situation analysis, this article is expected to 
provide both theoretical and practical contributions to the design of algebra instruction that is more 
responsive to students’ prior knowledge structures. 
 

LITERATURE REVIEW 
This section discusses the main conceptual framework used in this study, namely, cognitive obsta-
cles, the incompatibility between MBL and MDL, and the contribution of didactical situations in 
shaping or obstructing students’ conceptual understanding of variables in algebra.  

Cognitive Obstacle in Mathematics Learning 

The concept of obstacles in the lesson was first introduced by Bachelard (1938) through the idea 
of epistemological obstacles, namely that the development of scientific knowledge does not pro-
ceed linearly, but rather through discontinuous leaps that occur due to obstacles in thinking (Trin-
dade et al., 2019). This idea was later adapted into the context of mathematics education by Her-
scovics (1978), who emphasized that difficulties in understanding mathematical concepts are often 
not caused by a lack of information, but by a conflict between old cognitive structures and the 
newly introduced concepts (Eraslan, 2005; Herscovics, 1978). In his subsequent work, Herscovics 
(1989) stated that cognitive obstacles occur when students fail to assimilate new concepts into the 
knowledge framework they have previously constructed, particularly in higher-level algebraic con-
cepts.  

This concept has become the foundation for various subsequent studies. Cornu (1991), in his study 
on the concept of limits, and Mallet (2013), in a lesson about line integrals, showed that students’ 
initial mental models often remain unchanged despite the introduction of formal concepts (Cornu, 
1991; Kartinah et al., 2021; Mallet, 2013). These findings emphasize that cognitive restructuring 
does not happen automatically following the delivery of a formal lesson, but rather requires an 
active process of reconstruction by the students.  Other studies have also contributed to expanding 
the understanding of cognitive obstacles. Bishop et al. (2015) explained that cognitive obstacles 
may initially support the formation of understanding, but later become barriers when that 
knowledge is applied in a different context (Bishop et al., 2014). Therefore, gradual instructional 
strategies are important to facilitate students’ conceptual transitions. In a fraction lesson, Yoshida 
and Sawano (2017) showed that students’ initial understanding of parts and division often leads to 
cognitive conflict, which can be alleviated through the use of concrete materials and appropriate 
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conceptual approaches (Yoshida & Sawano, 2002). Antonijević (2016) added that obstacles may 
also arise when mathematical tasks exceed students’ cognitive capacity; however, this can be over-
come through cooperative learning that encourages collaboration in solving complex problems.  
 
In a more recent study, Beyene (2023) developed the conceptual framework of cognitive obstacles 
by referring to the theoretical construct of met-before proposed by Tall (2004; 2008), which is the 
prior knowledge structure formed from previous lesson experiences. This met-before can serve as 
a supportive foundation, but also has the potential to become a barrier to understanding new con-
cepts. Beyene adopted this concept by distinguishing Met-Before the Lesson (MBL) as students’ 
prior knowledge and Met-During the Lesson (MDL) as the new concepts introduced during the 
lesson. According to Beyene, cognitive obstacles happen when there is a incompatibility between 
MBL and MDL. This incompatibility  can hinder the process of constructing and applying con-
cepts, especially when instructional strategies or didactical transposition do not explicitly connect 
students’ prior experiences with the new ideas being taught during the lesson.  
 
This cognitive tension becomes increasingly complex when the students’ concept image, formed 
from MBL, contradicts the formal concept definition provided in MDL (Tall & Vinner, 1981). 
This condition often causes dissonance in thinking, particularly when students are required to shift 
from concrete arithmetic understanding to symbolic representation in algebra. Vinner and Dreyfus 
(2010) refer to this phenomenon as compartmentalization, which is a condition in which students 
possess two systems of thinking that are not interconnected. For example, students may solve the 
expression 2x + 3x = 5x procedurally, yet still believe that x holds a specific value as in arithmetic, 
rather than recognizing it as a free variable in the algebraic system.  
 
In the context of learning algebraic expressions at the middle school level, an incompatibility be-
tween MBL and MDL is highly likely to happen. This is primarily due to the transition from the 
concrete world of arithmetic to the more abstract forms of algebraic symbolization and manipula-
tion. Therefore, this study directly adopts Beyene’s (2023) conceptual framework to analyze how 
the incompatibility between MBL and MDL contributes to the emergence of cognitive obstacles 
in students’ understanding of variables and algebraic expressions.  

  
 
Met Before the Lesson (MBL), Met During the Lesson (MDL), and Didactical Situations as 
Components Shaping Cognitive Obstacles  
 
Within the framework of this study, Met Before the Lesson (MBL) refers to the cognitive structures 
or prior knowledge that students have before receiving a formal lesson on algebraic expressions. 
This structure is formed through previous learning experiences, including arithmetic lessons in 
elementary school, textbooks previously used, and students’ interactions with various mathemati-
cal situations before the algebra lesson begins (Tall, 2008; McGowen & Tall, 2010; Beyene, 2023). 
Meanwhile, Met During the Lesson (MDL) refers to the new concepts introduced during the formal 
classroom lesson process. MDL reflects the conceptual structures expected to be developed 
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through lessons, such as the concept of variables, algebraic expressions, as well as the operations 
and modeling of algebraic expressions. Cognitive obstacles in this study are defined as the incom-
patibility between MBL and MDL. When students’ prior knowledge structures (MBL) do not align 
with or even contradict the new concepts being taught (MDL), students experience difficulties in 
constructing meaningful understanding. Beyene (2023) identifies three forms of such incompati-
bility: (1) prior knowledge cannot be applied directly; (2) difficulty in integrating prior knowledge 
with new concepts; or (3) the presence of deceptive compatibility, namely the impression that prior 
knowledge remains relevant, while it is misleading in the new context.  
 
Furthermore, Prediger (2008) classifies the knowledge structures within MBL into three main di-
mensions: (1) algorithmic knowledge, which refers to procedures or steps that students are accus-
tomed to performing; (2) intuitive knowledge and mental models, which are informal representa-
tions and beliefs formed through previous lesson experiences; and (3) formal knowledge, which 
refers to symbolic and conceptual understanding. An incompatibility in one or a combination of 
these three dimensions with the conceptual structure of the new content in MDL may lead to cog-
nitive obstacles in learning algebraic expressions.  
 
To understand how the incompatibility between MBL and MDL is formed and sustained through-
out the learning process, this study analyzes the accompanying didactical situations using the 
framework of the Theory of Didactical Situations (TDS) (Brousseau, 2002; Artigue et al., 2014). 
This analysis is not intended to conclude that didactical situations are the direct cause of cognitive 
obstacles, but rather to examine whether and how the elements within the didactical situation, 
namely the milieu and the didactical contract, contribute to the emergence or reinforcement of the 
incompatibility between students’ prior knowledge (MBL) and the new concepts being taught 
(MDL). The milieu includes all learning resources used during the lesson, such as textbooks, stu-
dent worksheets (LKPD), and teaching modules. LKPD (Indonesian: Lembar Kerja Peserta Didik) 
refers to teacher-designed student worksheets used as instructional materials during the lesson. If 
the materials in these resources are presented without considering students’ prior knowledge struc-
tures, the likelihood of an incompatibility between MBL and MDL will increase. The didactical 
contract, on the other hand, refers to the teacher’s instructional strategies and the expectations 
established during the learning process. When learning places greater emphasis on procedures ra-
ther than on the understanding of meaning, students are likely to memorize rules without compre-
hending the underlying concepts. Effects such as the Topaze effect and the Jourdain effect (Brous-
seau, 2002; Artigue et al., 2014) serve as indicators that students may appear to succeed procedur-
ally but experience conceptual obstacles in developing a deeper understanding of algebraic expres-
sions.  
 
Thus, cognitive obstacles in learning algebraic expressions cannot be separated from the complex 
interaction between students’ initial cognitive structures (MBL), the conceptual structures built 
during instruction (MDL), and how the didactical situation, including both the milieu and the di-
dactical contract, either supports or weakens the connection between the two. Therefore, under-
standing the relationship among these three components is essential for designing an algebra lesson 
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that is more conceptual and meaningful. Figure 1 presents the conceptual framework of the study, 
illustrating the interaction between MBL, MDL, and the didactical situation as a potential source 
of cognitive obstacles in learning the concept of variables.  
 

 
Figure 1: Conceptual Framework of the Study 

 

METHOD 

This study aims to describe the cognitive obstacles experienced by students in understanding the 
concept of variables in algebraic expression material, as well as to analyze the contribution of the 
didactical situation to the incompatibility between students’ prior knowledge (Met Before the Les-
son/MBL) and the new concepts acquired during lesson (Met During the Lesson/MDL). To 
achieve these objectives, a descriptive phenomenological approach was used, focusing on stu-
dents’ experiences as directly lived, without researcher intervention (Cohen et al., 2018; Polking-
horne, 1989; Qutoshi, 2018; Stolz, 2023; Zahavi, 2019). In this context, cognitive obstacles are 
understood not merely as procedural errors but as manifestations of the incompatibility between 
the MBL and MDL structures (Beyene, 2023), as observed during the classroom lesson process of 
algebraic expressions. To systematically implement this approach, the study adopted a descriptive 
phenomenological method by Giorgi (2009), which consists of three main stages: (1) Phenomeno-
logical reduction, (2) Description of experience, and (3) Essence analysis.    
 
 

 

Research Context and Subjects  
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This study was conducted in one of the seventh-grade classes at a public junior high school in 
Banjarmasin City, which showed an increase in numeracy scores based on the Computer-Based 
National Assessment (Indonesian: Asesmen Nasional Berbasis Komputer; ANBK) results, alt-
hough students’ achievement in the algebra domain was still relatively low. According to the cur-
riculum, the topic of algebraic expressions was taught over 25 instructional periods in 10 sessions, 
spanning approximately 1.5 months (6–7 weeks), covering algebraic expressions and their com-
ponents, operations on algebraic expressions, and modeling. The concept of variables was intro-
duced during the first two sessions (five instructional periods), which focused specifically on the 
formal introduction of variable notation. In the subsequent sessions, variables continued to be ap-
plied in activities involving algebraic operations and problem modeling. The observation was con-
ducted in class VII A, which consisted of 34 students and was taught by one mathematics teacher. 
The observation was carried out without intervention, with the researcher acting as a passive ob-
server, as recommended in the phenomenological approach (Cohen et al., 2018). All learning re-
sources, including the textbook and student worksheets (LKPD), were entirely designed by the 
teacher, allowing the learning context to proceed authentically. As seventh-grade students, the 
participants had completed six years of elementary education, during which they systematically 
studied arithmetic and its properties. This arithmetic background constituted their met-before 
knowledge, which likely influenced how they perceived and interpreted the new concept of varia-
bles introduced in algebra lessons. 
 
Participant selection in phenomenological research is conducted purposively and based on empir-
ical data. By the principles of phenomenology, participants are selected because they have direct 
experience with the phenomenon being studied (Qutoshi, 2018; Polkinghorne, 1989; Williams, 
2021). Therefore, the subjects in this study were students identified as experiencing cognitive ob-
stacles based on conceptual errors in assignments (student worksheets) and responses during les-
sons. These errors are understood as indications of cognitive obstacles, namely the incompatibility 
between students’ prior knowledge (Met-Before the Lesson/MBL) and the new concepts intro-
duced during the lesson (Met-During the Lesson/MDL) (Brousseau, 2006; Beyene, 2023).  During 
the lesson, the teacher divided the students into six groups, each consisting of 5 to 6 members. 
Based on the results of observation and analysis of the student worksheets, two groups showed 
indications of typical conceptual errors that represent cognitive obstacles, namely Group A (5 
members) and Group D (5 members). This study focused its analysis on Group A because their 
seating position was the most feasible for conducting observation and interviews without disrupt-
ing the flow of the lesson. Although the in-depth analysis focused on Group A, similar patterns of 
conceptual errors and cognitive obstacles were also observed in Group D, based on their worksheet 
responses and classroom discussions. While not all groups exhibited these difficulties, the recur-
ring patterns found in Group A and Group D suggest that the focal group represents common 
cognitive challenges experienced by a subset of students in this classroom context. This follows 
the principles of the phenomenological approach, which emphasizes a natural learning context free 
from intervention (Cohen et al., 2018; Polkinghorne, 1989). 
Data Collection  
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This study has two main focuses: (1) to explore students’ cognitive obstacles in understanding the 
concept of variables, particularly those that arise from the incompatibility between prior 
knowledge (MBL) and new concepts introduced during lesson (MDL); and (2) to analyze the con-
tribution of the didactical situation to this incompatibility, both in terms of learning resources and 
the teacher’s instructional strategies. To address these two focuses, data were collected from vari-
ous sources:  

1. Classroom observation, used to examine the learning situation, the teacher’s instructional 
strategies, students’ responses to tasks, and indications of cognitive obstacles. 

2. Student worksheets, which were analyzed to identify errors as initial indicators of cognitive 
obstacles. 

3. Error-based interviews, conducted in groups or individually (based on the worksheets pro-
vided by the teacher) to explore students’ thinking processes and trace the forms of prior 
knowledge (MBL). 

4. Learning resource documents, such as textbooks, student worksheets, and teaching modules, 
were analyzed to evaluate how the presentation of material may reinforce or reduce the in-
compatibility between MBL and MDL. 

It is important to emphasize that all student worksheets and tasks were analyzed as they were, 
within the context of the regular lesson, fully designed by the teacher. The researcher did not in-
tervene or modify the materials or tasks. This is following the phenomenological approach, which 
emphasizes the exploration of students’ experiences in a natural context (as lived), without external 
manipulation.   
 

Data Analysis 

Data analysis in this study followed a descriptive phenomenological approach by Giorgi (2009) 
which is oriented toward the essential description of students’ experiences in understanding the 
concept of variables in the algebraic expression lesson. The main focus is to reveal how cognitive 
obstacles emerge as a result of the incompatibility between students’ prior knowledge (MBL) and 
the new concepts acquired during the lesson (MDL). The analysis process was carried out in three 
main stages:  

1. Phenomenological Reduction (Epoché): The researcher suspended theoretical assumptions or 
initial interpretations and focused solely on students’ experiences as they are. The data were 
analyzed without being directly connected to a specific theoretical framework, so that the 
meaning that emerged truly originated from the experiences as observed in classroom activi-
ties, student work, and interviews.  

2. Description of Experience: Data from classroom observations, responses in the student work-
sheets, and error-based interviews were organized into a coherent descriptive narrative. The 
principle of horizontalization was applied, in which each data element (students’ actions, 
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statements, and responses) was treated equally and then categorized based on experiential 
themes related to the emergence of cognitive obstacles.  

3. Essence Analysis: this stage aims to identify the essential structure of the emerging cognitive 
obstacles. Using imaginative variation, the researcher explored how the incompatibility be-
tween MBL and MDL shaped recurring patterns of error. The analysis also highlighted the 
contribution of the didactical situation, both in terms of learning resources and teacher strate-
gies, to the emergence of cognitive obstacles.  

The final results were compiled in the form of a thematic narrative that represents the interrelation 
between students’ thinking processes, prior knowledge structures (MBL), new concepts (MDL), 
and the conditions of the accompanying didactical situation. This approach enables a deep and 
contextual understanding of the phenomenon of cognitive obstacles, in accordance with the main 
principles of descriptive phenomenology. 
 

RESULT  

Initial Responses to the Teacher’s Stimulating Questions  
The classroom lesson on the topic of algebra began with stimulating questions delivered by the 
teacher to all students. The purpose was to explore students’ prior knowledge (MBL) related to the 
concept of algebra, particularly concerning variables. Two open-ended questions were posed:  

What do you know about algebra? 
Is there any algebra in daily life? 

However, the teacher did not directly call on students, resulting in only a few students responding 
spontaneously. The students’ assumptions indicated limited and non-conceptual understanding. 
The majority stated that they did not know what algebra is, while a small number associated it with 
letter symbols, such as x, or with mathematical activities in daily life.  

These observational results indicate that most students did not yet possess a strong initial concep-
tual structure related to algebra, even at the introductory level. The majority of students did not 
mention concepts such as variables, algebraic expressions, or relationships between quantities. The 
responses that emerged reflected recognition-based knowledge, for example, the presence of the 
letter 𝑥, without an understanding of the function of the symbol (Booth and McGinn, 2016). This 
phenomenon indicates that students' knowledge of algebra tends to be superficially symbolic and 
not yet rooted semantically. In the literature, however, variables are considered fundamental to the 
understanding of algebra and serve as an essential starting point in the cognitive transition from 
arithmetic to more abstract forms of symbolic representation (Knuth et al., 2005; Tekin Sitrava, 
2017; Ventura et al., 2021).  
 
The absence of a semantic foundation for mathematical symbols has the potential to create obsta-
cles when students begin to formally study algebraic expressions. Furthermore, the teacher did not 
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provide follow-up questions to explore more deeply the possible forms of MBL possessed by the 
students. No apperception activity connected previous lesson experiences, particularly in arithme-
tic, with the concept of variables. As a result, the lesson immediately shifted to the completion of 
student worksheets without providing the necessary conceptual transition. This situation closed 
the opportunity for students to realize that symbols in algebra, such as letters, have a representa-
tional function that can be linked to their previous arithmetic experiences. This condition became 
the starting point for the emergence of the cognitive disconnect identified in the subsequent find-
ings. 

 

Literal Interpretation and Pseudo-Construction in Variable Representation  

After the session with stimulating questions, the teacher distributed student worksheets designed 
to introduce the concept of algebraic expressions through the visualization of concrete objects such 
as apples, mangoes, boxes, and balls. In this activity, students were asked to write algebraic ex-
pressions based on the given images. The findings in this section are focused on the analysis of 
Group A, which was identified as experiencing cognitive obstacles during the lesson on algebraic 
expressions. The selection of this group was conducted purposively based on classroom observa-
tion results and analysis of the student worksheets, as well as the consideration of their seating 
position, which allowed for observation and interviews without disrupting the lesson process. Data 
were obtained through classroom observation, student worksheet results, and error-based inter-
views, and were organized into thematic narratives following the principles of descriptive phe-
nomenology. Although this section presents a qualitative analysis of Group A, a brief review of 
worksheets from all six groups (N = 34) showed that students in Groups A and D tended to interpret 
variable notation through concrete-object references. These 10 students interpreted variable sym-
bols as physical items rather than as abstract representations of unknown or varying quantities. 

The responses from students in Group A indicated that they tended to interpret the images literally 
as the number of concrete objects that could be counted, for example, writing 3 for a picture of 
three apples, or 2 + 1 for a picture of two apples and one mango. The results of Group A’s work 
can be seen in Figure 2 below. 

  
Figure 2. Student Group Responses on Worksheet (Group A) 
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The worksheet results from Group A indicate a tendency among students to interpret algebraic 
symbols literally and concretely. In the first question, students wrote the algebraic expression as 3 
for the three apple images, reasoning that the number 3 directly represented the number of apples. 
Meanwhile, in the second question, which displayed two apples and one mango, students wrote 
2+1 as the algebraic expression, because they observed two types of fruit and recorded them ac-
cording to their physical quantities. Arithmetically, the representation 2+1 reflects the total number 
of concrete objects. However, when simplified to 3, the expression is identical to the first problem, 
even though the visual context and types of objects are different. This indicates that students have 
not yet internalized the idea that symbolic expressions in algebra represent not only quantities, but 
also the identity of objects or quantities whose values may change.  
 
The interview with Group A reinforced this finding. When asked why they did not write 3x for 
three apples, the students rejected the idea because, according to them, there was nothing unknown 
in the image, and everything could be counted. They also explained that letter symbols are only 
used when the objects are not directly visible or are placed inside a container, such as in the case 
of a box or a tube filled with balls. The following interview excerpt clarifies how the students 
interpreted letters in that context: 
 
Question:  In this picture, why did you answer that the algebraic expression is 3? 
Group A:  Because there are three apples in the picture. 
Question:  Is it acceptable to write it as 3x? 
Group A:  No, Miss. We also discussed it earlier, and we think there is no need to use 𝑥 because 

all the apples are clearly visible.  
  

In another question involving two boxes and four balls, the students wrote  2𝑥 + 4. When asked 
about the meaning of x, the students explained that x represented the box because the balls inside 
it were not known with certainty. In contrast, the number 4 was considered not to require a letter 
because those balls were clearly visible. This indicates that students tended to use letters as phys-
ical labels for unseen objects rather than as mathematical symbols representing quantities. This is 
illustrated in the following interview quotation 

Question:  For this 2𝑥+4, how did you come up with it? 
Group A:  From the picture, there are two boxes, so that makes 2x, and there are 4 visible balls, 

so it remains 4. 
Question:  What do you think 𝑥 represents? 
Group A:  The box, Miss. Because there are two boxes, so it's 2𝑥. The balls do not need letters. 
Question:  Why did you not use letters for the apples and mangoes earlier? 
Group A:  Because there were no boxes. All the fruits were visible.  

These findings indicate that students understood letter symbols in a formalistic manner, but their 
semantic understanding remained tied to concrete objects. This phenomenon is referred to as 
pseudo-construction (Subanji, 2015), which occurs when students write symbolic forms that ap-
pear syntactically correct but are conceptually inaccurate. In addition, there were indications of 
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deceptive compatibility, where symbolic structures such as 2𝑥 appeared to align with the visual 
context, but in fact did not represent the actual meaning of algebra. The connection with previous 
learning experiences in arithmetic was also strongly obvious. Students were accustomed to inter-
preting numbers as direct representations of concrete objects (for example, 2 rabbits means two 
actual rabbits).  

The content of textbooks at the earlier grade levels further reinforced this association, as seen in 
examples that link images with quantities of objects (Figure 3). In the context of algebra, the lesson 
provided was insufficient to support students' transition toward understanding variables as abstract 
and flexible quantitative symbols. Without an explicit conceptual bridge in a lesson, the transition 
from arithmetic to algebra becomes hindered. When students assign object-based meanings to let-
ter symbols rather than viewing them as variables, they are unable to comprehend the core concept 
of variables as quantities that are subject to change or whose values are unknown (Radford, 2011). 
 

 
Figure 3: Textbook Material Connecting Images and Object Quantities  
  
Figure 4 provides a schematic representation of the cognitive obstacle observed, illustrating how 
students’ met-before experiences (MBL) in arithmetic—particularly associating numbers with vis-
ible objects—interfere with their understanding of variables as abstract symbols (MDL). This vis-
ual captures the deceptive compatibility between students’ prior symbolic habits and the new al-
gebraic representations expected in the lesson. 

Figure 4: Deceptive Compatibility Between Students’ MBL and MDL on the Concept of Variables 
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Cognitive Disconnect in the Transition from Placeholder to Variable 
To follow up on the previous findings of pseudo-construction, the researcher administered a re-
flective task to all members of Group A as part of the interview preparation (Wijaya et al., 2022). 
The purpose was to further explore students’ symbolic experiences related to the structure of MBL. 
The task consisted of four arithmetic statements using the symbol ⊡ (placeholder), such as 
2+ ⊡  = 5. Students were asked to choose “Agree,” “Disagree,” or “Don’t Know” and to provide a 
justification. All students in Group A responded correctly and consistently, indicating that they 
had prior experience using arithmetic forms involving explicitly unknown numbers. Students un-
derstood ⊡ as a placeholder, namely an empty space that must be filled with a specific number.  

  

  
Figure 5: Student S1’s Response Sheet on the Placeholder Task   
  
To further explore the meaning structure that students constructed regarding the symbol, a follow-
up interview was conducted with two group members, namely S1 and S2. The interview was car-
ried out after the instructional activity had concluded, to ensure the process did not interfere with 
the learning situation, following the principles of the phenomenological approach (Cohen et al., 
2018; Qutoshi, 2018). Although conducted separately, both students provided similar responses in 
terms of content and the reasoning behind their answers. This interview indicates that although 
students understood the symbol ⊡ as an unknown number, they did not automatically transfer that 
understanding to letter symbols. The following are excerpts from the interviews with S1 and S2 
(member of Group A). 

  
 Question    Student 1 (S1) 

Suppose it is given 2 + . . . = 5, can you 
solve it? 

3 

How did you get that? From 5 - 2 

What about this form, 2 + ⊡ = 5, can you 
solve it? 

Same as before, 5 - 2 is 3 

In your opinion, what does the form 2 + 
⊡  = 5 mean? 

Two plus this (points to the box) equals five, so 
what is this (box)? 

What about the previous form, 2 + . . . = 5? Same, Miss, only the dots are different (box ver-
sus dots) 

What about the lesson just given earlier, 
do you think it is related to these forms? 

Hmm… I don’t think so, earlier we were learning 
algebra with letters 



                              MATHEMATICS TEACHING RESEARCH JOURNAL      45     
                              EARLY SPRING 2026 
                              Vol 18 no 1 
 
 

 
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 

4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial 
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must 

license the modified material under identical terms. 

 

 Question    Student 1 (S1) 
So that means you were learning varia-
bles? 

Hmmm… (nods) 

Can you explain what a variable is? A variable is a letter 

Do you know the function of the letter? For example, earlier it was for marbles inside a 
jar, also 𝑥 for apples, and y for mangoes 

Earlier, you were able to fill in the box 
with the correct number to make 2 + 
⊡  = 5, meaning the box contains 3. If we 
replace the box with a random letter, what 
do you think? 

For example, like 2 + 𝑎 = 5, is that what you mean, 
Miss? 

Does it have the same meaning? If it’s written like that, then it becomes algebra, 
Miss. 

What do you mean? So is it different from 
the earlier one? 

Yes, if it already uses a letter (a variable), then 
it’s considered algebra. 

Can a be replaced with 3? In the previous lesson, we had to assume what the 
letter stands for, so I didn’t really understand. 

Table 1: Excerpt Interview with S1 
 
Interview data from S2 (a student from Group A) illustrates this interpretation 
Question Student 2 (S2) 

For a question like this, 2 + ⊡  = 5, can 
you fill it in? 

Yes, Miss. The answer is 3. 

How do you know it’s 3? Because 5 minus 2, Miss. 

If we replace the box with a letter, like 
2 + 𝑎 = 5, do you think it still works? 

It’s different, Miss. If you use a letter, it becomes 
algebra. 

What’s the difference? If it’s a letter, we need to know first what a means. 
For example, 𝑎 might mean apples or marbles. 

So does the letter mean an object in that 
case? 

Yes, Miss. Usually, a letter is used to replace the 
name of an object. If it’s just a blank box, we just 
calculate it directly. But if we use a letter, we 
need to be told what the letter stands for. 

So, in your opinion, letters in algebra are 
not used for unknown numbers? 

No, Miss. If it hasn’t been explained, I don’t know 
what it’s supposed to mean. Letters are like labels 
for objects. 

Table 2: Excerpt Interview with S2 
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The statements of both students indicate that they did not interpret letters in algebraic expressions 
as a continuation of the placeholder concept. Letters were understood as symbols that only carry 
meaning when assigned to specific objects, rather than as flexible quantitative representations that 
can stand independently. They were unaware that letter symbols such as 𝑎 or 𝑥 in algebra can 
function in the same way as the placeholder symbol ⊡, namely as a substitute for an unknown 
number (Knuth et al., 2005; Schoenfeld and Arcavi, 1988). Based on this analysis, the author refers 
to this phenomenon as cognitive disconnect, which is the students’ failure to integrate meaning 
between their prior symbolic experiences (MBL) and the new concepts introduced during the       
lesson (MDL). This incompatibility happened due to the absence of an explicit bridge linking the 
function of placeholders and variables throughout the learning process.  

This cognitive obstacle is not merely a procedural error, but a failure to construct a meaning     
structure that is conceptually connected. Although students can write symbolic forms formally, the 
foundational mathematical meaning is not understood. This situation indicates the presence of 
pseudo-construction (Subanji, 2015), which occurs when students produce semantically incorrect 
and syntactically correct answers because they interpret variables as object labels rather than as 
abstract quantities that are unknown or subject to variation. This finding highlights the importance 
of lessons that explicitly connect symbolic experiences in arithmetic with the concept of variables 
in algebra, thus, students can develop a conceptual understanding that is coherent and meaningful. 

This finding is consistent with the report by Ely and Adams (2012), which shows that the transition 
from placeholder symbols to formal variables is often confusing for students, especially when 
teachers do not provide an explicit bridge connecting the two. Within the MBL and MDL        
framework (Beyene, 2023), this phenomenon reflects a cognitive disconnect, namely the failure of 
students to integrate their prior symbolic experiences (MBL) with the new concepts being taught 
(MDL). In summary:  

 MBL: Students had prior experience solving expressions such as 2+□=5 with correct           
interpretation, where the placeholder represents an unknown number. 

 MDL: The lesson introduced letters such as 𝑥 or 𝑎 as variables in algebraic expressions, 
but did not establish a connection between their meaning and the placeholder. 

 Cognitive Disconnect: Students viewed the placeholder and the variable as two distinct 
entities. Letters were interpreted merely as labels for objects rather than as standalone 
quantitative symbols.  

This finding directly addresses the research question, namely, how the incompatibility between 
students’ MBL and the MDL, specifically the introduction of the variable concept in the classroom, 
contributes to the emergence of cognitive obstacles. 

 
Contribution of Didactic Situations to the Emergence of Cognitive Disconnect 
The cognitive disconnect experienced by students is closely related to the didactical situation that 
shapes the learning process. This situation involves various learning resources, including how ma-
terials are presented in textbooks, teaching modules, and student worksheets (LKPD), as well as 
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the instructional strategies employed by the teacher. In the observed classroom, the teacher pri-
marily referred to the Mathematics Textbook for Junior High School Grade VII (Kemendikbud, 
2022), supplemented by a companion book published by PT Global Offset (2022) and custom-
designed student worksheets.  
  

1. Presentation of the Concept in the Textbook 
The textbook introduces the concept of variables through the context of pattern generalization, 
such as constructing squares using matchsticks, and then expressing it in the form of an expression 
like 1+3𝑛. In this approach, the symbol 𝑛 is positioned as an arbitrary number representing the 
number of pattern repetitions. However, students find it difficult to understand the meaning of this 
symbol because they do not see its connection to their prior experiences in arithmetic. The textbook 
does not connect the symbol n with the placeholder that is already familiar to students, resulting 
in n not being understood as a varying quantity, but rather being perceived merely as part of a form 
or an ordinary number (Ely and Adams, 2012). In fact, the transition from arithmetic to algebra 
requires students to recognize pattern structures as the foundation for constructing symbolic ex-
pressions (Apsari et al., 2020; Linchevski and Livneh, 1999; Taban and Cadorna, 2018).  

Radford (2011) emphasizes that an effective algebra lesson must involve a transition from concrete 
representations to abstract symbols. When symbols such as n are introduced without sufficient 
explanation of their symbolic meaning, students will perceive them as labels for physical objects 
rather than as representations of quantitative relationships (Radford, 2014). This reinforces stu-
dents’ tendency to interpret variables in a concrete and inflexible manner.  

 
2. Supplementary Book and Worksheet Approach  
Unlike the textbook, the supplementary book and student worksheet (LKPD) frequently present 
variables through contextual problems, such as the unknown number of marbles in a bag. In this 
approach, the variable is understood as an unknown number, which is structurally closer to stu-
dents’ experiences in arithmetic. The following interview supports this tendency:  
 

Question: Which book is easier to understand, the textbook or the worksheet (LKPD)? 
Student 1: The worksheet, Miss. Because you used the worksheet in class. I don’t understand 

this one (the textbook), it’s about arranging matchsticks. 
Question: So the worksheet is easier? 
Student 1: Yes. Because it already uses letters (variables) directly. 

  
The worksheet (LKPD) is connected to students’ prior knowledge (MBL), such as the association 
between numbers and quantities of objects, making it cognitively more comfortable. However, this 
approach does not always support an abstract understanding of the variable concept.  
  
 
3. Visual Representations in the Worksheet That Reinforce Misconceptions  
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In the worksheet used by the teacher, students were provided with images of concrete objects such 
as apples, mangoes, cubes, cylinders, and marbles. Students were asked to write algebraic expres-
sions based on these images. The question boxes contained only pictures without labels or semantic 
cues, while the answer boxes were left blank and filled in by students based on their own interpre-
tations. However, due to the absence of explicit guidance, students tended to associate algebraic 
symbols directly with types of objects rather than with varying quantities. For example, an image 
such as two cubes, three cylinders, and six cakes was converted into                   2𝑥+3𝑦+6, indicating 
that students perceived each physical shape as a distinct symbol. This condition reinforces the 
understanding of variables as labels for objects rather than as flexible quantitative symbols. Alge-
braic symbols are not interpreted as representations of relationships between quantities, but merely 
as labels for different objects. This phenomenon illustrates a failure in the transition from concrete 
to symbolic representation, as described by Radford (2014). Without teacher intervention that ex-
plains that variables represent quantities that vary, students will continue to form incorrect associ-
ations based solely on visual forms.  
  
4. Incompatibility  of Approaches and Cognitive Load  
The discrepancy between the approaches used in the textbook and the worksheet (LKPD) creates 
two inconsistent representations of variables. The textbook leads to an understanding of variables 
as varying quantities, while the worksheet emphasizes variables as unknowns. Without a bridge or 
explanation that explicitly addresses this distinction, students become confused and are unable to 
understand that the same symbol can carry different meanings depending on the context. Accord-
ing to Malisani and Spagnolo (2009), variables as unknowns are easier to understand because they 
are more concrete, whereas variables as varying quantities require a higher level of abstraction. 
When students are presented with two approaches without integration, they experience represen-
tational conflict and an increase in cognitive load (Kirschner, 2002; Prendergast and Treacy, 2018; 
Takir, 2011). The following interview supports this finding: 
  

Question: Did you read the section about variables in the textbook? 
Group A: Yes, Miss. But it was difficult. For example, arranging matchsticks. We did 

not understand what it was for. 
Group A: We found the worksheet easier to understand. 

  
5. Limited Role of the Teacher in Bridging Concepts  
Observations showed that the teacher did not provide a stimulating question to connect students’ 
prior experiences in arithmetic, such as the use of placeholders, with the concept of variables in 
algebra. Although the teacher designed the lesson using a Problem-Based Learning (PBL) ap-
proach, in practice, the teacher directly introduced symbolic forms such as 2𝑥+3𝑦+6 through the 
problem, without first developing students’ understanding of the meaning of each symbol.  In 
general, the lesson activities were dominated by question-answering tasks, both in the form of 
visual manipulation and the construction of algebraic expressions. The main focus of the lesson 
appeared to be on procedural problem-solving rather than on the exploration of the underlying 
concepts. The teacher guided students to complete the tasks in the student worksheet (LKPD) and 
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evaluated their work based on the correctness of the algebraic forms, but did not provide space for 
in-depth discussion about the meaning of the algebraic symbols used by the students. 
 
When students experienced confusion, the teacher assisted in the form of technical guidance, but 
it remained procedural. Correct answers in terms of form were immediately accepted, without 
encouraging students to reflect on the symbolic meaning behind them. For example, students were 
given an example of writing 2𝑥+3𝑦+6 as a representation of images of concrete objects, without 
any explanation of why the variables x and y were used or what quantitative relationships were 
embedded in the algebraic expression. When students gave answers that were formally correct, the 
teacher approved them directly without uncovering the symbolic meaning behind them.  As a result 
of this approach, students did not undergo the abstraction process necessary to understand varia-
bles as flexible symbols and representations of mathematical relationships. They only understood 
variables as labels for fixed objects depicted in the images, rather than as representations of quan-
tities that can vary. Consequently, students’ understanding remained at the pre-variable stage, a 
stage in which letter symbols are interpreted concretely and have not yet been understood func-
tionally within algebraic structures (Ventura et al., 2021).  
 
A brief interview with the teacher revealed her awareness of students' difficulties in learning alge-
braic expressions. In response, she designed worksheets featuring contextual visual representations 
such as apples, boxes, and marbles. She assumed these would help students grasp the concept of 
algebraic expressions by linking symbols to familiar concrete objects. However, the teacher did 
not fully recognize that the main difficulty lay in students’ limited understanding of variables—
not just algebraic notation. While these visual aids supported symbol recognition, they did not 
facilitate students’ transition toward interpreting variables as unknown or varying quantities. In-
stead, the representations reinforced the misconception that algebraic symbols always correspond 
to specific concrete objects. This suggests that the instructional strategy, although well-inten-
tioned, did not adequately support students in developing a structural understanding of variables. 
Moreover, the teacher’s conceptual understanding of variables may still be developing, which lim-
its her ability to effectively support students in constructing this understanding. 
 
Overall, the didactical situation in the learning process, including the approach used in the textbook 
and student worksheet (LKPD), the visual representations in the tasks, and the teacher’s lesson 
strategies, did not succeed in bridging students’ prior experiences with the symbolic concepts in 
algebra. The lack of integration between approaches, the absence of a conceptual bridge, and the 
dominance of procedural learning reinforced the cognitive disconnect. This finding addresses the 
second research question, indicating that an instructional design that does not explicitly connect 
MBL and MDL is a major factor contributing to the emergence of conceptual obstacles in under-
standing variables. To summarize the dynamics of the incompatibility between students’ prior 
knowledge (MBL), the new concepts introduced during lesson (MDL), and the contribution of the 
didactical situation, Figure 6 presents the interaction among these three elements in shaping the 
cognitive disconnect. 
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Figure 6: Cognitive Disconnect in the Concept of Variables 
 

DISCUSSION 

The findings of this study indicate that a primary conceptual obstacle in students’ understanding 
of algebraic expressions is cognitive disconnect. This term, introduced in the current study, refers 
to students’ failure to construct continuity of meaning between arithmetic placeholders (e.g., □ in 
2+□=5) and letter symbols in algebraic expressions (e.g., 2+𝑥). Rather than viewing variables as a 
semantic continuation of prior symbolic experiences, students perceive them as entirely new and 
unrelated forms. This disconnect results in a rupture between students’ prior knowledge (MBL) 
and the mathematical concepts introduced during instruction (MDL), as framed by Beyene (2023). 

Although students are able to produce syntactically correct expressions such as 2𝑥+4, their inter-
pretation remains literal. Variables are viewed as concrete labels—such as “apples” or “boxes”—
rather than as abstract representations of varying quantities. This suggests that the semantic struc-
ture of variables has not yet been fully developed. Ely and Adams (2012) emphasize the im-
portance of instructional approaches that explicitly guide students from using symbols as place-
holders toward understanding variables as relational constructs. The inability to associate 
2 + □ with 2 + 𝑥 is similarly highlighted by Nathan and Koellner (2007) and Wang (2015), who 
stress the importance of symbolic continuity. Furthermore, Schoenfeld and Arcavi (1988), along 
with Nataraj and Thomas (2017), note that placeholders can serve as a foundation for understand-
ing variables—if supported by deliberate instructional mediation. Without such scaffolding, this 
potential often remains unrealized (Glogger-Frey et al., 2018). 
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Two cognitive phenomena further reinforce this disconnect: pseudo-construction and deceptive 
compatibility. Pseudo-construction occurs when students write syntactically correct expressions 
based on incorrect conceptual reasoning (Subanji, 2015). Deceptive compatibility refers to stu-
dents’ confidence in misinterpretations that appear to align with prior knowledge (Beyene, 2023). 
For example, interpreting 2𝑎 as “2 apples” may feel accurate, but this superficial alignment con-
ceals a failure to develop the abstract concept of a variable. 

From the perspective of the Theory of Didactical Situations (Artigue et al., 2014; Brousseau, 
2002), the learning milieu often fails to provide sufficient conceptual support. The textbook intro-
duces variables through generalized patterns (e.g., 1+3𝑛) without explicitly connecting them to 
prior symbolic experiences. Conversely, the student worksheet (LKPD) relies on concrete visuals 
without symbolic explanation. This inconsistency is not bridged by the teacher through reflective 
discussion or conceptual questioning. As a result, instruction emphasizes procedural form over 
semantic development. Although the textbook presents opportunities for conceptual exploration 
through pattern generalization, this potential is left untapped without teacher mediation. As Rad-
ford (2014) explains, the development of symbolic reasoning involves sensuous cognition, in 
which concrete and perceptual experiences gradually evolve into abstract forms. Without guided 
support, students interpret variables as arbitrary visual symbols rather than tools for expressing 
generalized relationships. 

This disconnect also explains students’ preference for worksheets over textbooks. The issue lies 
not only in the procedural nature of the worksheets, but also in the perception that textbooks are 
too abstract and disconnected from existing knowledge structures. As Maknun et al. (2022) argue, 
when conceptual and procedural aspects of instructional resources are not integrated—and when 
teachers fail to mediate this gap—misconceptions are likely to deepen. A similar pattern has been 
identified in trigonometry instruction, where procedural emphasis without conceptual clarity cre-
ates epistemological barriers (Prendergast & Treacy, 2018). In algebra, such barriers emerge when 
instructional resources are not aligned through a coherent representational trajectory. Finally, 
within Tall’s (2004) framework of symbolic representation, cognitive disconnect reflects students’ 
failure to transition from the concrete operations of arithmetic to the abstract reasoning of algebra. 
Letter symbols such as x or a are not yet perceived as generalized mathematical objects, but remain 
linked to concrete associations. Without reflective mediation to support this conceptual progres-
sion, students remain confined to literal interpretations. At its core, cognitive disconnect emerges 
when students fail to recognize variables as a semantic extension of placeholders—thus separating 
the two in meaning rather than understanding them as part of a coherent conceptual progression. 

While these findings offer valuable insights into students’ cognitive disconnect in understanding 
variables, they should be interpreted in light of the study’s methodological limitations. This study 
focused on a single group of students, purposively selected to maintain the authenticity of the 
learning process given the researcher’s passive role. This approach allowed for in-depth analysis 
of students’ collective cognitive dynamics, in line with the phenomenological emphasis on lived 
experience. However, the findings may not be broadly generalizable, as students’ meaning-making 
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can vary across different groups and contexts. Future studies are recommended to involve more 
diverse student populations, to design instructional interventions that explicitly connect placehold-
ers and variables through visual, symbolic, and conceptual representational transitions, and to ex-
amine how teachers mediate students’ conceptual development in authentic classroom contexts. 

 
CONCLUSION  
This study concludes that one of the most fundamental cognitive obstacles in learning algebraic 
expressions among junior high school students is cognitive disconnect, defined as a break in mean-
ing between students’ prior knowledge (Met Before the Lesson or MBL)—such as placeholder 
symbols in arithmetic—and the new concepts introduced during instruction (Met During the Les-
son or MDL), namely variables expressed through letters such as x or a. Although students are 
able to construct algebraic expressions that are syntactically correct, they tend to interpret the let-
ters as labels for concrete objects (such as apples, boxes, or cylinders) rather than as abstract sym-
bols representing unknown or varying quantities. This phenomenon indicates the presence of 
pseudo-construction, in which students manipulate symbols formally without understanding the 
mathematical meaning they represent. 

These findings suggest that cognitive disconnect is not merely a cognitive obstacle arising inter-
nally from the student, but also a consequence of a didactical situation that fails to provide adequate 
conceptual support. When textbooks and worksheets (LKPD) present inconsistent instructional 
approaches, and teachers do not offer explicit mediation of meaning, students are unable to connect 
prior symbolic experiences with newly introduced concepts. This study proposes the concept of 
cognitive disconnect as a specific form of conceptual cognitive obstacle that results from the in-
compatibility between MBL and MDL, compounded by insufficient didactical support that fails to 
promote meaning integration. 

Practically, the study recommends the importance of: 

1. Initiating instruction from students’ arithmetic experiences as a conceptual foundation for 
constructing the meaning of variables, 

2. Designing representations progressively, beginning with concrete contexts and evolving into 
symbolic forms, to support gradual abstraction, and 

3. Applying scaffolding strategies systematically, to assist students in transitioning from arith-
metic-based thinking to symbolic understanding in algebra. 

A meaningful understanding of variables can only be achieved when instruction is deliberately 
designed to build upon students’ existing knowledge structures and anticipates the potential cog-
nitive obstacles that may emerge during the shift toward abstract symbolic reasoning. Therefore, 
teachers need to develop approaches that explicitly and gradually connect arithmetic experiences 
with the conceptual meaning of algebraic symbols. 
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Future research may focus on developing and evaluating didactical interventions that explicitly 
bridge students’ prior experiences (MBL) with new concepts (MDL), including the use of repre-
sentational strategies and scaffolding techniques that support conceptual transition. Experimental 
studies in various algebra learning contexts will further enrich our understanding of how to address 
and overcome cognitive disconnect. 

.  
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