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Abstract

In the context of linear equations in one variable, students often struggle in basic algebra including variable
degrees, variable concepts, coefficients, and constants. However, proficiency in understanding algebraic con-
cepts is significantly lower compared to other areas and skills. As a consequence, this research aimed to ex-
plore students' learning obstacles in solving linear equations in one variable in secondary schools based on
mathematical proficiency. The research design using the hermeneutic phenomenological approach. This re-
search is a framework of the Didactical Design Research (DDR). DDR is based on two paradigms: the interpre-
tive and the critical paradigms to empower students in the context of generating new knowledge as justified
true belief. In this study, the researcher delves into the interpretive paradigm. The research subjects involved
46 seventh-grade secondary school students from five different schools across four distinct provinces in Indo-
nesia. The instruments used were test and non-test. The test was done by giving a diagnostic test about linear
equation problems, while interviews used the non-test technique. The study findings revealed that students
met three types of obstacles in linear equation material, namely ontogenic, epistemological and didactical
obstacle. Ontogenic obstacles occur due to insufficient prerequisite knowledge and cognitive limitations. Epis-
temological obstacles arise when students' understanding works in certain con-texts but fails in others, often
due to misinterpretations of algebraic principles. Didactical obstacles emerge when instructional materials or
teaching methods are inadequate. Therefore, future research can focus on developing a Didactical Design to
reduce this obstacle.
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Hermeneutic phenomenology.
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Abstrak

Dalam konteks persamaan linear satu variabel, peserta didik sering mengalami kesulitan dalam pembelajaran
aljabar, contohnya kesulitan dalam memahami konsep variabel, koefisien, dan konstanta. Selain itu, pema-
haman peserta didik terhadap konsep aljabar jauh lebih rendah dibandingkan dengan bidang dan mata pelajaran
lainnya. Oleh karena itu, penelitian ini bertujuan untuk mengeksplorasi hambatan belajar peserta didik dalam
menyelesaikan persamaan linear satu variabel di sekolah menengah berdasarkan mathematical proficiency. De-
sain penelitian ini bersifat kualitatif dengan pendekatan fenomenologi hermeneutik. Penelitian ini merupakan ba-
gian besar dari framework Didactical Design Research (DDR). DDR berpijak pada dua paradigma yaitu paradigma
interpretif dan kritis dan bertujuan untuk memandirikan peserta didik dalam konteks menghasilkan pengetahuan
baru sebagai pengetahuan yang justified true belief. Dalam penelitian ini, peneliti melakukan pendalaman dalam
paradigma interpretif. Subjek penelitian ini yaitu 46 peserta didik kelas VIl dari 5 sekolah yang berasal dari empat
provinsi yang berbeda di Indonesia. Instrumen yang digunakan adalah tes dan non-tes. Instrumen tes dalam
penelitian ini berupa asesmen diagnostik tentang persamaan linear satu variabel untuk mengidentifikasi learning
obstacle peserta didik, sedangkan instrumen non-tes terdiri dari pedoman wawancara dengan peserta didik. Hasil
penelitian mengungkapkan bahwa peserta didik mengalami tiga jenis hambatan belajar pada materi persamaan
linear satu variabel, yaitu hambatan ontogenik, hambatan epistemologis, dan hambatan didaktis. Hambatan on-
togenik muncul karena kurangnya pengetahuan dasar dan keterbatasan kognitif. Hambatan epistemologis ter-
Jadi ketika pemahaman siswa berhasil dalam konteks tertentu namun gagal jika diaplikasikan kedalam konteks
yang berbeda. Hambatan didaktik muncul karena sajiab bahan ajar atau metode pengajaran yang tidak me-
madai. Oleh karena itu, penelitian mendatang direkomendasikan untuk berfokus pada pengembangan Desain
Didaktis untuk mengurangi hambatan belajar dalam pembelajaran aljabar.

INTRODUCTION

Mathematics is an essential subject
taught at various educational levels, from
elementary school to high school and
even at the university level (Vilianti et al.,
2018). Mathematics is divided into three
main subjects: algebra, analysis, and ge-
ometry (Suherman et al., 2001). However,
algebra stands as the most foundational,
particularly at the junior high school level,
where it plays a critical role in the devel-
opment of mathematical skills for future
learning (Fardian et al., 2024; Jupri et al.,
2014). As part of the 2013 Curriculum, de-
veloping strong algebraic skills has been
prioritized to ensure students’ readiness
for more advanced mathematical con-
cepts (Putri, Juandi, & Turmudi, 2024).
Despite its importance, students often
demonstrate lower proficiency in algebra
compared to other areas of mathematics,
with particular struggles observed in lin-
ear equations (Al-Mutawah et al., 2019).
Algebra is considered a gateway
subject for higher education and profes-
sional careers in mathematics, yet it is
also seen as one of the most challenging
areas due to its abstract nature (Thorpe,

2018). Among algebraic topics, linear
equations are especially difficult, as they
lie at the intersection of arithmetic and
symbolic, formal mathematics (Sulastri &
Arhasy, 2017). Mastery of linear equations
is not only essential for progressing to cal-
culus and statistical analysis but also for
understanding nonlinear functions in ad-
vanced algebra (Casey, 2015; Nagle &
Moore-Russo, 2013). Without a thorough
understanding of linear equations, stu-
dents face difficulties in grasping more
complex mathematical concepts, limiting
their ability to solve real-world problems
and engage in future studies (Jupri et al.,
2024; Saraswati et al., 2016).

Despite its importance, students
face persistent obstacles in mastering lin-
ear equations. One of the most pressing
issues is students’ difficulty in solving
word problems involving linear equations.
These problems are complex because
they require translating real-world situa-
tions into mathematical models, a task
that many students find challenging
(Khoshaim, 2020; Reynders et al., 2014;
Siregaretal., 2022). In particular, identify-
ing the correct variables, operations, and



formulating equations from narrative text
poses a significant hurdle, hindering their
ability to apply abstract concepts to con-
crete situations (Nashiru et al., 2018; Pu-
tri, Juandi, Turmudi, et al., 2024). Moreo-
ver, students often struggle with miscon-
ceptions in basic algebra including varia-
ble degrees, variable concepts, coeffi-
cients, and constants (Makonye, 2015).
These misconceptions lead to errors in
identifying the general form of linear
equations in one variable (Arnawa et al.,
2019). Misunderstandings about linear
equations often lead to repeated errors
and misconceptions, creating a barrier to
deeper learning (Yansa et al., 2021).

Despite extensive research on linear
equations, there remains a significant gap
in understanding the specific learning ob-
stacles students face in secondary educa-
tion, particularly concerning their mathe-
matical proficiency. A learning obstacle
represents a condition that restricts stu-
dents' acquisition of new knowledge dur-
ing the learning process, potentially caus-
ing difficulties in their learning process
(Suryadi, 2019a). The diffusion and acqui-
sition of knowledge are likely to take place
within a scientific community setting due
to transitions occurring between different
institutions (Puspita & Kustiawan, 2024).
Learning obstacles can be observed based
on the relationship between teacher-stu-
dent-material (Suryadi, 2023). However,
any disruptions in these relationships can
contribute to the emergence of learning
obstacles. Brousseau (2002) classifies
learning obstacles into three categories
based on their origins: ontogenic obsta-
cles, didactical obstacles, and epistemo-
logical obstacles.

An ontogenic obstacle emerges in
the student's cultivation of intellectual ca-
pabilities (Utami et al., 2022). Students
may experience this obstacle if the prob-
lems presented by the teacher have diffi-
culty levels either below the actual ability
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or above the potential ability of the stu-
dents (Bakar et al., 2019). The identifica-
tion of ontogenic obstacles occurs when
there is an imbalance between the learn-
ing demands and the mental readiness of
the student (Islamiyah et al., 2023).
Suryadi (2019b) classifies ontogenic ob-
stacles into three categories: psychologi-
cal ontogenic obstacles, instrumental on-
togenic obstacles, and conceptual onto-
genic obstacles.

A didactical obstacle refers to a dif-
ficulty in learning that is linked to the in-
structional stages implemented by the
teacher (Prabowo et al., 2022). However,
the extent of detail in presenting teaching
material can impact the student's learning
process (Fardian et al., 2024). Didactical
obstacles can be identified when the ac-
tual learning process and the theoretically
expected content are dissimilar. Since the
primary aspect of this obstacle can be ob-
served through the content, stages of ma-
terial presentation, this obstacle may
originate from the teaching materials pre-
pared and implemented by the teacher in
the learning process.

An epistemological obstacle repre-
sents a difficulty in learning that refers to
how students acquire knowledge
(Suryadi, 2023). This obstacle is defined
by the limited understanding of students
related to a specific context of
knowledge. Consequently, epistemologi-
cal obstacles can be identified when stu-
dents' knowledge of a mathematical ob-
jectthey have learned works well in a spe-
cific problem context but is then inappro-
priately applied to another context. In es-
sence, students have an incomplete un-
derstanding of that mathematical object.

Mathematical proficiency is defined
as possessing suitable or sufficient math-
ematics skills, knowledge, or experience
(Corréa & Haslam, 2020; Hendriyanto et
al., 2024). Proficiency in mathematics
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provides learners with expertise, compe-
tence, knowledge, and facility in the sub-
ject, facilitating successful learning
(Fardian & Dasari, 2023; Findell et al.,
2001). Acknowledging a student's starting
level and proficiency in specific mathe-
matical content forms the basis for creat-
ing successful learning environments (Al-
tarawneh & Marei, 2021). Mathematical
proficiency is typically characterized by
five strands, namely conceptual under-
standing, adaptive reasoning, procedural
fluency, strategic competence and pro-
ductive disposition. The five strands serve
as a framework for examining the
knowledge, skills, abilities, and beliefs es-
sential to mathematical proficiency (Jun-
pengetal., 2020). Itisimportant to recog-
nize that these strands are interconnected
and interdependent, playing a collabora-
tive role in the cultivation of mathemati-
cal proficiency (Algarni & Lortie-Forgues,
2023; Yunus et al., 2012). The framework
aims to identify the components essential
for successful learning in mathematics.
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Consequently, this proficiency allows
learners to navigate the mathematical
challenges encountered in everyday life
and supports their continued pursuit of
mathematical studies through high
school and beyond.

While the literature on learning ob-
stacles in algebra is growing, few studies
have focused on the impact of conceptual
understanding, adaptive reasoning, and
strategic competence in overcoming
these barriers (Brousseau, 2002; Findell et
al., 2001). Furthermore, much of the exist-
ing research fails to provide a comprehen-
sive analysis of how these obstacles relate
to students' ability to solve linear equa-
tions and apply mathematical reasoning
effectively. To further emphasize the im-
portance of this research, the researcher
conducted a bibliometric analysis of alge-
bra-related publications over the past five
years, as shown in Figure 1.

Figure 1 illustrates that there is no
direct connection between linear equa-
tions and mathematical proficiency. This
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Figure 1. Research trend on algebra over the past five years




suggests a significant research gap in the
existing literature. Furthermore, the data
shows that mathematical proficiency has
been relatively underexplored compared
to other topics, as indicated by the smaller
number of publications in this area within
the bibliometric analysis. The yellow color
in the figure highlights that mathematical
proficiency has emerged as a hot topic in
the last five years, drawing increasing at-
tention from researchers. However, this
growing interest contrasts with the lim-
ited exploration of its relationship with
specific mathematical topics like linear
equations, reinforcing the need for further
research in this domain.

To provide an overview of previous
research on early algebra, Figure 2 sum-
marizes key studies conducted in the
field, focusing exclusively on Scopus Qzi-
indexed articles.

Based on figure 2, the orange nodes
in the visualization represent significant
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areas of focus in existing research, high-
lighting the six major themes in early alge-
bra studies. The blue nodes, on the other
hand, represent the authors who have
contributed to these themes. However,
the green node, labeled "Mathematical
Proficiency”, emphasizes a crucial void in
the literature. Despite the extensive focus
across the six themes, none explicitly ana-
lyzes the role of mathematical proficiency
in the context of early algebra. This lack of
attention to mathematical proficiency,
particularly in relation to key algebraic
concepts like linear equations, presents a
clear research gap. This focus could pave
the way for more effective teaching prac-
tices and contribute significantly to math-
ematics education reform.

The importance of this research is
underscored by the findings from the
PISA 2022 assessment, which reveal that
61% of OECD countries have mathemat-
ics performance below the average, with
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31% of students demonstrating profi-
ciency below Level 2 (Fardian & Dasari,
2023). This level of proficiency is critical
for engaging in active societal participa-
tion, making it clear that a substantial por-
tion of students lack the foundational
mathematical skills necessary for success
in both education and life (Lee et al,,
2023).

This study seeks to address this gap
by investigating the obstacles students
encounter while solving linear equations,
emphasizing mathematical proficiency.
Through this investigation, we aim to
shed light on the specific obstacles that
hinder students’ progress, including their
understanding of basic algebraic princi-
ples, their ability to reason adaptively, and
their strategic competence in solving real-
world problems. By focusing on these crit-
ical areas, the research will contribute to a
clearer understanding of how these ob-
stacles manifest and how they can be
overcome in the classroom.

For this reason, the researcher con-
siders it crucial to identify student learn-
ing obstacles in understanding linear
equations in terms of mathematical profi-
ciency. Through this identification, it is
hoped that it will prompt teachers to es-
tablish effective learning environments.
This study aims to investigate the chal-
lenges that middle school students en-
counter when solving linear equations.

METHOD

The research design using hermeneutics
phenomenological method (Moustakas,
1994). This research is a significant part of
the Didactical Design Research (DDR)
framework. DDR constitutes research to
identify learning difficulties within the ed-
ucational process, focusing on proactively
tackling and eliminating these obstacles
(Suryadi & Itoh, 2023). This conceptual
framework aligns with the objective of the

current study, which is to explore learning
obstacles related to linear equations in
secondary schools. DDR is based on two
paradigms: the interpretive and the criti-
cal paradigms, and it aims to empower
students in the context of generating new
knowledge as justified true belief
(Suryadi, 2019a). In this study, the re-
searcher delvesinto the interpretive para-
digm. The interpretive paradigm aims to
analysis the impact of existing didactic de-
signs on students' thinking patterns in the
process of acquiring new knowledge, thus
identifying learning obstacles.

A total of 46 seventh-grade stu-
dents were selected as participants, rep-
resenting five schools across four distinct
provinces in Indonesia. The participant
distributions are as follows: 7 students
from a middle school in West Sulawesi, 24
students from a middle school in Central
Sulawesi, 5 students from a middle school
in Gorontalo, and 10 students from two
middle schools in South Sulawesi. The dif-
ferences in the selected schools in the re-
search provide important variations in the
subjects represented. These schools were
chosen with different variations, because:
(1) geographical diversity: selecting
schools from different provinces allows
the research to encompass students from
various geographical backgrounds. This
can broaden the scope of the research
findings and strengthen conclusions
about potential learning obstacles. (2) dif-
ferencesin education systems: Each prov-
ince has slightly different educational ap-
proaches, including curriculum, teaching
methods, and learning approaches. By se-
lecting schools from various provinces,
the research can explore how these differ-
ences affect students' understanding and
learning, as well as how they influence
learning obstacles in the context of linear
equations with one variable. Considering
these factors, selecting schools from dif-
ferent provinces can help ensure that the



research covers important diversity in the
represented student population, thus en-
abling stronger conclusions about poten-
tial learning obstacles in the field of linear
equations in one variable. Moreover, the
researcher selected for this particular
group due to the relevance of the material
under investigation to seventh-grade
middle school students.

The researchers took several steps
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to minimize bias in participant selection
and ensure that the sample was repre-
sentative of the broader population. First,
all selected schools were of comparable
educational levels, meaning that the
schools were chosen based on their simi-
larity in terms of the grade level being
studied (seventh-grade) and the overall
academic standards. This step was crucial
to control for any age-related cognitive

Table 1. The instrument of mathematical proficiency tasks

Test Instrument

Non-test Instrument

Solve the following equations by
writing the steps of the solution: a.
3X—2=10

The researcher asks the stu-
dent to solve the equation 3x —
2 = 10, explaining each step
taken.

Solve the following equations by

writing the steps of the solution:
3x+1 1-2x
b. - =2
14 2

The researcher asks the stu-
dent to describe the steps
needed to solve the fractional
operations in this equation.

Mirna is 30 years younger than her
father. Five years later, the sum of
their ages will be 46 years. How old
are Mirna and her father now?

The researcher asks the stu-
dent to read the problem about
Mirna and her father, then ex-
plain how they use the infor-
mation in the problem to create
an equation.

The price of a chicken is Rp25.000
each, and the price of a goat is
Rp700.000 each. Fauzan wants to
buy two goats, but he currently
only has Rpi25.000. To have
enough money to buy the two
goats, Fauzan decides to sell his
chickens. How many chickens does
Fauzan need to sell?

The researcher asks the stu-
dent to justify the steps they
took in calculating the number
of chickens to sell.

Risda and Arlinda are running on
the same track. Risda runs at a
speed of 240 meters per minute
and starts 100 meters ahead of
Arlinda. If Arlinda runs at a speed of
290 meters per minute, after how
many minutes will Risda and
Arlinda be at the same position?

The researcher asks the stu-
dent to read the problem about
Risda and Arlinda, then explain
how they start formulating the
mathematical problem from
the given situation.

Strands Indicators
Unable to solve
mathematical
Conceptual concepts
Under-
standing Unable to solve
(CU) .
mathematical
operation
Unable to think
logically about
the relationship
between con-
cepts and situa-
tions
Adaptive
Reasoning
(AR)
Unable to justify
the conclusions
Unable to for-
mulate mathe-
matical prob-
lems
Strategic
Compe-
tence
(SO

Unable to repre-
sent and solve
mathematical

problems

After running, Risda goes to buy
some drinks. Risda buys 2 bottles of
drinks and 2 snacks with Rpg50.000
and receives Rp8.000 in change.
The price of one bottle of drink is
twice the price of one snack. What
is the price of one bottle of drink
and one snack?

The researcher asks the stu-
dent to read the problem about
the price of drinks and snacks,
then explain how they choose
variables to represent the price
of each item.
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differences that might otherwise influ-
ence the results. To further reduce poten-
tial bias, the study intentionally included a
mix of public and private schools. This
strategy was used to account for the vari-
ations in resources, teaching methods,
and educational systems that may exist
between public and private institutions.
Additionally, the researchers employed
stratified sampling to ensure that the
sample was proportionally representative
of each region's population. Stratified
sampling involves dividing the population
into subgroups (regions) and then select-
ing participants from each subgroup in a
way that mirrors the region's actual de-
mographic distribution.

The research employed both test
and non-test instruments. The test was
done by giving questions about linear
equation problems, while interviews used
the non-test technique. The current study
focuses exclusively on three strands, spe-
cifically conceptual understanding, adap-
tive reasoning, and strategic competence,
with several justifications guiding this se-
lection. Firstly, it is important to empha-
size that the size and scope of the strands
should not be confused, as the model
aims to provide a comprehensive depic-
tion of holistic mathematics proficiency
strands. Certain strands may hold greater
significance at specific age levels than
others. For instance, while conceptual un-
derstanding and procedural fluency may
be fully developed for 14-year-old stu-
dents, their adaptive reasoning might still
be somewhat limited (Findell et al., 2001).
Table 1 represent the test and non-test in-
strument of mathematical proficiency
tasks.

Each indicator, category, and code
assigned to the student responses are
processed using ATLAS.ti 9 software. To
mitigate coder bias in the qualitative data
analysis, the data coding process is carried
out by multiple researchers. This reduces

the risk of individual interpretation errors
and ensures consistency across the coding
process. Additionally, member checking
used to verify the interpretations of stu-
dent responses, ensuring that the analysis
accurately reflects the participants' un-
derstanding and experiences. The code la-
bel “14 — CU1" indicates the issue found
in question 1A (14), category conceptual
understanding (CU), the first code (1),
which is “unable to solve mathematical
concept.

The data analysis employed in this
study used the Miles and Huberman
model, which was conducted in three
stages: (1) data reduction, where the re-
searchers recorded all student questions
responses related to linear equations; (2)
data presentation, during which the re-
searchers systematically categorized and
identified various types of student re-
sponses based on their obstacles; (3)
drawing conclusions, wherein the re-
searchers analyzed the identified types of
learning obstacles in linear equations
among seventh-grade middle school stu-
dents, drawing insights based on the the-
oretical framework of learning obstacles
(Miles & Huberman, 1994). Figure 3 repre-
sents the data analysis process diagram.

RESULTS AND DISCUSSION
Results

The analysis was conducted by examining
the components of the obstacle aspect to
present the number of students who had
obstacles based on the mean score for
each set of questions. Subsequently, the
analysis progressed to identify the per-
centage of students facing obstacles in
each aspect. The researchers generally
observed a uniform distribution of obsta-
cles across conceptual understanding,
procedural fluency, and strategic compe-
tence.



The result shows that the main ob-
stacles were discovered in the domain of
linear equation material, particularly in
strategic competence. Strategic compe-
tence is the proficiency to formulate, illus-
trate, and solve mathematical problems
(Schulz, 2023). This aspect aligns with
what has been termed as problem-solving
and problem formulation in the field of
mathematics education literature
(55.44%), followed by adaptive reasoning,
which is the capacity to navigate through
a lot of facts, procedures, concepts, and
solution methods and discern their inter-
connected coherence and meaningful-
ness (48.92%).

Conceptual understanding of linear equa-
tion in one variable

On average, 44.57% of students met this
initial problem, with a slight standard de-
viation 5.09. This research indicates that
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the data is homogeneous (see table 1).
Based on Table 1, most students had diffi-
culties in comprehending and performing
operations related to linear equations in
one variable.

Table 1. Percentage of students who met indica-
tors on the first obstacle aspect
Question The Number Per-
Number of Students centage
Unable to solve 1a 7 15.21%
mathematical
concepts
Unable to solve 1b 34
mathematical
operation

Indicators

73.91%

To further illustrate the challenges
faced by students in solving the problem,
Figure 4 provides a visual representation
of the patterns of difficulty, particularly in
terms of conceptual understanding and
performing mathematical operations re-
lated to linear equations in one variable.

24 subjects from a schoolin
Center Sulawesi

7 subjects from a school in
West Sulawesi

5 subjects from a school in
Gorontalo

10 subjects from two
schools in South Sulawesi
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Figure 3. The data analysis process diagram
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Figure 4. Answers by subject 1 (a) and subject 2 (b)

According to the book of seventh-
grade mathematics curriculum "Merdeka"
developed by the Ministry of Education,
Culture, Research and Technology in In-
donesia, when solving linear equation
problems, students must move terms
from one side to the other (transpose).
However, there are obstacles experienced
by subject 1 and subject 2 (see Figure 1).
Subject 1 shifts the coefficient from the
left-hand side to the right-hand side,
causing the sign in front of the coefficient
to change inversely. In 14 — CU1, subject
is directed to solve the equation 3x — 2 =
10. Initially, it appears that the students
understand the concept of transposing,
which is subtracting the same number
from both sides. However, the problem
occurs when Subject 1 reaches 3x = 12,
and the student moves the number 3 (red
colour) to the other side, resulting in the
equation 1x = 12 — 3.

To examine the underlying meaning
behind this student error, the researcher
conducted further analysis from a herme-
neutic perspective. Hermeneutics, as a
methodology, focuses on interpreting
and understanding the meaning behind
human experiences and actions within

their context. Based on in-depth inter-
view, the error made by subject 1 in trans-
posing the coefficient reflects a misunder-
standing of the conceptual framework un-
derlying the operation of moving terms in
linear equations. From a hermeneutic
standpoint, this error can be seen because
of the student's limited contextual
knowledge and their inability to fully
grasp the deeper implications of the
transposing rule. The lack of appropriate
examples provided by the teacher, as well
as the absence of a comprehensive expla-
nation in the mathematics textbook,
means that students may interpret the
rule based on surface-level understand-
ing, leading to errors like incorrectly shift-
ing the coefficient without adjusting its
sign. Hermeneutic analysis suggests that
these kinds of mistakes are not just about
cognitive limitations, but about misinter-
pretations shaped by the absence of
meaningful guidance and contextual
grounding. Moreover, since one of the
sources of this misunderstanding origi-
nates from the textbook, the researcher
examined the 'Merdeka' curriculum math-
ematics textbook. Upon review, the re-
searcherfound that the textbook presents
a mis-interpretation of the concept of
transpose, which likely contributes to the
students' confusion. Figure 5 illustrates
this mis-representation, showing how the
textbook may inadvertently encourage a
simplistic understanding of transpose,
leading students to make errors like the
one demonstrated by subject 1.

Students original answer
Kita belajar dari halaman sebelumnya, bahwa dalam persamaan kita dapat
memindahkan suku-suku dari satu sisi ke sisi yang lain. Hal ini disebut

mentranspos atau memindahkan suku-suku.

§ x-9=3 =6+x

TEMINCANKan suky
2-x=6 )

Ingat, ketika sebuah suku berpindah sisi, tanda yang ada di depannya berubah

)
) memindahkan suku |

)
b}
» ]
p)
)
x=3+9 §

menjadi kebalikannya.

(@)



Translation
We learned from the previous page that inan
equation, we can move terms from one side to the
other. This is called transpeosing or moving terms.

)

x-9=3 Ly=6+x

p]
b )
b )
memindahkan suku | ) + memindahkan suky
b )
b )
[

x=3+9 2x-x=6

Remember, when a term moves to the other side,

the sign in front of it changes to its opposite

(b)
Figure 5. The presentation in the textbook related
to the concept of transpose

Based on Figure s, if students inter-
nalize this concept, they will encounter
difficulties when they move on to the
topic of inequalities. In the concept of ine-
qualities, if both sides are divided by a
negative number, the inequality sign will
change. For example, —3x < 12. If stu-
dents apply the concept they learned, the
inequality will become x < —4. However,
in the context of inequalities, dividing
both sides by a negative number should
change the inequality sign, resulting in
x> —4.

Furthermore, in 14 — CU1, subject
2 selects an arbitrary coefficient and di-
vides both sides by that coefficient rather
than dividing by the coefficient associated
with x. In the assesment diagnostic test,
the student was able to solve the initial
problem smoothly and understood the
concept of transposing, which involves
subtracting the same number from both
sides. However, the problem arose when
subject 2 reached 3x = 12. Instead of di-
viding both sides by the coefficient 3, the
student mistakenly divided both sides by

o .3
2 (red colour), resulting in the equation SX

=12—2. When researcher asked why the sub-

ject 2 divided by 2 instead of the coeffi-
cient 3, subject explained that they misun-
derstood the structure of the equation. In-
itially, they understood the transposition
process, which involves subtracting the
same number from both sides. However,
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when they reached the equation 3x —
2 = 10, the student explained that they
saw the number 2 (red colour) and mistak-
enly thought it was the "coefficient" to di-
vide by, rather than the number directly
associated with x (which is 3). The obsta-
cle occurs due to the limited understand-
ing regarding the concept of numerical
operations and the concept of the coeffi-
cientin linear equations.

While Subject 2’s misunderstanding
stemmed from confusion about the role
of coefficients in the equation, subject 3
faced a different type of challenge in solv-
ing the problem. Figure 6 illustrates the
errors made by subject 3 during this pro-
cess.

Students original answer
@M@“
Q. 32\10 oY mia dp -2\
[B@)w

Translation

Answer

a. Ifx=4,then3x—2 =10
B#)-2=12-2
=10

Figure 6. Subject 3’s answer

Based on Figure 6, instead of apply-
ing a structured approach to isolate x,
subject 3 resorted to a trial-and-error
method, searching for a value that satis-
fied the equation without fully under-
standing the meaning of x in the context
of the problem. Subject 3 substituted the
value 4 to fulfil the equation 3x — 2 = 10.
Although the chosen number was correct,
when the researcher directly asked about
the value of x that fulfilled the equation,
the students saw confusion in explaining
theiranswer. The studentinterpreted that
the value of x is something that can be re-
placed with any number without under-
standing the meaning of x. This led the
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subject to use a trial-and-error system, re-
placing the value of x with any number
without considering the equality in the
problem.

Based on the hermeneutic analysis,
itis revealed that the error experienced by
subject 3 stemmed from an inability to
distinguish between the concept of the
equal sign in algebra and the equal sign in
equations. In equations, the equal sign
represents a relationship of equivalence
between the left and right sides, whereas
in algebra, the equal sign is perceived as a
command to solve the problem. The stu-
dent was still operating within an alge-
braic thinking framework, which was
shaped by their previous exposure to alge-
braic concepts in Chapter 2, before being
introduced to equations in Chapter 3. This
early learning stage led the student to in-
ternalize the concept that the equal sign
represents an instruction to solve, rather
than recognizing it as a symbol of equiva-
lence that must be respected in the con-
text of solving an equation.

In 1B — CU2, the student experi-
enced difficulties when solving the second
problem. Figure 7 represents the student's
struggles in this process.

&?‘ _g_L‘JJ_— _\_:_EL;'L
14 *-

23y +v ) — 1. L -2y¢)->
19 = =

Ab,(+ 2 —H+1$4q.2“:2

2%
TS0 1>
z3
=5t

Figure 7. Subject 4's answer

Based on Figure 7, it is evident that
the subject has mastered basic arithmetic
concepts such as multiplication and divi-
sion, as evidenced by their responses
when solving the initial problem. How-
ever, subject 4 encountered difficulties

34x-12 _

=2
where the subject performed cross-multi-
plication to eliminate the fraction. De-
spite this, the student was unable to con-
tinue solving the equation to completion
because they did not understand the tech-
nical concept of algebraic manipulation,
which made it difficult for the student to
fully follow the progression of the learning
process. To justify this phenomenon, the
researcher conducted an in-depth inter-
view with the subject, as presented in the
following interview excerpt

when reaching the equation

1

Researcher  : |want to ask about question 1b, the
problem you previously worked on.
The question is% - % =2.In
the first step, what does 2(3x + 1)
mean?

Subject 4 : 2 times 3x

Researcher  : Just 2 times 3x?

Subject 4 : 2 times 3x plus 1

Researcher  : Where did you get 2?

Subject 4 : From here (pointing at student
work), because it is multiplied

Researcher  : Multiplied by what? Why multi-
plied?

Subject 4 : Because of the cross

Researcher  : What? Cross-multiplication, right?

Subject 4 : (silent), because of cross-multipli-
cation

Researcher  : Okay, then, so where does this 14
come from? (pointing at student
work)

Subject 4 : From here (pointing at student
work)

Researcher  : Alright, so this 14 is from here, and
this 2 (pointing at student work).
So, you use a cross-multiply
method?

Subject 4 : Yes

Researcher  : Okay, so what can be operated on
are the ones with the same?

Subject 4 : Like terms

Researcher  : Yeah, like terms or those with the
same x, right?

Subject 4 : Yes

Researcher  : Okay, good job. Now, is the final re-
sult 562

Subject 4 : (silent)

Researcher  : Where did you get 56, dear?

Subject 4 : 28 times 2

Researcher  : Why is that?



Subject 4 : Idon’t know anymore

Based on the interview results con-
ducted by the researcher, subject 4 had a
learning obstacle. During the phase of
moving terms in the form of variables to
the left side and terms in the form of num-
bers to the right side, the subject used
cross-multiplication by multiplying the
denominators on the left side with the
constant on the right side. In other words,
subject 4 applied the cross-multiplication
method that they acquired in the fraction
operation material to linear equation
problems. From a hermeneutic perspec-
tive, this error can be understood because
of the student's previous experiences and
the way they interpreted new knowledge
based on those experiences. The stu-
dent's prior knowledge of cross-multipli-
cation in fractions influenced how they
approached the linear equation problem.
The lack of proper contextual understand-
ing, shaped by their earlier learning expe-
riences, prevented them from interpret-
ing the equation accurately. This error oc-
curred because the student lacked suffi-
cient prerequisite knowledge, which
made it difficult to adapt to the process of
constructing new knowledge. Addition-
ally, this misunderstanding was also influ-
enced by the teacher's insufficient expla-
nation of the material, which did not pro-
vide the necessary clarity for the student
to fully grasp the concept.

Adaptive reasoning for linear equation in
one variable

In this component, two questions were
employed to analyze students' compre-
hension of the operational procedures for
linear equations, featuring two indicators
to identify any obstacles in this aspect.
The outcomes revealed that, on average,
48.92% of students encountered chal-
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lenges in this aspect, with 71.73% of stu-
dents unable to estimate the results of the
problem related to linear equations (see
table 2).

Table 2. Percentage of students who met indica-
tors on the second obstacle aspect

Question The Number Percent-

Indicators Number of Students age

Unable to es- 2 33 71.73%
timate the re-
sults of a pro-
cedure
Unable to 3 12 26.08%
solve the
problem
based on pro-
cedures

To further illustrate the challenges
faced by students in solving the problem,
Figure 8 provides a visual representation
of the patterns of difficulty, particularly in
terms of adaptive reasoning related to lin-
ear equations in one variable (2 — AR1).

Students original answer

2.

oy

UMy  afke = 4§ —2ec ~
S4f — % ~¢
2

umg  Gyl= 4b — (I

=g =u6 -\ =
=3f
Translation

2. Children’'sage=46-30-5
=46-30-5
=11
Father'sage=46-11
=46—-11
=36

Figure 8. Subject 5’s answer

Based on the student’s answer in
Figure 8, it is evident that subject 5 only
interpreted the story problem within the
framework of arithmetic thinking without
undergoing the process of transforming it
into algebraic form first. This was identi-
fied because the student did not initially
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represent the child's age as x and the fa-
ther's age as y. The student directly
worked through the problem arithmeti-
cally. Based on the interview results, it
was revealed that this phenomena arose
because the problem presented was be-
yond the student’s actual ability, making
it difficult for them to solve it correctly.
The word problem required the student to
apply abstract algebraic thinking, but the
student had not yet fully developed the
cognitive skills needed for such tasks. As a
result, the student struggled to move be-
yond simple arithmetic operations and
was unable to recognize the need to rep-
resent the child’s age as x and the father’s
age as y. Additionall, student’s struggle
and fear of making mistakes when inter-
preting the information provided in a
word problem. The complexity of the
problem, combined with the lack of foun-
dational understanding in translating real-
world situations into algebraic expres-
sions, led to the student’s reliance on
arithmetic operations rather than alge-
braic thinking. This suggests that the stu-
dent was not able to properly deconstruct
and translate the problem into an alge-
braic form, which is a necessary skill in
solving such types of problems. The ob-
stacle indicates that the student's thought
pattern remains in the field of arithmetic
thinking and has not transitioned to alge-
braic thinking.

After conducting an in-depth inter-
view, it can be concluded that subject 6
does not understand the meaning of vari-
ables in linear equations. This is what
causes subject 5 to struggle in transform-
ing word problems into algebraic form.
Figure g visualize the errors of student in
comprehending the concept of variable.

Students original answer
2 ‘eaa’t+OYol = 3
Ovaul - 2w +oyvol 36
oYauL. +toau = 6 4+30

2 ABQL\ =bb
GVou = b6 2 100«
oyou =33 Job:
(a)
Translation
2. Mirna + Dad =36

Dad-30+Dad=30
Dad + Dad=30+30
2Dad =66
Dad=66:2
Dad=133

(b)
Figure 9. Subject 6’s answer

Based on Figure g, it can be clearly
seen that subject 6 interpreted the varia-
bles in the problem as "Mirna" and "Fa-
ther" literally, rather than as symbols rep-
resenting "Mirna's Age" and "Father's
Age." Procedurally, this misinterpretation
may not directly affect the student’s final
answer. However, from an epistemologi-
cal standpoint, this misunderstanding has
the potential to create ambiguity in defin-
ing mathematical statements within
equations. When students view variables
as mere labels or names, they may strug-
gle to recognize them as abstract symbols
that represent unknown quantities. Based
on the results of the in-depth interview,
the subject acknowledged that the con-
cepts they hold are derived from the
mathematics book used in the "Kurikulum
Merdeka" curriculum, which is applied in
classroom learning.

After analyzing the secondary
school mathematics book from the Minis-
try of Education, Culture, Research and
Technology in Indonesia for the seventh-
grade with the “Merdeka” curriculum,
there are obstacles found in the teaching
materials prepared and implemented by
the teacher in the classroom.



"A rabbit hutch is made from a square fence.
Using a wire fence with a length of 24 m, what
is the length of the side fence so that the
length of the front fence is 3 m longer than the
side fence?”

To solve the problem, the first step
is to transform the word problem into al-
gebraic form:

2x + (x +3) =24

However, a learning obstacle identi-
fied in the secondary school mathematics
book from the Ministry of Education, Cul-
ture, Research and Technology in Indone-
sia for the seventh-grade with the
“Merdeka” curriculum. In this context, the
equation is expressed in the sentence,
"two times the side plus the front equals
the total length". The equation 2x + (x +
3) = 24 should ideally be expressed as
"two times the length of the side plus the
length of the front equals the total
length."

Strategic competence in the field of linear
equation in one variable

Most obstacles occurred in the material
related to linear equations, particularly in
strategic competence (55.44%). More
than 70% of students could not represent
and solve story problems related to linear
equations, and approximately 36% strug-
gled to formulate story problems as rep-
resent in table 3.

Table 3. Percentage of students who met indica-
tors on the third obstacle aspect

The Num

Indicators ?\jliﬁ:cblzp ber of Pe;ceent-
Students 9
Unable to formu- 4 17 36.95%
late mathematical
problems
Unable to repre- 5 34 73.91%

sent and solve

Kreano, 15(2) (2024): 593-618 607

. Question The Num- Percent-
Indicators Number ber of age
Students 9

mathematical
problems

To further illustrate the challenges
faced by students in solving the problem,
Figure 10 provides a visual representation
of the patterns of difficulty, particularly in
terms of strategic competence related to
linear equations in one variable (4 — SC1).

Students original answer

+ 20.000

“O:T Dersnok: 1.000

-~ dio membei 9wa : 2 : 201207 WO

@ % “°:‘j° Perlool  aaua

- dia membeti  cngr | - 2.000

Translation

- Price per bottle of aqua = 20.000
- Price per snack = 2.000

- She buys 2 Aqua =20+ 20 =40

- She buys a snack = 2.000

co
o

1o
a

a

Figure 10. Subject 7’s answer

Based on Figure 10, it can be con-
cluded that subject 7 does not understand
the sentence "the price of 1 drink bottle is
twice that of 1 snack". This misunder-
standing occurs due to the limited prob-
lem-solving abilities of the student. The
inability to properly interpret the relation-
ship between the prices of the drink bottle
and the snack suggests that the student
struggles with applying mathematical
reasoning to real-life situations, which
may hinder their ability to solve problems
involving ratios or proportional relation-
ships effectively.
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Based on in-depth interview, sub-
ject's misinterpretation stems from a lim-
ited ability to identify and apply key math-
ematical relationships within the prob-
lem. More precisely, the student struggles
with proportional reasoning, which is
foundational to wunderstanding linear
equations. The sentence itself implies a
ratio-based relationship (2:1) between the
prices of the two items, yet the student ei-
ther did not grasp this or struggled to
translate this into a solvable equation. In
other words, many students fail to recog-
nize how to translate real-life situations or
verbal descriptions into mathematical re-
lationships. For example, the phrase "the
price of 1 drink bottle is twice that of 1
snack" should prompt students to create a
simple algebraic expression like Pypink =
2Pgpqck, but many students do not make
this connection. This often happens be-
cause word problems involve multiple lay-
ers of interpretation that require careful
analysis. A lack of number sense can make
it difficult for students to connect the ver-
bal description to the mathematical struc-
ture. Subject 7's answer, where the price
of a drink bottle is assumed to be
Rp20.000 and a snack Rp2.000, points to
a failure in logical deduction rather than a
basic arithmetic error. This suggests that
subject 7 may be over-relying on heuris-
tics or assumptions that are not grounded
in the problem's structure. For instance,
the student may have arbitrarily chosen a
set of prices that seem reasonable to
them, rather than systematically deriving
these from the relationships stated in the
problem.

Based on an interview with a
teacher, it was revealed that the chal-
lenges students encounter in understand-
ing linear equations are not solely at-
tributed to difficulties in applying mathe-
matical concepts but are also influenced
by significant disparities in their educa-
tional backgrounds. Specifically, some

students, particularly those from elemen-
tary schools with more basic curricula,
have not been adequately exposed to pre-
requisite materials, such as the concepts
of ratios or proportions, which are essen-
tial for a comprehensive understanding of
linear equations. As a result, the teacher,
being familiar with the characteristics of
the students, recommended that the
teaching of linear equations should not
begin directly with problem-solving tasks.
Instead, it is essential to first provide a
stimulus, or a review of prerequisite
knowledge related to algebra. This ap-
proach would help activate students' prior
understanding and bridge the gap before
introducing more complex concepts, such
as linear equations.

Discussion

Mathematical proficiency can be de-
scribed as possessing the necessary skills,
knowledge, or experience in mathematics
to a sufficient level (Go, 2023). The
strands of mathematical proficiency are
referred to as conceptual understanding,
procedural fluency, strategic compe-
tence, adaptive reasoning, and productive
disposition (Findell et al., 2001). However,
the current study focuses exclusively on
three strands, specifically conceptual un-
derstanding, adaptive reasoning, and
strategic competence.

In the conceptual understanding
perspective, several phenomena were
identified when students studied linear
equations. Figure 11 summarizes the
overall phenomena and the underlying
meanings behind the phenomena identi-
fied in students when solving the indica-
tors of conceptual understanding. The
white node represents the phenomena
identified when students solve problems,
while the orange node indicates the
meaning behind the identified phenom-
ena (hermeneutic) as students work



through conceptual understanding. The
green node denotes the type of learning
obstacle encountered during the prob-
lem-solving process.

Based on Figure 11, there are six
phenomena captured when the subject is
working on conceptual understanding
tasks. These phenomena included errors
made by the students in performing basic
arithmetic operations such as addition,
subtraction, multiplication, and division.
Additionally, students struggled with ap-
plying the transpose method correctly,
and they found it challenging to recognize
patterns or relationships within mathe-
matical expressions. Many students also
experienced difficulty with algebraic ma-
nipulations, particularly in terms of simpli-
fying or rearranging equations. There was
also a limited understanding of the con-
cept of coefficients, and students did not
fully comprehend the meaning of the

Subject interprets the concept of
franspose as a method of moving
terms from one side of the
equation to the other

»
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Subject interprets the “=" sign as
an instruction to solve the
equation
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equal sign in the context of linear equa-
tions.

Based on an in-depth investigation
from a hermeneutic perspective (Figure
11), it was identified that all phenomenon
is caused by seven factors: (1) the subject
had weak prerequisite abilities; (2) the
presentation of the mathematics text-
books is less comprehensive; (3) the lack
of comprehensive examples provided by
the teacher; (4) the students' reliance ona
trial-and-error method; (5) subject lacked
an understanding of the underlying princi-
ples of algebraic manipulation (distribu-
tive, associative, and commutative prop-
erties); (6) subject interprets the "=" sign
as an instruction to solve the equation,
and (7) subject interprets the concept of
transpose as a method of moving terms
from one side of the equation to the
other.

In the first factor, it was identified

; @

The presentation of the
mathematics textbook is less
‘comprehensive,

=| D 1:Conceptual Understanding

— >

' Understanding

12 14, The subject made errors
when applying the transpose
method in Conceptual

1:6 18, The subject does not
understand the meaning of equal
sign in Conceptual Understanding

= 1517, The subject had limited
understanding regarding the
concept of coefficient in
Conceptual Understanding

= 13 15, The subject has difficulty
---|  recognizing patterns or relations
in mathematical expression in
Conceptual Understanding

=11:113, The subject made emmors

when carrying out addition,
subtraction, multiplication, or
division of number in Conceptual
Understanding

Subject lacked an understanding

of the underlying principles of ———
algebraic manipulation —
[distributive, associative, and

1:4 16, The subject struggles with
performing algebraic manipulations
in Conceptual Understanding

commutative properties)

Figure 11. Overall phenomena when students solving the conceptual understanding task
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that students have weak prerequisite
knowledge related to algebra concepts.
According to Brousseau (2002), the mis-
match between an individual's cognitive
processes and inadequate prerequisite
abilities hinders the adaptation of new
knowledge, leading to the emergence of
ontogenic obstacles. Suryadi (2019b) cat-
egorizes these difficulties as conceptual
ontogenic obstacles, wherein the concep-
tual level within didactic design does not
align with the students' prior learning ex-
periences. This is in line with Karlsson and
Kilborn (2023) , which stated that onto-
genic obstacles arise when students are
unable to connect new concepts to their
existing knowledge. Additionally, Utami
et al (2023) highlight that such obstacles
occur due to students' insufficient under-
standing of prerequisite concepts, such as
variables. Students struggle to make
sense of learning due to limitations in
their thinking processes (Pratiwi et al.,
2019).

The second and third factors reveal
that errors arise due to the inadequate
presentation of the mathematics text-
books and the insufficient examples pro-
vided by the teacher. According to Brous-
seau (2002), errors resulting from the de-
sign of the instructional process or the
teacher's interventions are classified as di-
dactical obstacles. This aligns with the
study by Hannah et al (2016). When inter-
viewed about the conceptual knowledge
they had worked on, some respondents
still gave incorrect answers. This suggests
that they understand the material better
when it is based on examples provided.
Consequently, this will likely pose a prob-
lem if they encounter different types of
mathematical questions. Magfiroh et al
(2024) stated that this issue primarily
stems from how the textbook content is
presented, with insufficient examples lim-
iting students’ ability to apply their
knowledge in varied contexts.

According to Brousseau (2002), the
fourth through seventh factors, namely,
the students' reliance on trial-and-error
methods, insufficient understanding of al-
gebraic principles (such as the distribu-
tive, associative, and commutative prop-
erties), misinterpretation of the '=' sign,
and misunderstanding of the concept of
transpose, can be classified as epistemo-
logical obstacles. This epistemological
obstacle is identified when students' un-
derstanding of a mathematical concept
works effectively in a certain context, but
when they are faced with a different situ-
ation, that understanding becomes diffi-
cult or ineffective to apply. These difficul-
ties, however, are not purely the result of
external factors but are also linked to on-
togenic obstacles, which stem from the
students' individual cognitive develop-
ment and learning experiences. One nota-
ble ontogenic obstacle is the students'
lack of sufficient prerequisite knowledge.
Due to this gap, students often rely on
trial-and-error methods to solve prob-
lems. This strategy, though sometimes
effective in simple contexts, fails when
the problem's context changes. The re-
sults supported by Pincheira and Alsina
(2021), who observed that students often
approach algebraic tasks primarily by trial
and error, neglecting the structure of the
problem and the underlying knowledge
required to develop algebraic thinking.
Similarly, Edo and Tasik (2022) found that
students tend to solve problems based on
instinct, trial and error, and logic, rather
than relying on a deep understanding of
the concepts involved.

From the strands of adaptive rea-
soning, several key phenomena were ob-
served as students worked on linear equa-
tions. Figure 11 provides an overview of
these phenomena in relation to the indi-
cators of adaptive reasoning. The white
nodes represent the phenomena identi-



fied during problem-solving, while the or-
ange nodes signify the underlying mean-
ings (hermeneutic) associated with stu-
dents' conceptual understanding. The
green nodes highlight the types of learn-
ing obstacles encountered throughout
the problem-solving process.

Based on Figure 12, four key phe-
nomena were observed as the subject
worked on tasks involving adaptive rea-
soning. First, the subject relied on an
arithmetic approach instead of using an
algebraic method to solve the problem.
This suggests a fundamental difficulty in
transitioning from basic arithmetic to
more abstract algebraic thinking. Second,
the subject displayed a lack of under-
standing regarding the meaning of a vari-
able, which is crucial for solving algebraic
equations. Third, the subject struggled to
transform the word problem into an alge-
braic form, highlighting a challenge in ab-
stracting real-world situations into math-
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ematical representations. Finally, the sub-
ject tended to focus on procedural steps
without grasping the underlying rationale
behind them, indicating a reliance on rote
procedures rather than developing a deep
understanding of the mathematical con-
cepts involved.

Based on an in-depth investigation
from a hermeneutic perspective (Figure
12), it was identified that all phenomenon
is caused by eight factors: (1) the subject
does not understand the concept of equa-
tion; (2) the subject interpreted the varia-
bles in the problem as "Mirna" and "Fa-
ther" literally, rather than as symbols rep-
resenting "Mirna's Age" and "Father's
Age"; (3) the available textbook presenta-
tion is not comprehensive; (4) the expla-
nation by the teacheris lackingin compre-
hensiveness; (5) the problem presented
was beyond the student’s actual ability;
(6) the subject's fear of making mistakes
when answering questions; (7) previous
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understand the meaning of a
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8, The subject does not
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The subject interpreted the
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“Mirna" and "Father” literally,
rather than as symbols
representing “Mirna’s Age” and
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that were inadequate during
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Figure 12. Overall phenomena when students solving the adaptive reasoning task
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learning experiences that were inade-
quate during elementary school, and (8)
the subjects have limited prerequisite
knowledge.

In the first and second factors, alt-
hough the students had previously stud-
ied linear equations in Chapter lll, they
failed to apply this knowledge when solv-
ing the problem. Instead, they ap-
proached the problem from an arithmetic
perspective, using basic operations rather
than algebraic methods. This reflects a
limitation in the students' ability to trans-
fer their understanding to new contexts.
While students can solve problems within
the same context, they encounter signifi-
cant obstacles when faced with problems
presented in different contexts. Addition-
ally, the students struggled with under-
standing the concept of variables in equa-
tions. According to Brousseau (2002), er-
rors arising from limitations in the context
in which a concept is initially learned are
classified as epistemological obstacles.
These obstacles occur when a student’s
understanding works well in a specific
context but becomes ineffective or diffi-
cult to apply in different situations. Li
(2010) highlighted that many students’ er-
rors and misconceptions arise specifically
in areas like variables, equations, and
functions, which are foundational to alge-
braic thinking.

According to Brousseau (2002), er-
rors that result from the design of the in-
structional process or are caused by an ex-
planation from the teacher that lacks
comprehensiveness, as identified in the
third and fourth factors, are categorized
as didactical obstacles. These obstacles
arise when the teaching methods, materi-
als or explanations provided do not fully
support the students' understanding or
problem-solving abilities, hindering their
ability to grasp the concept effectively.
Moreover, these didactical obstacles con-

tribute to the emergence of epistemolog-
ical obstacles for students. The lack of
comprehensive material presentation im-
pacts the students' understanding of key
concepts, such as equations and variables,
preventing them from applying these
concepts effectively in problem-solving
tasks. This is consistent with the findings
of Utami and Prabawanto (2023), who ar-
gued that didactical obstacles might be
one of the two primary learning obstacles.
The second type, epistemological obsta-
cles, occurs when students become con-
fused because the knowledge they have
acquired applies only to specific contexts
and cannot be transferred to different
problems, even though they belong to the
same concept. The third type, ontogenic
obstacles, is related to the individual de-
velopment of students and their personal
growth in understanding.

The fifth to eighth factors, accord-
ing to Brousseau (2002), contribute to the
emergence of ontogenic obstacles. The
complexity of the problem, which ex-
ceeded the student's current capabilities,
is categorized by Suryadi (2019b) as a con-
ceptual ontogenic obstacle. This type of
obstacle occurs when students struggle to
understand or apply the underlying con-
cepts needed to solve a problem (Pertiwi
et al., 2023). The student's fear of making
mistakes when responding to questions,
as identified in the sixth factor, is classi-
fied by Suryadi (2019b) as a psychological
ontogenic obstacle. This fear inhibits the
student’s confidence and ability to ap-
proach the problem effectively. Addition-
ally, the inadequate prior learning experi-
ences during elementary school and the
limited prerequisite knowledge, pre-
vented the students from grasping the
technical aspects of solving the problem.
According to Suryadi (2019b), this is cate-
gorized as an instrumental ontogenic ob-
stacle, where students lack the necessary
skills or techniques to solve the problem



correctly. This aligns with the stages of
cognitive development proposed by Pia-
get (1970), students in the age range of
12-13 years (seventh-grade) are still in the
cognitive shift from the concrete opera-
tional stage to the formal operational
stage. As a consequence of this transition,
students may encounter challenges when
faced with problems that require abstract
reasoning, hypothetical thinking, or the
application of formal rules.

In examining the strands of strategic
competence, several key phenomena
emerged as students worked on tasks in-
volving linear equations. Figure 13 offers a
summary of these phenomena in relation
to the indicators of strategic competence.
The white nodes illustrate the phenom-
ena observed during problem-solving,
while the orange nodes represent the
deeper meanings (hermeneutic) tied to
the students' conceptual understanding.
The green nodes indicate the types of
learning obstacles that students faced
during the process of solving the prob-
lems.

Based on Figure 13, three phenom-
ena were identified as the subject en-
gaged in tasks requiring strategic compe-
tence. First, the subject struggled to un-
derstand the information presented in the
problem. Second, subject had difficulty
selecting the appropriate methods or
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The subjecis have limited
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strategies to solve the problems. Lastly,
the subject demonstrated limited prob-
lem-solving skills, which hindered their
ability to effectively tackle the tasks.
Based on an in-depth investigation from a
hermeneutic perspective (Figure 13), it
was identified that all phenomenon is
caused by six factors: (1) A lack of student
number sense; (2) the subjects have lim-
ited prerequisite knowledge; (3) the sub-
ject's over-reliance on heuristics or as-
sumptions that are not grounded in the
problem's structure; (4) the subject does
not understand the sentence "the price of
1 drink bottle is twice that of 1 snack"; (5)
the subject struggles with proportional
reasoning, and (6) failure of students in
logical deduction.

In the first, second and third factors,
it is clear that these issues stem from the
students' lack of problem-solving skills.
This barrier occurs due to technical diffi-
culties, such as a limited understanding of
fundamental mathematical concepts or
restricted cognitive abilities in breaking
down complex problems, which makes it
difficult for students to fully keep up with
the learning process. According to Brous-
seau (2002), such mistakes can be catego-
rized as ontogenic obstacles, which are in-
herent difficulties that arise from the stu-
dent's own cognitive and developmental
limitations in learning. In addition, in the
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Figure 13. Overall phenomena when students solving the strategic competence task
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fourth, fifth, and sixth factors, it is evident
that these challenges are attributed to the
limited context that students have in their
mathematics learning. According to
Brousseau (2002), knowledge that was
once relevant and effective in specific
contexts, including school settings, but
later becomes outdated or inadequate, is
categorized as epistemological obstacles.
This results in line with Swan (2014),
which stated that this strand encom-
passes the capability to formulate, illus-
trate, and resolve mathematical problem.
It aligns with what has been referred to as
problem-solving and problem formula-
tion within the field of mathematics edu-
cation literature. The primary challenge
faced by students in strategic compe-
tence concerning linear equations is par-
ticularly apparent when they attempt to
translate information from story prob-
lems into mathematical models. How-
ever, the results are in line with the re-
search by Astuti et al (2017), where stu-
dents make mistakes when they restate a
concept, classify items according to their
composition, calculation operations, and
apply concepts or problem-solving algo-
rithms.

In summary, the novelty of this
study lies in the detailed categorization of
learning obstacles (ontogenic, didactical,
and epistemological) within the context
of linear equations, highlighting both cog-
nitive and psychological obstacles that
students face. The research further pro-
vides new insights into students' misinter-
pretations of key algebraic principles, an-
alyzed through the three strands of math-
ematical proficiency: conceptual under-
standing, adaptive reasoning, and strate-
gic competence. It also examines how
teaching practices can contribute to the
emergence of these challenges, offering a
nuanced view of the complex factors in-
fluencing students' learning. These find-

ings offer valuable implications for educa-
tors and researchers, emphasizing the
need for more comprehensive textbooks,
clearer teacher explanations, and a
deeper understanding of cognitive devel-
opment stages in algebra instruction. By
focusing on the foundational knowledge
gaps, improving instructional materials
and methods, fostering deeper concep-
tual understanding, supporting students’
psychological well-being, and providing
appropriate challenges, educators can ef-
fectively address the various learning ob-
stacles students face in mastering alge-
bra. These strategies will not only improve
students' proficiency in linear equations
but also contribute to their overall mathe-
matical development.

Implication of Research

The implications of the findings on learn-
ing obstacles can significantly benefit re-
searchers, educators, and policymakers in
designing didactic frameworks based on
justified true belief. By thoroughly under-
standing the challenges that students en-
counter, these stakeholders can develop
more effective and precise educational
strategies. This, in turn, supports the cre-
ation of a learning environment that not
only enhances student comprehension
and retention but also fosters critical
thinking and the application of
knowledge. Consequently, this research
can lead to a more robust and resilient ed-
ucational system that is better equipped
to meet diverse learner needs and adapt
to evolving educational demands.

Limitation

Didactical Design Research relies on two
paradigms: the interpretive and the criti-
cal paradigms, with the goal of empower-
ing students to generate new knowledge
as justified true belief. However, this



study only focuses on the interpretive par-
adigm. Further research is needed from a
critical paradigm perspective to perceptu-
ally and memorially examine the learning
obstacles identified from previous re-
search results, thus yielding a hypothet-
ical didactic design. Additionally, this re-
search only reveals the potential learning
obstacles of learners through the method
of hermeneutic phenomenology. Further
research is needed on the potential learn-
ing obstacles obtained through the analy-
sis of the Theory of Didactic Situations,
praxeology, and didactic transposition.
Another limitation of this study is that it
does not analyze two other strands of
mathematical proficiency: procedural flu-
ency and productive disposition. By focus-
ing on only three strands: conceptual un-
derstanding, adaptive reasoning, and
strategic competence, this research may
overlook critical elements of students'
mathematical development. Procedural
fluency, which involves the ability to per-
form mathematical operations accurately
and efficiently, and productive disposi-
tion, which refers to students’ attitudes
and beliefs about learning mathematics,
are both essential in forming a complete
picture of students' mathematical profi-
ciency. The exclusion of these strands
may limit the overall scope of the findings
and their applicability to all areas of math-
ematical learning.

CONCLUSION

Based on the discussion above, it can be
concluded that students identified three
types of learning obstacles in linear equa-
tion material, namely ontogenic obstacle,
epistemological obstacle and didactical
obstacle. However, students had limited
knowledge, ranging from basic concepts
of mathematical operation, arithmetic
operations, and solving linear equationsin
one variable problem.
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Ontogenic obstacles occur due to
insufficient prerequisite knowledge and
cognitive limitations, which prevent stu-
dents from connecting prior learning to
new concepts like variables or algebraic
manipulation. Epistemological obstacles
arise when students' understanding works
in certain contexts but fails in others, of-
ten due to misinterpretations of algebraic
principles, such as the role of variables or
the equal sign. Many students rely on
trial-and-error methods instead of devel-
oping a deeper understanding of prob-
lem-solving strategies, preventing them
from effectively transferring knowledge
to more complex situations. Didactical
obstacles emerge when instructional ma-
terials or teaching methods are inade-
quate. When textbooks are not compre-
hensive or teachers fail to provide suffi-
cient examples, students struggle to fully
understand the concepts, as they lack the
necessary support to apply their
knowledge effectively. Therefore, itis rec-
ommended that teachers construct a Di-
dactical Design to minimize this obstacle.
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