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Background: Geometry is a fundamental component of elementary mathematics
that supports the development of logical reasoning, spatial visualization, and
problem-solving skills. However, many students continue to experience
persistent learning difficulties that extend beyond procedural errors and reflect
deeper ontogenetic learning obstacles associated with cognitive readiness and
conceptual development. Despite increasing attention to learning obstacles in
mathematics education, empirical studies examining the psychological,
conceptual, and instrumental dimensions of ontogenetic obstacles in elementary
geometry remain limited.

Aims: This study aimed to explore students’ psychological, conceptual, and
instrumental ontogenetic learning obstacles when solving composite plane figure
area tasks.

Methods: A qualitative descriptive approach was employed as the prospective
analysis stage of Didactical Design Research (DDR). Twenty sixth-grade
elementary school students participated in the study. Data were collected
through a validated Learning Obstacle Diagnostic Test consisting of three open-
ended tasks and analyzed descriptively based on the ontogenetic learning
obstacle framework.

Results: The findings revealed that conceptual ontogenetic obstacles were the
most dominant, followed by instrumental obstacles, while psychological
obstacles emerged primarily as a consequence of unresolved conceptual and
procedural difficulties.

Conclusion: The three types of ontogenetic learning obstacles were
interconnected and significantly influenced students’ understanding of
composite plane figure area concepts. These findings provide an empirical
foundation for designing adaptive instructional strategies that better
accommodate students’ cognitive development and learning needs.

To cite this article: Syamsudin, A. F., Agustin, M. & Fitriani, A. D. (2026). Exploring psychological, conceptual, and
instrumental ontogenetic learning obstacles in elementary geometry: Evidence from students’
solutions to composite plane figure area tasks. Journal of Advanced Sciences and Mathematics
Education, 6(3), 47-68.

INTRODUCTION

Mathematics is a fundamental discipline that plays a significant role in developing logical
reasoning, analytical thinking, systematic problem-solving, and critical decision-making skills.
Beyond mastering numerical operations, mathematics enables learners to construct knowledge
through reasoning, abstraction, communication, and mathematical representation (Torres-Pefia et
al, 2025) . These competencies have become increasingly important in the twenty-first century,
where individuals are expected to solve complex problems, think critically, and adapt to rapidly

changing environments. Consequently, mathematics has become a compulsory subject across all
levels of formal education, beginning in elementary school and continuing through higher education
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(Aucejo & James, 2021; Blchele & Feudel, 2023; Szabo et al,, 2020). At the elementary level,
mathematics learning is designed to establish strong conceptual foundations that support students’
future mathematical development. The elementary mathematics curriculum integrates various
content domains with process-oriented competencies to promote meaningful learning experiences.
These domains include numbers, algebra, measurement, geometry, and data analysis, while the
associated process skills emphasize reasoning, problem-solving, communication, representation,
and mathematical connections (Adeleke et al., 2025; Aljura et al,, 2025; Ziatdinov & James R. Valles,
2022). The integration of mathematical content and processes is intended to foster students’ ability
to apply mathematical knowledge in both academic and real-life contexts. Meaningful mathematics
learning therefore requires students to understand concepts rather than merely memorize formulas
or procedures. Developing conceptual understanding from the early years of schooling is essential
for preparing students to engage successfully with increasingly complex mathematical ideas
throughout their educational journey.

Geometry constitutes one of the essential domains of elementary mathematics because it
provides students with opportunities to develop spatial reasoning, visualization, measurement, and
analytical thinking skills. Through geometry, students learn to recognize geometric relationships,
interpret visual information, and connect abstract mathematical concepts with tangible objects
encountered in everyday life (Abrahamson et al., 2020; Dorel, 2023; Hwang et al., 2020; Price et al,,
2020). One of the important topics introduced at the elementary level is the area of composite plane
figures, which requires students to combine multiple geometric concepts simultaneously. Unlike
calculating the area of a single geometric shape, solving composite figure tasks requires students to
decompose complex figures into simpler components, recognize relationships among constituent
shapes, and apply appropriate area formulas systematically (C.-Y. Lee et al., 2023; Lehmann, 2023).
These cognitive processes demand not only procedural competence but also strong conceptual
understanding of measurement principles and geometric structures. Students are expected to
identify relevant information, organize mathematical relationships, and justify their solution
strategies logically. Such learning activities contribute to the development of higher-order thinking
skills, including reasoning, creativity, problem-solving, and mathematical communication (Ceballos
etal,, 2026; Nilimaa, 2023; Sutarni et al.,, 2024). However, the complexity of composite plane figure
tasks often exceeds students’ existing conceptual understanding, making this topic one of the most
challenging areas within elementary geometry. As a result, many students encounter persistent
difficulties in interpreting geometric representations and selecting appropriate solution strategies.
These recurring difficulties indicate that understanding composite plane figures involves
considerably more than applying memorized formulas, requiring students to construct meaningful
conceptual relationships among multiple mathematical ideas.

Despite the importance of geometry in elementary mathematics, many students continue to
perceive mathematics as a difficult and intimidating subject, particularly when confronted with
complex geometric problems. These negative perceptions frequently reduce students’ confidence,
learning motivation, and willingness to engage actively in mathematical reasoning (Aguilar, 2021;
Shekhar et al, 2020; Skilling et al., 2020). Students’ learning difficulties are not limited to
computational mistakes but often reflect deeper cognitive barriers that hinder meaningful
conceptual development. Within mathematics education, these barriers are commonly understood
through the perspective of learning obstacles, which explain why students fail to construct
appropriate mathematical understanding despite receiving classroom instruction. Learning
obstacles emerge when students experience discrepancies between instructional demands and their
cognitive readiness, prior knowledge, or conceptual maturity. Among the various categories of
learning obstacles, ontogenetic learning obstacles are particularly important because they
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emphasize the relationship between students’ developmental characteristics and the complexity of
the learning material. Ontogenetic learning obstacles encompass psychological, conceptual, and
instrumental dimensions that collectively influence students’ learning experiences throughout the
instructional process (Osei & Bjorklund, 2024; Semper & Iriso, 2026). Nevertheless, existing studies
have predominantly emphasized epistemological and didactical learning obstacles, whereas
investigations focusing specifically on ontogenetic learning obstacles remain relatively limited,
particularly within the context of elementary geometry. Furthermore, only a few studies have
comprehensively examined the interactions among psychological, conceptual, and instrumental
ontogenetic learning obstacles when students solve composite plane figure area tasks. Therefore, a
deeper investigation of these interconnected dimensions is necessary to provide a more
comprehensive understanding of students’ cognitive barriers and to establish a stronger foundation
for developing instructional designs that better accommodate students’ conceptual development and
learning needs.

Despite the growing body of research on mathematics education, several important gaps
remain regarding the understanding of students’ learning obstacles in elementary geometry.
Previous studies have primarily focused on improving geometry learning through instructional
interventions, such as schematic chunking, virtual reality, multisensory learning environments, and
digital technologies, with an emphasis on enhancing students’ geometry performance and reducing
learning difficulties rather than explaining the underlying cognitive barriers that hinder conceptual
development (Galitskaya & Drigas, 2023; Liu et al., 2021; Price et al,, 2020; D. Zhang, 2021). Other
studies have extensively investigated students’ misconceptions related to area and perimeter,
demonstrating that learners frequently confuse these concepts, apply formulas procedurally without
conceptual understanding, and experience persistent misconceptions that continue into teacher
education (Durmaz & Isiksal Bostan, 2022; Harbison et al., 2026; Runnalls & Hong, 2020; Yunianto
et al,, 2021; Zhou et al, 2025). Meanwhile, research grounded in learning obstacle theory has
increasingly examined epistemological and didactical obstacles across various mathematical topics
and has highlighted the potential of Didactical Design Research (DDR) for identifying students’
learning barriers and designing adaptive instruction (Wijayaetal., 2021). However, empirical studies
that specifically investigate ontogenetic learning obstacles remain limited, particularly those that
simultaneously examine the interaction among psychological, conceptual, and instrumental
ontogenetic learning obstacles in elementary geometry. Furthermore, existing studies generally
describe students’ misconceptions, procedural errors, or learning difficulties as isolated phenomena,
without explaining how conceptual limitations evolve into procedural difficulties and subsequently
influence students’ psychological readiness during mathematical learning. Therefore, this study
addresses these gaps by providing a comprehensive analysis of the interrelationships among
psychological, conceptual, and instrumental ontogenetic learning obstacles experienced by
elementary school students when solving composite plane figure area tasks within the framework of
Didactical Design Research, thereby contributing a more comprehensive theoretical understanding
of ontogenetic learning obstacles in mathematics education.

This study aims to explore the psychological, conceptual, and instrumental ontogenetic
learning obstacles experienced by elementary school students when solving composite plane figure
area tasks. Specifically, the study seeks to identify the characteristics of each type of ontogenetic
learning obstacle that emerges during students’ mathematical reasoning and problem-solving
processes. It also examines how conceptual understanding influences students’ ability to apply
appropriate mathematical procedures when solving geometry tasks. Furthermore, this study
investigates the relationship between conceptual and instrumental obstacles and their contribution
to the emergence of psychological obstacles during learning. By examining students’ written
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responses and reasoning, this study provides empirical evidence regarding the multidimensional
nature of ontogenetic learning obstacles in elementary geometry. The study further seeks to explain
how these obstacles interact rather than exist as isolated learning difficulties. In addition, the findings
are expected to enrich the theoretical understanding of ontogenetic learning obstacles within the
framework of Didactical Design Research. From a practical perspective, the study intends to provide
evidence that can assist teachers in identifying students’ cognitive readiness before introducing more
complex geometry concepts. The findings are also expected to support the development of
instructional designs that are more responsive to students’ conceptual development and learning
needs. Ultimately, this study contributes to the advancement of mathematics education research by
providing a comprehensive understanding of ontogenetic learning obstacles as a foundation for
designing more effective geometry instruction in elementary schools.

LITERATURE REVIEW

Geometry is a fundamental domain of mathematics that enables students to understand
shapes, spatial relationships, measurement, and visual representation. Learning geometry extends
beyond recognizing geometric figures because it also requires students to develop reasoning skills
that support mathematical abstraction and problem solving. Within elementary mathematics,
composite plane figures represent one of the essential geometry topics because they integrate
concepts of measurement, spatial visualization, and geometric decomposition (Flavin et al., 2025;
Lehmann, 2023; Lowrie & Logan, 2023; Q. Zhang, 2021). A composite plane figure is formed by
combining two or more simple geometric shapes into a single figure while preserving the properties
of each constituent shape. Solving area problems involving composite plane figures requires students
to recognize the component shapes before selecting appropriate mathematical strategies for
calculating the total area (Flavin etal.,, 2025; Lehmann, 2023; Sari et al., 2023). This process involves
decomposing complex figures into simpler regions and synthesizing multiple area calculations into
a single solution. Consequently, students are expected to coordinate conceptual understanding with
procedural knowledge throughout the solution process. Learning composite plane figure area
therefore requires considerably more than recalling area formulas because students must
understand the mathematical relationships among the constituent figures. Failure to establish these
relationships frequently results in misconceptions, inappropriate strategy selection, and
computational errors during geometry learning. Therefore, understanding the conceptual
complexity of composite plane figures is essential for explaining why many elementary students
continue to experience persistent difficulties in geometry learning.

Geometry learning has been widely explained through theories of students’ cognitive
development, particularly the hierarchical model proposed in geometry education. According to this
perspective, students progressively develop geometric understanding through increasingly
sophisticated levels of reasoning rather than acquiring concepts simultaneously (Adeniji & Baker,
2022; Jablonski & Ludwig, 2023; Seah & Horne, 2021). At the initial stage, students recognize
geometric figures primarily through visual appearance without understanding their defining
properties. As learning progresses, students begin to analyze the characteristics of geometric figures
and identify relationships among their properties. More advanced stages require learners to
establish logical connections among geometric concepts, formulate mathematical arguments, and
construct deductive reasoning. These developmental stages indicate that meaningful geometry
learning depends on the alignment between instructional complexity and students’ cognitive
readiness. When instructional materials exceed students’ developmental levels, conceptual
understanding becomes fragmented and mathematical reasoning is hindered. Conversely, learning
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activities that correspond to students’ cognitive development facilitate deeper conceptual
understanding and more flexible problem-solving strategies. Composite plane figure area tasks
represent a suitable context for examining students’ cognitive development because they require
simultaneous integration of visualization, decomposition, measurement, and reasoning. Therefore,
investigating students’ responses to these tasks provides valuable insights into the cognitive
processes that underlie successful geometry learning.

Area is one of the most fundamental measurement concepts introduced during elementary
mathematics education, yet it remains among the most difficult concepts for students to understand
meaningfully. A meaningful understanding of area extends beyond the ability to substitute numerical
values into formulas because it requires students to recognize area as a quantitative attribute
representing the extent of a two-dimensional region. Students are expected to understand the
relationship between measurement units, geometric dimensions, and the structure of plane figures
before applying area formulas appropriately (Caviedes Barrera etal., 2023; Hwang et al., 2020; Idrus
etal, 2022; M. Y. Lee & Lee, 2021; Payadnya et al., 2023). However, many learners rely primarily on
memorized procedures without developing an adequate conceptual understanding of area
measurement. This procedural orientation frequently causes students to confuse the concepts of area
and perimeter or to apply formulas incorrectly when solving unfamiliar geometry problems. Such
misconceptions become increasingly evident when students encounter irregular or composite plane
figures that cannot be solved through direct formula substitution. In these situations, students must
first identify the constituent geometric figures, determine suitable decomposition strategies, and
integrate several area calculations into a coherent mathematical solution (Hsu & Silver, 2026; C.-Y.
Lee et al,, 2023; Yunianto et al.,, 2025). Failure to construct these conceptual relationships often
results in fragmented reasoning and unsuccessful problem-solving performance. Consequently,
conceptual understanding of area serves as an essential prerequisite for successful learning of
composite plane figure area tasks. Examining students’ conceptual understanding therefore provides
an important theoretical foundation for identifying learning obstacles that emerge during
elementary geometry instruction.

The concept of learning obstacles has become one of the most influential theoretical
perspectives for explaining why students experience persistent difficulties in mathematics learning.
Rather than attributing learning failure solely to students’ academic ability, learning obstacle theory
emphasizes the interaction between learners’ cognitive characteristics, instructional design, and the
nature of mathematical knowledge. Within the Theory of Didactical Situations, learning obstacles are
generally classified into epistemological, didactical, and ontogenetic obstacles, each representing
different sources of barriers that hinder meaningful learning (Hendriyanto et al., 2024; Maifa et al,,
2025; Prabowo et al., 2022; Sugiarni et al., 2025). Epistemological obstacles arise when previously
acquired knowledge is applied beyond its appropriate context, causing students to construct
incomplete or inaccurate mathematical understanding. Didactical obstacles originate from
instructional decisions, learning resources, or teaching strategies that do not adequately support
students’ conceptual development. Ontogenetic obstacles, in contrast, emerge when the level of
instruction is inconsistent with students’ cognitive development, prerequisite knowledge, or
psychological readiness to learn. Unlike epistemological and didactical obstacles, ontogenetic
obstacles emphasize the learner’s developmental condition as a determining factor in mathematical
understanding. Previous studies have demonstrated that learning obstacles frequently coexist and
influence one another throughout the learning process rather than occurring independently.
Consequently, identifying learning obstacles before instructional intervention has become an
essential component of Didactical Design Research because it enables educators to design learning
experiences that correspond more closely with students’ cognitive characteristics. Therefore,
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learning obstacle theory provides a comprehensive theoretical framework for interpreting students’
errors as manifestations of deeper cognitive barriers rather than isolated procedural mistakes.
Among the three categories of learning obstacles, ontogenetic learning obstacles provide a
particularly valuable perspective for understanding the relationship between students’
developmental readiness and the complexity of mathematical learning. Ontogenetic learning
obstacles are commonly classified into psychological, conceptual, and instrumental dimensions that
collectively influence students’ ability to construct meaningful mathematical understanding.
Psychological ontogenetic obstacles are associated with students’ emotional readiness, learning
motivation, confidence, and willingness to engage in mathematical activities (Capone, 2022; Yang et
al,, 2024). Conceptual ontogenetic obstacles arise when students lack sufficient conceptual maturity
to understand new mathematical ideas because prerequisite concepts have not yet been fully
established. Instrumental ontogenetic obstacles occur when students experience difficulties in
applying mathematical procedures, techniques, or representations despite possessing partial
conceptual knowledge. These three dimensions should not be interpreted as independent learning
difficulties because they frequently interact throughout the learning process and collectively
influence students’ mathematical performance. Conceptual deficiencies may lead to procedural
failures, while repeated procedural failures may subsequently reduce students’ confidence and
motivation to participate actively in mathematics learning. Within the framework of Didactical
Design Research, identifying these multidimensional obstacles constitutes the prospective analysis
stage that precedes the development of instructional interventions. Understanding the interaction
among psychological, conceptual, and instrumental ontogenetic learning obstacles enables teachers
to design learning environments that better accommodate students’ cognitive development and
learning readiness. Therefore, investigating ontogenetic learning obstacles in composite plane figure
area tasks provides both theoretical and practical contributions to mathematics education by
supporting the development of more adaptive and cognitively responsive instructional designs.

METHOD

Research Design

This study used a qualitative approach. Qualitative research has several characteristics: (1)
it is conducted in natural settings (without specific intervention); (2) the researcher serves as the
primary instrument; (3) itis descriptive; (4) it emphasizes process; (5) analysis is inductive; and (6)
the research emphasizes meaning. The method used was descriptive-analytical. The descriptive-
analytical method is a research method that seeks to collect data in accordance with actual reality,
without any special treatment, for subsequent analysis and interpretation in accordance with the
research objectives. This study serves as a preliminary study within the framework of Didactical
Design Research (DDR). It is situated in the first stage of DDR, namely prospective analysis.
Prospective analysis involves examining a didactic situation before instruction is implemented. The
activity carried out during prospective analysis is the analysis of learning obstacles, which serves as
the basis for developing a didactic design. The data used in this study are the results of the learning
obstacle test. These data were thenanalyzed qualitatively to identify students’ ontogenetic obstacles
in the combined area of plane figures. More specifically, the analysis focused on the three types of
ontogenetic obstacles: psychological, instrumental, and conceptual.

Participants
The participants in this study were 20 sixth-grade elementary school students who had
previously studied the topic of the combined area of two-dimensional shapes. Participants were
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selected using purposive sampling. These participants were selected because the combined area of
two-dimensional shapes is taught in the fifth-grade curriculum; therefore, it can be confirmed that
sixth-grade students have already covered this material. The participants in this study were all
sixth-grade students at a public elementary school in South Sumedang Subdistrict, Sumedang
Regency. This school is located in a semi-rural area. The school uses the Merdeka Curriculum, in
accordance with applicable regulations in Indonesia. Based on the results of the initial diagnostic
assessment, students’ math skills are at the developing stage.

Instruments

The primary instrument used in this study was a learning obstacle test specifically
developed to identify students’ learning obstacles regarding the combined area of plane figures.
The research instrument consisted of three open-ended questions. Each question was developed in
accordance with an outline that referenced the pre-established learning objectives. The instrument
was developed through several stages, namely: (1) analysis of CP and ATP; (2) development of the
blueprint; (3) development of the question framework; and (4) validation by experts. Validation was
conducted using the expert judgment method, specifically by two mathematics lecturer at the
Indonesian University of Education.

Research Procedure

This study was conducted in a single session, with no experimental treatments. The
research procedures included preparation, implementation, and analysis. The preparation process
involved a literature review, instrument development, and instrument validation. Once the
preparation process was completed, the study proceeded to the implementation phase. During this
phase, data were collected using the prepared instruments. In addition, direct observation was also
used as a supplementary method to enrich the data obtained. After the data were collected, the
analysis process began.

RESEARCH METHOD FLOW

RESEARCH DESIGN

* Qualitative, descriptive-analytical.

QUALITATIVE CHARACTERISTICS

« Preliminary study in DDR: first stage + Natural setting « Emphasizes process
(prospective analysis).
» Focus: ontogenetic learning obstacles in

* Researcher as instrument < Inductive analysis

composite plane figure area. ¢+ Descriptive * Emphasizes meaning
= 1. PREPARATION — 2. IMPLEMENTATION =3 ; 3. ANALYSIS =
PARTICIPANTS DATA
Literature review 20 sixth-grade students 2
[ ) Public elementary school Students’ responses f'rom
'.. South Sumedang the test and observation
» B sermirural area »
@ Instrument development Merdeka Curriculum DATA ANALYSIS
Math skills: developing
DATA COLLECTION Qualitative analysis to identify
Instrument validation - Learning obstacle test Q s ?bstacles:
(2 mathematics lecturers) (3 open-ended questions) * Psychological
* Instrumental
Direct observation * Conceptual
(supplementary data)

|
EXPECTED OUTPUT

Identification and description of students’ psychological, instrumental,
and conceptual ontogenetic learning obstacles.

Figure 1. Research Method Flow
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RESULTS AND DISCUSSION

Results
The research instruments used were derived from a single problem. The problem presented to the
students is shown in Figure 1 below.

bu INgIn menutupr dinding di rumah dengan menggunakan walipaper. Dmndin The figure presents an authentiC geometry taSk
ang akan ibu tutupi berbentuk seperti di bawah ini dengan panjang 6 meter da .. .
:bar 4 meter. Pada dinding tersebut terdapat pintu berukuran panjang 3 meter da requiring students to determine the Wallpaper area
tbar 1 meter serta jendela berukuran panjang 2 meter dan lebar 1.5 meter needed to cover a rectangular wall after excluding
‘Stukanish: the areas of a door and a window. The task was
designed to assess students’ conceptual
1 meter 2meter understanding of area, geometric decomposition,
and procedural reasoning when solving composite
plane figure problems. Students’ responses were
analyzed to identify psychological, conceptual, and
instrumental ontogenetic learning obstacles within
| the framework of Didactical Design Research.

6 meter

4 meter

1,5 meter

3 meter

Figure 2. Problems presented in the learning obstacle test instrument

This problem was developed into three essay questions presented in the learning obstacle test. The
first question asked students to identify the area of the wall covered with wallpaper. Among all
participants in this study, there were four types of student responses. These four types of responses
are shown in the following figure.

Bagian manakah yang dimaksud dengan [uas dari dinding yang ditutupi oleh
wallpaper? Jelaskan! Pin49it nyq NN 4 Pesery; Pap 14[6

Figure 3. Answer type 1 for question number 1

Figure 3 presents a representative student response to the first Learning Obstacle Diagnostic Test
item. The response, “The edges because it is a rectangle,” indicates a misconception in distinguishing
area from perimeter. This finding reflects a conceptual ontogenetic learning obstacle, showing that
the student had not yet developed a meaningful understanding of the concept of area. Answer type 1
for question number 1 indicates the presence of a conceptual ontogenetic obstacle. These students
conflated the concepts of area and perimeter in two-dimensional shapes. There was a conceptual
error that prevented them from distinguishing between the concepts of area and perimeter in two-
dimensional shapes.

Bagian manakah yang dimaksud dengan luas dari dinding yang ditutupi oleh
wallpaper? Jelaskan!

bagian yang tEndahtNa

Figure 4. Answer type 2 for question number 1
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Figure 4 presents a representative student response indicating a conceptual ontogenetic learning
obstacle. The student identified area as “the middle part,” demonstrating an intuitive understanding
that area refers to the interior of a shape but without a complete mathematical conceptualization of
area. Answer type 2 to question number 1 indicates a psychological ontogenetic obstacles. The
student was able to presenta visual argument but did not yet have a correct conceptual understanding
of the area of a two-dimensional shape. This response can be categorized as correct, although some
aspects remain unclear from a mathematical conceptual standpoint.

Bagian manakah yang dimaksud dengan luas dari dinding yang ditutupi olh
wallpaper? Jelaskan!

Rogiaw vong  lvas

Figure 5. Answer type 3 for question number 1

Figure 5. presents a representative student response indicating a conceptual ontogenetic learning
obstacle. The student answered “the wide part,” which reflects a tautological response that merely
repeats the keyword in the question without demonstrating a meaningful conceptual
understanding of area. Answer type 3 for question number 1 indicates a conceptual ontogenetic
obstacles. This type of answer shows that the student does not understand the concept of area in
two-dimensional shapes. The student merely repeats the question in their answer in a tautological
manner. The student’s response does not address the question.

Bagian manakah yang dimaksud dengan lnas dari dinding yang ditutupi oleh
wallpaper? Jelaskan! CL LosD 3 A \o 09\ an JbéngO\'ﬂ N \9 A
a o

Figure 6. Answer type 4 for question number 1

Figure 6. presents a representative student response indicating a conceptual ontogenetic learning
obstacle. The student described the area as “the middle part and the edges,” revealing a
misconception that combines the concepts of area and perimeter rather than distinguishing them as
separate geometric attributes. Answer type 4 to question number 1 indicates the presence of a
conceptual ontogenetic obstacles. This is demonstrated by the student’s inability to fully understand
the concept of the area of a two-dimensional shape. The terms the student uses still mix up perimeter
and area.

Question 2 asks students to explain, in a procedural, systematic manner, the steps for calculating the
area of a wall covered with wallpaper. Students’ answers to Question 2 can be categorized into three
types. These three types of answers are as follows.
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.'h'kn Ibu ingin mengetahui luas dari dinding yang ditutupi oleh wallpaper,
Jelaskan langkah-langkahnya secara berurutan! (Boleh dengan pemjelasan
maupun menuliskan rumusnya) { v o § "’i“edfﬂg E9rLmsg

ZX)o

Jika Tbu ingin mengetahui luas dari dinding yang ditutupi oleh wallpaper,
jelaskan langkah-langkahnya secara berurutan! (Boleh dengan penjelasan
maupun menuliskan rumusnya)

-

Gm¥ 6™ ok core mewglibunye d¢ A

Figure 7. Answer type 1 for question number 2

Figure 7. presents representative student responses illustrating an instrumental ontogenetic
learning obstacle. Although the students recognized that the area should be calculated using
multiplication, they selected inappropriate dimensions and failed to apply the correct procedure
for determining the wallpaper-covered area of the composite figure. These responses indicate that
students possessed partial procedural knowledge but were unable to transfer it effectively to a
more complex problem context. Answers type 1 for question number 2 indicate the presence of
ontogenetic conceptual difficulties. These students’ answers deviate from the question's context.
This type of obstacle was the most common among students’ answers. It may have occurred
because students did not understand the correct concept for calculating the area of a composite
plane figure. It may also have occurred because students had not yet mastered the prerequisite
material, leading them to answer haphazardly by simply multiplying the numbers visible in the
figure.

getahui luas dari dinding yang ditutupi oleh wallpaper,

: ingin men
Jika Tbu ingin an! (Boleh dengan penelasa

claskan langkah-langkahnya secara berurut
naupun menuliskan rumusnya)

Hg:l&

Figure 8. Answer type 2 for question number 2

Figure 8. presents a representative student response illustrating an instrumental ontogenetic
learning obstacle. The student directly calculated the wall area using 6 x 3 = 18 without considering
the areas of the door and window that should be excluded. This response indicates that the student
relied on a familiar procedure but failed to adapt it to the composite geometry context. Answer type
2 for question number 2 indicates an instrumental ontogenetic obstacle. The answer consists solely
of the arithmetic operation of multiplying two numbers, without any operational steps. This answer
does not meet the requirements of the question. The student was unable to use the appropriate
techniques and procedures to answer the question.
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ika Tbu ingin mengetahui luas dari dinding yang ditutupi oleh wallpaper,
elaskan langkah-langkahnya secara berurutan! (Boleh dengan penjelasan
naupun menuliskan rumusnya)

(et mmg(m'eum?m\c« (\‘mm\fm rengaefalan
wous 0y dan (\(‘@Q“‘m() AQHQPH \vos

Klmkb\ A )(Vé\(\o"

Figure 9. Answer type 3 for question number 2

Figure 9 presents a representative student response demonstrating an appropriate understanding
of the procedure for determining the wallpaper-covered area. The student correctly explained that
the wall area should be calculated using the rectangle area formula and then reduced by the areas
of the door and window, indicating successful integration of conceptual understanding and
procedural reasoning. Answer type 3 for question number 2 is a correct and complete answer. This
type of answer contains a complete and systematic procedure. The student answered the question
correctly. This indicates that the student no longer has any ontogenetic obstacles.

Question 3 asks students to calculate the area of a wall covered with wallpaper using the method
explained in the previous question. There are three types of student responses to Question 3. These
three types of responses are as follows.

Berapakah luas dari dinding yang ditutupi wallpaper?
Perseq; Pan dang®

Persediempqt = 5
e\ eidu -

Figure 10. Answer type 1 for question number 3

Figure 10. presents a representative student response illustrating a conceptual ontogenetic
learning obstacle. Instead of determining the wallpaper-covered area, the student listed several
geometric shapes with unrelated numerical values, indicating difficulty in identifying relevant
information and decomposing the composite figure into appropriate components for area
calculation. Type 1 student responses to question 3 indicate the presence of conceptual and
psychological ontogenetic obstacles. Conceptual ontogenetic obstacles are evident in students’
errors in interpreting the question. Students do not yet understand how to calculate area, so their
answers are out of context with the question. Psychological ontogenetic obstacles are evident when
students are asked to explain the meaning of their answers; they repeatedly say “I don’t know” and
“I'm confused,” indicating that psychological obstacles prevent them from answering the question.
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4 3erapakah luas dari dinding yang ditutupi wallpaper '
1X6=24,
314=12 _
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Figure 11. Answer type 2 for question number 3

Figure 11. presents representative student responses illustrating an instrumental ontogenetic
learning obstacle. Although the students attempted to calculate the wallpaper-covered area using
arithmetic operations, they applied inappropriate procedures and selected irrelevant numerical
values. These responses indicate that the students possessed partial procedural knowledge but
were unable to transfer it effectively to the composite plane figure context. Answer type 2 for
question number 3 indicates the presence of psychological and instrumental obstacles. The student
believed that a certain part needed to be calculated by subtraction, but still applied the procedure
incorrectly. The student appeared to have difficulty following the given procedure. The
psychological obstacle was evident in the student’s response, which conveyed the impression that
“the important thing is just to do it,” indicating that the student’s motivation to solve this problem
correctly was low.
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Figure 12. Answer type 3 for question number 3

Figure 12. presents a representative student response illustrating an instrumental ontogenetic
learning obstacle. The student correctly identified the required area calculations for the wall, door,
and window but produced an incorrect final result due to an error in integrating the intermediate
calculations. This response indicates that the student possessed appropriate conceptual
understanding but experienced difficulty applying the complete calculation procedure accurately.
The type 3 student's response to question number 3 is the most correct, complete, and systematic.
This indicates that students who provided this type of answer no longer face learning obstacles,
particularly ontogenetic learning obstacles. This response aligns with the question's requirements.
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Discussion

The findings demonstrate that ontogenetic learning obstacles emerged consistently across
all learning obstacle tasks, indicating that students’ difficulties in learning composite plane figure
area cannot be explained solely by procedural mistakes but instead reflect broader cognitive and
developmental barriers. Among the three identified dimensions, conceptual ontogenetic obstacles
were the most dominant, followed by instrumental obstacles, while psychological obstacles appeared
as a consequence of unresolved conceptual and procedural difficulties. This pattern suggests that
students’ learning difficulties develop progressively rather than independently, where deficiencies
in conceptual understanding gradually influence procedural performance and eventually affect
students’ psychological readiness to engage in mathematical learning. Such findings support the
theoretical assumption that mathematical understanding develops through the interaction between
cognitive readiness, prior knowledge, and instructional experiences. Previous studies have similarly
reported that learning obstacles in mathematics rarely originate from a single source but instead
emerge through the interaction of multiple cognitive and instructional factors (Hendriyanto et al.,
2024; Kokkonen & Schalk, 2021; Saha et al,, 2024; Wu, 2025; X. Zhang et al,, 2020). However, most
previous investigations have concentrated primarily on epistemological and didactical learning
obstacles, whereas relatively few studies have examined the multidimensional nature of ontogenetic
learning obstacles in elementary geometry. The present findings therefore extend existing
knowledge by demonstrating that psychological, conceptual, and instrumental ontogenetic obstacles
should be interpreted as interconnected components of students’ mathematical learning rather than
isolated categories. This multidimensional interpretation provides a more comprehensive
explanation of why students who possess partial procedural knowledge may still fail to solve
geometry problems successfully. It also explains why repeated conceptual failure frequently
develops into procedural confusion and reduced learning confidence over time. Consequently,
identifying ontogenetic learning obstacles before instructional intervention becomes an essential
prerequisite for designing learning environments that are responsive to students’ cognitive
development and learning readiness.

Conceptual ontogenetic obstacles constituted the most prominent finding of this study,
particularly in students’ misconceptions regarding the concepts of area, perimeter, and the
decomposition of composite plane figures. Students frequently interpreted area as a specific location
within a figure rather than as a measurable attribute representing the extent of a two-dimensional
region, indicating that meaningful conceptual schemas had not yet been established. Similar
misconceptions have been widely reported in elementary mathematics, where students often
confuse area with perimeter or apply formulas without understanding the underlying measurement
concepts (Chiphambo & Mtsi, 2021; Idrus et al., 2022; Runnalls & Hong, 2020). Previous studies have
also shown that misconceptions related to area measurement persist because students develop
fragmented concept images that differ substantially from formal mathematical definitions (Ding,
2024; Sanchez et al.,, 2024; Thurn et al., 2020). From the perspective of geometry learning, these
findings are consistent with cognitive development theories suggesting that students who remain at
early visualization levels tend to classify geometric concepts based on perceptual appearance rather
than on defining properties. Consequently, students experience difficulty recognizing that composite
plane figures can be decomposed into simpler geometric components without altering their total
area. This inability to perform geometric decomposition limits students’ capacity to establish
relationships among constituent figures and prevents them from selecting appropriate mathematical
strategies. Furthermore, the persistence of conceptual misconceptions indicates that classroom
instruction may have emphasized procedural calculation more strongly than conceptual reasoning,
thereby limiting opportunities for students to construct meaningful mathematical understanding.
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These findings reinforce previous arguments that conceptual understanding should precede
procedural fluency because meaningful knowledge construction enables students to transfer
mathematical ideas more effectively to unfamiliar situations. Therefore, strengthening conceptual
understanding of area measurement and geometric decomposition should become a primary
instructional priority for reducing conceptual ontogenetic learning obstacles in elementary
geometry.

Instrumental ontogenetic obstacles emerged when students were unable to transfer
previously learned mathematical procedures to unfamiliar composite geometry tasks despite
demonstrating partial procedural knowledge. Students generally recognized that calculating area
required multiplication and subtraction procedures, yet they failed to determine appropriate
geometric components or apply these procedures systematically within the given problem context.
This finding indicates that procedural knowledge alone is insufficient for solving composite geometry
problems unless it is supported by adequate conceptual understanding. Similar conclusions have
been reported in previous studies showing that procedural fluency without conceptual
comprehension often results in rigid algorithmic behavior that cannot be adapted to novel
mathematical situations (Bojorque et al., 2025; Mogan et al.,, 2026; Schulz, 2024). The present
findings also support the proposition of Cognitive Load Theory, which explains that students
experiencing excessive cognitive demands allocate much of their working memory capacity to basic
calculations, leaving insufficient cognitive resources for higher-order reasoning and problem
representation (Pyke et al., 2025; Sortwell et al., 2026; van Nooijen et al., 2024). Consequently,
students become more likely to perform arbitrary calculations, repeat familiar procedures, or ignore
important geometric information contained within the problem. Previous research concerning area
measurement has likewise demonstrated that students frequently memorize formulas without
understanding when and why particular procedures should be applied, resulting in procedural
errors during complex geometry tasks. The results of this study further indicate that instrumental
ontogenetic obstacles frequently originate from unresolved conceptual weaknesses rather than from
procedural incompetence alone. This relationship explains why students who correctly remembered
mathematical formulas nevertheless failed to produce accurate solutions when confronted with
composite plane figure area tasks. Therefore, instructional practices should integrate conceptual
explanation, visual reasoning, and procedural application simultaneously so that students develop
flexible mathematical knowledge capable of supporting successful problem solving across diverse
geometry contexts.

Psychological ontogenetic obstacles represented the final dimension identified in this study
and were primarily manifested through students’ hesitation, uncertainty, low confidence, and limited
willingness to engage in solving geometry problems. Unlike conceptual and instrumental obstacles,
psychological obstacles did not emerge independently but developed after students repeatedly
encountered conceptual misunderstandings and procedural failures during the learning process.
This finding suggests that students’ emotional readiness to learn mathematics is strongly influenced
by their previous learning experiences and perceptions of competence rather than by affective
factors alone (Di Martino et al., 2023; Gao, 2020; Hofer et al,, 2023; Skilling et al., 2020). Similar
findings have been reported in studies on mathematics anxiety, which indicate that repeated failure
in solving mathematical problems gradually reduces students’ confidence, increases avoidance
behavior, and limits their willingness to employ effective problem-solving strategies (Jiang et al.,
2021; Wangetal,, 2025; Zhu et al., 2024). Students who perceive themselves as unsuccessful learners
frequently adopt superficial approaches, provide incomplete responses, or attempt to finish
mathematical tasks without carefully evaluating the correctness of their answers. Such behaviors
were evident in this study, where several students demonstrated partial conceptual understanding
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but failed to elaborate their reasoning because they lacked confidence in their own responses. This
condition indicates that psychological readiness functions as both a consequence and a reinforcing
factor of conceptual and procedural learning difficulties. From a cognitive perspective, negative
emotional responses may further increase cognitive load by diverting students’ attention away from
mathematical reasoning toward managing feelings of uncertainty and failure. Consequently,
reducing psychological ontogenetic obstacles requires instructional environments that encourage
students to express ideas freely, learn from mistakes, and gradually develop confidence through
appropriately scaffolded learning experiences. Therefore, teachers should consider psychological
readiness as an integral component of mathematics instruction because strengthening students’
confidence may contribute to improved conceptual understanding and procedural performance
simultaneously.

Taken together, the findings indicate that psychological, conceptual, and instrumental
ontogenetic learning obstacles should be understood as interconnected dimensions rather than as
isolated categories of learning difficulties. The results demonstrate that conceptual weaknesses
constitute the initial source of learning obstacles, which subsequently influence students’ procedural
performance and eventually contribute to the emergence of psychological barriers during
mathematical learning. This sequential relationship extends existing theoretical perspectives by
illustrating how ontogenetic learning obstacles evolve dynamically throughout students’ learning
experiences rather than appearing independently at different stages of instruction. Unlike previous
studies that primarily described students’ misconceptions, procedural errors, or learning difficulties
separately, the present study provides empirical evidence that these phenomena are closely
interconnected through the framework of ontogenetic learning obstacles. The findings therefore
contribute to mathematics education by enriching the theoretical understanding of how students’
cognitive development, conceptual maturity, and psychological readiness collectively influence
geometry learning (Jablonski & Ludwig, 2023). Within the framework of Didactical Design Research,
these findings reinforce the importance of conducting prospective analyses before designing
instructional interventions because identifying students’ ontogenetic learning obstacles enables
teachers to anticipate potential learning barriers more effectively. The study also suggests that
instructional improvement should not focus exclusively on procedural accuracy but should prioritize
conceptual development, cognitive readiness, and psychological support as complementary
components of meaningful mathematics learning. Integrating visual representations, decomposition
activities, guided questioning, and reflective discussion may facilitate stronger conceptual
construction while simultaneously reducing students’ procedural and psychological difficulties. Such
instructional strategies are expected to create learning environments that are more responsive to
students’ developmental characteristics and better aligned with the principles of learner-centered
mathematics education. Consequently, this study provides both theoretical and practical evidence
that understanding the interaction among psychological, conceptual, and instrumental ontogenetic
learning obstacles is fundamental for designing adaptive geometry instruction that supports
meaningful conceptual learning in elementary schools.

Implications

The findings of this study have important theoretical and practical implications for the
advancement of mathematics education, particularly in understanding students’ ontogenetic
learning obstacles in elementary geometry. From a theoretical perspective, the study extends the
existing framework of learning obstacle theory by demonstrating that psychological, conceptual, and
instrumental ontogenetic obstacles are not independent phenomena but rather interconnected
dimensions that develop dynamically throughout students’ learning experiences. This
multidimensional perspective provides a more comprehensive explanation of students’ cognitive
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barriers than approaches that examine conceptual misconceptions or procedural errors separately.
The findings also reinforce the importance of considering students’ cognitive readiness as a central
factor in designing effective mathematics instruction, especially when introducing conceptually
demanding topics such as composite plane figure area. From a pedagogical perspective, the results
suggest that geometry instruction should prioritize conceptual understanding before procedural
fluency by engaging students in activities that strengthen geometric visualization, spatial reasoning,
and the decomposition of composite figures. Teachers should also implement diagnostic assessments
prior to instruction to identify students’ ontogenetic learning obstacles and use the results to provide
appropriate scaffolding based on students’ developmental characteristics. Furthermore,
instructional practices should create psychologically supportive learning environments that
encourage students to express mathematical ideas, learn from errors, and develop confidence
without fear of failure. The findings also imply that instructional materials should incorporate
multiple visual representations, guided exploration, and reflective discussions to facilitate
meaningful conceptual construction rather than emphasizing formula memorization alone. Within
the framework of Didactical Design Research, the identification of ontogenetic learning obstacles
provides an essential foundation for conducting prospective analyses and developing instructional
designs that are responsive to students’ learning needs. These findings further suggest that
curriculum developers should integrate diagnostic learning activities and conceptual progression
into elementary geometry curricula to better accommodate students’ cognitive development. For
researchers, the study provides empirical evidence that can support the development of more
comprehensive models explaining the interaction among cognitive, procedural, and psychological
dimensions of mathematics learning. Ultimately, these implications contribute to the development of
adaptive, learner-centered geometry instruction that promotes meaningful conceptual
understanding while reducing persistent learning obstacles among elementary school students.

Limitations and Suggestions for Future Research

This study has several limitations that should be considered when interpreting its findings
and planning subsequent investigations. First, the study involved a relatively small number of
participants from a single public elementary school, which may limit the transferability of the
findings to students from different educational contexts, grade levels, or cultural backgrounds.
Second, the investigation focused exclusively on composite plane figure area tasks, meaning that the
identified ontogenetic learning obstacles may not fully represent students’ learning characteristics
in other geometry topics or mathematical domains. Third, the qualitative nature of the study
emphasized an in-depth interpretation of students’ written responses and observations rather than
examining the prevalence of ontogenetic learning obstacles across larger populations. In addition,
students’ psychological ontogenetic obstacles were inferred primarily from observable behaviors
and response patterns rather than from standardized psychological or motivational measurements.
The study also examined learning obstacles during the prospective analysis stage of Didactical Design
Research without evaluating the effectiveness of instructional interventions designed to overcome
the identified obstacles. Furthermore, the analysis was limited to the three dimensions of ontogenetic
learning obstacles and did not investigate their interactions with epistemological and didactical
learning obstacles that may simultaneously influence students’ mathematical learning. Future
studies are therefore encouraged to involve larger and more diverse samples from different
educational settings to improve the generalizability of the findings. Subsequent research should also
investigate ontogenetic learning obstacles across a wider range of mathematical topics, including
three-dimensional geometry, algebra, measurement, and proportional reasoning. In addition, mixed-
methods or longitudinal research designs may provide deeper insights into how psychological,
conceptual, and instrumental ontogenetic learning obstacles develop and change throughout
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students’ learning trajectories. Future investigations are further recommended to design, implement,
and evaluate instructional interventions within the complete Didactical Design Research cycle to
determine the effectiveness of adaptive learning designs in reducing ontogenetic learning obstacles.
Finally, integrating cognitive, affective, and instructional perspectives into future research may
contribute to a more comprehensive understanding of students’ mathematical learning processes
and support the development of evidence-based instructional practices that promote meaningful
conceptual learning in elementary mathematics.

CONCLUSION

This study explored psychological, conceptual, and instrumental ontogenetic learning
obstacles experienced by elementary school students when solving composite plane figure area tasks
within the framework of Didactical Design Research. The findings demonstrate that all three
dimensions of ontogenetic learning obstacles were evident throughout students’ responses,
indicating that difficulties in elementary geometry extend beyond procedural errors and involve
broader cognitive and developmental factors. Conceptual ontogenetic obstacles emerged as the most
dominant form of learning obstacle, reflecting students’ incomplete understanding of area concepts,
geometric decomposition, and the distinction between area and perimeter. Instrumental ontogenetic
obstacles were identified when students were unable to transfer previously learned mathematical
procedures to unfamiliar problem situations despite possessing partial procedural knowledge.
Psychological ontogenetic obstacles appeared primarily as a consequence of repeated conceptual
misunderstandings and procedural failures, resulting in reduced confidence, uncertainty, and limited
engagement in mathematical reasoning. These findings suggest that the three dimensions of
ontogenetic learning obstacles are dynamically interconnected rather than functioning as isolated
learning difficulties. The study therefore provides empirical evidence that meaningful geometry
learning requires the simultaneous development of conceptual understanding, procedural
competence, and psychological readiness. From a theoretical perspective, the findings extend the
understanding of ontogenetic learning obstacles by demonstrating how cognitive, procedural, and
affective dimensions interact during elementary mathematics learning. From a practical perspective,
the study highlights the importance of identifying students’ ontogenetic learning obstacles before
instructional implementation as a foundation for designing adaptive learning experiences. The
findings also reinforce the role of Didactical Design Research in supporting evidence-based
instructional planning that aligns learning activities with students’ cognitive development and
learning needs. Furthermore, this study contributes to mathematics education by providing a
comprehensive framework for interpreting students’ learning difficulties beyond conventional
analyses of misconceptions and procedural errors. Overall, the findings emphasize that recognizing
and addressing the interaction among psychological, conceptual, and instrumental ontogenetic
learning obstacles is essential for developing more effective, learner-centered geometry instruction
that promotes meaningful conceptual understanding in elementary mathematics.
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