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Background: Geometry is a fundamental branch of mathematics that develops
students’ spatial reasoning, logical thinking, and problem-solving abilities. One
important topic in geometry is the Pythagorean Theorem, which remains
challenging for many students due to persistent conceptual and procedural
difficulties in solving related problems.

Aims: This study aimed to identify and analyze students’ learning obstacles in the
Pythagorean Theorem from epistemological, ontogenic, and didactical
perspectives through a systematic literature review.

Method: This study employed a qualitative approach using a Systematic
Literature Review (SLR) following the PRISMA protocol. Twenty articles
published between 2019 and 2025 from 14 academic journals were selected
based on predefined inclusion and exclusion criteria. The collected studies were
analyzed qualitatively to identify patterns of learning obstacles and instructional
challenges in learning the Pythagorean Theorem.

Results: The findings revealed that students’ difficulties were predominantly
associated with epistemological obstacles, including fragmented understanding
of powers and roots, misconceptions regarding side relationships in right
triangles, reliance on trial-and-error strategies when using Pythagorean triples,
and inability to interpret the theorem as a meaningful geometric relationship.
These difficulties were further reinforced by ontogenic obstacles such as limited
prerequisite knowledge, weak visual-spatial reasoning, and poor problem-
modeling ability. In addition, didactical obstacles emerged from instructional
practices emphasizing formula memorization and procedural computation
rather than conceptual reasoning, visualization, and proof.
Conclusion: This study concludes that learning obstacles in the Pythagorean
Theorem are multidimensional and interconnected across epistemological,
ontogenic, and didactical domains. Therefore, mathematics instruction should
integrate conceptual understanding, visual representation, and contextual
problem-solving activities to support meaningful learning of the Pythagorean
Theorem.
To cite this article: Sandra, Y., Suryadi, D. & Dasari, D. (2026). Epistemological, ontogenic, and didactical learning
obstacles in the Pythagorean Theorem: a systematic literature review. Journal of Advanced Sciences
and Mathematics Education, 6(2), 392-412.

INTRODUCTION

Geometry is one of the fundamental branches of mathematics that plays an important role in
developing students’ logical thinking, visualization ability, spatial reasoning, and problem-solving
skills. Through geometry learning, students are expected to understand the relationships among
points, lines, planes, measurements, and spatial objects within both abstract and contextual
situations (Bernabeu et al., 2024; Dorel, 2023; Hwang et al, 2020; Jablonski & Ludwig, 2023).
Geometry also serves as an essential foundation for understanding many mathematical concepts
used in science, engineering, architecture, and technology (Venetis, 2020). One of the important
topics derived from geometry is the Pythagorean Theorem, which becomes a foundational principle
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for understanding right triangles and geometric relationships (Blasjo, 2022; Hahn, 2022; Silva,
2022). The Pythagorean Theorem occupies a central position in mathematics learning because it
supports the understanding of distance, shape, trigonometry, and spatial measurement (Keyik et al.,
2026). In the context of geometry, the theorem establishes a mathematical relationship among the
sides of a right triangle, where the square of the hypotenuse is equal to the sum of the squares of the
other two sides. This relationship allows students to solve various geometric and measurement
problems presented visually or contextually. Furthermore, the Pythagorean Theorem contributes
significantly to the development of mathematical reasoning and conceptual understanding in
geometry learning. However, despite its importance in mathematics education, many students still
experience difficulties in understanding and applying the theorem meaningfully. Therefore,
understanding students’ learning difficulties in the Pythagorean Theorem becomes important for
improving geometry instruction and supporting meaningful mathematical learning experiences.

In reality, the Pythagorean Theorem remains a difficult topic for many students because
numerous conceptual and procedural errors continue to emerge during problem solving. Students
frequently experience difficulties in understanding the concept of the theorem, selecting appropriate
solution procedures, and performing arithmetic operations involving powers and roots (Alam &
Mohanty, 2024; Baiduri et al., 2020; Barbieri & Rodrigues, 2025). These difficulties subsequently
affect students’ abilities to solve advanced and contextual problems involving the application of the
Pythagorean Theorem (Deshpande et al, 2021; Dewi et al., 2025; Taamneh et al., 2024). Many
students are also unable to transfer ideas from geometrical images into mathematical
representations, resulting in weak interpretation of right-triangle relationships and measurement
problems (Ulusoy, 2021). In addition, students often experience confusion when determining the
hypotenuse or selecting the appropriate side lengths to substitute into the formula. Such conditions
indicate that students’ understanding of the theorem tends to remain procedural rather than
conceptual. Students may memorize the formula successfully but still fail to understand when, why,
and how the theorem should be applied meaningfully in problem-solving situations. As a
consequence, students frequently encounter difficulties when solving story problems and contextual
tasks requiring interpretation, visualization, and mathematical reasoning (Basid et al., 2024; Hughes
et al,, 2020; Kohen et al., 2022; Purcar et al, 2024; Verschaffel et al., 2020). These findings
demonstrate that students’ learning difficulties are not merely related to computational weakness
but also involve conceptual misunderstanding and fragmented mathematical thinking. Therefore,
investigating the nature and characteristics of students’ learning obstacles in the Pythagorean
Theorem is essential for supporting meaningful geometry learning,.

Learning obstacles in the Pythagorean Theorem can be analyzed through epistemological,
ontogenic, and didactical perspectives. Epistemological obstacles emerge when students possess
limited conceptual understanding and are unable to transfer mathematical knowledge into different
contexts (Fielding & Makar, 2022; Maknun et al,, 2022; Rodriguez et al., 2020; Sukarma et al., n.d.).
Students may understand formulas procedurally yet fail to interpret geometric relationships
conceptually or apply the theorem in unfamiliar situations. Ontogenic obstacles are associated with
students’ cognitive readiness, prerequisite knowledge, visual-spatial reasoning ability, and
mathematical maturity during learning processes (Silver & Libertus, 2022). Students with weak
understanding of exponents, roots, and geometric representation often experience substantial
difficulties in understanding the conceptual structure of the Pythagorean Theorem. Meanwhile,
didactical obstacles originate from instructional practices that emphasize formula memorization,
repetitive exercises, and procedural computation rather than conceptual reasoning and geometric
visualization. Existing studies generally focused on empirical classroom investigations examining
students’ misconceptions, procedural errors, or specific instructional interventions separately.
Although several studies discussed learning difficulties in geometry learning, limited attention has
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been given to systematically integrating epistemological, ontogenic, and didactical obstacles within
a unified analytical framework. Furthermore, previous systematic literature review studies
discussing learning obstacles predominantly focused on algebra or general mathematics concepts
rather than specifically investigating the Pythagorean Theorem. Consequently, there remains
insufficient comprehensive understanding regarding the interconnected nature of students’ learning
obstacles in the Pythagorean Theorem across conceptual, cognitive, and instructional dimensions.

Although previous studies have extensively investigated geometry learning, conceptual
understanding, misconceptions, and instructional approaches in mathematics education, most
research has focused on isolated aspects of students’ difficulties rather than comprehensively
synthesizing multidimensional learning obstacles within a unified framework. Several studies
examined students’ geometrical misconceptions, conceptual understanding, and visualization
difficulties in geometry learning (Gurmu et al., 2024; Uygun et al., 2024), while other studies explored
epistemological obstacles in mathematics topics such as trigonometry and transformation geometry
(Kandaga et al, 2022; Maknun et al, 2022). In addition, technological interventions such as
GeoGebra, virtual reality, and augmented reality have been widely investigated to improve students’
geometry learning outcomes and spatial reasoning abilities. Research specifically related to the
Pythagorean Theorem has predominantly emphasized instructional practices, proof construction,
and mathematical argumentation rather than students’ multidimensional learning obstacles (Due,
2024; Jackson & Johnson, 2024; Sol et al.,, 2025). Furthermore, studies on learning obstacles in
mathematics have generally focused on probability learning or broader mathematics contexts rather
than geometry learning specifically (Castellvi, 2024; Sari et al, 2024). Although these studies
contributed significantly to mathematics education literature, limited attention has been given to
systematically integrating epistemological, ontogenic, and didactical obstacles simultaneously within
the context of the Pythagorean Theorem. Existing research also tends to investigate procedural
errors, misconceptions, or instructional interventions separately without examining how conceptual
understanding, prerequisite knowledge, visual-spatial reasoning, and instructional practices
interact in shaping students’ learning difficulties. Moreover, systematic literature review studies
specifically synthesizing multidimensional learning obstacles in the Pythagorean Theorem remain
limited in recent mathematics education research. Consequently, there is still insufficient
comprehensive understanding regarding the interconnected nature of epistemological, ontogenic,
and didactical obstacles experienced by students in learning the Pythagorean Theorem. Therefore,
this study addresses the existing research gap by systematically synthesizing previous studies to
analyze learning obstacles in the Pythagorean Theorem through epistemological, ontogenic, and
didactical perspectives within a unified systematic literature review framework.

Based on the identified research gaps, this study aimed to systematically identify and analyze
students’ learning obstacles in the Pythagorean Theorem from epistemological, ontogenic, and
didactical perspectives through a systematic literature review approach. Specifically, this study
sought to describe the dominant forms of conceptual, cognitive, and instructional obstacles
experienced by students in learning the Pythagorean Theorem. The study also aimed to synthesize
patterns of misconceptions, reasoning difficulties, visual spatial challenges, and instructional
limitations reported in previous studies related to geometry learning. Furthermore, this study
intended to examine how epistemological, ontogenic, and didactical obstacles interact and contribute
to students’ fragmented understanding of the Pythagorean Theorem. Through this systematic
synthesis, the study is expected to provide a more comprehensive understanding of students’
mathematical learning difficulties in geometry education. The findings are also expected to
contribute theoretically by positioning learning obstacles as interconnected cognitive and
instructional phenomena rather than isolated procedural errors. Practically, this study is expected to
provide implications for mathematics educators in designing instructional strategies that emphasize
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conceptual understanding, visual representation, contextual reasoning, and reflective problem-
solving activities. In addition, the findings may support the development of curriculum designs and
geometry learning approaches that facilitate meaningful mathematical understanding among
students. The study is further expected to serve as a reference for future research investigating
conceptual and didactical obstacles in mathematics learning contexts. Ultimately, this systematic
literature review aims to support the improvement of geometry instruction quality and students’
conceptual understanding of the Pythagorean Theorem in mathematics education.

LITERATURE REVIEW

Geometry is an essential domain in mathematics education because it supports the
development of visualization ability, logical reasoning, spatial understanding, and problem-solving
skills. Through geometry learning, students are expected to construct relationships among shapes,
measurements, positions, and mathematical representations meaningfully. One of the most
important concepts in geometry learning is the Pythagorean Theorem, which becomes a foundational
principle for understanding right triangles, distance relationships, and geometric measurement
(Jablonski & Ludwig, 2023; Silva, 2022). The theorem is also closely connected with trigonometry,
coordinate systems, algebraic reasoning, and mathematical proof. Consequently, understanding the
Pythagorean Theorem is considered important for supporting students’ mathematical competence
at higher educational levels (Dewi et al., 2025; Taamneh et al., 2024). In mathematics learning,
conceptual understanding of the Pythagorean Theorem requires students not only to memorize
formulas but also to interpret geometric relationships among triangle sides conceptually and
contextually (Keyik et al., 2026). Students are expected to understand why the relationship between
the square of the hypotenuse and the squares of the other sides occurs mathematically. However,
many students still perceive the theorem as merely a computational procedure involving formula
substitution rather than as a meaningful geometric relationship. Such conditions frequently result in
fragmented understanding and weak mathematical reasoning during problem solving. Therefore,
understanding students’ conceptual difficulties in learning the Pythagorean Theorem becomes
important within mathematics education research.

Learning difficulties in the Pythagorean Theorem are frequently associated with
misconceptions, procedural dependency, and limited conceptual understanding. Many students
experience difficulties in distinguishing the hypotenuse from the perpendicular sides of a triangle,
especially when the orientation of the figure changes. Students also frequently misunderstand the
concepts of powers and roots, which subsequently affects their ability to apply the theorem correctly
(Akolekar et al., 2025; Brown et al., 2020; Taamneh et al., 2024). In addition, students often rely on
trial-and-error strategies when using Pythagorean triples without understanding the proportional
relationship among side lengths conceptually. These conditions indicate that students tend to focus
on procedural calculation rather than geometric reasoning and conceptual interpretation. Several
studies reported that students are able to use the formula a2+b2=c2 correctly in routine exercises but
fail to interpret the geometric meaning underlying the formula. Students also experience difficulties
transferring mathematical ideas from visual representation into symbolic representation during
problem solving (Kaitera & Harmoinen, 2022; Unal et al, 2023; Zakelj & Klancar, 2022).
Consequently, many students encounter obstacles when solving contextual or story problems
involving the application of the Pythagorean Theorem (Deshpande etal., 2021; Taamneh etal., 2024).
Such findings demonstrate that conceptual understanding plays a crucial role in supporting
meaningful geometry learning. Therefore, identifying the characteristics of students’ conceptual
difficulties is essential for improving instructional quality in geometry education.
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In mathematics education, students’ learning difficulties are commonly analyzed through the
concept of learning obstacles. Learning obstacles refer to barriers experienced by students during
learning processes that prevent them from achieving meaningful conceptual understanding
(Bringula et al., 2021; Chew & Cerbin, 2021; Mailizar et al., 2020; Nouraey & Al-Badi, 2023). One
important category is epistemological obstacles, which emerge when students possess limited
conceptual schemas and are unable to transfer mathematical understanding into broader contexts
(Alam & Mohanty, 2024; Maknun et al., 2022). Students experiencing epistemological obstacles may
understand mathematical procedures mechanically yet fail to interpret concepts meaningfully in
unfamiliar situations. In the context of the Pythagorean Theorem, epistemological obstacles often
appear when students memorize formulas without understanding geometric relationships among
the sides of right triangles (Maknun et al., 2022; Mukuka et al., 2023; Taamneh et al., 2024). Another
category is ontogenic obstacles, which are related to students’ cognitive readiness, prerequisite
knowledge, visual-spatial reasoning, and developmental characteristics during learning. Students
with weak understanding of exponents, roots, and geometric representation frequently experience
substantial difficulties in understanding the conceptual structure of the Pythagorean Theorem (Bila
et al, 2024; Mutambara & Tsakeni, 2022). Furthermore, didactical obstacles emerge from
instructional practices emphasizing formula memorization, repetitive exercises, and teacher-
centered learning rather than conceptual exploration and reflective reasoning. These three
categories of learning obstacles are interconnected because students’ conceptual difficulties are
influenced simultaneously by cognitive, instructional, and contextual factors. Therefore, analyzing
learning obstacles through epistemological, ontogenic, and didactical perspectives provides a more
comprehensive understanding of students’ mathematical learning difficulties.

Previous studies investigating the Pythagorean Theorem predominantly focused on students’
misconceptions, procedural errors, instructional interventions, and technological integration in
geometry learning. Several studies explored the use of visual media, GeoGebra, augmented reality,
and contextual learning approaches to improve students’ understanding of geometric concepts
(Chonchaiya & Srithammee, n.d.; Nadzeri et al., 2024). Other studies examined students’ difficulties
in proof construction, mathematical argumentation, and representation during geometry problem
solving (Campbell & Zelkowski, 2020; Dello lacono, 2021; Ramirez-Uclés & Ruiz-Hidalgo, 2022;
Stylianides et al., 2024; Winer & Battista, 2022). Although these studies contributed significantly to
mathematics education literature, most investigations analyzed students’ difficulties separately
rather than integrating them within a multidimensional framework of learning obstacles. Existing
research generally emphasized procedural mistakes or classroom interventions without
comprehensively examining how epistemological, ontogenic, and didactical obstacles interact
simultaneously during learning processes (Ario et al, 2025; Hendriyanto et al., 2024; Narciss &
Alemdag, 2025). In addition, many studies were conducted as empirical classroom investigations
with limited contextual scope and participant coverage. Systematic literature review studies
discussing learning obstacles also predominantly focused on algebra, probability, or general
mathematics concepts rather than specifically investigating geometry learning in the Pythagorean
Theorem. Consequently, there remains limited synthesis regarding the interconnected nature of
students’ conceptual understanding, visual-spatial reasoning, prerequisite knowledge, and
instructional practices within geometry learning contexts. Furthermore, the literature still lacks
comprehensive analysis explaining how different types of learning obstacles contribute to students’
fragmented understanding of the Pythagorean Theorem. Therefore, a systematic synthesis of
previous studies is necessary to provide deeper understanding regarding multidimensional learning
obstacles in geometry education.

Systematic literature review approaches have become increasingly important in
mathematics education research because they enable researchers to synthesize findings from
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multiple studies systematically and comprehensively. Through systematic synthesis, researchers
may identify recurring conceptual patterns, instructional issues, and cognitive difficulties
experienced by students across different learning contexts. In the context of geometry learning,
systematic reviews allow researchers to examine how conceptual understanding, reasoning ability,
visualization, and instructional design interact in shaping students’ mathematical learning
experiences. Furthermore, systematic literature reviews support the identification of research gaps
and theoretical inconsistencies that may not be visible in isolated empirical investigations. The
PRISMA framework is frequently used in systematic review studies because it provides transparent
procedures for article selection, screening, and synthesis processes. By applying systematic review
methods, researchers may construct broader theoretical perspectives regarding students’ learning
obstacles and conceptual development in mathematics learning. In the context of the Pythagorean
Theorem, systematic synthesis is important because students’ learning difficulties are
multidimensional and involve conceptual, cognitive, and instructional aspects simultaneously.
Integrating epistemological, ontogenic, and didactical perspectives within a systematic literature
review framework may therefore provide more comprehensive understanding regarding students’
geometry learning obstacles. Such synthesis may also support the development of adaptive
instructional strategies emphasizing conceptual reasoning, visualization, and contextual
understanding rather than procedural memorization alone. Therefore, systematic literature review
studies focusing on learning obstacles in the Pythagorean Theorem contribute significantly to
mathematics education research and instructional improvement in geometry learning.

METHOD

Research Design

This study employed a qualitative research approach using a Systematic Literature Review
(SLR) method to investigate students’ learning obstacles in the Pythagorean Theorem from
epistemological, ontogenic, and didactical perspectives. The SLR approach was selected because the
study aimed to systematically identify, evaluate, and synthesize relevant previous studies to obtain
a comprehensive understanding of learning obstacles experienced by students in geometry learning.
The systematic review was combined with a qualitative meta-synthesis approach focusing on
describing, interpreting, and integrating findings from previous research related to the Pythagorean
Theorem. This approach enabled the researcher to analyze conceptual, cognitive, and instructional
difficulties comprehensively across multiple educational contexts. The systematic review process in
this study referred to the five stages proposed by Richter et al., namely formulating the study
question and conceptual framework, establishing selection criteria, developing a search strategy,
selecting and screening literature, and synthesizing and reporting findings. The conceptual
framework of this study was based on the theory of learning obstacles, which classifies learning
barriers into epistemological, ontogenic, and didactical obstacles. Epistemological obstacles refer to
students’ limited conceptual understanding and inability to transfer mathematical knowledge into
different contexts. Ontogenic obstacles are associated with cognitive readiness, prerequisite
knowledge, and students’ developmental characteristics, while didactical obstacles originate from
instructional approaches and classroom learning practices. To ensure transparency and
methodological rigor, the literature identification and selection stages were reported using the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework.
Therefore, the qualitative systematic review design was considered appropriate for synthesizing
multidimensional learning obstacles in the Pythagorean Theorem comprehensively.
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Participant

The participants in this study were not individual students directly involved in classroom activities
but rather research articles selected systematically based on predefined inclusion and exclusion
criteria. The selected literature consisted of 20 research articles obtained from 14 national and
international mathematics education journals discussing learning obstacles in the Pythagorean
Theorem. The articles were published between 2019 and 2025 to ensure that the review captured
recent issues and developments in mathematics education research. The selected studies included
both qualitative and quantitative research investigating students’ conceptual difficulties,
misconceptions, instructional barriers, and geometry learning challenges related to the Pythagorean
Theorem. The literature represented various educational contexts, research methodologies,
instructional settings, and participant characteristics within mathematics learning environments.
Articles discussing unrelated mathematics topics or studies lacking sufficient relevance to learning
obstacles in the Pythagorean Theorem were excluded from the analysis. The selected literature
functioned as the primary source of qualitative data for the systematic review process. The diversity
of selected articles enabled the study to capture broader perspectives regarding conceptual,
cognitive, and instructional difficulties experienced by students in geometry learning. Through the
selected literature, the study synthesized recurring patterns of students’ misconceptions, procedural
errors, visual-spatial difficulties, and instructional limitations associated with the Pythagorean
Theorem. Therefore, the selected research articles served as the principal data source for
constructing comprehensive understanding regarding students’ learning obstacles in geometry
education.

Instrument

The primary instrument used in this study was a systematic review protocol developed based
on the PRISMA framework to guide the processes of article identification, screening, eligibility
assessment, and qualitative synthesis systematically. The review protocol included search strategies,
inclusion criteria, exclusion criteria, data extraction forms, and thematic categorization guidelines.
The literature search process was conducted using several academic databases, including Google
Scholar and Scopus. Through Google Scholar, articles from Sinta-indexed journals were identified,
while the Scopus search included articles from journals indexed in Springer, ScienceDirect, and
Taylor & Francis databases. The search strategy used Boolean operators such as AND and OR to
combine keywords systematically and consistently. The search strings used in the databases were
(“learning obstacle” OR “learning difficulties”) AND (“Pythagorean Theorem” OR “Pythagorean
theorem”) with publication year limitations between 2019 and 2025. After the initial search process,
titles and abstracts were screened to ensure alignment with the focus of the study, namely students’
learning obstacles in the Pythagorean Theorem. Articles meeting the inclusion criteria were then
reviewed in full text to evaluate their relevance, methodological quality, and contribution to the study
objectives. The inclusion criteria consisted of studies discussing student learning obstacles, the
Pythagorean Theorem, or learning difficulties related to the Pythagorean Theorem, while exclusion
criteria included articles lacking full-text access, insufficient scientific quality, or unrelated research
focus. All stages of article identification, screening, selection, and inclusion were documented
systematically and visualized using the PRISMA flowchart to ensure transparency and repeatability
of the research process.

Procedure

The research procedure in this study followed several systematic stages based on the PRISMA
framework and systematic review methodology. The first stage involved formulating the research
problem and determining the conceptual framework related to learning obstacles in the Pythagorean
Theorem. The second stage consisted of establishing inclusion and exclusion criteria as indicators for
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selecting relevant research articles. The inclusion criteria included studies discussing learning
obstacles, the Pythagorean Theorem, or learning difficulties related to geometry learning published
between 2019 and 2025 using qualitative or quantitative research methods. The third stage involved
developing search strategies and conducting literature searches using academic databases such as
Google Scholar and Scopus with predetermined keywords and Boolean search combinations. After
the search process was completed, the fourth stage consisted of screening article titles and abstracts
to remove duplicate and irrelevant studies. Eligible articles were then reviewed in full text to ensure
alignment with the objectives and conceptual framework of the study. During the fifth stage,
important information related to conceptual difficulties, instructional barriers, cognitive challenges,
and geometry learning characteristics was extracted systematically using data extraction forms. The
extracted findings were subsequently synthesized and classified into epistemological, ontogenic, and
didactical obstacle categories. The final stage involved interpreting and reporting the synthesis
findings comprehensively to construct broader theoretical understanding regarding
multidimensional learning obstacles in the Pythagorean Theorem. Through these systematic
procedures, the study ensured methodological transparency, consistency, and rigor throughout the
systematic literature review process.

Identification of studies via databases and registers ] [ Identification of studies via other methods ]

= Records removed before
) . - ;
s Records identified screening: Records identified from:
g from*: Scopus (n Duplicate records removed (n Google Scholar (n =10)
= =100) =32) Citation searching (n =5)
(7] Eric (n =54) Records removed for other
= reasons (n =6)
\ 4
Records screened Records excluded**
(n=116) (n=78)
y Reports sought Reports not
for retrieval retrieved
(n=15) n=7)
z Reports sought for Reports not retrieved
s retrieval (n =38) (n=4)
&
7]
y
R Reports
Reports assessed for R luded: eports excluded:
eligibility (n =34) eports excluded: . as.se.ss.e.d for Not focused at
Not focused on student learning eligibility 1 :
obstacles (n=9) n=8) earning
- - obstacle (n=2)
Did not involve Pythagorean
Theorem (n=7)
Insufficient methodological
clarity (n = 4)
]
9 Studies included in
% review (n = 20)
£

Figure 1. Result of flowchart of PRISMA on 100 articles

Analysis plan
Data analysis in this study was conducted through qualitative meta-synthesis techniques
involving classification, comparison, and thematic synthesis of findings from the selected literature.
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Each selected article was analyzed systematically based on key information including title,
publication year, journal name, research objectives, research methods, participants or samples, and
findings related to learning obstacles in the Pythagorean Theorem. The findings extracted from each
study were subsequently grouped according to epistemological, ontogenic, and didactical obstacle
categories. Epistemological obstacles were identified from studies discussing conceptual
misunderstanding, fragmented knowledge, and students’ inability to transfer mathematical
understanding into broader contexts. Ontogenic obstacles were analyzed from findings related to
prerequisite knowledge, cognitive readiness, visual-spatial reasoning ability, and developmental
characteristics influencing students’ learning processes. Meanwhile, didactical obstacles were
identified from instructional practices emphasizing procedural computation, formula memorization,
and teacher-centered learning rather than conceptual exploration and geometric reasoning. The
thematic synthesis process aimed to identify recurring conceptual patterns, instructional issues, and
cognitive difficulties across different studies systematically. Similarities and differences among
previous findings were compared to construct broader theoretical understanding regarding
multidimensional learning obstacles in geometry learning. The analysis also examined the
relationships among conceptual understanding, instructional practices, and students’ reasoning
difficulties during problem solving. Through this synthesis process, the study obtained a
comprehensive overview regarding the patterns and characteristics of students’ learning obstacles
in the Pythagorean Theorem. Therefore, qualitative meta-synthesis enabled deeper interpretation
regarding the interconnected nature of epistemological, ontogenic, and didactical obstacles within
mathematics education contexts.

RESULTS AND DISCUSSION

Results

Distribution of Learning Obstacles in the Pythagorean Theorem

The synthesis of the selected literature revealed that students experienced multidimensional
learning obstacles in understanding and solving problems related to the Pythagorean Theorem. The
reviewed studies consistently indicated that students’ difficulties were not limited to procedural
computation but also involved conceptual misunderstanding, weak prerequisite knowledge, visual-
spatial difficulties, and instructional limitations. Analysis of the 20 selected articles demonstrated
that learning obstacles could be categorized into three interconnected dimensions, namely
epistemological obstacles, ontogenic obstacles, and didactical obstacles. Among these categories,
epistemological obstacles emerged as the most dominant learning barrier experienced by students.
These obstacles were primarily reflected in fragmented conceptual understanding of powers, roots,
geometric relationships, and the application of the Pythagorean Theorem in contextual situations.
Ontogenic obstacles were associated with students’ cognitive readiness, prerequisite knowledge,
visual-spatial reasoning ability, and affective conditions during problem solving. Meanwhile,
didactical obstacles originated from instructional practices emphasizing procedural computation
and formula memorization rather than conceptual reasoning, visualization, and reflective learning.
The findings also revealed that these obstacles interacted dynamically rather than appearing
independently during learning processes. Weak conceptual understanding frequently intensified
students’ anxiety and uncertainty during problem solving, while inappropriate instructional
approaches reinforced procedural dependency and fragmented reasoning structures. Consequently,
the synthesis indicates that learning obstacles in the Pythagorean Theorem are cumulative,
multidimensional, and interconnected across conceptual, cognitive, and instructional dimensions.

400 | Journal of Advanced Sciences and Mathematics Education



Journal of Advanced Sciences and Mathematics Education
Sandra et al. Epistemological, ontogenic, and didactical learning ...

Table 1. Distribution of learning obstacles identified in the reviewed studies

Types of Learnin,
yp & Percentage Dominant Characteristics
Obstacles
Epistemological Obstacles 41% Misconceptions, fragmented conceptual understanding,
procedural dependency
Weak prerequisite knowledge, visual-spatial difficulties,
Ontogenic Obstacles 32% pREfequistee &1 w.e 8 v1§ua patial ciitietitt
affective barriers
Didactical Obstacles 27% Formula memorization, procedural teaching, inadequate

instructional design

The findings presented in Table 1 indicate that epistemological obstacles were the most
dominant category identified in the reviewed studies, accounting for 41% of the total findings.
Students frequently experienced difficulties in understanding the conceptual meaning of the
Pythagorean Theorem, interpreting geometric relationships, and transferring mathematical
understanding into contextual situations. In many cases, students memorized formulas successfully
but failed to understand why and when the theorem should be applied. Ontogenic obstacles
accounted for 32% of the identified barriers and were associated with students’ limited mastery of
prerequisite concepts such as powers, roots, algebraic manipulation, and geometric representation.
Furthermore, students’ affective conditions, including anxiety, low confidence, and lack of
motivation, were also identified as important ontogenic barriers influencing problem-solving
performance. Didactical obstacles represented 27% of the findings and emerged primarily from
instructional practices emphasizing repetitive procedural exercises rather than conceptual
reasoning and geometric visualization. Several studies reported that students were rarely
encouraged to construct proofs, interpret visual representations, or explain the conceptual meaning
underlying the theorem. Consequently, students tended to develop procedural habits without
reflective mathematical understanding. These findings demonstrate that learning obstacles in the
Pythagorean Theorem originate from interconnected conceptual, cognitive, and instructional factors
simultaneously. Therefore, effective geometry instruction requires comprehensive approaches
capable of addressing all dimensions of learning obstacles systematically.

Learning Obstacles in Using the Concept of Powers and Roots

One of the most frequently reported learning obstacles involved students’ difficulties in
understanding and applying the concepts of powers and roots as prerequisite knowledge for the
Pythagorean Theorem. The reviewed studies consistently revealed that students experienced
recurring conceptual and procedural errors when performing exponentiation and radical operations.
Many students demonstrated confusion between squaring operations and square roots, resulting in
incorrect symbolic representations and computational procedures. For example, students frequently
transformed expressions such as c2 = 17 into c2 = v/17, indicating misunderstanding regarding the
relationship between exponentiation and root operations. Similar misconceptions were also found
in the misuse of radical notation, such as writing AB? = 10 instead of AB = +/10. These errors were
not isolated mistakes but rather recurring patterns appearing across multiple studies and
educational contexts. Furthermore, students often experienced difficulties performing algebraic
transposition during equation manipulation. Several studies reported that students incorrectly
transformed equations such as 225 = a2 + 144 into a2 = 225 + 144, demonstrating weak
understanding of equality and inverse operations. Such findings indicate that students’ difficulties in
the Pythagorean Theorem are strongly influenced by incomplete understanding of prerequisite
algebraic concepts. Consequently, conceptual misunderstanding of powers, radicals, and algebraic
manipulation significantly hindered students’ ability to apply the Pythagorean Theorem accurately
during problem solving.
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Didactic Obstacles
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Figure 2. Interaction Among Learning Obstacles in the Pythagorean Theorem

The Sankey diagram illustrates the interaction among epistemological, ontogenic, and
didactical obstacles identified in the reviewed studies. The visualization demonstrates that didactical
obstacles frequently initiate chains of conceptual difficulties by emphasizing procedural teaching
approaches over conceptual understanding and visual reasoning. These instructional limitations
subsequently contribute to epistemological obstacles, which are further reinforced by ontogenic
barriers such as weak prerequisite knowledge and low cognitive readiness. The diagram also
indicates that students’ learning obstacles are systemic and interconnected rather than isolated
procedural errors. Consequently, ineffective instructional practices may intensify conceptual
misunderstanding and affective difficulties simultaneously during geometry learning processes.

Learning Obstacles in Understanding Side Relationships in Right Triangles

The synthesis results revealed that students also experienced substantial difficulties in
understanding the relationships among the sides of right triangles. These obstacles emerged through
epistemological, ontogenic, and didactical dimensions simultaneously across the reviewed literature.
Many students experienced difficulties sketching right triangles accurately and determining the
values and positions of each side correctly. Students frequently misidentified the hypotenuse,
adjacent side, and opposite side, especially when the orientation of the triangle changed.
Misconceptions regarding altitude lines also emerged, where students incorrectly extended altitude
lines beyond their proper perpendicular positions. Furthermore, students often failed to recognize
all triangles formed within composite geometrical figures because they focused only on visible
structures without considering hidden or overlapping components. Other obstacles included
difficulties visualizing geometric figures, projecting points onto planes, identifying perpendicular
relationships, and interpreting geometrical representation contextually. These conceptual
limitations subsequently affected students’ ability to apply the Pythagorean Theorem correctly in
solving geometric problems. In several studies, students were unable to determine the correct side
lengths to substitute into the formula because they lacked understanding regarding side
relationships within right triangles. Such findings indicate that students’ geometric reasoning and
visual-spatial abilities remain underdeveloped during geometry learning. Therefore, strengthening
students’ visual representation skills and conceptual understanding of geometric relationships
becomes essential for supporting meaningful learning of the Pythagorean Theorem.

Table 2. Dominant learning obstacles identified in the reviewed studies

Conceptual Area Dominant Learning Obstacles
Powers and Roots Misinterpretation of exponents and radicals
Triangle Relationships Difficulty identifying hypotenuse and perpendicular sides
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Pythagorean Triples Reliance on trial-and-error strategies
Problem Modeling Difficulty translating contextual situations into mathematical models
Conceptual Understanding Formula memorization without conceptual interpretation

Table 2 demonstrates that students’ learning obstacles were concentrated primarily in
conceptual interpretation and geometric reasoning rather than in simple computational procedures.
Difficulties in understanding powers, roots, and triangle relationships emerged consistently across
the reviewed studies. Students also demonstrated substantial limitations in translating contextual
situations into mathematical representations and geometric models. In addition, conceptual
dependency on memorized formulas frequently prevented students from developing meaningful
mathematical understanding. These findings reinforce the argument that geometry learning should
emphasize conceptual reasoning, visualization, and contextual interpretation rather than procedural
computation alone.

Learning Obstacles in Using Pythagorean Triples and Problem Solving

The reviewed studies further revealed that many students experienced conceptual
difficulties when using Pythagorean triples to prove or identify right triangles. Several studies
reported that students relied heavily on trial-and-error strategies by substituting numerical values
repeatedly into formulas until suitable answers were obtained. Instead of understanding the
proportional relationships among side lengths conceptually, students tended to depend on
memorized numerical patterns mechanically. When asked to determine whether specific number
combinations formed Pythagorean triples, many students were unable to provide mathematical
justification and simply answered “yes” or “no” without proof. Furthermore, students frequently
misunderstood the classification of triangles based on side relationships, particularly when
comparing the square of the hypotenuse with the sum of the squares of the other sides. These
misconceptions indicate weak understanding regarding the conceptual structure underlying the
Pythagorean relationship. Students also encountered difficulties during the planning stage of
problem solving, especially when converting contextual situations into mathematical
representations and geometric diagrams. In some cases, students created nearly correct geometric
sketches but omitted important angle markers or applied inappropriate Pythagorean triples to
special triangles. Such conceptual errors subsequently resulted in incorrect final solutions. The
findings also demonstrated that students frequently failed to interpret the purpose of contextual
problems appropriately. Consequently, students often focused only on determining unknown side
lengths without understanding broader problem objectives such as perimeter, area, or measurement
relationships.

Obstacles in Understanding and Restating the Pythagorean Theorem

The reviewed literature also revealed that many students experienced difficulties in
understanding and restating the Pythagorean Theorem meaningfully. Several studies reported that
students incorrectly expressed the relationship among the sides of right triangles, indicating
fragmented conceptual understanding of the theorem itself. In many cases, students could reproduce
the formula symbolically but failed to explain the conceptual reasoning underlying the relationship
mathematically. Furthermore, students often experienced difficulties connecting the general formula
with contextual problem-solving situations. Some students stopped at writing quadratic forms
without continuing the solution process or relating their answers to the conceptual meaning of the
theorem. These conditions indicate that students’ understanding remains procedural and symbolic
rather than conceptual and relational. In addition to cognitive barriers, affective factors such as
anxiety, fear of making mistakes, and low confidence also contributed significantly to students’
difficulties during problem solving. Several studies indicated that students frequently recognized
that their solutions were incorrect but hesitated to revise their answers due to uncertainty and lack
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of confidence. These affective obstacles interacted dynamically with epistemological and ontogenic
barriers, reinforcing procedural dependency and fragmented reasoning structures. Consequently,
students tended to terminate their problem-solving processes prematurely and avoid reflective
evaluation of their solutions. Therefore, the findings suggest that effective geometry instruction
should simultaneously strengthen conceptual understanding and create supportive learning
environments encouraging reflection, confidence, and mathematical exploration.

Obstacles Affecting Students’ Ability to Solve Contextual Problems

The synthesis findings further demonstrated that learning obstacles significantly affected
students’ ability to solve contextual and story problems related to the Pythagorean Theorem.
Students frequently experienced difficulties translating contextual situations into mathematical
models and geometric representations. Many students failed to identify important information from
problem contexts and were unable to determine appropriate strategies for solving problems
systematically. For example, in trapezoid problems requiring calculation of height using the
Pythagorean Theorem, students frequently failed to recognize hidden right triangles embedded
within the figure. Similarly, in contextual perimeter problems, students often focused solely on
calculating unknown side lengths without understanding the broader objective of the problem. Such
errors indicate weak problem-modeling ability and limited contextual interpretation during
mathematical reasoning. Several studies also reported that students lacked experience in
transforming verbal information into mathematical language and symbolic representation.
Consequently, students often produced incomplete or irrelevant solutions despite possessing
procedural knowledge of the formula. The findings demonstrate that conceptual understanding,
visual representation, and contextual reasoning are strongly interconnected during geometry
problem solving. Students who possessed fragmented conceptual understanding frequently
encountered greater difficulties in contextual interpretation and mathematical modeling. Therefore,
the reviewed studies emphasize the importance of instructional strategies encouraging problem
solving, visualization, conceptual exploration, and contextual reasoning to support meaningful
understanding of the Pythagorean Theorem.

Discussion

The findings of this study demonstrate that epistemological obstacles constitute the dominant
source of students’ learning difficulties in understanding and applying the Pythagorean Theorem.
Most of the identified errors were related to fragmented conceptual understanding of
exponentiation, radical operations, algebraic transposition, and geometric relationships rather than
isolated procedural mistakes. Students frequently demonstrated incorrect simplification of powers
and roots, misuse of radical notation, and misunderstanding of equality relationships during
equation manipulation. These findings indicate that students’ difficulties are rooted in incomplete
conceptual schemas regarding inverse operations and symbolic representation. Similar findings
were reported in previous mathematics education studies showing that students often memorize
operational procedures without understanding the conceptual meaning underlying algebraic
transformations (Alam & Mohanty, 2024; Borji et al.,, 2021; Harel, 2025; Pitta-Pantazi et al., 2020).
Earlier research also found that misconceptions involving exponents and radicals tend to persist
because instruction frequently emphasizes procedural fluency over conceptual reasoning and
symbolic interpretation (Polydoros, 2026). In the context of geometry learning, such fragmented
understanding subsequently affects students’ ability to apply the Pythagorean Theorem accurately
in problem-solving situations (Fauzi et al,, 2024; Taamneh et al., 2024). The reviewed studies further
revealed that ontogenic obstacles function mainly as reinforcing factors, particularly when students
possess weak prerequisite knowledge and limited numerical reasoning ability. Meanwhile, didactical
obstacles emerged through limited conceptual explanation and insufficient emphasis on the
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relationships among powers, roots, and geometric reasoning during instruction. Therefore, the
findings suggest that conceptual understanding of exponents, radicals, and algebraic relationships
must be strengthened systematically before students engage with higher-order geometry concepts
such as the Pythagorean Theorem.

The synthesis findings also indicate that students’ difficulties in understanding side
relationships within right triangles arise from the interaction among epistemological, ontogenic, and
didactical obstacles simultaneously. The core difficulty was primarily epistemological because
students frequently failed to conceptualize the geometric meaning of perpendicularity, hypotenuse
relationships, and triangle orientation accurately (Yao, 2020). Many students experienced confusion
when identifying the hypotenuse or determining side relationships after geometric figures were
rotated or presented in unfamiliar forms. Similar findings have been identified in previous studies
reporting that students often rely on memorized visual prototypes of right triangles rather than
conceptual geometric reasoning (Downton & Livy, 2022; Haj Yahya & Hershkowitz, 2026). Earlier
research also emphasized that weak geometric visualization ability contributes significantly to
students’ misunderstanding of side relationships and perpendicular structures in geometry learning.
Ontogenic obstacles intensified these conceptual difficulties because students demonstrated limited
visual spatial reasoning ability and weak capacity to manipulate geometric representations mentally.
Furthermore, students frequently failed to identify hidden triangles or construct accurate geometric
sketches, indicating limitations in spatial cognition and mathematical representation skills (Dorel,
2023; Leung et al, 2024; Miragliotta & Baccaglini-Frank, 2021). Didactical obstacles further
reinforced these conceptual barriers because classroom instruction often prioritized numerical
calculation rather than geometric interpretation and visual exploration. The reviewed studies
revealed that students rarely engaged in activities requiring them to construct, interpret, or analyze
geometric diagrams meaningfully during learning processes. Consequently, students’ understanding
of the Pythagorean Theorem remained procedural and disconnected from the geometric
relationships underlying the theorem itself.

The findings additionally demonstrate that students’ difficulties in understanding Pythagorean
triples and classifying triangle types are strongly associated with epistemological dominance and
instructional limitations. Many students relied on trial-and-error substitution strategies when
determining whether certain number combinations satisfied the Pythagorean relationship. Rather
than understanding why particular numerical relationships produce right triangles, students tended
to depend on memorized patterns and procedural experimentation. Similar findings have been
reported in previous studies showing that students frequently approach geometry problems
algorithmically without constructing conceptual justification or mathematical proof. Earlier research
also indicated that students often fail to understand the relationship between squared side lengths
and triangle classification because instruction focuses predominantly on procedural application of
formulas. In this review, students frequently provided “yes” or “no” responses without presenting
mathematical reasoning when asked to verify Pythagorean triples. Ontogenic obstacles emerged
particularly during the planning and representation stages of problem solving because students
struggled to construct meaningful geometric models and connect numerical values with geometric
configurations. Several studies also reported that students’ diagrams frequently lacked angle
markers and geometric indicators necessary for accurate conceptual interpretation. Furthermore,
didactical obstacles were evident because students were commonly introduced to Pythagorean
triples as ready-made numerical sets rather than through exploratory activities emphasizing
derivation, geometric meaning, and proof construction. Consequently, these findings suggest that
geometry instruction should integrate reasoning-based proof, visual representation, and conceptual
exploration to support meaningful understanding of Pythagorean triples and triangle classification.
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Another important finding of this review is that students’ learning obstacles in understanding
and restating the Pythagorean Theorem involve interconnected conceptual, cognitive, and
instructional dimensions. Students frequently demonstrated inability to express the Pythagorean
relationship correctly or connect solution procedures with the conceptual meaning underlying the
theorem. In several studies, students wrote incorrect quadratic relationships among triangle sides
despite appearing familiar with the symbolic formula. Similar findings have been identified in
previous mathematics education research indicating that students often reproduce formulas
mechanically without understanding the rationale for their use in problem-solving situations
(Barana, 2021; Verschaffel et al., 2020). Earlier studies also emphasized that students frequently fail
to connect general formulas with contextual applications because their conceptual understanding
remains fragmented and procedural. In addition to conceptual misunderstanding, ontogenic
obstacles were reflected in students’ limited ability to interpret problem statements, coordinate
multi-step procedures, and determine relevant variables during problem solving. Several studies
further revealed that students often stopped after writing quadratic forms because they lacked
confidence and conceptual clarity regarding subsequent solution steps (Baybayon & Lapinid, 2024;
Reid O’Connor & Norton, 2024). Didactical obstacles emerged when classroom instruction
emphasized memorization and repetitive procedural exercises without providing opportunities for
conceptual explanation, reflective reasoning, and mathematical discussion. The findings also
demonstrate that affective factors such as anxiety, fear of making mistakes, and low confidence
interacted dynamically with epistemological obstacles, further intensifying students’ conceptual
difficulties. Therefore, effective geometry instruction should simultaneously strengthen conceptual
understanding, cognitive readiness, and supportive classroom environments encouraging reflection
and error revision during mathematical learning processes.

The synthesis findings further reveal that students’ difficulties in solving contextual and verbal
problems involving the Pythagorean Theorem are strongly associated with weak mathematical
modeling ability and fragmented contextual interpretation. Students frequently failed to convert
verbal information into mathematical representations and geometric models accurately. In many
reviewed studies, students focused only on determining unknown side lengths without
understanding the broader contextual objectives of the problem. Similar findings have been reported
in previous studies showing that students often experience difficulties connecting mathematical
procedures with contextual meaning because they rely excessively on symbolic manipulation. Earlier
research also emphasized that weak problem-modeling ability frequently results from limited
opportunities to engage in contextual reasoning and mathematical communication during classroom
instruction. In the reviewed studies, epistemological obstacles were evident in students’ inability to
interpret problem meaning, classify geometric objects correctly, and connect contextual information
with mathematical concepts. Ontogenic obstacles appeared through weak visual-spatial reasoning
ability and limited capacity to interpret geometric structures embedded within contextual situations.
Meanwhile, didactical obstacles were associated with limited instructional emphasis on contextual
learning, verbal interpretation, and mathematical modeling activities. The findings indicate that
students require more opportunities to develop problem-solving strategies integrating conceptual
understanding, visualization, contextual reasoning, and mathematical communication
simultaneously. Therefore, geometry instruction should move beyond procedural calculation by
incorporating contextual problem-solving activities, reflective discussion, and modeling-based
learning approaches to support meaningful understanding of the Pythagorean Theorem.

Implications
The findings of this study provide important theoretical and practical implications for
mathematics education, particularly in geometry instruction involving the Pythagorean Theorem.
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The dominance of epistemological obstacles indicates that mathematics learning should prioritize
conceptual understanding rather than procedural memorization and repetitive numerical exercises
alone. Instructional practices need to emphasize the meaning of geometric relationships, the
interpretation of mathematical symbols, and the reasoning underlying the Pythagorean relationship
to help students construct deeper conceptual understanding. The results also imply that prerequisite
concepts such as exponents, radicals, algebraic manipulation, and visual-spatial reasoning should be
strengthened systematically before introducing formal applications of the Pythagorean Theorem.
Furthermore, the interaction between epistemological, ontogenic, and didactical obstacles suggests
that students’ learning difficulties cannot be addressed through procedural remediation only, but
require integrated pedagogical approaches that consider cognitive readiness, affective conditions,
and instructional design simultaneously. These findings highlight the importance of using visual
representations, geometric exploration, and contextual problem-solving activities to support
students’ conceptual reasoning and mathematical modeling ability. In addition, instructional
strategies should provide opportunities for students to construct proofs, interpret diagrams, explain
mathematical reasoning verbally, and evaluate solution processes reflectively. The findings also
imply that teachers need to develop diagnostic sensitivity toward different categories of learning
obstacles so that instructional interventions can be designed more adaptively according to students’
conceptual needs. From a curriculum perspective, geometry learning materials should integrate
conceptual explanation, visual reasoning, and contextual application rather than focusing
predominantly on formula application and algorithmic procedures. The findings further suggest that
supportive classroom environments are necessary to reduce students’ anxiety, fear of making
mistakes, and procedural dependency during mathematical problem solving. Therefore,
mathematics teacher education programs should also emphasize the development of pedagogical
content knowledge related to conceptual instruction, visual representation, and learning obstacle
identification in geometry learning. Ultimately, this study contributes to the development of more
meaningful, reflective, and conceptually oriented mathematics instruction capable of supporting
students’ long-term understanding of the Pythagorean Theorem and geometry learning in general.

Limitations and Suggestions for Future Research

This study has several limitations that should be considered when interpreting the findings
and drawing broader conclusions regarding learning obstacles in the Pythagorean Theorem. First,
the study relied exclusively on secondary data obtained from previously published articles, meaning
that the analysis was limited by the quality, scope, and methodological characteristics of the selected
studies. Second, the reviewed articles originated from different educational contexts, participant
characteristics, and instructional settings, which may have influenced the consistency and
comparability of the synthesized findings. Third, although the systematic review focused on studies
published between 2019 and 2025 to capture recent developments in mathematics education,
relevant studies published outside this period may not have been included in the synthesis. Fourth,
the analysis primarily emphasized qualitative interpretation of learning obstacles and did not
quantitatively measure the magnitude or statistical relationship among epistemological, ontogenic,
and didactical obstacles. In addition, the reviewed studies varied considerably in their definitions,
classifications, and operationalization of learning obstacles, potentially affecting the uniformity of
interpretation during synthesis. Another limitation is that affective factors such as anxiety,
confidence, and mathematical disposition were identified indirectly through previous studies rather
than examined empirically within a single integrated research design. Furthermore, this study
focused specifically on the Pythagorean Theorem and therefore may not fully represent learning
obstacles occurring in other geometry topics or broader mathematics learning contexts. Future
research is recommended to conduct empirical classroom investigations integrating qualitative and
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quantitative approaches to examine the interaction among conceptual understanding, affective
factors, and instructional practices more comprehensively. Further studies are also encouraged to
develop and evaluate instructional interventions specifically designed to reduce epistemological,
ontogenic, and didactical obstacles simultaneously in geometry learning. In addition, future research
should explore the role of visual representation, digital learning media, and inquiry-based
instructional models in improving students’ conceptual understanding of the Pythagorean Theorem.
Comparative studies involving different educational levels, cultural contexts, and curriculum systems
are also necessary to obtain broader perspectives regarding students’ geometry learning obstacles.
Ultimately, future investigations should focus not only on identifying students’ errors but also on
designing adaptive pedagogical frameworks capable of supporting meaningful, reflective, and
conceptually oriented mathematics learning experiences.

CONCLUSION

This systematic literature review demonstrates that students’ learning obstacles in the
Pythagorean Theorem are multidimensional and interconnected across epistemological, ontogenic,
and didactical domains. The findings indicate that epistemological obstacles are the most dominant
barriers, particularly in students’ fragmented understanding of exponents, radicals, geometric
relationships, and the conceptual meaning of the Pythagorean Theorem. Students frequently relied
on procedural memorization and trial-and-error strategies without fully understanding the
mathematical relationships underlying right triangles and Pythagorean triples. In addition, ontogenic
obstacles were identified through students’ limited prerequisite knowledge, weak visual-spatial
reasoning ability, low cognitive readiness, and affective conditions such as anxiety and lack of
confidence during problem solving. Didactical obstacles also contributed significantly to students’
difficulties because instructional practices often emphasized formula memorization and repetitive
calculation rather than conceptual reasoning, geometric visualization, and reflective mathematical
exploration. The synthesis findings further reveal that students experience substantial difficulties in
interpreting contextual problems, constructing mathematical models, identifying geometric
structures, and communicating mathematical ideas meaningfully. These obstacles interact
dynamically and cumulatively, indicating that students’ learning difficulties cannot be understood as
isolated procedural errors alone. The study also demonstrates that students’ conceptual
understanding of the Pythagorean Theorem remains largely procedural rather than relational and
reflective across many educational contexts. Consequently, meaningful geometry learning requires
instructional approaches that integrate conceptual understanding, visual representation, contextual
reasoning, and problem-solving activities simultaneously. The findings highlight the importance of
strengthening prerequisite mathematical concepts and developing instructional designs that
facilitate conceptual exploration and mathematical communication during geometry learning.
Furthermore, the study contributes theoretically by positioning learning obstacles as interconnected
cognitive and instructional phenomena that influence students’ mathematical reasoning structures
comprehensively. Ultimately, this systematic review provides important insights for mathematics
educators and researchers in designing more adaptive, reflective, and conceptually oriented learning
environments to improve students’ understanding of the Pythagorean Theorem and geometry
learning in general.
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