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ABSTRACT

Conceptual understanding is a cornerstone of meaningful learning in mathematics, particularly in
geometry where logical reasoning, spatial visualization, and deductive thinking are of essence. This
present study investigates conceptual understanding of geometric concepts among Grade 8 learners in
the Mt Ayliff District. Located within the framework of constructivist learning theory and the van Hiele
model of geometric thinking, the study probes into learners' abilities to interpret geometric relationships,
apply theorems meaningfully, and justify the procedures for solving problems. An approach adopted was
qualitative-dominant mixed methods, involving diagnostic tests, structured problem-solving tasks, and
learner interviews. The results showed that while many learners were procedurally competent, they
struggled considerably with explaining concepts, interpreting diagrams, and reasoning deductively. The
common angle relationships, properties of triangles, and parallel lines misconceptions were identified.
Integrating mathematical preliminaries, formal definitions, theorems, proofs, and illustrative examples
allowed for a clear highlighting of these conceptual gaps. The study concludes by suggesting that
strengthening conceptual understanding through structured reasoning, guided proof, and learner-
centered pedagogy is central to securing improvements in the learning of geometry at the Grade 8 level.
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Geometric reasoning; Mt Ayliff District

1. INTRODUCTION

Geometry is an integral part of school mathematics because it is a powerful means of developing learners’
logical reasoning, spatial sense, and problem-solving skills. Learners are able to visualize how things are
related to one another and analyze structures while arguing logically. These are essential skills within
mathematics and outside of it. At the Grade 8 level, learners begin to engage with more formal geometric
ideas that give a foundation to Euclidean geometry. These include relationships involving angles,

properties of polygons, and basic deductive reasoning. This is that critical stage at which the intuitive and
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visually based geometric thinking developed in earlier grades moves into more regulated and abstract

ways of mathematical reasoning.

However, despite its acknowledged importance, geometry is one of the most difficult mathematical
processes to learn. The main problem, for example, is that learners usually attempt to learn geometry by
memorizing rules and formulas concerning the matter, rather than having a clear understanding of
appropriate concepts and relationships. As a result, learning is mostly procedural and superficial and leads
to a situation where the learner is unable to explain, justifiably, and use appropriately and creatively what
they know concerning geometry. This situation becomes even more apparent when moving to higher
grades, where learners are expected to have a certain level of understanding by using logical and

appropriate justifications.

In the South African situation, these concerns are clearly demonstrated in the under-resourced districts,
including the Mt Ayliff district. Research that has been carried out in this district has shown that it has
been evident that most of the Grade 8 learners are reportedly facing difficulties in using geometric
diagrams to make meaning, as well as difficulties in explaining their reasoning processes and also in the
use of geometric theorems. These concerns indicate the need to focus on a deeper level of learners’
conceptual understanding beyond their performance or procedural understanding of what it means to work
in geometry. In an attempt to respond to these concerns, the present study seeks to explore the extent to
which the Grade 8 learners in the Mt Ayliff District have a conceptual understanding of geometric

concepts.

2. LITERATURE REVIEW

The literature has always pointed to the importance of conceptual understanding in geometry learning, as
opposed to procedural knowledge. Therefore, it is important that the conceptual understanding that a
learner has grasped assists them in realizing relationships that are involved in learning geometry. On the
other hand, procedural knowledge can only lead to a fragmented knowledge state in a learner that does
not help in higher-order thinking or deductive skills, especially in geometry.

Jojo (2016) in a study that was carried out in Mt Ayliff District, found that most of the Grade 8 learners
in his study used memory-based skills in solving geometric problems, and that learners were unable to
give a clear account of what had been covered in class in their own words regarding geometries. This was

due to a lack of understanding of learning principles, which assisted in providing learners with
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understanding of such concepts like angles in shapes. The learners’ lack of understanding of geometric
concepts was a result of rote learning. This was a clear subject matter that needed a shift in teaching

methods.

Masilo and Jojo (2018) have also illustrated the potential benefits of geometric patterns in helping learners
improve their level of reasoning through exploration, generalization, and justification. The authors showed
how learners’ engagement in patterns can help learners conceptualize mathematical ideas rather than using
memorized schemes. The implication here is that conceptually rich tasks can help learners close the gap
between procedural and conceptual understanding.

Malatjie and Machaba (2019) highlighted concept mapping as an effective strategy for revealing learners'
understanding of geometric relationships. They reported that when learners made explicit connections
between concepts, their understanding of geometry became much clearer, while teachers were also able

to identify more misconceptions.
3. PRELIMINARIES AND MATHEMATICAL FOUNDATIONS

However, it is important to understand that before going into the main theorems and problem-solving
techniques for geometry, learning the fundamental concepts and relations of geometry is of critical
importance. In this section of learning, learners get familiar with the fundamental concepts of geometry,
i.e., points, lines, planes, and angles, in addition to learning fundamental equations to relate these concepts

to quantitative values.
3.1 Fundamental Geometric Concepts

The real basis of geometry consists of the few undefined terms and well-defined concepts on which logical
reasoning and problem-solving depend. The student should develop an intense awareness of these
concepts since all succeeding ideas of geometric reasoning-i.e., proofs, constructions, and

transformations-depend upon them.
Definition 3.1 (Point)

A point is an exact spatial location without any associated dimensions (height, breadth, or depth). Capital

letters are commonly used to represent it, such as A, B, or C.

Definition 3.2 (Line)
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All directions can be extended indefinitely by a line, which is a flat, one-dimensional shape. It has length

but no width and is usually represented by two points on the line, e.g., 4B.
Equation 3.1: Distance Between Two Points on a Line

If points A(x,, y;)and B(x,, y,)lie on a Cartesian plane, the distance between them is given by:

d =+/(x2 — x1)% + (¥2 — ¥1)?

By solving this equation, students of coordinate geometry can make the connection between the abstract

idea of a line and its measurable attributes.
Definition 3.3 (Plane)

Plane is a flat, two-dimensional surface that extends infinitely in all directions. The plane can be
determined by any three non-collinear points. Plane is used to describe the geometric figure and its relation

in space.
Remark 3.1

Learners not managing to grasp these basic ideas will misinterpret diagrams, believing that drawn figures
are a close approximation to reality rather than abstract idealized models. For instance, unless it is stated
otherwise, a triangle made on the board is not equilateral; its appearance must be considered as a model

over which to reason about properties, rather than as properties themselves.
3.2 Angles and Angle Measurement

Angles are at the heart of all geometric reasoning. The term describes the turning or separation of two rays
or intersecting lines. Knowing angles and their measurement is helpful in solving problems on triangles,

polygons, and parallel lines.
Definition 3.4 (Angle)

An angle is defined as a pair of rays that have a common end point called the vertex. These rays are called

the sides of the angle. Angles are measured using degrees or radians in higher contexts.

Equation 3.2: Straight Angle
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If an angle is straight, its measure is

£ABC = 180°

where Bis the vertex, and Aand Care points on the rays forming the angle.
Equation 3.3: Sum of Angles on a Straight Line
If £1and «2are adjacent angles on a straight line:

21+ 22 =180°

This relationship is crucial for reasoning about parallel lines sliced by a transversal and working with extra

angles.
Equation 3.4: Sum of Angles in a Triangle
For a triangle with angles 24, «B, and 2C:

LA+ 4B+ «£C = 180°

However, the learners find it difficult to associate the diagram of the triangle with this abstract relationship
and end up committing mistakes such as dividing 180 °C by any triangle. The explicit use of this

relationship helps them to have a deep understanding of the same.
Remark 3.2

Learners often get mixed up and associate the size of an angle with the length of the rays or sides of the
angle, which will cause them to draw wrong conclusions. Using equations to solve and think about angles
will help improve procedural and conceptual understanding.

4. CORE GEOMETRY THEOREMS AND PROBLEM-SOLVING

Following the fundamental concepts introduced by points, lines, planes, and angles, the concepts that will

be discussed in this section include geometric theorems that guide logical thought. Among the concepts
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that will be discussed include the property and uses of triangles and parallel lines. This will have
implications on the understanding that accurate equations, examples, and logic can help in developing
conceptual understanding among the students. Through the examples provided, the link between errors
and correct logical thought will be highlighted to the learners. By so doing, the learners will be able to
understand the link between representation, calculation, and the link between the two concepts.

4.1 Triangle Angle Sum Theorem
Theorem 4.1

The sum of the interior angles of any triangle is equal to 180°.

Proof:
Let AABC be any triangle. Draw a line through the vertex A parallel to the side BC. Using the alternate
interior angles theorem, the angles formed at A are congruent to the angles at B and C. Since angles on a

straight-line sum to 180°, we have:

LA+ 4B+ «£C = 180°

Hence, the sum of the interior angles of a triangle is 180°. m

Equation 4.1 (Triangle Angle Sum General Formula)

3

z 2; = 180°

i=1

This equation can be generalized for any triangle, whether scalene, isosceles, or equilateral.

Table 1: Learners’ Conceptual Understanding of Selected Geometry Concepts

Geometry Correct Correct Common Misconception
Concept Procedure Explanation
(%) (%)
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Triangle angle | 78 34 Memorization without
sum reasoning; assumes all triangles

are equiangular

Exterior angle | 65 30 Misinterprets exterior angles as

separate from interior sum

Parallel lines & | 61 27 Confusion between

transversals corresponding and alternate
angles

Sum of angles | 72 35 Treats angles visually, not

on a line algebraically

Table 1 indicates learners' performance in some aspects of geometry, where it is clear that they can follow
the correct procedure but lack the ability to give the right explanations. The table also shows the
misconceptions presented by the learners, where it is clear that some learners can perform some
calculations in geometry but lack adequate conceptual understanding, for example, on the sum of a

triangle, the exterior angle, and the use of parallel lines.
Equation 4.2 (Exterior Angle Relationship)
For a triangle with interior angles £A, 2B, £C, the exterior angle at vertex A, denoted 2A,,;, is given by:

LAext = /B + LC

This formula is crucial because it clarifies the often-misunderstood link between interior and external

angles.
Remark 4.1

Many learners can compute angles procedurally without ever justifying why the sum of angles is 180°C.

Using both alternate interior angles and the exterior angle property reinforces conceptual understanding.
4.2 lllustrative Example

Example 4.1
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In a triangle, two angles measure 45°and 60°. Find the third angle.

Solution:
Let the third angle be x.

x +45° + 60° = 180°
x = 180° —105° = 75°

Observed Learner Error:

Some learners incorrectly apply:

presuming that every triangle is equiangular. Given that not all triangles have equal angles, this illustrates
a mental error.

Table 2: Common Learner Errors in Geometry Problem-Solving

Task Type Incorrect Mathematical Conceptual Issue
Strategy Expression
Triangle angle Assumes all x =180°/3 Misunderstanding of Triangle
calculation angles equal Angle Sum Theorem
Exterior angle Ignores sum No equation used Fails to link interior and
problem relationship exterior angles
Parallel lines & Guesses angles 21 # 22 Misidentifies corresponding
transversal angles
Supplementary Adds incorrect 21+ 23 #£180° Misunderstands consecutive
angles angles interior angles

The table below summarizes typical errors made by Grade 8 students in geometry problems. It shows the
type of problems in which students tend to use incorrect strategies, the corresponding mathematical
expression used, as well as the conceptual misunderstanding. This table shows how there is a gap between

procedural and conceptual understanding, which helps in identifying where instruction should be focused.
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Equation 4.3 (Generic Triangle Angle Formula for Unknown Angle)

x = 180° — (sum of known angles)

This formula offers a general method for figuring out any triangle's missing angles.
4.3 Parallel Lines and Transversals

Theorem 4.2

Corresponding angles are identical when a transversal crosses two parallel lines.
Equation 4.4 (Corresponding Angles)

If [, Il l,and a transversal intersects them, then:

21 =22

Equation 4.5 (Alternate Interior Angles)

23 =24

where 23and z4are on opposite sides of the transversal and inside the parallel lines.
Equation 4.6 (Consecutive Interior Angles/Supplementary Angles)

254+ 26 = 180°

where £5and «6lie on the same side of the transversal inside the parallel lines.
Remark 4.2

Students tend to confuse corresponding and alternate interior angles, especially when the diagrams are
turned or not placed on the horizontal plane. Use of equations and marking angles on diagrams helps

students relate geometric reasoning with calculations.

5. COURSE DESIGN AND PEDAGOGICAL APPROACHES
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A good geometry class needs to be carefully planned to emphasize conceptual understanding over
procedural knowledge. The class should begin with definitions and explorations, enabling students to work
with geometric shapes and determine their properties before stating rules. For instance, when presenting

a triangle to students, they can use a protractor to measure angles and discover that:

LA+ 4B+ «C = 180°

This equation not only reinforces the Triangle Angle Sum Theorem but also connects visual exploration
to formal reasoning. Similarly, when examining parallel lines cut by a transversal, learners can measure

corresponding angles and verify that:

21 =22
23 + 24 = 180°

where 21and «£2are corresponding angles, and «23and z4are consecutive interior angles. Using equations
alongside diagrams helps learners link observation with mathematical justification, reducing

misconceptions and strengthening reasoning skills.

Teachers should focus on the reasoning process rather than the solution, and learners should be encouraged
to explain why a particular geometric relationship is true. For example, learners can be asked to explain

why the sum of the interior angles of a triangle is 180°C by using the alternate interior angle theorem:

LA+ £B + £C = straight line = 180°

The strategy of using examples and non-examples is very effective in distinguishing between the essential
properties and the incidental properties. For instance, using a diagram of a triangle with sides that are not
equal and an equilateral triangle can help students realize that the triangle sums property is true irrespective
of the side lengths. The process of proof should be developed gradually, starting with informal proofs and
then progressing to formal proofs. Students can begin by investigating the properties of angles in triangles

using models, then express their results algebraically using equations, and finally develop formal proofs.
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Classroom discussions, collaborative problem-solving, and reflective tasks also help to support learners
in developing their geometric knowledge. For instance, when working on a polygon angle problem,

learners can determine the sum of interior angles of an n-sided polygon using:

Sum of interior angles = (n — 2) X 180°

This equation challenges students to make connections from triangles to all polygons, from concrete
observation to abstract thinking. By incorporating equations, graphics, and peer discussion, the teaching
process promotes both procedural and conceptual knowledge, preparing students to apply geometric

concepts in novel situations.

6. CONCLUSION

This research investigated the conceptual understanding of geometric concepts among Grade 8 learners in
the Mt Ayliff District and concluded that, despite procedural competency, the conceptual understanding
is still shallow. There were persistent misconceptions, especially in angle relationships, triangles, and
parallel lines. Through the integration of mathematical foundations, theorems, proofs, examples, and
problem-solving activities, this study emphasizes the need for concept-based learning in geometry. The
improvement of conceptual understanding at this stage is essential not only for mastering the current
curriculum but also for facilitating future learning in formal proofs, logical reasoning, and higher-order
thinking in mathematics. The results emphasize the need for learning strategies that incorporate visual
exploration, guided reasoning, and collaborative problem-solving to enable learners to develop a rich

conceptual understanding of geometry, which will ultimately enhance mathematics performance.
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