
International Scientific and Current Research Conferences  

30 April 2025 

91 

 

 
 

  
 
 
 

ADVANCING SOCIAL JUSTICE: STRATEGIES FOR EQUITY AND INCLUSION                                

Published: April 30, 2025 | Pages: 91-95 

 

 

 

 

METHODS USED IN GEOMETRIC CONSTRUCTIONS ON THE PLANE: AN 

ANALYTICAL APPROACH 

 

Jaloldinova Robiya Rasuljon qizi 

NamSU, Faculty of Physics and Mathematics, 1st-cource student of Mathematics, Uzbekistan 

 

Dilnoza Xaytmirzayevna Maxmudova 

Supervisor, NamSU, Senior lecturer, Department of Mathematics, Uzbekistan 

 

 

ABSTRACT:  

Geometric constructions on the plane serve as a fundamental aspect of classical and modern 

geometry, bridging the gap between theoretical concepts and practical applications. This paper 

analyzes key construction methods using compass and straightedge, auxiliary lines, loci, and 

transformation techniques. Mathematical formulations and diagrams are provided to enhance 

comprehension, along with a discussion on historical evolution and current pedagogical uses. 
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INTRODUCTION 

Geometric constructions have long stood as a cornerstone of mathematical thought, tracing back 

to the ancient civilizations of Egypt, Babylon, and most profoundly, Greece. Among the earliest 

systematic expositions of geometry, Euclid’s Elements set the standard for logical deductive 

reasoning and constructive techniques using only an unmarked straightedge and a collapsible 

compass. These limited tools, far from restricting creativity, inspired generations of 

mathematicians to discover elegant solutions to seemingly impossible problems. 

Classical geometric construction problems-such as trisecting an angle, squaring the circle, or 

doubling the cube-challenged mathematicians for centuries, ultimately laying the groundwork for 

later developments in algebra, calculus, and topology. Although some of these constructions 

were later proven impossible under Euclidean constraints (via field theory and Galois theory), the 

intellectual rigor and visual intuition fostered by such problems remain deeply embedded in 

modern mathematics education. 

In contemporary contexts, geometric construction methods are not only preserved as 

mathematical traditions but are also vital in dynamic geometry software, computer-aided design 
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(CAD), robotics, architecture, and visual arts. These methods continue to play an important role 

in enhancing spatial reasoning, fostering geometric intuition, and providing concrete 

representations of abstract algebraic concepts. 

Furthermore, geometric constructions serve as a bridge between theoretical mathematics and 

hands-on, inquiry-based learning. In classrooms, students actively engage with constructions to 

build understanding from the ground up-literally and figuratively-developing both fine motor skills 

and critical thinking. 

This paper explores the foundational and advanced methods used in planar geometric 

constructions, categorized into four major approaches: compass and straightedge techniques, 

locus-based constructions, auxiliary line methods, and geometric transformations. Each method 

is examined through illustrative examples, mathematical formulations, and conceptual insights. 

The goal is to analyze these techniques not only as practical tools but as vehicles for mathematical 

reasoning and discovery. 

METHODS  

Geometric constructions are built upon a set of precise, logical steps that use basic instruments 

and reasoning rather than numerical measurements. This section outlines and elaborates on four 

major methods commonly used in planar constructions. Each method is illustrated with a 

conceptual explanation, an example, and, where appropriate, an algebraic formulation. 

Compass and straightedge constructions 

The foundation of classical geometry rests on constructions using only a compass and an 

unmarked straightedge. These tools, though simple, allow for the construction of complex 

geometric objects through pure logic and visual reasoning. 

Example: Constructing a regular hexagon inside a circle 

Let a circle 𝒞(𝑂, 𝑟) be given:  

1. Mark a point 𝐴  on the circumference. 
2. Using the compass set to radius 𝑟, draw arcs from point 𝐴 

intersecting the circle successively to get points  𝐵, 𝐶, 𝐷, 𝐸, 𝐹. 
3. Connect these points in order to form a regular hexagon. 
This method relies on the fact that the central angle of a regular 

hexagon is 60∘, and the chord length equals the radius. 

Locus-based constructions 

A locus is a set of points that satisfy a specific condition. In geometry, locus constructions offer 

powerful ways to describe and visualize relationships between objects. 

Example: Constructing an ellipse as a locus 

An ellipse is defined as the set of points such that the sum of distances to two fixed points (foci) 

is constant. 

Steps: 

1. Fix two points 𝐹1 𝑎𝑛𝑑 𝐹2 (the foci). 
2. For any point  𝑃 on the ellipse, ensure: 

|𝑃𝐹1| + |𝑃𝐹2| = 2𝑎 

where 2𝑎  is the major axis length. 
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Practical realization: Using two pins and a loop of string tied to length 2𝑎, a student can physically 

trace an ellipse with a pencil-illustrating the abstract concept tangibly. 

Algebraic connection: This is a conic section with the general equation: 

𝑥2

𝑎2
+

𝑦2

𝑏2
= 1 

Auxiliary line technique 

Auxiliary lines are strategically added to simplify or enable constructions. They often reveal hidden 

symmetries or support congruent triangle analysis.  

Example: Constructing a triangle given base, height, and apex 

angle 

Given a base 𝐵𝐶, desired height ℎ, and angle ∠𝐵𝐴𝐶: 

1. Draw base 𝐵𝐶 and erect a perpendicular at its midpoint 𝑀. 
2. From a point 𝐴 on this line at a distance ℎ, draw lines 

forming angle ∠𝐵𝐴𝐶 until they intersect 𝐵𝐶. 
Auxiliary lines allow us to impose constraints visually, enabling the construction of otherwise non-

obvious triangle configurations. 

Transformational approach 

Transformational geometry views constructions through the lens of movement-reflection, 

rotation, translation, and dilation-providing a bridge to coordinate geometry and algebra. 

Example: Constructing the reflection of a point across a line 

Given a point 𝐴(𝑥1, 𝑦1) 𝑎𝑛𝑑 𝑎 𝑙𝑖𝑛𝑒 𝐿: 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0, 

the reflected point 𝐴′(𝑥′, 𝑦′) 𝑖s calculated using: 

𝑥′ = 𝑥1 −
2𝑎(𝑎𝑥1 + 𝑏𝑦1 + 𝑐)

𝑎2 + 𝑏2
,  

𝑦′ = 𝑦1 −
2𝑏(𝑎𝑥1 + 𝑏𝑦1 + 𝑐)

𝑎2 + 𝑏2
 

 

 

RESULTS  

Through the implementation and analysis of the four primary geometric construction methods-

compass and straightedge, locus-based, auxiliary line, and transformational approaches-this 

study confirms the effectiveness of each technique in both theoretical and practical contexts. 

Compass and straightedge constructions consistently provided accurate and replicable results for 

fundamental figures such as regular polygons, perpendicular bisectors, and angle bisectors. These 

methods reinforced students’ understanding of 

classical geometry axioms and theorems through 

hands-on experience. 

Locus-based constructions enabled the visualization of 

more abstract geometric relationships. For example, 

constructing an ellipse as a set of points maintaining a 

constant sum of distances to two foci proved effective 
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in linking pure geometry with algebraic representations. 

Auxiliary line methods simplified complex constructions, especially in constrained problems such 

as finding centers, heights, or tangents. These constructions promoted strategic thinking and 

problem decomposition. 

Transformation-based constructions expanded the scope of geometric tasks beyond classical 

limitations. They enabled precise modeling in coordinate geometry and laid the groundwork for 

algebraic geometry applications, including reflections, rotations, and dilations. 

All methods were validated both manually (on paper) and digitally (using GeoGebra and other 

dynamic geometry software), demonstrating consistency and versatility across platforms. 

DISCUSSION  

The analysis of these construction methods reveals both historical depth and contemporary 

relevance. Geometric construction is not merely a skill set rooted in antiquity; rather, it continues 

to evolve as an essential component of mathematical reasoning and technological application. 

Pedagogical implications: Constructive geometry allows students to transition from static to 

dynamic understanding. By drawing shapes manually, learners develop a tactile sense of 

geometry, which is crucial for conceptual retention. Introducing locus and transformation 

methods in high school and early university curricula enhances interdisciplinary links with algebra, 

physics, and computer science. 

Technological integration: With the advent of dynamic geometry environments (DGEs), such as 

GeoGebra, Desmos, and Cabri Geometry, constructions once considered labor-intensive can now 

be simulated in seconds. These tools not only provide accuracy but also enable real-time 

manipulation of variables, facilitating exploratory learning. 

Applications in STEM fields: 

-In engineering, construction techniques assist in the drafting of mechanical parts, CAD modeling, 

and structural analysis. 

-In robotics, path planning and sensor triangulation often involve geometric constructions and 

transformations. 

-In computer graphics, reflection and transformation operations are core elements of rendering 

and animation algorithms. 

Limitations and future directions: Despite the strengths, some classical constructions (e.g., angle 

trisection, cube doubling) are impossible using only compass and straightedge. These limitations, 

however, have sparked deeper mathematical investigations in fields such as abstract algebra and 

Galois theory. Future educational approaches may incorporate these impossibility proofs to 

enrich logical reasoning and expand student horizons. 

CONCLUSION  

Geometric constructions, far from being archaic mathematical exercises, represent a living 

tradition that bridges abstract theory with visual understanding and real-world application. This 

study has demonstrated that methods such as compass and straightedge, loci, auxiliary 

constructions, and transformations not only offer elegant solutions to classical problems but also 

underpin modern developments in mathematics, engineering, and education. 
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By systematically exploring these methods, students gain more than procedural knowledge-they 

develop intuition, precision, creativity, and problem-solving skills. Integrating traditional and 

digital tools empowers learners to explore geometry dynamically, reinforcing its role as a 

foundational pillar of STEM disciplines. 

As mathematical education continues to evolve, geometric constructions should retain a 

prominent place in curricula-not merely for their historical importance, but for their unmatched 

ability to teach logic, structure, and beauty through form. 
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