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Abstract. Proportion is one of the fundamental concepts in mathematics, 

particularly in the fields of arithmetic, algebra, and geometry. The main property of 

proportion states that in any equality of two ratios, the product of the means is equal to 

the product of the extremes. This seemingly simple principle has vast applications 

across various branches of mathematics, science, and real-life problem-solving, 

ranging from geometry and trigonometry to economics and physics. This article aims 

to provide a comprehensive discussion of the main property of proportion, starting 

from its historical development, mathematical definition, and proof, followed by 

examples of its application in both theoretical and practical contexts. Furthermore, the 

article explores the pedagogical importance of teaching proportions, their role in 

developing problem-solving skills, and the challenges students face in understanding 

them. By highlighting these aspects, the paper demonstrates why the main property of 

proportion remains a cornerstone of mathematical education and its application in 

everyday life. 
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Mathematics is built upon relationships between numbers and quantities. One of 

the earliest and most widely applied relationships is proportion, a concept that finds its 

roots in ancient civilizations such as Egypt, Greece, and India. Proportion forms the 

basis of ratios, scaling, percentages, similarity in geometry, and even advanced 

concepts in algebra and physics. 
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At the heart of proportion lies its main property: 'In any proportion, the product 

of the means equals the product of the extremes.' This property serves as both a 

definition and a practical tool for solving various mathematical problems. For example, 

in the proportion a : b = c : d, the equality a × d = b × c must hold true. This simple but 

powerful principle underpins many real-world applications, such as converting 

currency, calculating scale models, determining map distances, and analyzing 

economic data. 

This article explores the theoretical basis, proofs, and practical applications of the 

main property of proportion, while also emphasizing its significance in teaching and 

learning mathematics. 

The concept of proportion can be traced back to ancient Egypt and Mesopotamia, 

where ratios were used in architecture, trade, and astronomy. However, it was the 

Greek mathematician Euclid (around 300 BCE) who formalized the theory of 

proportion in his famous work The Elements. Euclid described proportions in 

geometric terms, particularly in relation to similar figures and harmonic ratios.[1,245]. 

Later, Islamic scholars such as Al-Khwarizmi and Omar Khayyam expanded the 

application of proportions in algebra and geometry. During the Renaissance, 

proportions became central to art, architecture, and science, especially in perspective 

drawing and mechanics. Today, proportions are not only central to pure mathematics 

but also widely applied in physics, economics, engineering, and statistics. 

Definition of Proportion 

A proportion is defined as an equation stating that two ratios are equal. 

Symbolically, it is expressed as: 

a/b = c/d,   b, d ≠ 0 

This can also be written as: a : b = c : d 

In this notation: 

- a and d are called the extremes, 

- b and c are called the means. 

The main property of proportion states: a × d = b × c. This property allows us to 
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check whether four numbers are in proportion, as well as to find an unknown term 

when three terms are known. 

Consider the proportion: a/b = c/d. By the definition of equality of fractions, 

cross multiplication gives: a × d = b × c. Thus, the main property of proportion is 

proven. This proof is straightforward, but its power lies in its universal applicability 

to arithmetic, algebra, and geometry.[3, 78]. 

Applications of the Main Property 

1. Arithmetic and Algebra: 

In solving for unknowns, proportions are widely applied. For example, if a/b = c/x, 

then by the main property: a × x = b × c → x = (b × c)/a. 

2. Geometry: 

In geometry, proportions are central to the concept of similarity. Two triangles are 

similar if their corresponding sides are in proportion. The main property ensures that 

these ratios remain consistent. 

3. Trigonometry: 

Trigonometric ratios can also be understood in terms of proportions. For example, in 

right-angled triangles, the sine, cosine, and tangent functions are ratios that can be 

expressed and manipulated using proportions. 

4. Physics: 

Many physical laws are expressed in terms of proportional relationships. For 

example, Hooke’s law (F ∝ x) and Ohm’s law (V ∝ I) rely on proportional reasoning. 

5. Economics and Daily Life: 

Proportions are used in financial calculations such as interest rates, currency 

conversion, and scaling in business models. In everyday life, they appear in recipes, 

map readings, and resizing of photographs. 

The main property of proportion is not only a mathematical truth but also a vital 

teaching tool. In primary and secondary education, proportions help students transition 

from arithmetic to algebra. By mastering proportions, students learn logical reasoning, 

problem-solving strategies, and critical thinking.[4,280]. 
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However, students often struggle with proportions, especially in distinguishing 

between ratios and fractions. Research in mathematics education suggests that visual 

aids, real-life examples, and hands-on activities can enhance understanding. For 

example, using scale drawings, measuring ingredients, or comparing speeds of vehicles 

provides practical contexts for proportions. 

Challenges in Learning Proportions 

Despite its importance, teaching proportions is challenging. Common difficulties 

include: 

1. Confusing ratio with fraction. 

2. Misinterpreting the cross-multiplication process. 

3. Struggling with abstract reasoning when no real-world context is given. 

Educators are advised to emphasize the meaning of proportion before introducing 

mechanical rules like cross multiplication. Using interactive methods, such as group 

problem-solving and technology-based visualizations, can also improve 

comprehension. 

The main property of proportion, which states that the product of the means equals 

the product of the extremes, is a fundamental principle in mathematics. Its simplicity 

belies its immense power and application across arithmetic, algebra, geometry, physics, 

economics, and daily life. Historically significant and mathematically essential, it 

continues to be a cornerstone in both theoretical and applied mathematics. Moreover, 

from an educational perspective, understanding proportions equips students with 

logical reasoning skills necessary for advanced studies and real-world problem-

solving. The universality and practicality of proportions ensure that they will remain 

an indispensable part of mathematics curricula and applications for centuries to come. 
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