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Abstract — Mathematics education traditionally focuses on teaching students’ fundamental concepts and
problem-solving techniques within the confines of the classroom. Homework assignments typically involve
practicing problems from the textbook or applying learned methods to new problems. However, extending
math homework beyond these traditional exercises—by incorporating research, collection, and proofs of
theorems, preferably the classic ones offer students a deeper understanding of mathematical concepts and
their historical context. This approach not only enriches their learning experience but also fosters critical
thinking, problem-solving skills, and a genuine appreciation for mathematics. This article explores the
benefits and strategies for extending math, algorithms and coding education through these methods,
highlighting how they contribute to a more comprehensive and meaningful learning experience.
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I. INTRODUCTION

Mathematics is often perceived as a subject confined to the classroom, with its complexities unfolding
primarily through lectures, exercises, and exams. However, extending teaching and learning beyond the
classroom through homework, projects, and research can significantly enhance students' understanding and
appreciation of mathematics. For high school students, engaging in such extended activities not only
reinforces classroom learning but also fosters critical thinking, problem-solving skills, and a deeper
connection to the subject [1].

Traditional math instruction typically involves the direct teaching of concepts, followed by problem-solving
exercises. While this method provides foundational knowledge and skills, it often lacks depth and real-
world connection. As a result, students might only engage with mathematical concepts on a surface level
and miss opportunities to explore their applications and historical significance [2].

Homework is a crucial component of extending learning beyond the classroom. Effective math homework
assignments go beyond simple practice and encourage deeper exploration of concepts.

Homework allows students to reinforce and apply what they have learned in class. For instance, after a
lesson on algebraic equations, homework assignments can include problems that vary in difficulty,
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requiring students to employ different strategies. This variation helps students solidify their understanding
and adapt their skills to new contexts [3].

Homework can also be designed to encourage exploration and independent thinking. Assignments that
require students to solve real-world problems, such as data analysis and statistical data, connect
mathematical concepts to everyday life. For example, students might be asked to design a small business
plan using algebraic equations or to analyze statistical data from a recent survey. Such tasks not only deepen
understanding but also demonstrate the practical relevance of mathematics [4].

Projects are an important element of students’ skill development. They offer a more comprehensive
approach to extending learning and can be particularly effective in engaging students with mathematical
concepts. Projects provide an opportunity for students to apply mathematical concepts in a more extensive
and integrative way.

Projects also promote the development of critical skills such as research, collaboration, and presentation.
For example, a group project on statistical analysis could involve collecting data, analyzing it using
statistical methods, and presenting the findings to the class. This process encourages students to work
together, communicate effectively, and develop their research skills, all while deepening their
understanding of mathematical concepts [5].

In statistics, students may be asked to study the data from the National Data Base about several topics such
as the economy, tourism development, population growth, universities, etc.

Mathematical projects can also foster creativity. A project that requires students to create a visual
representation of mathematical concepts, such as functions, sequences, and inequalities, allows them to
explore particular aspects of mathematics. This approach can make math more engaging and help students
appreciate its beauty and complexity. [6], [7].

Research assignments can involve studying the history of mathematical concepts, such as the development
of geometry, calculus, or the evolution of number theory. Students might investigate how mathematicians
like Isaac Newton or Carl Friedrich Gauss contributed to the field and how their work has influenced
modern mathematics. This historical perspective helps students appreciate the development of
mathematical ideas and their impact on various fields [8].

Research assignments can also focus on the real-world applications of mathematical concepts. For example,
students could research how mathematical models are used in fields like finance, engineering, or computer
science. By understanding how math is applied in different careers, students can see its relevance and
potential career pathways [9].

Conducting research develops essential skills such as critical thinking, data analysis, and effective
communication. Students learn to evaluate sources, analyze information, and present their findings clearly.
These skills are valuable not only in mathematics but also in other academic and professional contexts [10].
To effectively extend teaching and learning beyond the classroom, educators can implement several
strategies.

Homework, projects, and research assignments should be designed to be meaningful and engaging.
Effective support and feedback are essential for extending learning beyond the classroom. Teachers should
provide resources, guidance, and timely feedback to help students succeed in their assignments. This
support helps students stay motivated, address challenges, and improve their work [11].

Assessing extended learning activities should focus on both the process and the product. Teachers should
evaluate students' problem-solving approaches, creativity, and research skills, as well as their final output.
Reflection activities, such as self-assessments or group discussions, can help students analyze their learning
experiences and identify areas for improvement [12].

Professors who encourage students to engage in independent research and online coding forums can gain
insights into the latest trends, challenges, and common difficulties students face. This knowledge enables
professors to tailor their teaching methods to better address student needs and incorporate relevant, real-
world examples into their lectures [13].

Professors can integrate coding challenges and algorithmic problems from forums like Project Euler,
LeetCode, Hacker Rank, and Code Forces into their curriculum, making the learning process more practical
and aligned with industry standards. This approach not only enhances student engagement but also prepares
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them for the challenges of the tech industry [14], [15].

Il. MATERIALS AND METHOD

Classic theorems like the Pythagorean theorem and many other theorems form the bedrock of mathematical
knowledge. Incorporating such theorems into the curriculum provides students with a sense of mathematical
tradition and demonstrates the enduring relevance of these concepts. Beyond merely solving problems
involving the theorem, exploring its proofs and historical development can deepen students' understanding
and appreciation of mathematics.

One particular project that can be useful for high school and university students may be the collection of
all the Pythagorean theorem proofs, and there may be almost 500 of them. The project may end with a
challenge for the students to try to find a new proof of the theorem. There are numerous proofs available,
ranging from geometric to algebraic approaches. For example, students can explore geometric proofs, such
as those involving rearrangements of triangles or squares, as well as algebraic proofs that use algebraic
identities and equations [16], [17].

For collection and analysis assignments, teachers can ask students to gather various proofs of the
Pythagorean theorem and analyze their methods. Students can present their findings in a report or a class
discussion, highlighting the strengths and weaknesses of different proofs. Teachers can also encourage
students to create their own proofs or solve related problems to demonstrate their understanding of the
theorem.

The same could be done with several theorems, such as the infinity of prime numbers, properties of integers.
Researching the theorem’s historical context allows students to appreciate the theorem not just as an
abstract concept but as a significant achievement in the evolution of mathematics. This approach fosters a
sense of connection between students and the rich history of mathematical discovery [18].

In addition to collecting proofs, students can analyze the techniques used in different proofs. They can
examine the logical steps, the use of geometric or algebraic properties, and the effectiveness of different
approaches. This analysis helps students develop critical thinking skills and a deeper understanding of the
nature of mathematical proof [19]-[20].

Projects and Assignments in Mathematics:

Pythagorean Theorem: In a right triangle, the square of the length of the hypotenuse c is equal to the sum
of the squares of the lengths of the other two sides a and b; ¢ = a? + b2.

Euclid’s Theorem on Prime Numbers: There are infinitely many prime numbers.

Ptolemy’s Theorem: In a cyclic quadrilateral ABCD (a quadrilateral inscribed in a circle), the sum of the
products of the two pairs of opposite sides is equal to the product of the diagonals.

Formula: AC x BD = AB *CD + AD = BC.

Ceva’s Theorem: In a triangle ABC, if lines AD, BE, and CF are concurrent (i.e., they meet at a single

AF BD CE
point), then — * — * —
FB DC EA

Menelaus’ Theorem: In a triangle ABC, if a transversal intersects the sides AB, BC, CA or their extensions
at points D, E, F respectively, then the product of the ratios of the segments created on each side is equal

to 1.
AF BD CE
Formula: S ¥t
DC EA

Heron’s Formula. The area of a triangle with sides a, b, ¢ can be calculated using the formula:

Formula: A = \/s(s — a)(s — b)(s — ¢), where s is the semi perimeter, s = £X2*¢

Brahmagupta’s Formula: The area of a cyclic quadrilateral (a quadrilateral inscribed in a circle) can be
calculated using: = /s(s — a)(s — b)(s — ) (s — d), where s is the semi perimeter, s = &2+

Apollonius’ Theorem: In a triangle, the sum of the squares of any two sides is equal to twice the square of
half the third side plus twice the square of the median bisecting the third side.
Formula: AB"2 + AC*2 = 2(AD"2 + BD”2), where D is the midpoint of BC.
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Thales’ Theorem: If A, B, and C are points on a circle where the line segment AC is a diameter, then the
angle ABC is a right angle.

These classic theorems are foundational in the study of geometry and have broad applications in various
fields of mathematics, science, and engineering. They represent the rich history and development of
geometric thought over the centuries.
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Projects and Assignments in Coding:

Students create algorithms that solve complex problems related to properties of integers, such as prime
factorization, finding GCD using Euclid's algorithm, implementing the Sieve of Eratosthenes, try primality
tests such as Willson’s, Fermat, Euler, AKS [21].

Other projects are properties of prime numbers, calculate Euclid’s numbers, Fermat numbers, verify if the
are prome or composite, find the last digits of prime numbers, calculate the % of each digit, etc.

Optimize existing algorithms for time and space complexity, comparing different approaches.
Implementing the Sieve of Eratosthenes with different algorithms and estimate the fastest algorithm.
Assign students to analyze the efficiency of different algorithms (e.g., sorting algorithms, graph traversal
algorithms) by implementing them and comparing their performance on various datasets [22],[23]
Competitive Programming: Participate in competitive programming contests (e.g., ProjectEuler,
Codeforces, LeetCode) and solve problems that require advanced algorithms and data structures.
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Independent Research Project: Students pursue independent research on a topic of their choice in
mathematics or computer science.

University projects designed to engage students in ICT and coding play a crucial role in enhancing their
practical skills and preparing them for the tech industry. Collaborative research projects allow students to
contribute to cutting-edge research, while industry partnerships and internships offer hands-on experience
with real-world projects, improving their employability.

Open-source contributions provide students with the opportunity to work on collaborative software
development, building a public portfolio that impresses future employers. Innovation and entrepreneurship
programs foster creativity by supporting students in developing tech startups or innovative solutions [24]-
[25].

1. CONCLUSION

Extending math homework to include research, collection, and proofs of classic theorems such as the
Pythagorean theorem and other important theorems enriches students’ mathematical education and fosters
a deeper understanding of the subject. By exploring the history, applications, and diverse proofs of these
classic concepts, students develop critical thinking, problem-solving skills, and a genuine appreciation for
mathematics.

One of the primary benefits of mastering classic theorems and proofs is the development of logical thinking
and mathematical rigor. Proofs train students to follow a sequence of logical steps, fostering a methodical
approach to problem-solving. This discipline in reasoning is not only essential in mathematics but also in
other fields, as it cultivates critical thinking skills that are applicable in various real-world situations.
Furthermore, the study of classic theorems introduces students to the elegance and creativity inherent in
mathematics. Classic proofs often reveal the beauty of mathematical thought, inspiring students and
deepening their appreciation for the subject. This appreciation is reinforced by the historical context in
which these theorems were developed, connecting students to a rich intellectual tradition.

Knowing classic theorems and proofs prepares students for advanced studies and research. These theorems
provide a foundation for exploring more complex topics and developing original mathematical
contributions.

For computer science students, extending their lectures through independent research in coding and
algorithms and participating in web forums like Project Euler and LeetCode offers significant benefits that
enhance both their academic knowledge and practical skills.

While lectures provide a solid theoretical foundation, independent research allows students to apply these
concepts to real-world problems. Engaging with coding challenges on such platforms helps students
reinforce and internalize their learning, ensuring they can effectively translate theory into practice.
Researching algorithms independently encourages students to explore various problem-solving approaches,
broadening their understanding of algorithm design and optimization. This deep dive into algorithms
cultivates a mindset that is crucial for tackling complex computational problems.

By regularly solving coding challenges, students develop strong algorithmic thinking. This skill is essential
in computer science, where efficient problem-solving often hinges on selecting the right algorithm for a
given task.

Engaging with online coding communities exposes students to diverse perspectives and problem-solving
techniques. Collaborating with peers in these forums not only enhances technical skills but also helps
students build a network within the coding community, which can be invaluable for future career
opportunities.

By extending their learning beyond the classroom through independent research and participation in coding
forums, computer science students can significantly enhance their problem-solving skills, build a strong
professional portfolio, and prepare themselves for successful careers in the tech industry.
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