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Abstract

Mathematics is not limited to numerical calculations, formulas, and classroom exercises; it is
also a powerful means of developing problem-solving skills. Problem solving requires
individuals to understand a situation, identify relevant information, select appropriate
strategies, perform logical operations, evaluate possible solutions, and communicate
conclusions. These abilities are useful not only in mathematics but also in education,
employment, personal finance, technology, business, and everyday decision-making. The
National Council of Teachers of Mathematics has emphasized problem solving as both an
important goal of mathematics learning and a major means through which mathematical
understanding develops. (Departemen Matematika) Recent research also emphasizes problem
formulation, representation, reasoning, and the use of digital tools as important dimensions of
mathematical problem solving. (Springer Nature Link) This paper examines the relationship

between mathematics and problem-solving skills. It discusses the meaning and characteristics
of mathematical problem solving, major stages involved in solving a problem, the importance
of logical reasoning, the role of arithmetic, algebra, geometry, statistics, and probability, and
the relevance of mathematical problem solving in everyday life. The paper also examines
classroom approaches that can strengthen problem-solving abilities, including real-life
problems, collaborative learning, problem posing, mathematical games, and appropriate use of
technology. Research on informal mathematics suggests that connecting mathematical
concepts with real-world situations can help learners recognize mathematics outside the
classroom. (Frontiers) The paper argues that effective mathematics education should move
beyond memorization of procedures and provide learners with opportunities to understand,
explore, formulate, and solve meaningful problems. The study concludes that mathematical
problem solving is an essential intellectual and practical skill that contributes to independent
thinking, decision-making, creativity, and lifelong learning.

Keywords: Mathematics, problem solving, mathematical reasoning, logical thinking,
mathematics education, decision making, numeracy, learning skills

1. Introduction

Mathematics is traditionally regarded as the study of numbers, quantities, structures, patterns,
space, and relationships. In educational settings, students commonly encounter mathematics
through arithmetic operations, algebraic expressions, geometric figures, equations, graphs, and
statistical calculations. However, the deeper purpose of mathematics extends beyond obtaining
correct numerical answers. Mathematics provides individuals with methods for understanding
problems and developing systematic solutions.
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Problem solving is an important component of mathematical activity because many
mathematical situations do not provide an immediate or obvious method of solution. The
learner must first understand what is being asked, determine which information is relevant,
identify relationships, and select an appropriate strategy. The National Council of Teachers of
Mathematics describes problem solving as working on a task for which the solution method is
not known in advance and emphasizes that solving problems can develop mathematical
understanding as well as habits such as persistence and curiosity. (Departemen Matematika)
The importance of mathematical problem solving extends beyond school. People encounter
problems involving money, time, measurement, transportation, shopping, household planning,
employment, and technology. In many such situations, there is no textbook instruction
explaining which formula should be used. Individuals must recognize the mathematical
structure of the situation themselves.

Research on problem posing similarly emphasizes that real-world situations generally do not
present neatly structured mathematical problems. Individuals must recognize and formulate
problems before they can solve them. (DOI) This makes mathematical reasoning particularly
relevant to everyday life.

The purpose of this paper is to examine the relationship between mathematics and problem-
solving skills and to explain how mathematical education can contribute to the development of
effective problem solvers.

2. Meaning of Mathematical Problem Solving

Mathematical problem solving refers to the process of using mathematical knowledge,
reasoning, representations, and strategies to address a question or situation for which the
solution is not immediately known.

A routine calculation and a mathematical problem are not necessarily the same. If a student is
asked to calculate 25+3725+37, the operation is immediately identifiable. However, if the
student is told that a person has 100 and purchases several items with different prices, the
student may first need to determine what should be calculated.

Problem solving therefore involves interpretation as well as calculation.

A mathematical problem may involve numbers, quantities, shapes, patterns, relationships,
probability, data, or logical conditions. The solution may require one operation or several
connected steps.

An effective problem solver must understand the problem before attempting to calculate an
answer.

3. Main Stages of Problem Solving

A useful approach to mathematical problem solving involves several connected stages. The
first stage is understanding the problem. The learner identifies what is known, what is
unknown, and what information is relevant.

The second stage is planning. The learner decides which mathematical concepts, operations,
formulas, diagrams, tables, or other representations might be useful.

The third stage is implementation. The chosen strategy is applied carefully.

The fourth stage is evaluation. The learner checks whether the answer is reasonable and
whether it actually addresses the original question.

Finally, the learner may communicate the solution and explain the reasoning.
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These stages should not be interpreted as rigid steps that must always occur in exactly the same
order. Experienced problem solvers often move between understanding, planning, testing, and
revising strategies.

Recent mathematics-education research emphasizes problem formulation and different ways
of representing, exploring, and approaching problems rather than treating problem solving as
a purely mechanical procedure. (Springer Nature Link)

4. Arithmetic and Problem Solving

Arithmetic is the foundation of many practical mathematical problems.

Addition, subtraction, multiplication, and division are used in financial calculations, shopping,

measurement, time management, and household planning.

Consider a simple example. A family spends X450 on food, X200 on transportation, and X150
on household supplies. Total expenditure is

450+200+150=800.450+200+150=800.

If the family has X1,200 available, the remaining amount is

1200—800=400.1200-800=400.

Although these calculations are elementary, the important skill is identifying which operations
are required.

More complex situations may involve several operations. A person may need to calculate a
percentage discount, determine the final price, and then compare it with another product.
Arithmetic therefore develops the ability to translate practical situations into mathematical
operations.

5. Algebra and Problem Solving

Algebra provides a systematic method for representing unknown quantities and relationships.
Suppose a person buys three identical books and pays X600. If the price of each book is xx,
then

3x=600.3x=600.

Therefore,

x=200.x=200.

Algebra becomes particularly useful when several unknowns are involved.

For example, if two numbers have a sum of 30 and one is 6 greater than the other, algebra
allows the relationship to be represented as

x+y=30x+y=30

and

x=y+6.x=y+6.

Solving the equations provides the unknown values.

The importance of algebra in problem solving lies in its ability to convert verbal relationships
into symbolic forms. This allows complex situations to be analyzed systematically.

6. Geometry and Spatial Problem Solving

Geometry develops spatial reasoning and provides tools for solving problems involving shapes,
distance, area, volume, and position.

Suppose a rectangular room has a length of 6 metres and a width of 4 metres. Its area is
A=6x4=24 m2.A=6\times4=24\text{ m}"2.

If flooring costs T500 per square metre, the estimated cost is
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24x500=12,000.24\times500=12,000.

This simple example demonstrates how geometry can be connected to practical decision-
making.

Geometry is also used in architecture, engineering, construction, design, navigation, computer
graphics, and manufacturing.

Problem solving in geometry requires learners to visualize relationships, select appropriate
formulas, construct diagrams, and reason about spatial properties.

7. Measurement and Practical Problems

Measurement is closely connected with everyday problem solving.

People measure length, weight, volume, temperature, time, and area in ordinary activities.

A person planning to paint a room must estimate wall area and determine how much paint is
needed. A cook must measure ingredients. A traveler estimates distance and time. A builder
measures materials.

Measurement problems often require unit conversion.

For example,

1 metre=100 centimetres. 1\text{ metre}=100\text{ centimetres}.

Therefore,

2.5 metres=250 centimetres.2.5\text{ metres}=250\text{ centimetres}.

Understanding measurement helps individuals apply mathematical knowledge to physical
situations.

8. Ratio and Proportion

Ratio and proportion are important forms of mathematical reasoning.

Suppose a recipe requires two cups of flour for every one cup of sugar. The ratio is

2:1.2:1.

If the recipe is doubled, the quantities become four cups of flour and two cups of sugar.

Ratio reasoning is used in cooking, maps, mixtures, construction, finance, scale drawings, and
scientific calculations.

Proportional reasoning also helps individuals understand whether changes in one quantity
correspond appropriately to changes in another.

9. Percentage Problems

Percentages are among the most frequently encountered mathematical concepts in everyday
life.

Discounts, taxes, interest rates, examination scores, population statistics, business growth, and
financial reports often use percentages.

Suppose an item costs 32,000 and is discounted by 20%. The discount is
2000x20100=400.2000\times\frac{20} {100}=400.

The final price is

2000—400=1600.2000-400=1600.

However, percentage problems can become more difficult when several percentage changes
occur.

For example, a 20% increase followed by a 20% decrease does not return a quantity to its
original value. Understanding such relationships requires conceptual reasoning rather than
simply memorizing procedures.
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10. Statistics and Problem Solving

Statistics helps individuals make sense of data.

People encounter averages, percentages, graphs, tables, and probability statements in
newspapers, workplaces, educational institutions, and digital media.

Suppose five test scores are

60,70,75,80,90.60,70,75,80,90.

The mean is

60+70+75+80+905=75\Mrac {60+70+75+80+90} {5}=75.

The calculation itself is simple, but interpretation is equally important. Averages do not always
provide a complete description of a dataset.

Problem solving with statistics requires individuals to ask what data represent, whether a
comparison is appropriate, and whether conclusions are justified.

Statistical reasoning therefore strengthens critical thinking.

11. Probability and Decision Making

Probability provides mathematical methods for reasoning about uncertainty.

If a fair six-sided die is rolled, the probability of obtaining a six is

16.\frac{1}{6}.

Simple probability problems help students understand uncertainty and likelihood.

In everyday life, probability is relevant to weather forecasts, insurance, risk assessment, games,
business decisions, and scientific reasoning.

Probability does not guarantee that a particular event will occur. Instead, it provides a
framework for evaluating possible outcomes.

Learning probability can therefore improve the ability to distinguish between certainty,
possibility, and risk.

12. Logical Reasoning

Mathematics encourages logical reasoning because mathematical conclusions must follow
from assumptions, definitions, relationships, and evidence.

Consider a simple logical statement: if all members of a particular group have a property and
an individual belongs to that group, then the individual has the property.

Mathematical reasoning develops habits of asking whether a conclusion follows from the
available information.

This habit is valuable outside mathematics.

When evaluating an advertisement, interpreting a news claim, comparing financial products,
or deciding whether an argument is convincing, individuals benefit from logical reasoning.
Mathematics therefore contributes to intellectual discipline.

13. Problem Solving in Everyday Life

Everyday activities contain mathematical problems that are often not recognized as
mathematics.

Planning a household budget requires arithmetic and comparison. Shopping involves
percentages and unit prices. Cooking uses ratios and measurements. Travel involves distance,
time, and speed. Home improvement involves geometry and measurement.

Research on informal mathematics learning has shown that activities in community and
everyday settings can help learners connect mathematical ideas with real-world situations. A
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study of “math walks,” for example, found that learners engaged in creating mathematical
problems connected to their surroundings and developed stronger connections between school
mathematics and real-world contexts. (Frontiers)

This suggests that mathematical problem solving does not need to be restricted to textbooks.
14. Mathematics and Decision Making

Decision making frequently involves selecting one option from several possibilities.

Suppose a person is choosing between two transportation options. One option may be cheaper
but slower, while another may be faster but more expensive.

The individual can compare cost, travel time, distance, and convenience.

Similarly, when purchasing a product, a consumer may compare price, quantity, quality, and
warranty.

Mathematical reasoning helps organize such information and make comparisons more
transparent.

The final decision may also involve personal preferences, so mathematics does not determine
every decision. Rather, mathematics provides evidence that can support the decision.

15. Problem Solving and Creativity

Mathematics is sometimes incorrectly associated only with fixed procedures and
predetermined answers. In reality, many mathematical problems can be approached in different
ways.

A problem involving a geometric figure might be solved through a formula, a diagram,
algebraic reasoning, or measurement.

Open-ended problems may have multiple valid approaches.

Creativity in mathematics can involve identifying unusual patterns, constructing alternative
representations, finding shorter solutions, or generating new questions.

Research on contemporary problem-solving education increasingly emphasizes problem
formulation and the exploration of different representations and strategies. (Springer Nature
Link)

Thus, mathematics can develop both logical and creative thinking.

16. Problem Posing and Mathematical Thinking

Problem posing refers to creating or reformulating mathematical problems.

It is closely related to problem solving because a person must often recognize a problem before
solving it.

For example, observing a grocery bill might lead a learner to ask:

How much would the bill change if prices increased by 10%?

How much would be saved with a particular discount?

Which product has the lower unit cost?

Such questions transform an ordinary situation into a mathematical investigation.

Research on problem posing argues that recognizing and formulating problems is especially
important in everyday contexts because real-life situations rarely provide neatly structured
mathematical questions. (DOI)

17. Mathematics Education and Problem Solving

Mathematics education plays a central role in developing problem-solving abilities.
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Traditional instruction sometimes places considerable emphasis on memorizing formulas and
practicing routine exercises. Such activities can be useful for developing procedural fluency,
but they are not sufficient on their own.

Students also need opportunities to solve unfamiliar problems, explain their reasoning,
compare strategies, and reflect on errors.

The National Council of Teachers of Mathematics emphasizes that computational proficiency
should be accompanied by conceptual understanding, reasoning, problem solving, connections,
communication, and appropriate representation. (NCTM)

This approach views mathematical competence as broader than the ability to obtain correct
answers quickly.

18. Real-Life Problems in Mathematics Teaching

Real-life problems can help learners understand why mathematical concepts matter.

For example, percentage can be taught through discounts, interest, and household budgets.
Geometry can be connected to room design and construction. Statistics can be connected to
sports results or school surveys.

The U.S. Department of Education's What Works Clearinghouse has described the Everyday
Mathematics curriculum as emphasizing real-life problem solving, mathematical
communication, technology, and multiple instructional contexts; its review reported potentially
positive effects on primary mathematics achievement, although the evidence base was limited.
(Institute of Education Sciences)

Real-life applications should nevertheless be carefully designed. Simply attaching a story to a
routine calculation does not automatically create meaningful problem solving. The situation
should require students to reason about what information matters and which strategy is
appropriate.

19. Technology and Mathematical Problem Solving

Technology has changed how mathematical problems can be explored.

Calculators, spreadsheets, graphing applications, dynamic geometry software, and computer
algebra systems can perform calculations and provide visual representations.

Technology can therefore allow learners to focus more attention on interpretation and
reasoning.

However, technology should not replace mathematical understanding. The National Council of
Teachers of Mathematics recognizes technology as a useful tool for supporting mathematical
learning while emphasizing that it should not substitute for understanding important
mathematical concepts and skills. (NCTM)

Recent research also suggests that digital tools can influence how learners represent, explore,
formulate, and solve mathematical problems. (Springer Nature Link)

20. Collaborative Problem Solving

Problem solving can also be a collaborative activity.

When students work together, they can explain their approaches, compare solutions, identify
errors, and consider alternative methods.

A student who struggles with one strategy may learn from another student's explanation.
Collaborative problem solving can also improve mathematical communication because
learners must explain their reasoning rather than simply provide an answer.
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However, effective collaboration requires meaningful participation. Simply placing students
into groups does not automatically guarantee mathematical learning.

Teachers need to provide appropriate problems and encourage students to justify their ideas.
21. Mathematical Games and Problem Solving

Mathematical games can provide opportunities for strategic reasoning.

Games involving numbers, patterns, logical arrangements, spatial relationships, or probability
require players to predict outcomes and evaluate alternatives.

For example, a simple number game may require a player to select numbers that satisfy
particular conditions. The player must analyze the structure of the problem rather than simply
perform calculations.

Games can make mathematical activity more engaging, particularly for younger learners.
Nevertheless, educational value depends on the design of the game. A game should encourage
mathematical reasoning rather than merely reward speed.

22. Errors as Part of Problem Solving

Errors are a natural part of mathematical learning.

A wrong answer can reveal misunderstandings about a concept, operation, unit, or
interpretation.

For example, if a student calculates a rectangular area by adding length and width rather than
multiplying them, the error provides information about the student's understanding of area.
Teachers can use such errors as opportunities for discussion.

Encouraging students to examine why an answer is incorrect can be more educational than
simply replacing it with the correct answer.

Problem solving therefore includes reflection and revision.

23. Challenges in Developing Problem-Solving Skills

Several challenges can prevent students from developing strong problem-solving abilities.
One challenge is excessive dependence on memorized procedures. Students may know
formulas but not understand when to use them.

Another challenge is mathematics anxiety. Fear of making mistakes can reduce willingness to
attempt unfamiliar problems.

A further challenge is the gap between formal school mathematics and practical mathematical
activity.

A recent study published in Nature found that children working in markets in Kolkata and
Delhi could perform complex arithmetic effectively in applied market contexts while having
difficulty with equally or less complex arithmetic presented in abstract school formats. The
findings highlight the importance of creating stronger connections between intuitive, applied
mathematics and formal mathematical learning. (Nature)

This does not mean that formal mathematics is unnecessary. Rather, it suggests that learners
benefit when formal concepts are connected with meaningful contexts.

24. Strategies for Improving Problem-Solving Skills

Several approaches can support mathematical problem solving.

First, learners should be given unfamiliar problems that require reasoning rather than only
repetitive exercises.
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Second, students should be encouraged to represent problems in different ways, including
diagrams, tables, equations, graphs, and written explanations.

Third, teachers can ask students to explain why a particular strategy works.

Fourth, real-world situations can be incorporated into mathematics lessons.

Fifth, students can be encouraged to create their own mathematical questions.

Sixth, technology can be used to explore patterns, test ideas, and visualize relationships.
Finally, learners should be encouraged to check and revise their solutions.

These practices can develop independence and confidence.

25. Future Perspectives

The importance of mathematical problem solving is likely to increase as society becomes more
dependent on data and technology.

Automation can perform many routine calculations, but humans still need to determine what
questions should be asked, which information is relevant, and how results should be
interpreted.

Artificial intelligence can generate numerical outputs, but users need mathematical literacy to
evaluate whether those outputs are reasonable.

Future mathematics education may therefore place greater emphasis on mathematical
reasoning, problem formulation, interpretation, modeling, and communication.

Current research increasingly treats problem solving as a broad mathematical practice
involving problem formulation, representation, inquiry, reasoning, and communication.
(Springer Nature Link)

26. Conclusion

Mathematics and problem-solving skills are closely connected. Mathematics provides concepts
and tools for understanding quantities, relationships, patterns, space, uncertainty, and data,
while problem solving provides opportunities to apply those concepts in meaningful situations.
Arithmetic supports everyday calculations, algebra represents unknown relationships,
geometry develops spatial reasoning, statistics supports data interpretation, and probability
provides tools for reasoning about uncertainty.

Mathematical problem solving also contributes to broader skills such as logical reasoning,
creativity, persistence, communication, and decision making. These abilities are useful in
education, employment, finance, business, technology, and everyday life.

Research suggests that meaningful problem solving requires more than memorizing
procedures. Learners need opportunities to formulate questions, explore different
representations, select strategies, explain reasoning, and connect mathematics with real
situations. (Springer Nature Link)

Mathematics education should therefore treat problem solving as a central component rather
than an additional activity. Classroom learning should combine computational fluency with

conceptual understanding and practical application.

Ultimately, the value of mathematics is not measured only by how quickly a person can
calculate an answer. It is also measured by the ability to understand a situation, reason carefully,
develop a solution, evaluate evidence, and make informed decisions. In this sense,
mathematical problem solving is both a mathematical skill and an important life skill.
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