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Abstract: - Mathematical modelling is the process of creating a mathematical representation of a system to
gain insight into or understand its behavior. It is a powerful tool used to develop and refine solutions to real
world problems. Mathematical modelling is used in a wide variety of disciplines, such as engineering,
economics, biology and many more. The process involves constructing a mathematical model, which is a
combination of equations, variables and parameters that describe the system.

Index Terms: mathematical modeling, Statistical System, dynamics, Agent based modeling

I. Introduction

Mathematical modeling is an essential tool used by researchers to represent real-world problems of
interest and inform policy decisions [1]. It involves the use of mathematics to create models that help
understand natural phenomena [1]. Mathematical models are expressed using mathematical language and
involve generating questions,making assumptions and learning and applying new skills to arrive at an answer
[2][3]. Mathematical modelling brings together researchers from different academic backgrounds, unifying
them to solve problems with many variables [3]. One of the aspects of mathematical modelling is the
creation of models using mathematics. This process involves forming hypotheses, selecting trendline types
after careful consideration and identifying the type of trendline that will be needed to represent the data
accurately [3]. There are different types of models used in mathematical modelling , including linear ,power
,and exponential models [2]. Each model type has distinct equations and characteristics, such as power
models like Hooke’s Law, Ohm’s Law, Pascal’s Law and Stoke’s Law which are commonly used in
engineering applications [2]. Mathematical modelling is used in various industries such as sugar, mining and
energy conservation to develop models for mitigating challenges faced by these industries [1]. Overall,
mathematical modelling is an important and practical application of mathematics in the real world, which
helps researchers understand complex phenomena and solve real world problems.
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Mathematical modelling is the process of using mathematical concepts equations, and data to create
representations of real-world phenomena. These models help us describe, understand, predict, and control
various systems, from the physical and biological to the social and economic. They serve as a bridge between
theoretical knowledge and practical applications.

I1. Principles
The principles of mathematical modelling encompass a wide range of topics, such as:

» Formulation:- This involves the development of a mathematical model, which is a representation of
the system. This model must accurately capture the behavior of the system and be consistent with the
available data.

» Analysis:- this involves the analysis of the model, which can be used to gain insight into the system’s
behavior. This can be done through mathematical analysis, simulation and optimization.

» Communication:- This involves the presentation of the result of the model and its interpretation. This
is important for the effective communication of the model’s results.

I11. Techniques
The techniques used for mathematical modelling vary depending on the type of the system being modelled.

Some techniques include:

» Statistical modelling :- This involves the use of statistical methods to develop a model that captures
the behavior of the system. This can be done through regression and classification methods.

» System dynamics: - This involves the use of a system of equations, which can be used to model
dynamic systems. This can be used to model a wide variety of systems, such as economic, biological
and mechanical systems.

> Agent based modelling :- This involves the use of simulations to model the behavior of a system. This
can be used to model the behavior of agents in a system, such as individuals, groups, or organizations.

IV. Solving Real-World Problems

Math modelling is instrumental in tackling real-world challenges. It enables scientists and engineers
to simulate and test complex systems, providing insights that might not be attainable through
experimentation alone. For example, in environmental science, mathematical models can predict the
consequences of climate change, helping us make informed decisions about conservation and sustainable
practices.

V. Advancing Technological Innovation

In engineering and technology, math modelling is fundamental to designing and optimizing systems.
From the aerodynamics of an aircraft to the intricate algorithms that power our smartphones, mathematical
modelling is the backbone of innovation. It allows us to refine and optimize designs, making products more
efficient, safe, and user-friendly.

VI. Understanding Biological and Medical Processes

In the field of medicine, mathematical modelling is indispensable for understanding complex
biological processes. Models of the human circulatory system, for example, have led to significant advances
in cardiovascular treatments. Similarly, epidemiological models have been instrumental in
addressing infectious diseases and planning vaccination campaigns.
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VII. Enhancing Decision-Making beyond STEM

Mathematical models aid in making informed decisions. In economics, for example, they can predict
the impact of policy changes on a nation's financial health. In logistics, models help optimize supply chain
operations, reducing costs and improving efficiency. By relying on data-driven models, decision-makers can
evaluate various scenarios and choose the most effective course of action.

VII1. Fostering Scientific Discovery

Mathematical modelling often precedes experimental work, guiding researchers toward promising
avenues of exploration. This accelerates scientific discovery and ensures that resources are used efficiently.
Whether it's the search for new particles in particle physics or facilitating the study of celestial bodies
through aerospace engineering, math modelling lays the foundation for groundbreaking discoveries.

Mathematical modelling is the backbone of STEM, underpinning our understanding of the world and driving
progress in science, technology, engineering, and mathematics. From solving complex real-world problems
to advancing technological innovation, mathematical modelling plays a critical role in a wide range of
disciplines.

As we continue to rely on data and computation in our quest for knowledge and innovation, the importance
of math modelling in STEM cannot be overstated. It is a testament to human creativity and intellect, a tool
that enables us to explore the universe and shape the future.

IX. Fundamentals of Mathematical Modelling

At its core, mathematical modelling is a process of abstracting complex real-world situations into a
simplified mathematical framework. It involves several fundamental components:

1. Mathematical Equations: Mathematical models rely on equations that describe the relationships
between different variables. These equations can be linear, nonlinear, differential, or stochastic,
depending on the nature of the problem being modelled.

2. Variables: In any mathematical model, there are input variables, output variables, and parameters.
Input variables are the quantities that influence the system being modelled, output variables are the
quantities of interest, and parameters are constants that define the behaviour of the model.

3. Assumptions: All models are simplifications of reality, and they require assumptions to be made.
These assumptions help in reducing the complexity of the problem and make it mathematically
tractable. However, these assumptions should be carefully chosen to ensure that the model remains
relevant and useful.

4. Validation and Verification: Mathematical models need to be validated and verified to ensure their
accuracy and reliability. Validation involves comparing the model’s predictions to real-world data,
while verification checks the correctness of the mathematical formulation.
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X. Steps and concepts involved in mathematical modelling

1.

10.

Formulating the Problem: The first step in mathematical modelling is to clearly define the problem
you want to study or the system you want to analyze. This involves identifying the relevant variables,
parameters, and constraints.

Choosing a Mathematical Framework: Once the problem is defined, you need to select the
appropriate mathematical framework or approach to represent it. This could involve differential
equations, algebraic equations, optimization techniques, statistical models, or other mathematical
tools.

Building the Model: With the chosen mathematical framework, you construct a mathematical model
that describes the relationships among the variables and parameters in the system. This often involves
making assumptions and simplifications to create a tractable model.

Solving the Model: Depending on the complexity of the model, solving it can involve analytical
techniques (finding exact solutions), numerical methods (approximate solutions), or a combination of
both. Computational tools and software are often used for numerical simulations.

Validation and Calibration: After constructing and solving the model, it’s essential to validate it by
comparing its predictions to real-world data. If the model doesn’t match observations, it may need to
be calibrated or refined.

Analysis and Interpretation: Once the model is validated, you can use it to analyze the system or
problem. This may involve sensitivity analysis to understand how changes in parameters affect
outcomes, optimization to find optimal solutions or other forms of analysis.

Prediction and Scenario Testing: Mathematical models can be used to make predictions about future
behaviour or to test different scenarios. This is valuable for decision-making and planning.
Communication of Results: The results and insights gained from the mathematical model should be
communicated effectively to stakeholders, whether they are scientists, engineers, policymakers, or the
general public.

Iterative Process: Mathematical modelling is often an iterative process. As new data becomes
available or the problem evolves, the model may need to be updated and refined.

Uncertainty and Assumptions: It’s important to acknowledge and address uncertainties in the model,
as well as the assumptions made during its construction. Sensitivity analysis and Monte Carlo
simulations are common techniques for handling uncertainty.

XI. Types of Mathematical Models

Mathematical models come in various forms, each tailored to address specific types of problems and

systems:

1.

Deterministic Models: These models assume that the system’s behaviour is entirely predictable and
governed by fixed rules. Examples include linear equations, polynomial equations, and ordinary
differential equations.

Stochastic Models: In contrast to deterministic models, stochastic models consider randomness and
uncertainty in the system. They often involve probability distributions and are used for modelling
complex, unpredictable systems like financial markets and biological populations.

Continuous Models: Continuous models represent systems that change continuously over time or
space. Examples include fluid flow equations, heat transfer equations, and population growth models.
Discrete Models: Discrete models deal with systems that change in discrete steps or intervals.
Examples include cellular automata, agent-based models, and Markov chains.

Static Models: Static models describe systems at a single point in time, without considering how they
evolve over time. They are often used for optimization problems and equilibrium analysis.
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XI1. Challenges and Limitations of Mathematical Modelling

While mathematical modelling is a powerful tool, it comes with challenges and limitations:

1. Data Availability: Models heavily rely on data, and their accuracy is limited by the quality and
quantity of available data. In some cases, data may be scarce or unreliable.

2. Assumption Sensitivity: Models are built on assumptions, and their results can be highly sensitive to
these assumptions. Small changes in assumptions can lead to significantly different outcomes.

3. Complexity: Real-world systems are often highly complex, and simplifications are necessary for
modelling. However, overly simplistic models may not capture important nuances.

4. Uncertainty: Models cannot eliminate uncertainty entirely, especially in stochastic systems. They can
only provide estimates of probabilities and outcomes.

5. Computational Resources: Some models, particularly those involving large-scale simulations, require
significant computational resources, which can be expensive and time-consuming.

XI11. Conclusion

Mathematical modelling is a versatile and indispensable tool in understanding, predicting, and
optimizing real-world phenomena across a wide range of disciplines. Its applications are vast, from physics
and engineering to economics and social sciences. While mathematical modelling has its challenges and
limitations, it continues to play a vital role in advancing knowledge and facilitating informed decision-
making. As technology and data collection methods advance, the potential for mathematical modelling to
address
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