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Abstract 

The objective of this work is to numerically compare the two numerical techniques for solving 

ordinary differential equations, namely the Euler method and the Taylor series method. The special 

focus of this numerical comparison will be on solving both the linear and nonlinear ordinary 

differential equations that can be modelled using the logistic growth model. The methodology 

employed in this study to achieve these objectives includes a detailed mathematical formulation of 

the problem followed by the numerical implementation of each method using the MATLAB 

computing environment and the determination of differences between the two methods with respect 

to their accuracy and computational efficiency. Additionally, a new hybrid method (the hybrid 

Euler-Taylor method), which uses a standard Euler approximation and applies a second order 

Taylor correction is also presented. This hybrid method provides an average performance between 

these two methods in terms of both accuracy and computational efficiency. The results show that 

while the Euler method is easy to implement, it is not very accurate, whereas the Taylor series 

method is very accurate but requires more computational effort. The hybrid Euler-Taylor method 

occupies the “sweet spot” between accuracy and computational efficiency. 

Keywords: Mathematical Modeling, Approximate Solutions, Numerical Methods, Hybrid Euler–

Taylor Method, Logistic Growth Model. 

1- Introduction 

Time-dependent changes in dynamic systems have commonly been represented by our most basic 

mathematical tools, which can be used to achieve the goal of developing models that have proven 

successful for a variety of applications in the social sciences, as well as the structural sciences and 

more.(Ali, 2025; Ascher, 2008)  The mathematical techniques associated with differential equations 

form a basis for developing many types of computational models; examples include population 

growth, epidemiological studies, etc.,(Atkinson et al., 2009) with models that may be either linear 

or nonlinear depending on the nature of the underlying phenomenon. The ability to accurately and 

efficiently predict based on differential equations is critical when modeling nonlinear systems, 

necessitating numerical solutions techniques that will provide both an accurate and efficient means 
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of determining approximate solutions to a variety of computational problems  .(Butcher, 2021; 

Golub & Ortega, 2014) While the Euler formular can be used easily, its inaccuracy makes it an 

unsuitable way of approximating non-linear equations. (Gupta et al., 2024; Slavova, 2024)  Instead, 

one might consider the Taylor series method. The Taylor series method combines multiple higher-

order derivatives to form a sequential representation of the solution and produces a more accurate 

numerical approximation of the solution than does the Euler method;(Henner et al., 2023) thus, it 

will typically require more computing resources to perform than does the Euler method and the 

calculation of higher-order derivatives may be difficult  .(Jumaeva, 2024).There have been several 

previous investigations addressing both the analysis and evaluation of the numerical performance 

of methods using approximate techniques for solving ordinary differential equations (for example, 

comparing Euler’s Method with the Runge-Kutta method). These investigations have included 

evaluating how the Taylor Series can be used to increase the accuracy of a numerical solution to 

an ordinary differential equation; however, there are few investigations that have been completed 

from one perspective (generally with an emphasis on a target accuracy or being purely an analysis). 

Additionally, most of these investigations include only one analysis of numerical error, and no 

effort has been made to combine the error, numerical solution, and computation accuracies into 

one common structure. This is particularly important with respect to nonlinear models having 

complex behavior (for example, the logistic growth equation) .   (Kiusalaas, 2010; Pelagalli et al., 

2025) 

The purpose of this paper is to provide a numerical comparison between the Euler and Taylor series 

methods in solving linear and non-linear equations. The research will use the Logistic Growth 

Model to illustrate non-linear behavior and introduce an innovative hybrid numerical technique 

that benefits from both the ease of using the Euler method and the accuracy of using the Taylor 

series method. In developing this new technique, corrections will be applied from the Taylor series 

expansion to the Euler method to reduce errors and improve accuracy while maintaining 

computational simplicity. What the research will provide to the world will be a much larger body 

of information than is available from the typical two-methods-traditional way of doing things. More 

importantly, it will provide an analytical framework for integrating or combining both numerical 

and arithmetic methodologies of accuracy; as well as allow for testing of the proposed hybrid 

method of solution to determine its performance via empirical application of the successive 

improvement proposed operationally on an actual linear and/or nonlinear system application (e.g., 

logistic growth equation). Furthermore, it will also represent a highly significant contribution to 

science, in that no other research study has forged a bridge across the five major divides in scientific 

discipline (i.e., combination of numeric and non-numeric methodologies in one application model), 

and thus will be an important tool to help researchers select an appropriate numeric methodology 

to use for each quantitative question they pose by being able to apply the correct method of 

numerical analysis (no two questions can be answered with the same numeric methodology). 
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2-Euler's Method 

It is one of the simp
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