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Abstract  
The use of multimedia resources and ICT in teaching has crucial importance in today's information 
society, especially within the framework established by the European Higher Education Area. One of 
the most used learning objects in technical degrees is the Visual Basic environment due to its great 
capacity and versatility for programming. In the present work, this object is used to implement an 
algorithm based on the Gauss-Newton method for numerical fitting of experimental data, thus 
encouraging students' understanding of the subject matter. The developed methodology intends to 
combine the assimilation of mathematical theory with a brief introduction to programming in Visual 
Basic. In addition, this tool tries to show numerical fitting as a bridge between physical models and 
empirical data, that is, between theoretical knowledge and real life, which allows a greater involvement 
and motivation of the student. 
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1 INTRODUCTION 
Higher Education, as well as every educational stage, must be adapted to the so-called digital society. 
Technological and communication skills are nowadays basic competencies that students must 
acquire, especially in Engineering and Technical studies. The role that ICT (Information and 
Communication Technologies) should play in education is not well defined [1]; this debate is out of the 
scope of the present work, but emphasis on programming and digital abilities is put. In this sense, it is 
believed that computer-aided teaching is not just a simply a way of automating and facilitating 
contents, but it also influences in a positive way the understanding of physical phenomena and the 
acquisition of substantial knowledge [2].  

2 FROM LAB DATA TO MATHEMATICAL MODELS 
In the teaching of physical phenomena, a common matter of interest in engineering or science studies, 
sometimes the instructor might find these two conceptual difficulties: on the one hand, linking the 
physical mechanism with the mathematical equations that model it and, on the other hand, the 
particularization and illustration of a general phenomenon using empirical data. 

Didactic process must be cyclical, imitating the steps that follow the scientific method: 

− - Observation of a physical phenomenon 
− - Initial analysis of possible causes 
− - Establishment of hypotheses and theories 
− - Development of a mathematical model that explains this phenomenon  
− - New observation and verification of the model 

Students should not be mere recipients of information, as well as teachers’ objetive should not be just 
the accumulation and transmission of knowledge. Here the importance of guiding the students in their 
understanding of each phenomenon through the scientific-deductive method is outlined, since this will 
help them to establish their own mental schemas, acquire a substantial knowledge and take a critical 
position on the capacities and limitations of each physical-mathematical model. 

Theories taught in class should be regarded as tools whose purpose is the prediction and adaptation 
to some empirical facts that occur due to certain physical laws. Depending on the complexity of the 
phenomenon and the number of factors involved, the model may be useful or, in contrast, unable to 
reproduce properly the actual behaviour of the system. Another approach to tackle the relationship 
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between the empirical fact and the mathematical model is based on the numerical fitting of the 
parameters involved. If certain characteristics of a system, object or material are unknown, a set of 
laboratory tests might be carried out, showing a response that depends on these characteristics. 
Therefore, the equation or set of equations given by a model or theory might have unknown 
parameters whose value is possible to obtain. To do this, the mathematical expression should give 
points as close as possible to the data obtained in the laboratory. In order to maximise this similarity, 
different numerical techniques and fitting algorithms are used. 

3 NUMERICAL FITTING PROGRAM 
Most of the data fitting techniques are based on the least squares method. The objective of this 
method is to minimise the residuals, i.e., the difference between the actual data and the equation for 
parameters that are unknown must be minimum. By minimising this difference, the mathematical 
model predicts the value of parameters corresponding to the empirical behaviour obtained in a 
laboratory test. 

3.1 Gauss-Newton algorithm 
Newton’s method is used to find the minimum of the difference function mentioned above. As known, 
at the point where the minimum of a function is located its derivative will be equal to zero. Thus, the 
Newton algorithm attempts, in an iterative way, to find the zero of the derivative function. Gauss 
modified this method to avoid the use of second derivatives. In spite of the great utility of this type of 
iterative methods for empirical data fitting to mathematical formulas, sometimes convergence might be 
slow or even non-existent. An efficient programming of these algorithms results in a more precise 
solution and in a better convergence. 

3.2 Introduction to programming in Visual Basic 
Programming in the Visual Basic language is very recurrent in Higher Education for engineering and 
technical subjects since it is usually integrated in environments where programming is event-driven. In 
addition, the frequent use of Microsoft tools makes students more familiar to Visual Studio 
environments and Macros in Excel spreadsheets. 

The possible steps for the classroom methodology proposed here are: 

• 1st. Construction from the beginning, with the participation of students, of the data fitting 
program, which includes the declaration of all the variables, the graph and visual elements 
design, etc.   

• 2nd. Implementation of the Gauss-Newton algorithm 

• 3rd. Introduction of a particular model: the function and its derivative with respect to each 
parameter to be fitted. 

• 4th. Case study: introduction of empirical data and numerical fitting.  

Although the ideal classroom methodology would be to involve the student in the entire programming 
process, due to lack of time and the possible complexity of the complete program construction, it is 
proposed to skip the first step, unless the subject tries to focus on the Visual Basic management. The 
second step, the algorithm implementation is be very interesting in subjects on numerical methods, 
although it is also unnecessary in other areas where the main goal is the understanding of a certain 
physical phenomenon. Nevertheless, the third and fourth steps might be extrapolated to any subject in 
technical disciplines so they are illustrated below with a practical example. 

4 PRACTICAL APPLICATION 
Creep of materials has been selected as a clarifying example, since it is a physical phenomenon of 
interest in different engineering branches. For example, in construction subjects within architecture or 
civil engineering degrees, creep of concrete is a well-documented phenomenon and recurring topic of 
research since it critically affects structures. Mechanical engineers are also dedicated to the creep 
analysis, especially in metals, because many industrial components are subjected to creep at high 
temperatures. 
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4.1 Creep  
Creep is a phenomenon related to the viscosity of materials. Theories of elasticity and plasticity predict 
the deformation that will occur when a body is subjected to a certain stress. However, it has been 
experimentally demonstrated how this behaviour is time dependent. This fact might explained by 
viscous phenomena of dissipation occurring at the microscopic and atomic level within the materials. 
Deformation will therefore be an event delayed over time. 

To obtain expressions that reproduce creep, rheological models are usually considered and include 
springs and dampers. These basic elements introduce the elastic and viscous behaviour of the 
material, respectively. Several configurations have been proposed and analysed, although the 
simplest is presented here: the Kelvin model, in which the response to a constant stress σ  is 
determined by a spring and a damper connected in parallel. The spring corresponds to the elastic 
behaviour and is therefore characterised by the elasticity modulus E  while the damper is 
characterised by the viscosity term η . 

 
Figure 1. Kelvin model for creep behaviour. 

According to the Kelvin model, the deformation ( )tε  after an elapsed time t  might be found with the 
following expression: 

( ) 1 exp Et t
E
σε

η
⎡ ⎤⎛ ⎞= − −⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
 

Assuming that both the applied stress and the material parameters do not vary, two constants might 
be defined in the previous equation: 

( ) ( )1 21 expt C C tε ⎡ ⎤= − −⎣ ⎦  

Once the model is defined, 1C  and 2C  can be obtained by means of a numerical fitting of the empirical 
creep data, using the Gauss-Newton algorithm described above. 

4.2 Code implementation 
Although the process followed is not described, the program environment designed by the authors is 
shown in Fig. 2. This user-friendly design allows the student to visualise the inserted data and the 
subsequent fitting in a rapid and interactive way. In addition, the number of iterations to be employed 
in the Gauss-Newton method can be modified by the user. 

The Gauss-Newton method, like every optimization algorithms, requires finding the derivatives of the 
function. For the present case, the derivatives of the Kelvin expression to be fitted, i.e. ( )tε , must be 
included in the code with respect to the unknown constants:  
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Figure 2. Design of the numerical fitting program.  

4.3 Data fitting and interpretation 
Once the model has been implemented in the Visual Basic code through the function and its 
derivatives, the last step corresponds to a practical exercise, numbered as step 4 in the previous 
section. Laboratory data might have been taken directly by the students, although here empirical data 
have been extracted from bibliography [3]. In this experiment, a concrete specimen was subjected to a 
constant stress of 15 MPa. The originally represented points have been transformed into a numerical 
data file using a mapping software. Once empirical data are have been opened, the "Curve fitting" 
button must be pressed and then C1 and C2 are automatically obtained, as can be seen in Fig.3. 

 
Figure 3. Numerical fitting of empirical data to the Kelvin model. 

Once the unknown constants have been obtained, mechanical parameters can be determined: 
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5 CONCLUSIONS 
In the present work, a teaching methodology that is based on a numerical fitting program has been 
presented. It has been emphasised the students' need to establish mental bridges between physical 
phenomena and the mathematical models that simulate them. The learning object that has been 
developed in a programming environment is believed to be a useful tool in technical subjects in Higher 
Education. 

The understanding of a specific phenomenon, creep in the selected illustrative case, can be improved 
at the same time that other aspects of the students formation are strengthened, for instance the use of 
numerical methods or their programming and computer skills. 
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