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Abstract 
In recent years, higher education in the European Union has suffered a series of profound changes 
with the fundamental objective of improving the mobility of students and professors as well as the 
creation of a grading system that would facilitate the exchange of information about the program 
content. In this context, it is important to keep in mind that the changes linked to the implementation of 
the European Higher Education Area (EHEA) have created a suitable environment for developing new 
methodological strategies within the process of teaching and learning based on competency training. 
The significant advances made by Information and Communications Technology (ICT) in the past few 
decades have made the growth of new lines of investigation applied to technological development in 
the educational field possible. 

In the 2010-2011 academic year, the University of Córdoba introduced the new system of masters and 
doctorates. One of the transversal subjects offered was called "Fundamentals and Tools for the 
Modelling of Technical-Scientific Processes of Investigation". This subject has continued to be 
imparted until today and it deals with, as its name suggests, teaching students the basics of the 
processes of system behaviours, its mathematic modelling and both general and specific tolls that 
allow for the implementation of simple systems. 

This communication presents a research study of the evolution of the methodology of work within 
transversal subjects of masters. In the first phase, an Interactive Simulation Laboratory (ISL) was 
developed and implemented, in which, from the study of projectile motion through resistant 
environments, the students are introduced to modelling and numeric simulation processes, comparing 
different numerical methods and studying both the verification of the software and the reliability of 
methods, models, and simulations. 

In the second phase, 8 mini-videos lasting 10 minutes each were developed, 2 corresponding to each 
one of the blocks that are integrated into the whole course, where the fundamental aspects of the 
themes that will be covered are explained. 

In the third phase the virtual platform Moodle was utilised incorporating the (ISL) developed by our 
work teams; online tutoring was made available; the filmed mini-videos were uploaded, as well as the 
teaching methods at the disposal of the students (transparency slides, practice material, additional 
lectures, etc.) that are necessary for optimal development of the course.  

For the purpose of determining the reliability of the improvement in teaching, a comprehensive study 
was done of the scores using the Pearson correlation test, Analysis of Variance (ANOVA), and Test T, 
demonstrating that students were able to obtain better academic results at the end of the course 
despite having lacked previous knowledge. 

Strategies and on-line evaluation systems were designed that help to establish the level of knowledge 
acquired by the students. It is important to highlight that the development of this virtual platform has 
allowed for the complete virtualization of this course, which increased the integration of international 
students in the 2015-2016 academic course.  

Finally, there was a study done on the level of satisfaction of the students regarding both the virtual 
tools and multimedia. The results of the different thematic blocks that make up the course and the 
variation of the final results achieved were analysed statistically. 
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1 INTRODUCTION 
In recent years, higher education in the European Union has suffered a series of profound changes 
with the fundamental objective of improving the mobility of students and professors as well as the 
creation of a grading system that would facilitate the exchange of information about the program 
content. The ECTS (European Credit Transfer System) is based on the premise that the amount of 
work that one full time student does during one academic year amounts to 60 credits, which 
represents between 1500 and 1800 hours of study for the student including all the work to be 
completed. The European Higher Education Area (EHEA) tries to respond to the current social reality 
and bring the education system closer to the working market.  

In Spain: The key instrument for allowing affiliation with EHEA is the Spanish Framework for Higher 
Education Qualification or the Marco Español de Cualificaciones para la Educación Superior 
(MECES). This establishes a Spanish framework for higher education grading whose objective is to 
allow for classification, comparison, and transparency in higher education grading within the Spanish 
education system, especially to make it understandable compared with other education systems.  

The (MECES) system is made up of four increasing levels of education, in which levels three and four 
correspond to Masters and Doctorates respectively. Within the investigative master curriculum, the 
transversal disciplines play a prominent role and allow for the acquisition of basic and general 
competencies. They are also focused on acquiring the foundations and tools for scientific 
investigation.  

In this context, it is important to keep in mind that the changes linked to the implementation of the 
European Higher Education Area (EHEA) have created a suitable environment for developing new 
methodological strategies within the process of teaching and learning based on competency training.  

The significant advances made by Information and Communications Technology (ICT) in the past few 
decades have made the growth of new lines of investigation applied to technological development in 
the educational field possible. As a result, this led to the acquisition of an extensive variety of 
interactive didactic tools accessible from electronic devices such as a computer, mobile phone or 
tablet [1]. These types of applications improve the performance of the educational process and the 
students 'capabilities for self-learning, they make the self-evaluation of knowledge easier and validate 
the teaching/learning process for both the student and professor [2,3]. 

One important factor in the increased use of new technologies for teaching has been the development 
and spread of educational technological applications through the internet and new platforms like 
internet and apps on mobile phones [4,5]. Among the more interesting pedagogical resources are the 
Virtual Laboratory (VL), the Interactive  Virtual Platform (IVP), and b-learning platform [6-8]. These 
have demonstrated their usefulness as a method for interactive communication. Which gives access 
to all types of information (texts, images, graphics, videos, etc.); as homework administrators; for 
storing and analyzing the information from the educational process; for evaluating the quality of 
learning; or to identify weaknesses and propose activities for repeating lessons [9]. 

It's important to note that, together with the use of IVP, the field activities, laboratory experiments and 
the activities based on virtual environments should remain complementary training. In these work 
conditions, there is a notable difference in the improvement of teaching quality and students show a 
higher level of satisfaction with the teaching, as shown by the assessment survey results on the use of 
the virtual platform utilised by students from different universities [10]. 

Together with these virtual tools, it is essential to equip the student with good material that permits 
them to prepare for the course. In this sense, the "Modular teaching mini-videos"(MTM) prove to be a 
highly useful teaching resource, characterized by concrete elements in terms of length, support, 
methodology, philosophy, format and interconnectedness (modularity) [11,12]. 

In the 2010-2011 academic year, the University of Córdoba introduced the new system of masters and 
doctorates. One of the transversal subjects offered was called "Fundamentals and Tools for the 
Modelling of Technical-Scientific Processes of Investigation". This subject has continued to be 
imparted until today and it deals with, as its name suggests, teaching students the basics of the 
processes of system behaviours, its mathematic modelling and both general and specific tolls that 
allow for the implementation of simple systems.  

This article presents a research study of the evolution of the methodology of work within a transversal 
subjects of masters. In the first phase, an Interactive Simulation Laboratory (ISL) was developed and 
implemented, in which, from the study of projectile motion through resistant environments, the 
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students are introduced to modelling and numeric simulation processes, comparing different numerical 
methods and studying both the verification of the software and the reliability of methods, models, and 
simulations. 

In the second phase, 8 mini-videos lasting 10 minutes each were developed, 2 corresponding to each 
one of the blocks that are integrated into the whole course, where the fundamental aspects of the 
themes that will be covered are explained. 

In the third phase the virtual platform Moodle was utilised incorporating the ISL developed by our work 
teams; online tutoring was made available; the filmed mini-videos were uploaded, as well as the 
teaching methods at the disposal of the students (transparency slides, practice material, additional 
lectures, etc.) that are necessary for optimal development of the course.  

Finally, strategies and on-line evaluation systems were designed that help to establish the level of 
knowledge acquired by the students.  

It is important to highlight that the development of this virtual platform has allowed for the complete 
virtualization of this course, which increased the integration of international students in the 2015-2016 
academic course.  

Finally there was a study done on the level of satisfaction of the students regarding both the virtual 
tools and multimedia. The results of the different thematic blocks that make up the course and the 
variation of the final results achieved were analysed statistically.  

The objective of this research study is to present the change of learning methodology from transversal 
subjects of masters, test the level of acceptance of the students and possible improvements for the 
comprehension of the concepts and their practical implementation.  

2 METHODOLOGY 

2.1 Simulation Methods 
The transversal subjects of masters that implemented this methodology had as an objective to 
develop the capabilities or competencies of students to incorporate the tools for systems of symbolic 
and numeric computation, data analysis, and scientific visualization for solving diverse problems. 
Simulation makes it possible to implement either our software or other calculation software such as 
Matlab and Mathematica, which allows the students to familiarize themselves with these programs and 
it contributes to their scientific learning as well as their future professions.  

The course is structured into the following 4 Parts: 

Part 1 and 2: Introduction to Computational Science. This specific part explains the fundamentals of 
simulation, as well as the elaboration of a general project. Through the use of Interactive Simulation 
Laboratories (ISL) developed by our investigation team, the students were introduced to the use of 
numeric methods for problem solving, studying the processes of verification and reliability like 
experimental design.  

Part 3: The statistic modelling of useful processes for Science and Engineering studies: Introduction 
to the R programming language. This part studied the different models that were used in the scientific 
studies within different areas of technology, social, bio sanitary, etc., and they proposed projects for 
the implementation of models drawing from experimental data using R.  

Part 4: Tools for modelling and simulation of Scientific-technological systems of interest in Science 
and Engineering. Once the student learned the fundamentals and tools of modelling and simulation 
through Parts 1 and 2, they approached the design and implementation of the simulation of scientific 
problems in diverse areas in which the course is given. To accomplish this, the languages Matlab and 
Mathematica were introduced and the students were given two problems to solve, each one 
programmed in one of the languages studied.  

2.2 Description of the Virtual Two-dimensional Motion Laboratory in Resistant 
Environments 

An ISL was developed to study projectile motion in resistant environments for the purpose of studying 
and comparing the relevance of the numerical simulation for solving problems in a scientific 
environment. Also to compare different simulation methods, determine viability, verification and 
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reliability of different mathematical and numerical methods. Analytical methods were implemented in 
the ISL such as approximation, graphical, and fixed-point iteration as well as Newton-Raphson, Euler, 
and Runge Kutta methods for ordinary differential equations.  

The software was developed using the Visual Basic programming language and is available in the 
virtual platform of the University of Córdoba (Fig. 1). The previous program used was MS-DOS 
computer software and programmed in the C language which only studied the projectile motion in 
resistant environments linearly dependent on the velocity, through the methods of linear 
approximations and fixed-point iteration. 

 
Figure 1. Virtual Laboratory Projectile Motion Implemented in the e-learning platform. 

2.3 Description of the e-learning Platform 
The transversal subjects of masters described can be located in the virtual platform Moodle (e-
learning) of the University of Córdoba (Fig. 2).  

The laboratory described previously corresponds to the teaching of theoretical fundamentals of 
modelling and simulation the first part. 

In each one of the parts, two ten minute mini-videos were introduced in which the most important 
aspects were explained. They also incorporated files with the developed themes, homework, and 
practical information exercises. This portal has developmental tasks, online tutorials, latest news, etc. 

The evaluation techniques were developed through the tasks that the students incorporated to the 
platform, in the form of short questionnaires for each one of the parts. The general evaluation of the 
course was carried out using: a general questionnaire to be completed using Moodle in the computer 
labs at the University of Córdoba, the grades obtained in each one of the presented tasks, and 
evaluation of partial questionnaires that were completed. For the evaluation of international students 
that could not come to the computer labs, they were given the option to complete the questionnaire 
remotely via Moodle, agreeing on an exact connection time, during a time period of 30 minutes, and 
with just one opportunity to answer.  

 
Figure 2. Virtual Portal of the course. 
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2.4 Evaluation of the methodology 
As previously explained, the objectives of these tasks were to present the change of the learning 
methodology of transversal subjects of masters by introducing various ICT tools, test the acceptance 
level of the students and its possible improvement for comprehension of the dealt with concepts and in 
the practical implementation of them. 

In the first two courses 2010-2011 and 2011-2012 the subject was given in the classroom and without 
the b-learning platform. In part 1 the concepts were explained theoretically and transparency slides 
were shown with a screenshot of the computer software. The practical classes were done with 
questionnaires and suggestions for analysis problems of the concepts, i.e. using various solution 
methods, calculating errors, as well as computation time, and the students were encouraged to 
explain which method was best and why. The score for this part was based on the number of correct 
responses subtracting four from the number of errors.  

The rest of the parts were explained with simple problems in the computer classroom at the university 
and they were turned in with outlines. Evaluation was completed by using in-class questionnaires and 
completed tasks in the tech classroom having previously turned in memories of practical work.  

In the 2013-2014 course the Moodle platform was created for the presented subject. Initially this portal 
was an archive for subjects, practice outlines, and proposed projects. In the past two courses, direct 
access to the Interactive Simulation Laboratories was given, the on-line tutorials were initiated, and 
the handing in of projects through Moodle, just as well as designing questionnaires for evaluations by 
part for the purpose of partially grading the covered subjects and helping the students with their 
learning. The 2014-2015 and 2015-2016 courses introduced virtual teaching for the subject, e-
learning, where students turned in completed tasks on deadlines, the incorporation of mini/videos and 
other ICT tools that facilitated learning.  

It is important to highlight that the students were given a questionnaire via Moodle with the goal in 
mind to determine the reason for their decision, acceptance of the subject, compatibility, and possible 
modifications for the improvement in quality. These partial results can be seen in Table 1. In the 
questionnaire one must first indicate the master of origin to offer projects they should complete and 
offer different methods subject approaches. These responses are shown in Table 2. The intent is to 
design a teaching style that is personalised, with tutors, and oriented towards the teaching and 
investigative profiles of the students, while remaining and on-line subject. 

Table 1.  Results of the questionnaire of choices about the subject. 

Gender 
-Male:  (47.37 %) 
-Female:   (52.63 %) 

Nationality 
 - Spanish:   (63.16 %) 
 - Non Spanish:   (31.58 %) 

Native language 
-Spanish.:   (84.21 %) 

           - English.:  0 (0%) 
           - Other.:   (15.79 %) 

Are you currently employed? 
- Yes.:   (42.11 %) 

            - No.:   (52.63 %) 
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Principle reasons for choosing this subject? (Mark as many as needed) 
-Adequate academic program for the subject:  (44.44 %) 
-Because it is an on-line subject:   (33.33 %) 
-I had no other possible options:   (22.22 %) 
-Recommendation (from acquaintances, teachers, etc.):   (11.11 %) 
-Serves as a base for future development:    (33.33 %) 

Orientation for future studies 
- Social.:   (0 %) 
- Technical.:   (52.63 %) 
- Educational.                                               (26.32 %) 

   -  Does not know:                                                    (21.05 %) 

Table 2 confirms that the students enrolled in the recent academic courses come from all scientific 
areas, which make it difficult to impart new knowledge and place previous knowledge, however in the 
first courses (2010-2011 and 2011-2012) all of the students enrolled came from scientific or 
technological backgrounds.  

Table 2.  Master of Origin 2015-2016. 

Master of Origin 
-Distributed Renewable Energy 
-Master in Agronomic Engineering 
-Geometry, Remote Sensing, and Spatial models applied to Forest Masses 
-Master in Specialised Translation (English/French/German-Spanish) 
-Master in Advanced Physics 
-Methodology for investigation of Health Science 
-Master in Global Change: natural resources and sustainability 
-Geoforest (Master in geomatic remote sensing and spatial models applied to the forestry 
management) 
-Methodology of Investigation 
-Uruguay 
-Distributed Renewable Energy 
-GEOFOREST 
-Distributed Renewable Energy 
-Master in Global Change: natural resources and sustainability 
-Distributed Renewable Energy 
-Master in Distributed Renewable Energy 

Firstly, the level of similarities was studied of the initial education of the students integrated from 
different academic subjects. For this, a study has been done of the partial grades (N= 118), during a 
period of six years essentially from blocks 1 and 2 (courses from 2010-2011, 2012-2013, 2012-2013, 
2013-2014, 2014-2015 and 2015-2016) because they used the Interactive Simulation Laboratories. In 
addition to the other tools previously mentioned and for the purpose of determining the correlation 
among courses, Pearson's correlation coefficient (Table 3) and the Analysis of Variance test (ANOVA) 
(Table 4) were implemented using the data. The independent sample test or Test T (Table 5) was also 
completed to test between in-class and on-line methodology for the 2010-2011 and 2015-2016 
courses.  

10389



Table 3.  Pearson Correlation. 

 GRADE YEAR 
YEAR Pearson Correlation 
Sig. (2-tailed) 
N 

1 
0 

118 

0.106 
0.254 
118 

GRADE Pearson Correlation  
Sig. (2-tailed) 
N 

0.106 
0.254 
118 

1.000 
0 

118 

Table 4.  ANOVA test. 

Grade Sum of 
Squares df Mean 

Squeare F Sig. 

Between 
Groups 6.851 5 1.370 0.845 0.521 

Within 
Groups 181.707 112 1.622   

Total 188.558 117    

Table 5.  Results of Test T for independent samples. 

YEAR N Mean Std. Desviation Std. Error Mean 

PARTIAL 2010 
2015 

14 
31 

9.29 
8.10 

1.07 
1.57 

0.29 
0.28 

FINAL  2010 
2015 

14 
31 

7.89 
8.56 

1.60 
1.35 

0.43 
0.24 

 F Sig. t df Sig.  
(2-tailed) 

Mean 
Difference 

Std. Error 
Difference 

95 % Coincidence 
Interval of 
Difference 

Lower Upper 

(PART) Equal 
variances 
assumed 
Equal variances 
not assumed 

3.645 0.063 2.572 
 
 

2.965 

43 
 
 

35.886 

0.014 
 
 

0.005 

1.19 
 
 

1.19 

0.46 
 
 

0.40 

0.26 
 
 

0.38 

2.12 
 
 

2.00 

(FINAL) Equal 
variances 
assumed 
Equal variances 
not assumed 

0.596 0.444 -1.445 
 
 
 

-1.356 

4321.802 

0.156 
 
 
 

0.189 

-0.67 
 
 
 

-0.67 

0.46 
 
 
 

0.49 

-1.59 
 
 
 

-1.68 

0.26 
 
 
 

0.35 

With the intent to determine the influence of new technologies for the improvement in quality of the 
teaching of subjects in masters (MECES 3) and the level of acceptance of the students, the grades 
were studied statistically for all of the academic courses obtaining the mean, median, kurtosis, 
variance, and typical deviation (Table 6). In recent courses, exams were completed through the e-
learning platform in a tech classroom, at the same time, during a specific time.  
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Table 6.  Statistical study of the grades by course. 

 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 
N 14 11 16 27 9 31 
Mean 7.89 8.3182 8.5313 8.2704 7.8889 8.5581 
Median 8.00 9.0000 9.0000 8.0000 8.0000 9.0000 
Std. Deviation 1.60 1.1677 1.3598 1.0137 1.4530 1.3517 
Variance 2.55 1.3636 1.8490 1.0275 2.1111 1.8272 
Skewness -0.187 -0.959 -0.871 -0.469 -0.110 -1.319 
Std. Error of 
Skewness 0.597 0.661 0.564 0.448 0.717 0.421 

Kurtosis -0.835 -0.253 -0.325 0.439 -1.743 0.966 
Std. Error of 
Kurtosis 1.154 1.279 1.091 0.872 1.400 0.821 

3 RESULTS 
The study of the influence of ICT and the use of new methodologies for teaching the transversal 
subjects in masters has been complex due to the fact that it is transversal subject focused on 
investigation that is given to numerous masters of the university of various areas of study. It has also 
suffered a substantial modification in its implementation of methodology through the academic courses 
passing from in the classroom, to semi-present, to b-learning, to completely virtual and e-learning 
starting from the 2010-2011 course to the 2015-2016 course. Additionally, there was a highly 
internationalised enrolment during the last two academic courses.  

Our fundamental focus is to determine the level of influence and improvement of the new teaching 
methodology with the incorporation of virtual tools, and other ICT tools as well as the transformation 
from classroom to virtual courses, passing first from a b-learning platform to semi-present. For this, the 
first thing is to determine the level of initial correlation of the groups of study of each academic course. 
As previously commented, in the first two academic years that the course was offered, this was only 
available for students coming from undergraduate in engineering studies with a basis in very specific 
mathematics and physics and as it was given in the classroom the students were generally native to 
Spain. In past courses, and after opening the field of modelling and simulation to the majority of the 
areas of study, the course was extended to all of the offered masters at the University of Córdoba, and 
this produced a notable increase in the enrolment of foreign students from Europe and South America. 
This is shown in Table 2 where the dispersal of background and nationality are observed. 
Qualitatively, based on Table 2 it can be said that there is no relation or initial similarity between the 
groups studied.  

For the purpose of quantitatively testing the initial heterogeneity of the different courses, the ANOVA 
test was used for the grading of initial questionnaires that were given to the students to determine their 
knowledge level throughout all of the academic courses (2010-2016). In Table 4, the value of ANOVA 
obtained was 6.581 with a p-value of 0.521, which being higher than 0.05 shows that the baseline 
groups were different in their knowledge and initial education.  

A descriptive analysis was done of the final grades of the different academic courses (Table 6) in 
order to analyse the level of influence on the personal education of each student from the different 
methodologies and new tools introduced through the different academic courses. Of the values shown 
in the table, an improvement was noted in the average of the grades (7.89; 8.31; 8.53; 8.27; 7.88; 
8.55) and a decrease of the variance (2.55; 1.36; 1.84; 1.02; 2.11; 1.82) this means there was a 
decrease in the scattering of grades. In this group of results there was an anomaly corresponding to 
the 2014-2015 course, due to the change of professors in the course and the late integration of the 
new professors. There was also an enrolment issue for some of the international students to integrate 
into these courses in the middle of the academic year. 

Table 3 shows the results of Pearson's correlation coefficient. The obtained values of the correlation 
between course and grades were: 0.106 for Pearson and 0.254 of significance between the two series 
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of samples (course and qualifications). These values demonstrated a small positive correlation, which 
means to say as we introduced new ICT tools to each course and variation of more interactive 
methodology, a progressive improvement was produced in grades although it was not significant.  

Table 5 allows to test that for the 2010-2011 courses (classroom) and 2015-2016 (e-learning) there 
was a difference in the variances (Levene test), average, significance, and confidence intervals among 
the partial and final grades. Drawing from values of the variance of the partial grades (0.63) and final 
(0.44) the average of the partial grades of the course (9.29;8.10), the significance (0.14; 0.156), and 
the confidence intervals ( 0.26-2.12; -1.59-0.359) confirms that the results of the class were different 
and that an increase was produced in the average of the grades which confirms that the change in 
methodology was effective.  

This means that in the first courses it was important to have mathematical and technological 
knowledge in both previous training and master of origin, however in recent courses the previous 
knowledge was more deficient and unequal. Nevertheless, the grades and statistic results show that 
there was a progressive improvement in the academic results of the recent courses. It can be deduced 
that with the improvement of the final results starting with deficient starting knowledge, the new ICT 
tools incorporated to the virtual platforms, carry out a teaching style that is improved, more 
personalised, with tutors, that favours both the work of the student and the teacher. 

4 CONCLUSIONS 
This work presented an investigation of the influence of new ICT tools incorporated into a virtual 
platform, e-learning in the teaching of a transversal subject of masters, as well as the methodological 
change implemented in the duration of six academic courses.  

An Interactive Simulation Laboratory was developed though different mathematical, analytical, 
graphical, and numerical methods for the comparative study of the simulation of projectiles in resistant 
environments like ICT practice tools in the web platform.  

Didactic tools for personalised training were introduced such as mini-videos, extensive tutorials that 
include animation, sound, and videos which increase the attractiveness for students. 

The implemented portal incorporated tools that were compact, intuitive, easy to use, and they group 
together in one place the different principle elements that intervene in the educational process: 
theoretical content, practical activities (problem solving, simulations, and virtual experiments) and 
evaluation of previous or acquired knowledge through online tests.  

The statistical study of the results obtained by the students and of the tests valuing the quality have 
demonstrated the use of the web platform created together with all of the ICT tools developed and 
incorporated by the authors favour motivation and the learning of the material that is given. It serves to 
introduce students to the mastery of computational science as well as introduce technical innovations 
and methodologies in university teaching that is based on new information technology. 
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