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Abstract 

As it is the case in most Spanish universities, at the 
Colleges of Engineering where we teach we have begun 
the implementation of the new qualification system that 
has been proposed in the Bologna agreement. During 
the academic year 2010/2011 we have used Moodle, 
the learning online platform, as an important part of 
the subjects we teach, particularly Linear Algebra. This 
paper presents the experience resulting of the 
interaction of undergraduate students with the new 
teaching-learning system, using the algebraic editor 
WIRIS implemented in the Moodle platform, together 
with other specialized tools, like the computational 
knowledge engine WolframAlpha or the computer 
programs Microsoft Mathematics and GeoGebra, in 
order to support and improve lessons, taking into 
account that computers help students to interact with 
teachers and with other classmates and to acquire 
knowledge using these learning tools.  

   Teachers are increasingly adopting computers as a 
daily tool needed to carry out their teaching tasks more 
effectively and with greater quality levels. In fact, 
much of the interest in the didactic use of computers 
has arisen from the desire to improve and enliven the 
mathematics curriculum in schools [3].  

The Bologna Accord proposes an agreement on a 
common model of higher education with the creation of 
a common European area of university studies. It 
emphasizes the creation of a European Area of Higher 
Education (EAHE) [6] as a key to promote students’ 
mobility, aiming to simplify Europe’s educational 

qualifications and ensuring that credentials granted by 
an institution in one country are comparable with those 
earned elsewhere (Bologna declaration is available at 
http://ec.europa.eu/education). 

Spain is one of the 46 countries involved in the 
Bologna Process. The cornerstones of such an open 
space are mutual recognition of degrees and other 
higher education qualifications, transparency (readable 
and comparable degrees organised in a three-cycle 
structure) and European cooperation in quality 
assurance. 

The Information and Communication Technologies 
(ICT) and their use are considered a requisite for the 
adaptation to the EAHE. Technology development 
facilitates new strategies of communication for 
University studies that must be adapted to the 
international European context.  

ICT have become very important tools in the 
education development, as they have evolved from 
being a simply object to be viewed as an instrument to 
support innovation in teaching, enabling the 
personalization of the learning process and changes in 
strategies and methodologies that enhance the students’ 
continuous learning process [7, 12]. We will detail 
some ways in which students interact with computers in 
the learning of mathematics. 

The authors of this communication develop their 
teaching work at different Spanish Universities (Madrid 
and Salamanca) and all of them notice that the higher 
education is changing. To face up to the new 
methodologies, teachers must acquire knew knowledge 
and learn how to use up to date tools to be in contact 
with students and to make mathematics interesting to 
them. 

The knowledge of mathematics required for 
obtaining the bachelor’s degree in engineering includes 
the Linear Algebra course in which we have focused 
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1. Introduction



 

 

this study. During this course, we have carried out the 
process of adding an eLearning environment to the 
traditional system as a model of further education. 
Naturally, there are advantages and disadvantages in 
using a computer as an integral part of a conventional 
university mathematics course. 

Currently we are using a Moodle virtual 
environment at our colleges, and campus licenses for 
various software packages specifically suited for 
calculations are also available to us. Some of the used 
software packages are: Octave [5, 11], Derive [2], 
Mathematica [20], Matlab [18, 19], and Maple [8, 15], 
which we apply to solve equations, operate with 
matrices, perform various useful simulations for 
practical lessons, etc. These packages are a scientific 
tool that must help the students to solve the problems 
and enable them to achieve a higher level of logical-
analytical reasoning by visually supporting the 
concepts. 

Apart from the usage of these tools, it is necessary 
to assess the knowledge and the skills acquired by 
students throughout the learning process and during the 
math course. For this evaluation we use the online 
questionnaires available in the Moodle platform, which 
have been improved with the use of WIRIS [17], 
software that includes a formula editor, the computer 
algebra system (WIRIS CAS) and specific treatment 
methods for the questionnaires, called WIRIS quizzes. 
Apart from the questionnaires, we suggest to the 
students several homework, class-works, and team 
works. 

This paper is organized as follows: The Linear 
Algebra outline as a subject where mathematical 
software can be applied is detailed in Section 2. In 
Section 3, we will show how we use the Moodle 
working environment for carrying out the follow-up 
assessment, together with other software that can be 
used by teachers and students in the scope of Linear 
Algebra. Finally, we will present the conclusions of our 
study in Section 4. 
 
2. Changes in the Linear Algebra Outline 
 

There are some interesting new developments 
arising from the interplay between mathematics and 
computer science. The type of proof format which is 
popular in formal software engineering can be adapted 
to teach mathematical reasoning. The role of proofs in 
the mathematics curriculum has diminished 
significantly over the last two decades, and so any 
constructive initiative to teach logical thinking should 
be welcomed [3]. 

An important task for engineers is to learn how it is 
possible to model daily events and objects with 
mathematical skills and software tools. It is considered 
that problem solving is an important part of their 

education, where the goal is to interpret such problems 
as a context within which they can apply mathematics 
in general, and Linear Algebra in particular, to aspects 
of the real world. Thus, students can learn how to make 
practical use of their mathematical skills [13]. These 
ideas, together with the mutual recognition of degrees 
in several European countries, comparable degrees 
organized in a three-cycle structure, and European 
cooperation in quality assurance, have provided the 
motivation to change the mathematics syllabus. 

Engineering studies curriculum is based on a solid 
initial technical knowledge, complemented with 
enhancements that, depending on the choice of the 
student, go deeper into the study of specific technical 
problems like electronic, computer sciences, software 
development or problems in industrial organization. A 
well designed course syllabus can serve a variety of 
purposes: as an agreement between teacher and student; 
as a device for communicating seriousness and 
expectations; as an overall plan of action for the course; 
and as a cognitive map of the course to share with 
students. The success of the course is determined by 
how well the objectives and the outline are designed. A 
carefully planned, clearly written, comprehensive 
syllabus is one of the most important and valuable 
resources which can be provided to the students. 

The syllabus approved for Linear Algebra as a 
consequence of the changes related to the Bologna 
accord is the following one: 

 
1. Matrix analysis. 

 
2. Systems of linear equations.  
 
3. Vector spaces.  
 
4. Linear maps and associated matrices.  
 
5. Euclidean vector spaces.  
 
6. Diagonalization. 
 
7. Bilinear and quadratic forms. 

 
With the completion of this course, among other 

things, students should: 
 

 Operate with matrices, including the calculation of 
determinants and the inverse matrix of a given 
matrix. 
 

 Be able to solve systems of linear equations using 
some different methods. 

 
 Understand the structure and properties of a vector 

space. 
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 Understand the concepts of linear maps, 

independence and dimension. 
 
 Define linear transformations between two vector 

spaces, and determine the matrix associated with 
respect to a base. 

 
 Understand the Euclidean space properties. 
 
 Understand the concept of diagonalization, the 

calculation of eigenvectors, eigenvalues, and the use 
of the characteristic polynomial. 

 
 Differentiate bilinear forms from quadratic forms. 
 
 Be able to use several different proof techniques to 

tackle a range of problems. 
 

Over one hundred exercises will help to assimilate 
the concepts and to introduce the students to some 
topics beyond the scope of this course. This subject is 
suitable for a graduate course in bachelor’s degree in 
engineering. 

It is a fact that nowadays students prefer to work 
with real life problems and projects, and so our task is 
to help them in the process of combining information 
already acquired by them with new knowledge.  

A team or individual work provides the students the 
opportunity to improve different skills, which probably 
have not been completely developed in the habitual 
frame of the traditional education. 

The assessment tasks that we have considered 
during this course are the following: 

 
 Problems for delivery and homework assignments. 

 
 In-class examinations and lectures that allow 

students to develop their writing and presentation 
skills. 

 
 Writing assignments designed to develop 

comprehension and communication of mathematical 
concepts. 

 
 Homework assignments, including computer 

activities that increase their level of understanding. 
 
 Group or individual projects and presentations 

related to real life applications.  
 
 Writing assignments designed to develop 

mathematical concepts. 
 
 Student projects. 
 

 Examinations. 
 

Taking those tasks into account, their evaluation is 
determined as follows: 

 
 Projects and homework assignments: 20%. 

 
 Quizzes and term tests: 40%. 
 
 Final exam (theoretical and practical): 40%. 
 

The quizzes are conducted on the course Moodle 
site. They consist of 5 to 10 questions taken from the 
homework, or from related material. Each quiz has an 
hour time limit, and may only be attempted once. Some 
quizzes remain open for one week, while others are 
available to be made at the college only during classes’ 
time. 

 
3. Students’ working environment 
 

The working environment in mathematics classes is 
diverse and can be extended with the possibility of 
using computers for classes. In general, students are 
accustomed to use computers for leisure and to chat 
with friends, but they usually do not use the computer 
for lessons. 

On the other hand, when students know that an 
exam is coming up, they put on hold studies in their 
other subjects to prepare the upcoming test, which is 
not really a good way to learn. In these cases, students 
are unable to participate in lectures and they cannot 
follow the material in class. In recent years, computers 
have been used with the necessary resources to enrich 
the classes and provide students with different activities 
and new tools with the great advantage that they can be 
online from different locations whenever they prefer. 

Within this type of training, of special interest for 
engineers is to solve different activities proposed in 
classes and in the virtual campus. We suggest the 
students to solve some questionnaires, one for each 
module of the course. Besides the questionnaires, 
students must work in an application of linear algebra 
to daily life. To carry out this work students use the 
internet as the best resource. This means that teachers 
must help them to distinguish the right information. 

Additionally, students must attempt to solve as 
many problems as possible, understanding by problems 
not only those that require an approach in which a rule 
or an algorithm is implemented for their immediate 
resolution, but also those in which the students must 
gauge the appropriateness of different strategies in 
order to tackle the problem in hand and choose a 
method to solve it. 

In this section we are presenting the tools that we 
use with students besides the face-to-face classes: One 
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of them is the online platform where they have to 
upload the proposed tasks, and the second one is the set 
of questionnaires that they have to complete during the 
whole course. 

 
3.1. Online platforms and the Internet 
 

Engineers must acquire and develop basic 
knowledge and skills, in which the ability to work in 
interdisciplinary teams, and ongoing interest in new 
knowledge, the ability to address the different problems 
of the company for which they work, and criteria to use 
the mathematics necessary to solve specific problems 
must all be combined. One way to deal with the 
problems that arise in the engineers’ job is to learn how 
to find solutions on the internet as one of the most 
comprehensive and approachable databases that can be 
easily accessible. The Internet provides a comfortable 
and fast form to access, to represent and to use the 
information [4]. One of the activities that we propose, 
the realization of a team work, involves both learning 
Linear Algebra development together with other skills 
such as teamwork, information search, and the use of 
certain software. 

As well as having knowledge of applied 
mathematics, engineers must be able to apply maths 
from the perspective of an engineer. Knowledge of 
mathematics helps engineers to systematize logical and 
analytical thinking, with the help of other disciplines 
that will help them to structure their synthetic thinking 
and awake their creativity. 

Obviously, bad students usually want to pass their 
exams without studying, and they prefer to give 
teachers an individual work or teamwork after devoting 
to the matter the minimum effort. But there are also 
some good students that enjoy Linear Algebra and want 
to apply their knowledge to some topics like, for 
example, the following: 

 
 Algebra and Cryptography: how to encrypt 

messages with matrices. 
 

 Algebra application to LCD (liquid crystal display) 
screens. 

 
 Matlab code to solve different problems. 
 
 Photographs related to the topics of mathematics.  
 

On the one hand, the virtual campus tool offers 
teachers and students at the University a technological 
structure that channels education through the Internet, 
and provides different online tools for the student-
teacher interaction processes. Figure 1 shows a Moodle 
example with the virtual environment of the course. 

 

 
Figure 1. Aspect of Moodle at the University of Salamanca 

 
The construction learning mode involved in online 

activities tries to establish consistent relationship 
between what to learn (new knowledge) and what 
already is known (prior knowledge), so the new 
information is integrated with the previous knowledge 
and acquires an appropriate significance [1]. 

The Moodle platform presents a graphical user 
interface which is intuitive enough for students to use it 
without the need of prior knowledge of the 
environment. Another important feature of this virtual 
campus is that it allows the integration of interaction 
tools like chats or forum, and activities that can be 
designed specifically for teaching, such as the web 
pages and its use as a new methodology for teaching 
via the Internet, the Hot Potatoes software 
(http://hotpot.uvic.ca) of free distribution, which allows 
developing exercises interactively, especially useful 
and used to propose questionnaires, games, online 
exercises for students, or any other web activities, 
which makes the Moodle platform considered a set of 
Web 2.0 tools [21]. 

Moodle allows teachers to collect information about 
students’ activities. What follows are some methods for 
collecting:  

 
1. Online student ratings (navigation throughout the 

online platform). 
 
2. Student feedback to provide information to 

improve the existing methodologies.  
 
3. Student homework, solicited during the whole 

class.  
 
4. Online surveys and questionnaires.  
 
5. Direct assessment: written assignments, classroom 

assignments, presentations, test results, projects, 
logs, portfolios, and direct observations [14].  
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On the other hand, teachers or course tutors can get all 
the information about students’ activity inside the 
platform, for example the exact time of a certain action 
with his/her IP address. Other sources of information 
that can be gathered by the teacher are: 
 
 Forum discussions. 

 
 Resource views. 
 
 Quiz views and quiz attempts. 
 
 File uploads to the proposed activities.  
 

Clearly, one way to involve Moodle is in the 
assessment phase, namely as a source of exercises and 
examples which the student can access and work, 
receiving elementary feedback, and possibly being 
graded as a result of the interaction [3]. 

The methodology to be used in order to fulfill the 
objectives suggested to complete the team or individual 
work could be summarizes by the following steps [9]: 

 
1. Analyze the requirements for achieving the 

proposed goal into the team work. 
 

2. Study the existing techniques or similar previous 
projects or works, detailing the most important and 
useful in the context.  

 
3. Analyze the possible usage of known software.  
 
4. Develop the work taking into account the 

requirements, analysis and goals. Students must 
write their essays in their own words.  

 
Obtain conclusions and possible future works to be 

presented. 
 
3.2. Questionnaires in Moodle with WIRIS 
 

One of the most important objectives of the 
questions in each questionnaire is the design for 
maximum usability, which is why the possibilities 
offered by WIRIS [16] are significant. Figure 2 shows a 
screenshot of WIRIS quiz included in a moodle 
questionnaire and a useful editor example using WIRIS 
CAS is shown in Figure 3. In fact, a long list of useful 
terms to implement questions with the help of WIRIS 
could be found in the official web site. Apart from 
usual commands, and functions, at 
http://collection.WIRIS.com a collection of math 
quizzes could be downloaded to be added to our online 
platform.  

 
Figure 2. Matrix arithmetic with WIRIS 

 
Possibilities that can be useful for math’s 

questionnaires could be considered: 
 

 To graphically represent successive curves that 
shows the different solutions from a problem.  
 

 To modify the data of the proposed problem and to 
evaluate the repercussions of these modifications in 
the solution.  

 
 The online calculations with computer in the 

presence of the students.  
 
 To suggest different solutions to random questions. 
 

 
Figure 3. Scalar multiplication (WIRIS) 

 
Thus, using computers in the classroom, it is 

possible to offer to the college students’ more and more 
complete and deep formation in mathematics, that 
allow them to face their future professional activity, 
adapting to the advances of science and technology. 

WIRIS software has syntax easy to learn, since the 
orders and commands reflect the mathematical 
operations that they execute and, therefore, its learning 
is fast and intuitive. In addition, the help offered by this 
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software is very complete, and includes numerous 
examples. In more advanced levels, it can also be used 
as a programming language of great versatility to own 
built-in functions and instructions.  

In Figure 4 an example of how to represent a 
function is shown, the only instruction to make it 
possible is represent and after it the function in 
brackets. The possibilities offered by WIRIS are 
bigger, because control structures, like repetition and 
selection allow more or less complicated scripts 
development. 

 
3.3. Other online services 

 
In order to solve the proposed problems, students 

can use other software and online services. One of the 
best known examples is WolframAlpha [22], which is 
tool that can be used for different subjects, not only 
maths. 

Moreover, WolframAlpha is not just a simplified 
web version of Mathematica used only to calculate the 
result, as sometimes it also shows the solving steps (for 
example, when limits are calculated). 

 

 
Figure 4. WIRIS program 

  
 
3.4. PC software 
 

Before the advent of online services, when students 
in math courses wanted to use advanced processing 
capabilities they had to use expensive PC programs. 
Nowadays students have the option of using free of 
charge software with amazing processing and graphic 
capabilities. 

In fact, the Mathematica package is not free, but a 
free similar math software could be found at the 

internet, available at http://www.wolframalpha.com/,  
WolframAlpha (Figure 5) use the same syntax like 
Mathematica in some cases. For example, to calculate 
the LU decomposition of a given matrix, both of them 
understood the LUdecomposition command. 

WolframAlpha can solve an equation online, factor 
a polynomial, compute eigenvalues and eigenvectors of 
a given matrix, plot a region satisfying multiple 
inequalities, get information about a finite group or 
compute properties or norm of a vector. In the case of 
the properties of a vector, WolframAlpha returns the 
vector plot and length, as well as the normalized vector, 
its spherical coordinates, and the corresponding line 
segment.  

 

 
Figure 5. Wolfram Alpha screenshot 

 
Another example of such a software that stands for 

its ease of use and graphical capabilities is Microsoft 
Mathematics [17]. This program (Figure 6), currently at 
version 4.0, allows students to become familiar with 
key concepts explained in courses such as Linear 
Algebra, Calculus and Statistics. Its graphics 
capabilities can be used both as support material in the 
classroom and by students that want to do their own 
calculations at home and improve their learning. 
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Figure 6. Microsoft Mathematics 

 
The last example of PC software that will be 

mentioned here (though it can be used also online) is 
GeoGebra [10], an interactive geometry, algebra, and 
calculus application intended for teachers and students. 
Most parts of GeoGebra are free software. GeoGebra is 
written in Java and thus available for multiple 
platforms (Figure 7). 

 

 
Figure 7. Geogebra software 

 
4. Conclusions 
 

So far, online students have had a good education on 
competence-based tasks. We have proposed our 
students a follow-up evaluation with the help of an 
online Moodle-based platform improved with the 
functionality of WIRIS quizzes. 

In Figure 8 a graphical representation related to the 
first questionnaire proposed during the first course of 
bachelor’s degree in engineering could be seen. This 
activity was done by 98 students and the average mark 
was 6.72 over 10. 

 

 
Figure 8. Graphical representation of some results 

 
Our results indicate that computer assisted 

collaborative teaching-learning could provide 
educational opportunities to engineering students due to 
the use of different mathematical software. Moreover, 
the use of the internet to develop a team project offers 
them the acquisition of skills which have not been 
completely developed in face-to-face traditional 
lessons. 

After using the eLearning platform and the activities 
mentioned in this study, at the end of the course we 
made a survey to students and we found that students 
and lecturers can access the application at any time in 
order to find the information and documentation of the 
course. Students have available and affordable 
resources, like questionnaires, problems, practices, and 
the means for optimum tracing of the subject. The 
online work involves a cooperative, rather than 
independently environment, allowing students to 
interact and organize the course as needed. 
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