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Abstract 
In the last years, in almost all European universities curricula of the subjects have had to be adapted, 
so that their credits can be validated without any problem at any university in Europe. Teaching 
methodology that was used have also had to adapt to the new system. Until now, the prevailing 
methodology was the lectures where the teacher was the protagonist and the student's role was 
relegated to the background. With the new development of educational systems, it makes little sense 
to continue using this traditional method, since from the beginning the student should be aware that he 
is the principal agent in the learning process. Moreover, the role to be played by students is far from 
being a mere copying of notes. Therefore, in this so-called Bologna process, active learning 
methodologies are very important. 

Among the different ways to apply active methodologies within the classroom, we have selected the 
Problem-Based Learning (PBL). In our classes, we have to take into account different parameters 
such as number of students, hours to develop the methodology, same examinations of all groups of 
students, different teachers with different methods for teaching, etc. 

In the Engineering School of the University of the Basque Country, in subjects of Mathematics, the 
study of functions of a real variable has been partially taught using PBL methodology. In this paper, 
we present the conclusions of a pilot study comparing some results among students that have applied 
this PBL methodology and the traditional one. This research has been developed in different groups of 
students, who did some tests, valuable for their final mark in the subjects. These tests had the same 
concepts in order to be compared. 

Keywords: Innovation, PBL, Higher Education, Mathematics, Calculus, active methodology, functions 
of real variable. 

1 INTRODUCTION 
Education system in university did not change during centuries, but in the last quarter of the last 
century, and particularly at the end of that century and beginnings of the present one, changes have 
taken place continuously and in a very fast way. New ideas in pedagogy and psychology, spread of 
computers, coming of ICT, competition among universities, globalization, easiness for mobility of 
students, etc. Smart revolution in the university education system of some European countries has 
taken in the these years. Besides having to adapt the curricula of the subjects, so that their credits can 
be validated without any problem at any university in Europe, teaching methodology that was used 
have also had to adapt to the new system. Until now, the prevailing methodology was the lectures 
where the teacher was the protagonist and the student's role was relegated to the background. 

But nowadays, teacher, in addition to assessing knowledge, must also assess skills and competences. 
These three aspects are difficult to assess with traditional teaching approach that considers the 
student as passive recipient of information [1]. The memorization of the content, narrated by the 
teacher, is the main objective of this teaching process. Stored knowledge is only abstracted. Learning 
and teaching are considered individual processes with the teacher in front of an audience, composed 
of a set of individual students [2], [3]. 

In this educational system, the assessment is mainly involved of a final exam in which students 
demonstrate the assimilation of knowledge gained. 

In active teaching methodologies, however, the main role in the teaching-learning process lies with the 
pupils, while the teacher becomes mentor in the process. Teacher stops being a mere transmitter of 
concepts to deepen the skills that students should acquire. It therefore seems clear that the type of 
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evaluation will be different, or should be different, going from traditional assessment to continuous 
assessment in which the skills and competences that students have obtained are also considered. 

We can use, in this sense, active methodologies and Information and Communication Technologies 
(ICT), including tools already designed such as Moodle platform for the support of our communication 
with students, in both senses of teaching and learning [4], [5]. 

2 METHODOLOGY 
University of the Basque Country (UPV/EHU) developed a program of strategic educational 
development based around the Faculties and Schools of the UPV/EHU. It was important to define a 
model for common educational development throughout the whole university (model IKD). 

In this way, the idea of IKD arose (in Basque: Ikaskuntza Kooperatiboa eta Dinamikoa – Cooperative 
and Dynamic Learning). IKD as sense making [6] is the metaphor representing a university policy 
aimed at making sense of educational development in our university. The cognitive-social model 
identifies greater potential for change in internal structures rather than external ones and 
demonstrates the importance of giving life to an icon that connects with the identity of the institution 
and the various perspectives cohabiting therein. Other authors such as Hargreaves and Harris [7] 
round off this idea and point out that institutions that go beyond expectations, aspire to and articulate 
an “improbable” and collective “fantastic dream” which goes beyond the idea of the plan and even of 
its vision (common in teleological models of change) [8]. 

IKD invites students to become the architects of their own learning and an active element in the 
governance of the university. To get this, it encourages learning through active methodologies, 
ensures continuous and formative evaluation, articulates the acknowledgment of its previous 
experience (academic, professional, vital and cultural), and promotes mobility programs and 
cooperation [9]. 

Fogarty defines PBL in 1997 as “a curriculum model designed around real life problems that are ill 
structured, open ended or ambiguous”’ [10], and further, suggests that “PBL engages students in 
intriguing, real and relevant intellectual inquiry and allows them to learn from these life situations”’ [10]. 

But we can use PBL in other way in subjects well structured. The fundamental premise basic to PBL is 
that the beginning point for learning should be a problem that the learner wants to resolve [11]. 
Subjects and courses are usually created and taught using exercises as the motive and main focus of 
the student activity. These problems are grounded in a specialist model, rather than on formal wisdom 
from professionals. PBL is especially pertinent for professionally aligned subjects because it eschews 
the theory/practice polarity, the two being linked from the outset [12]. 

Within the PBL philosophy, the term problem should be recognized to be confining in itself. It is an 
inadequate representation for the situations which are appropriate for study in numerous occupations 
[13]. The quiz of the question is that the word problem suggests being responsible, when the locus 
may require action – and therefore, include an investigation of an extensive area and engagement of 
different approaches [14]. At a fundamental level, PBL is a theory of knowledge, schooling and 
comprehension – that is, learning - highly different from the customary concept at the foundation of 
subject or course organized learning [13], [15]. 

PBL constitutes a problem to be solved [16]. There are many differences between an ill structured and 
a well-structured problem. Instruction about problem solving in the classroom is a process whereby 
students are presented with a problem and it is solved by the end of the lesson. This is different from 
professional problem solving where the problem is the first point of contact and leads to investigation 
and knowledge. PBL gives students the chance to experience professional style ill structured and 
pragmatic problems. The curriculum and design of PBL allows students to experience the professional 
problem solver position through the design of instruction surrounding the investigation of an ill-
structured problem. Instead of acting as experts with the correct answers, tutors act as coaches and 
facilitators of independent learning regarding the problem in question [17]. 

3 RESULTS 
We have implemented PBL methodology in the subject of Calculus for the Bachelor Degrees in 
Industrial Technology Engineering, in Industrial Organization Engineering and in Environmental 
Engineering. This subject of these three different degrees is common and it has the same programme 
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for the curricula of the three degrees. That is, classes of the three degrees are centralized and 
students attend the class in the same classroom at the same time. Existing teaching methods in this 
subject of Calculus are lectures, practical classes, and seminars. Because of the specific assessment 
that PBL involves, we decided that the implementation would be done in the seminars that the subject 
had awarded, since the teacher has more autonomy for evaluation in these seminars. 

The descriptive data of the subject Calculus is shown in Table1. 

Table 1.  Descriptive data of the subject Calculus. 

Subject Calculus 

Department Applied Mathematics 

Year/Period Annual 

Credits 12 

Language Basque/Spanish 

Module Basic 

Graduate Bachelor Degrees in Industrial Technology Engineering, Industrial 
Organization Engineering and Environmental Engineering 

PBL has been implemented through the concepts of real functions of one real variable, particularly, 
limits, continuity and derivate. 

Results have been better than in previous years with the traditional methodology, and satisfaction of 
students, measured by surveys, has been good or very good. Regarding the comparison between the 
traditional methodology and the PBL, students think that the PBL methodology helps them more at the 
moment of studying. However, there is a non-small percentage that consider better the traditional 
methodology, due, mainly, to the more time that it is necessary for studying in the PBL, in their 
opinion. 

few

same

more

much	  more

 
Figure 1. Comparison of opinions between traditional and PBL methodologies. 

4 CONCLUSIONS 
In the traditional educational system, the assessment of students is mainly involved of a final exam in 
which students demonstrate the assimilation of knowledge gained. In active teaching methodologies, 
however, the main role in the teaching-learning process lies with the pupils, while the teacher 
becomes mentor in the process. 

In this way, University of the Basque Country is supporting active methodologies for improving results 
and education and, in the subject of Calculus of some degrees of Engineering, we have developed a 
PBL procedure in the themes of limits, continuity and derivate. 

We want to call attention to two details in the organization of the procedure when you will apply a PBL. 
In order to improve the some phases, but particularly those involving greater analytical skills, we 
recommend some simple actions that will be very helpful both for teachers and for students: making a 
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note of each step in the minutes of the meeting, for reading, writing, calculating, etc.; and thinking 
previously and share with other teachers of the subject criteria for each step of the procedure. 
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