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the Projects subject at the School of Industrial Engineering, University of Vigo. The
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1. Introduction

Up until 2001, the Degree in Industrial Engineering of the University of Vigo
had the former 6-year long Study Program (dated 1982), where the Projects subject
had 6 theory credits. When the current Study Program came into force in 2001 at
Industrial Engineering Schools, the degree went from 6 to 5 years, and the Projects
subject has now 3 theory credits and 3 practice credits.

This Study Program is still in force until the 5™ course, where the Projects
subject is taught, finishes, and the Bologna's grades are being gradually introduced
year after year, the 2010/2011 year being its first time at the University of Vigo.
Each grade will last 4 years and the subject object of study will be taught in the 3"
year in some grades and in the 4" in others.

Projects is presently a compulsory subject, common to all specialities, chosen
by many students (about 250 from different specialties), with 4 teachers to evaluate
them. As for Bologna grades, the situation will change significantly, since the
students will be already in different grades by specialty from the 1% year, so groups
will be less heterogeneous; furthermore, the number of students will go down
considerably: there will be about 50.

This experience arises from the need to adapt the Spanish University System to
the new teaching model of the European Higher Education Area (2010), derived from
the Bologna Declaration (1999) and is aimed at obtaining specific and cross-
curricular competence, launched through project-based teaching and the virtual
platform Claroline. It has been implemented in the following stages:

e Conducting a project applying gained knowledge and abilities. Broadly speaking,
teaching is provided about theoretical matters applicable to any aspect of the
project and that knowledge is developed in the form of a practical project
supervised by the tutor teacher assigned to each group.

e The use of the FaiTIC distance-teaching platform based on the Claroline platform
with the aim of virtually completing classroom teaching.

2. Theoretical Research Approaches

2.1 European Higher Education Area (EHEA)

Since the Bologna Process was first applied to the University in Spain, the
University system has undergone a significant change. The different innovations and
reforms being carried out to integrate it into the European Higher Education Area
(EHEA) are focused on Competency Based Education (Diaz, 2006). Shift has been
made from teacher-centered lessons only conducted by the teacher, to student-
centered teaching, with a closer individualized tracking that will lead students to pass
subjects. Thus, the new active teaching methodologies propose a change in focus, the
main role being given to the student, always followed and motivated by the
corresponding teacher. In this new scenario the student's direct involvement is sought
in the preparation of the teaching contents that will have a bearing on his education
(Benito & Cruz, 2005).

This change of model entails an important effort for teachers to get adapted
from the traditional knowledge-based teaching method: the new approach is about
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being able to create knowledge instead of transmitting it. The arousal of these new
keys for teaching must be an encouragement for teaching, and the necessary
adaptation of teachers to these new active methodologies will enrich students'
education and learning, final aim of the teaching work (Knight, 2005). Even more,
universities play a new social role as lifelong education and learning centers,
implemented in multiple specialized, master and postgraduate courses. Such role, in
accordance to the increasingly closer relationship between universities and companies
(both regarding investigation and education), means more competences being
achieved by teachers and students, and this forces an academic synergy between them
so that the best results are attained.

2.2 Virtual learning

In this context, e-learning or distance learning is understood as stated by Buzon
(2005), not simply as distance learning, but as a distance learning teaching method,
supported by Information and Communication Technologies (ICTs), combining
different pedagogic resources. The attendance and non attendance, as well as the
ideas about the use of learning times, individual work capacity and group learner
capacity, information structuring and teacher's new working methods are qualities
that distance learning brings about to teaching-learning processes.

These new systems offer users a personalized education, as well as the
possibility of establishing a continuous tracking on students, of their progress,
optimizing learning processes and removing some problems related to classroom
instruction, such as lack of time and spaces. Therefore, what we have is an
educational environment that aims at fostering cooperative learning, among students
and teachers, among teachers themselves and among a class and wider, academic and
non-academic communities.

Currently, the new ICTs have given a new meaning to education. In the higher
education sector, it is causing a far-reaching organizational change (Pino, 2010). In
fact, e-Learning plays a key role in the innovation process of universities
(Schneckenberg, 2004), since it allows the design and inclusion of innovative
educational interventions during the teaching-learning process both initially and
throughout an individual’s professional career (Gallego, 2003), although many times
it is carried out poorly planned (Alvarez, 2003). Hence the importance of optimizing
e-Learning systems (Lopez & Lopez, 2002), rationalizing and justifying this learning
system to create interaction environments between students and course materials
(Tascon, 2004).

At the University of Vigo we have the FaiTIC distance-teaching platform,
aimed at virtually complement classroom teaching. This platform was initially based
on the Claroline platform, developed by the Catholic University of Louvain that
recently integrated with the Moodle platform, developed by Martin Dougiamas. Both
are open source and e-Working platforms.

We have decided to use Claroline because it gathers specific and particular
characteristics of Content Management Systems, best known as CMS, such as being
totally dynamic, highly configurable, versatile and simple when it comes to
modifying its contents. It allows for almost instant administration of e-Learning
courses and control the following tasks: to publish documents in any format (.doc,
.0dt, ppt, pdf); administrate and model discussion forums, both public and private; to
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administrate listings of reference links; create study groups; make practice exercises;
structure and administrate an agenda of events, tasks and deadlines; control course
users or students; administrate each course instructors and teachers; handle students’
deliveries (documents, tasks, works, etc.); manage and store the Chats that teacher
and students can establish; complete follow-up by means of statistics of the students
In the classes; and assess through multiple choice system.

This platform allows us to set up different and varied activities and learning
methods (individual and group) that will imply overcoming fear regarding the use
and command of ICTs and to put learnt concepts into practice. Apart from its tools
(synchronous and asynchronous), the platform allows us to track each student
individually, as well as to set up group/individual virtual tutorials, serving each
student’s needs and respecting their learning pace.

The use of a virtual environment for teaching the Projects subject reinforces

traditional teaching, makes use of the possibilities available to spread teaching
material, to temporary link theoretic concepts and its practical application, to foster
students' interest and to monitor their learning.
In order to achieve these objectives, the teaching Claroline platform is established as
the main virtual space containing different components linked to teaching the subject.
It stands out for being user-friendly, as opposed to other kinds of platforms (Plantak
et al., 2010; Casar, 2006 & De Henao, 2007); it has been adapted to the teachers’
needs by the University of Vigo and its maintenance is assured by a specific
university service (FaiTIC).

2.3 Project Based Learning (PBL)

Active methodologies, PBL in particular, present a perfect adaptation in
engineering teaching, since future engineers will have to adopt similar methodologies
in the work world. PBL is a learning method in which students plan, implement and
evaluate projects that have real-world applications beyond the classroom (Blank,
1997; Dickinson, 1998 & Harwell, 1997). This model has its roots in the
constructivism views that evolved from the work of psychologists and educators such
as Lev Vygotsky (1978), Jerome Bruner (1990), Jean Piaget (2001) and John Dewey
(1998).

The PBL was advantageous for higher education institutions as regards
students’ learning and competence acquisition. As for learning, students are
motivated when engaged in project and group-based pedagogy practices. Specifically,
this means shorter study time for students and lower student dropout rates. As for
competences, students obtain those corresponding to the knowledge-based society
and that are for life.

Currently, it is considered that PBL might be one of the suitable methods for
the new learning-based higher education models and this is supported by the studies
of Woods et al. (2000), Oliver (2003) and Thomas (2000), among others.

This method’s initial experiences began in biomedical sciences (Barrows,
1980); subsequently other disciplines, including computer science have also used
PBL.: Larsen et al. (2003), Striege et al. (2002) and Uden et al. (2004). According to
Barrows, PBL can be explained as “the learning that results from the process of
working toward the understanding or resolution of a problem”. He fully describes a
set of generic PBL essentials, reduced to the bullet points below:
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e Students must have the responsibility for their own learning.

e The problem simulations used in problem-based learning must be ill-structured
and allow for free inquiry.

e Learning should be integrated from a wide range of disciplines or subjects.

e What students learn during their self-directed learning must be applied back to the
problem with reanalysis and resolution.

e A closing analysis of what has been learned from work with the problem and a
discussion of what concepts and principles have been learned are essential.

e Self and peer assessment should be carried out at the completion of each problem
and at the end of every curricular unit.

e Student examinations must measure student progress towards the goals of
problem-based learning.

e The activities carried out in problem-based learning must be those valued in the
real world.

e Collaboration is essential. In the world after university most students will find
themselves in jobs where they will need to share information and work
productively with others.

e Problem-based learning must be the pedagogical base in the curriculum and not
part of a didactic curriculum.

In the light of these principles, we observe that in PBL students are to assume
more freedom of action and responsibility. Also, the figure of the teacher assumes a
different role: directing the student in the learning process. It has to be a tutor playing
an activator rather than facilitator role. The PBL success or failure depends greatly on
the teacher-tutor’s education and training.

We believe that the PBL should allow for the development of the professional
qualities sought in today’s world: continuous learning, autonomy, group work, spirit
of criticism, communication and planning skills.

3. Experience description

At the School of Industrial Engineering, University of Vigo, the teachers from
the Engineering Projects Area, which is part of the Design in Engineering
Department, have been involved in pilot courses for two years aimed at gradually
change the traditional education system to the new framework in the final year
Projects subject, common to the Industrial Engineering degrees, that will come into
force in two years for this subject, (academic year 2012/2013). Currently, and as part
of the new curriculum design process based on the learning-centered and
competence-based teaching method, several doubts about how generic or cross-
curricular competences are to be distributed and assessed are arising.

This paper will develop the work, the experiences that we had over the past
two years and the results obtained in this subject, from the viewpoint of the students’
development of general or cross-curricular competences, including activities and
assessment procedures used.
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With this aim in mind, we have tried, on the one hand, to use ICTs as tools to
achieve the objectives set, and on the other hand, aligned with the main objective, to
implement the project-based education model.

3.1 Framework

The study presented here has a 4-year time frame and is still developing. It is
currently in its third year, even though it is the first two years’ experience which is
going to be analyzed in this article, where a competence approach has been
developed. The final aim set for this experience, after the 4-year study, is the
achievement of the competences included in the Verifica Datasheet (Table 1).

SPECIFIC COMPETENCES

Knowledge and capacities to organize and to manage projects
Becoming familiar with a Technical Office organization and working
CROSS-CURRICULAR COMPETENCES

Analysis and summary

Problem solving

Oral and written communication knowledge in mother tongue
Information management

IT applied to curriculum

Capacity to organize and plan

Decision making

Knowledge application

Autonomous learning and work

Planning changes that improve global systems

Adaptation to new situations

Creativity

Obijectification, identification and organization

Critical thinking

Team work

Ability to communicate with experts in the field

Leadership

Tab. 1. Competences to be accomplished by the student

The name of the subject in the grade will be Technical Office and Projects and
will become a compulsory, common subject of the Industrial specialty of the 4™ year,
and will have 6 credits ECTS distributed as follows: 3 credits for lectures, 2.5 to lab
classes and 0.5 for tutorials. Compulsory classroom activities will represent 35% of
student time, whereas distance-learning will do 65%. The above-mentioned are the
essentials of this experience.

3.2 Project-Based Learning methodology

The pilot experience of the Projects subject started in the academic year
2008/2009; it was taught to all specialties in the second term of Industrial
Engineering. All specialties were decided to start at the same time because the four
teachers divided the subject by topics and the topic was taught to all specialties. In
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the current Study Program, this is a core, 6-credit subject (3 for theory and 3 for

practice).

The 230 students enrolled in the Industrial Engineering School this year were
divided into four groups for teaching theory in the classroom (one by specialty), and
12 practice groups carried out in the computer lab, three by specialty, the number of
students of each being very different from one specialty to another. In the labs each
students has a computer, what has helped students a lot to carry out the project.

This first year, the teacher-centered education model was changed to the
learning method based on the PBL. This change implies that the student assumes
more freedom of action and responsibility and the teacher makes the pace for the
student learning process. An initial question was to explain the new teaching methods
to the students so that they could understand and accept it despite being used to a
traditional learning method. In order to do that, we tried to make the students aware
of the objectives pursued and of the benefits to be attained.

PBL working groups of 4-5 people were decided to be established, the group
setup being free; the intention was to facilitate class attendance to the different
groups, regardless of that corresponding to each student, since most of the students in
these degrees are enrolled in subjects from other years and it is therefore very
common that lectures overlap.

We bore in mind that the proposed project fulfilled the characteristics of an
appropriate PBL project: relevant and interesting for students, with clear objectives
and stages and complex in the sense of having different solutions and being
interdisciplinary. Many situations of professional real-world can meet these
characteristics. We considered making a planning and execution of an industrial
building during the whole four-month term. The requirements were selected by the
group: they had to focus on a Galician town, get urban planning regulations, choose
the activity of the building, its classification... They also had to select a plot available
for building, design it, measurements, structural elements, budgets...Although they
had to be validated by the teacher. Once defined, they were to be kept throughout the
project.

A relevant fact is that the basics of project management and planning are
developed in the first topic, both practical and theoretically, and it is that first topic
where the work plan was established with several targets to be attained; for each
target some documents reflecting carried out actions and obtained results were to be
handed out. Groups were asked to use a common format in all documents containing
at least: author, date, project, matter, and version.

The Work Plan included:

e Delivery of documents regarding the project chosen and the responsibilities of
each of the group’s member on the specified dates. Some were individual and
some group deliveries both clearly defined and planned. Preliminary design and
prototype were defined by these partial deliveries. (Figure 1)

e Final document delivery and public presentation of project by group including
requirement specification, project planning, as well as tools and technologies
chosen for the development with its justification.

The Work Plan was scheduled as shown in Figure 1, and Figure 2 shows, like
example, a collage of a project’s public presentation developed by a group of student.
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School of Industrial Engineering CHARACTERISTICS OF THE BUILDING

~Dimensions in plant
CONSTRUCTION OF INDUSTRIAL ~Length of the lateral one: 35 m
BUILDING FOR WATER BOTTLING ~ In front of the building: 25 m
~Height of lintel: 8.5 m
. ~Height of the columns: 5.5

~Slope of the cover: 23.74% (13,5°)

~Distance between porches: 5 m

~Separation between columns in the frontal porches: 8,33 m
~Separation between strap: 4.28 m

JUNE 2009
METALLIC STRUCTURE ILUMINACION

BOARDROOM LABORATORY WARDROBIF

CHARACTERISTICS OF THE BUILDING

Fig. 2. Collage of a Project’s public presentation developed by students

The material resources available to conduct the project in practical classes were
chosen by the teachers, proposing, as an important methodological aspect, to foster
students' participation in the development of the lectures, and therefore we opted for
commercial software, easily accessible by students so that they could work with them
in class and during the hours assigned to them outside class schedule.

The functions represented by the teacher in formal education and
corresponding tutorials have been as follow:
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Propose the problem to be solved.

Initially provide basic knowledge about topics.

Play the role of the client commissioning the project.

Critically assess the documents supplied in public presentations.

Meet with students to check the correct development of the different project stages
and task distribution within the groups; also, make learning easy for students by
asking questions or alternatives, encouraging them to find their own possible
solutions.

3.3 Virtual learning methodology

Since 2005, the platform has been used in this subject considering its flexibility
and ease of action but only as a repository or for students to upload their works.

During the academic year 2009/2010, a further step was taken towards the
achievement of general or cross-curricular competences by students, including the
use of TICs as tools to get the objectives set.

Starting from the same study group, but having 219 students enrolled this year,
group and student allocation has been practically the same as the previous year. The
number of teachers has also been the same, four.

The subject is split into fifteen theoretical topics of 2 hours each and four
practice topics, two 3-hour and another two 9-hour topics. The theory lectures last 2
hours and lab practices last 3 hours.

Materials for study and complementary reading can be found on the platform in
an organized way with the following formats: presentations, text files, rules,
standards, latest news, drawings, images, videos, websites, etc. Figure 3 shows the
subject’s presentation.

Also included is a series of activities related to competence assessment that
will be explained in detail in the next section, as well as a forum to clear up any
doubts. They can also be asked by e-mail or in person to the subject teachers.

The presentation of objectives, methodologies and procedures for following up
on the subject was done the first day of the course in the classroom.

The calendar of teaching and assessment activities is included in the tutorial
published in the virtual learning environment, as well as the rest of teaching and
assessment material that was followed from that first on-site class through the
Claroline online learning management system.

Some assessment procedures have been established to check that competences
are attained:

e Multiple-choice test in practical lectures, in labs, regarding key topics. Enable on-
line assessment for a limited period of time and for all students at the same time.
The aim is both to confirm the acquisition of some specific knowledge and to
attain some information searching and selection skills.

e Written report about a topic for study proposed by the teacher made through
cooperative group work. It basically involved searching for information and
creating a document in electronic format in which all group members participated
through a suitable task distribution and keeping a uniform format and structure.
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The aim was to train students in group work competencies by using the Internet.
The estimated time was 35 hours and a proportion was allocated in the final mark.

TEMA PROGRANA = gﬁ"\;ﬂm |
TELEMATERIAS |

Mania Inmacilada Fanallara Bolibar | A mika aianda | A mifa CONL e usiirk | Sir

1 usuana tonectads
Curso TEMA (Maria Fenollera)
TELEDOG22] - Maria Fenollera

Pdna dainksa do cursa E[
Mododeweta . Estudante | Dwector do curso

(1 TEMA » TELEDOCZ23

ﬁ Course description
@ Notebook REMEMBER TO INCLUDE YOUR E-MAIL ADDRESS UNDER PERSONAL DETAILS

@' Announcements

=1 Documents and links

M) Questionnaires FOR ALL STUDENTS, WELCOME TO THE SUBJECT
Exercises
m—erou S “ENGINEERING PROJECTS”

From this moment, you are participating in the virtual part of the subject “Projects in Engineering” in which
you are enrolled. You must then be aware of the commitment made. Your perseverance, motivation and
sense of responsibility are essential to successfully fulfill this subject.

You are advised to regularly visit the sections "Announcements” and "Documents and
links” to access news that arise throughout the subject’s development.

To start, you are recommended to unload and read the following subject description:

Objectives Description Teaching program Subject schedule

Kind regards,

The subject teachers

Fig. 3. Project subject presentation in the virtual environment. Year 2009/2010
4. Results and discussion

Very good academic results have been obtained in this subject at the end of

these two years, as it can be observed in Figure 4, with a follow-up and success rate
close to 95%.
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YEAR 2009/10
11 STUDENT °> 52| STATISTICS FOR QUALIFICATION
25 STUDENT 12% 0 STUDENT
5% _ 0%
90 STUDENT

41%

= NOT PRESENTED (2%)
# FAIL (0%)

“PASS- C (41%)

m OUTSTANDING-B (40%)
= EXCELLENT-A (5%)

86 STUDENT
40% DISTINCTION (12%)

Fig. 4. Year 2009/2010 academic results after a 2-year experience

The percentage of students that did not take the final test is in keeping with
those students not following the continuous assessment procedure proposed in this
experience. So, it can be deducted that the change in the teaching method has been
positive, although it is true that the students complained (during their personal
interviews in tutorials) about this new way of working requiring a bigger effort. This
can be due to the students not being used to this and being more familiar with more
structured works, with less freedom of action and responsibility.

There was not a specific tutor by group, the four teachers tutored all the
groups; this partly arose from teaching by topics instead of by groups. This implied a
good coordination among them, which was hard in the beginning, since the students
tended to repeatedly ask all the teachers about the same topics, searching for the one
that made their work easier. Teachers’ weekly meetings were set to sort these initial
difficulties out.

The change in the tutoring method (the teacher contributes orientations,
references, bibliography, aiming for the student to obtain answers himself) was
regarded by some students as teachers’ disregard, which could be seen in them asking
for more help. We consider that such feeling will diminish with more practice from
the teachers’ side and making more use of these active methodologies.

Another aspect that came to light was that some students felt distressed at not
being able to do the project (mainly during the first year) because they saw the
project as their first work of some magnitude, and this caused insecurity. However, it
is true that from that year on the number of students that requested to do their final-
year dissertation tutored by these teachers increased, from what we can conclude that
students viewed the experience positively.
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In the personal interviews, the students mentioned the problem of not having
enough time. The beginning of the project carrying out was especially delayed in
many groups, either because the project size was not correctly estimated and
therefore there was a wrong planning, or because the planning done was not properly
observed, or because the documents included in the virtual environment could seem
excessive when compared to those of the traditional method.

As positive, they mentioned continuous assessment, that is, the possibility of
passing the subject with only one work, thus freeing themselves from the much
feared final test. It could also be checked that the knowledge learned from previous
subjects was not sufficiently fixed, or there was immaturity to use it, due in part to
the current curriculum offering, in some cases, a view of the subjects as watertight
compartments.

5. Final reflections

The teachers of the Projects subject are aware that drawing definitive
conclusions from a first experience in a field can be risky and that most of the
difficulties arisen were mainly due to students and teachers being unaccustomed.
Anyhow, we would like to make the following reflections:

e For the students, this change is the step previous to the final-year dissertation as
regards subject integration. Contribution has been made to stop seeing subjects as
isolated; such situation is far from professional reality, where the questions arisen
are generally interdisciplinary.

e Learning, group work, time management, oral and written communication are
practised. Work is also distributed along the whole four-month term, avoiding
usual final efforts.

e For the teachers, even though it has been a huge effort, particularly when it came
to do group work for teaching, we consider this a good trial for the adaptation to
the goal set for defining and evaluating the necessary competences. The good
results obtained encourage us to make a positive assessment.

e The properly scheduled three-hour working sessions, particularly for practical
lectures, makes it easier for students to be immersed in the problem longer, and
this implies being more aware of the business world, where there is no jumping
from one issue to another every hour. Given this approach, they can change tasks
(group meetings, individual work, and interviews with teachers) during that time.

e As it has been shown by this study, the use of virtual learning platforms is useful
not only as a repository of material and learning elements, but they also enable
suitable organization, planning and competence-based assessment.

Despite the difficulties, the final result was very satisfactory and although we
are halfway toward the objectives set we hold out for new procedures to get such
objectives. Thus, this academic year 2010/2011 several online initiatives are being
carried out, such as discussion and doubt forums, work and presentation templates
and self-assessment tests. Additionally, an assessment table or rubric is being
conducted in order to assess cross-curricular competences sought. The option of
including (as an activity) the attendance of professionals, managers and people who
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have important roles in renowned institutions in the field of the subject to conferences
(and a subsequent discussion with the students), is being valued.

6. Conclusion

The shift of the traditional paradigm (which in the case of engineering degrees
in the last few years was in many times based on a master class together with the
delivery of practicals) means an effort that not everybody is willing to assume.
However, teachers and students’ general feeling is positive and they are convinced
that the path chosen two years ago is the correct one.

The application of these methodologies and educational tools not only implies
more work from the teacher side in class, but also a previous preparation time of
specifications for guided sessions, documents regarding how to confront with the
challenge of making the project, search for additional bibliography to foster self-
learning, set new metrics to assess students, summary of theoretical contents taught,
establishment of detailed calendars to enhance monitoring, and many other
difficulties that are to be faced during the first years of the subject’s adaptation.

The results of this experience show a positive adoption from students’ side,
although the subject’s increased motivation and final knowledge cannot be expressed
by empirical data. Nevertheless, the path chosen to use these methodologies and
educational tools is not easy, nor is the adoption of the new EHEA concepts in
general. Because of this, the main aspects presented as challenges in the mentioned
adaptation process have been described. Those aspects are not only teacher-related,
but the students also find before them a new teaching methodology not encountered
in the past.

This learning experience has meant a significant novelty for the subject’s
teachers, who were not trained in this kind of techniques and had to improvise in
many occasions. Despite this, the experience can be considered enormously positive;
possibly, the students have learned less content related to master class’ organization,
but it is obvious that they have learned more about other skills, such as group work,
search for information, use of collaborative tools, time management, etc. The key
issue is whether the balance reached is enough. It would be interesting to develop a
comparative study of students under different types of learning.
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