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Abstract—The New Higher Education System implies the
adoption of different education systems than the traditional
ones. Therefore, many college teachers today want to use
some new mechanisms to teach the matter and to find better
ways of engaging students in the learning process. The ob-
jective of this work is to evaluate different learning methods
from the student’s point of view and share the authors’
experience towards a different mode of teaching. Three
different learning techniques have been used on University
of Vigo’s fifth-year engineering students and the students
have answered a questionnaire in order to check the effec-
tiveness of the different methods from the students’ point of
view. The results of the experience show that the use of
learning methods (cooperative learning and multimedia
resources) fosters student motivation and improves their
retention, assimilation, understanding, and proper applica-
tion of course content.

Index Terms—cooperative learning, chemical engineering,
active learning, higher education, student involvement.

I. INTRODUCTION

The teaching and learning processes have been consid-
ered for long time as individual processes with the aim to
an “inert knowledge”, properly defined by Whitehead [1],
who said that the main problem of all educational systems
was “the problem of keeping knowledge alive, of pre-
venting it from becoming inert”. This system of education
is based on the belief that assessment of learning could be
"measured" through objective evidence, often standard-
ized, with multiple-choice questions. Such assessment
systems have encountered lots of critical comments [2-4].
However, in recent years the education at Universities is
changing to adapt current degrees to new European regu-
lation and guidelines, where the aim is to introduce di-
verse teaching techniques to improve the learning process
[5].

This new vision of the whole educational system can
be defined as learner-centred and not teacher-centred
because it requires all teachers, to rethink their own prac-
tice, to construct new classroom roles and expectations
about student outcomes, and to teach in ways they have
never taught before - and probably never experienced as
students. Learner-Centred Education is defined by
McCombs and Whisler [6] as: “The perspective that cou-
ples a focus on individual learners (their heredity, experi-
ences, perspectives, backgrounds, talents, interests, ca-
pacities, and needs) with a focus on learning (the best
available knowledge about learning and how it occurs
and about teaching practices that are most effective in
promoting the highest levels of motivation, learning, and
achievement for all learners)”. Following this line, the
idea of the Bologna process is looking for an improve-
ment on the quality of the students, and creating a more
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interactive and motivational environment for students and
teachers [5]. For that reason, The New Higher Education
System (NHES) implies the adoption of different educa-
tion systems than the traditional ones. Subjects are de-
fined in terms of competencies. The students need to
achieve some specific competencies and some generic
competencies. The specific competencies are based on
the field of study; whereas the generic ones are related
with some capabilities of the students with the environ-
ment, such as relationships, oral and writing communica-
tion, make decisions, team work, job ethical behaviour,
leadership, motivation, and so on. In this way, the teacher
may use some new mechanisms to teach the matter under
study.

Nevertheless, the adaptation of subjects to the
European Higher Education Area (EHEA) and the use of
new teaching methods requires extra effort for the
lecturers. It is due to the fact that they must cope with the
adaptation to new techniques and the consequent tuning,
keeping a balance between the development of specific
and generic competencies. The lecturers must be taking
into account that the learning target, with a focus on the
subject, appears to be the learning process. Students learn
to learn, through experience and reflection on it, they
learn to have a critical attitude and to develop the ability
to live every context and every event as a learning
resource [7].

Some different learning methodologies have been ana-
lyzed in a wide range of study cases [8-16], with the aim
of improving the learning process. However, not all tech-
niques are useful when the number of students is high
[17]. This paper analyzes the use of different learning
techniques in advanced engineering courses. Cooperative
learning and e-learning have been applied in a fifth-year
engineering course at the University of Vigo (Spain).
This work also presents the students’ opinion about the
techniques used. Cooperative learning allows students to
work in groups, which is a key point for future engineers.
Moreover, this technique allows students to teach new
content to each other while instructors guide them. On the
other hand, teaching and learning can be facilitated by
multimedia resources because they can provide motiva-
tion in the learning process. The authors expect that this
work can serve as a guide for future experiences in simi-
lar cases.

Il. METHOD DESCRIPTION

This section describes the learning methods that were
object of study (Fig. 1).

The subject “Complementary Fuels” belongs to the
second semester of the last year of the degree “Mining
Engineer”. It is a mandatory subject that presents to the
students the different alternative energies obtained from
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Figure 1. Scheme of learning methods used.

all types of resources, and also the energy sources of
hydrogen. The course syllabus is grouped into seven main
chapters: Energy outlook; Alternative Fuels; Waste as
energy source; Biomass; Biofuels; Hydrogen; Fuel cells.

The course syllabus includes the definition of compe-
tencies to be developed, namely:

¢ Ability to design and manage of applied experimental
procedures, especially the determination of thermo-
dynamic and transport properties, and modeling of
phenomena and systems in the field of chemical en-
gineering, systems with fluid flow, heat transfer,
mass transfer operations, kinetics of chemical reac-
tions and reactors.

e Ability to interrelate all the knowledge acquired,
interpreting them as components of a body of
knowledge with a clear structure and strong
consistency internally.

e Encourage cooperative work, communication skills,
organization, planning and acceptance of
responsibilities working in a multilingual and
multidisciplinary education that promotes equality,
peace and respect for fundamental rights.

Considering that the topics of greater impact are re-
newable energies and hydrogen, the authors decided to
implant some learning methods, mainly based on Hydro-
gen Technology and Energy outlook. Moreover, the use
of learning methods allows to teach the specific knowl-
edge of each subject, and also the development of generic
or transversal skills. Organization and planning, oral and
written communication, foreign language learning, coop-
erative work, critical thinking, students’ adaptation to a
new situation, creativity and leadership, are skills very
important in the global education of students. In most of
the subjects, lectures focus on the specific skills, the main
objective being the transmission of the topics included in
the course syllabus.

The learning activities used in this research were ac-
complished during a complete semester in a class of 30
students and were carried out in sessions of one hour.
Three activities of two new learning methods (coopera-
tive learning and e-learning) were used in this research.
Both methods have been used by other authors with the
aim to motivate the student participation on their learning
process [18,19]. Among all activities, authors have cho-
sen three activities with very different objectives: the
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debate for a class presentation, the knowledge pill to
introduce basic concepts, and the video resource to rein-
force the lecture.

Knowledge pill is a tool that gives student knowledge
without having to attend lessons. These pills are generally
designed to guide students through information or to help
students perform the specific tasks. In the knowledge pill,
the screen is divided in two sections: one shows a com-
puter desktop image and the other is the video image of
the lecturer (Fig. 2). The end product is a video with good
resolution including the lecturer, his/her voice and the PC
background used for the presentation [20]. The aims of
these pills are convenience and flexibility to learners: the
learning sessions are available twenty-four hours a day
(24x7). Learners are not bound to a specific day/time to
physically attend lessons. In this research, the knowledge
pill was used with the aim of introducing some basic
concepts about hydrogen technology before the lecture.
For that reason, students saw the knowledge pill at the
beginning of the class before the teacher explanation. It
lasted 10 minutes and after the content included in the
knowledge pill was expanded to study in depth the topic
and students had the possibility to clarify their doubts.

Debate refers to the process of considering different
points of view and arriving at a judgement. In this case,
the debate was used between two groups with the aim
that on a group should convince the other to agree with
them. One group has to defend the renewable energies
and the other group the non renewable energies. Debate
cultivates the active engagement of students, placing the
responsibility of comprehension on the shoulders of the
students [21]. The debate was used instead of a lecture
and was carried out as follow: students were divided into
two groups, and each group worked together to formulate
arguments for their assigned viewpoint. Each group pre-
sented arguments in support of their position during 10
minutes. After each side had presented their arguments,
the groups were given an opportunity to rebut the argu-
ments and, time permitting, the presenters asked to re-
spond to the rebuttal. This format was particularly useful
in order to develop argumentation skills (in addition to
teaching content). Each debate took approximately 40
minutes. The debate was followed by a review session
when the teacher provided them with the feedback during
the last 10 minutes of the class.

The video (Fig. 3) was chosen to reinforce the lecture
explanation. For that reason, a documentary was used at
the end of the lesson with the aim of seeing different
aspects related to the introduction of hydrogen technol -
ogy in a real context (hydrogen vehicles, hydrogen supply
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Figure 2. Snapshot of the knowledge pill used.
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Figure 3. Snapshot of the video used.

and dispensing technology, etc.). It lasted 15 minutes and
after it was discussed with the students in order to answer
their doubts.

When the students finished the three activities, they
answered a questionnaire to compare the three activities
from the students’ point of view (Fig. 4). Furthermore,
considering that the knowledge pill was unknown among
the students, teachers decided to include questions based
on the students’ opinion only about that activity. The
questionnaire consists of four questions, one multiple-
choice question and three open ended questions. In the
first open ended question, the students had to indicate the
most useful technique from a didactic point of view and
their reasons. The other questions were based on the
knowledge pill due to the novelty of this technique
among the students. For that reason, in the multiple-
choice question the students were asked if they consid-
ered that this technique is useful to improve the learning
process. The possible answers were: (a) a lot, (b) quite a
lot, (c) little and (d) nothing. Finally, in the other two
questions they were asked to mention two positive and
two negative aspects of the knowledge pill.

The assessment of the course is distributed like that:
20% final theory exam, 40% attendance to theoretical
classes and participation in the activities, 40% final work.
The three activities were not evaluated individually.
However, at the end of the course the students had to do
an exam covering all the topics of the course. The exam
included questions about topics which had been taught
with traditional lectures and questions about topics which
had been taught with the new methods. This allows to
check if the knowledge had been acquired in all cases.

I1l. RESULTS AND DISCUSSION

This section gives an analysis of the results of the ap-
plication of the different learning methods. The evalua-
tion of the different techniques is based on students’
opinion. The principal purpose of evaluating different
learning technologies is to provide an idea regarding the
effectiveness of the innovation in an engineering course.

The first aim was to know the students’ preferences re-
garding the three activities. For that reason, the first ques-
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tion was based on knowing which was the best activity to
improve the learning process and motive the student. The
results (Fig. 5) show that the majority of the students
preferred the video and the rest of students chose the
debate. Moreover, two main ideas appeared in the stu-
dents’ answers: the video has the advantage of synthesiz-
ing the topic and shows examples of real life while the
debate opens the opportunity for the development of
empathy. One student, who had chosen the video, said:
“it seems interesting to see something that supports what
the teacher explains”. Another student explained: “a de-
bate allows to discuss different points of view”. Thus, the
main objective of the authors had been achieved; since
the idea of using a video was based on summarizing the
lecture and introducing the students in the real world;
whereas, the debate was used to analyze different points
of view of the same topic. On the other hand, debate
develops critical thinking skills, oral communication
skills, and empathy. Participation in a debate requires a
more thorough mastery of the content than even giving a
lecture does [22].

The results obtained from the questionnaire about
knowledge pill were better than the authors expected
because the answers covered all the teachers’ objectives.
Although students had preferred the other two activities,
100% of students chose the option (b). Then, it is also a
good activity in order to improve the students’ learning

1. Comparing the three activities, indicate the most useful to improve the leamning process
and why.

2. Do you think that the knowledge pill is useful to improve the learning process?
a) A lot
b) Quite a lot
c) Little
d) Nothing
3. Indicate two positive aspects about knowledge pill.

4. Indicate two negative aspects about knowledge pill.

Figure 4. Questionnaire.
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Figure 5. Preferences of students about the used learning methods.
process. The answers expressed their enjoyment and

satisfaction and pointed out the novelty of the activity:
“more pleasant classes”, “it’s an innovative technique”,
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“you can reuse it if you need it”. However, one student
was doubtful and uncertain about the technique because
the technique does not allow students to ask questions
during the teacher’s explanation. However, taking into
account that the knowledge pill was used during a lecture,
this negative point was solved since the students could
solve their doubts after watching the knowledge pill.

In the present work, the questionnaire was made to
compare only the three activities. However, in the open
questions the students tend to include comparison with
the traditional lectures. The answers indicated that they
felt these methods were better than the traditional way of
teaching. Almost all students expressed their enjoyment
and satisfaction after experiencing a new learning envi-
ronment. Most students said that the idea of using innova-
tive techniques in the class had been stimulating, fun and
enriching. Therefore, the students benefit when professor
used new learning methods to promote the active en-
gagement.

Finally, the final exam consist of eight multiple-choice
questions: three about topics that had been taught with
new learning methods and five about the topics taught in
the lectures. All the questions presented the same
difficulty. All the students passed the exam; however, it
was observed that the students answered better the
questions that included concepts about the topics that had
been taught with new learning methods, since the 96.3%
of the students answered correctly the questions related to
Hydrogen and Energy outlook. This finding agrees with
the results obtained by other authors [9].

The results of the exam are shown in Fig. 6. This fig-
ure shows the number of right answers per students and
among the right questions which were related to new
methods or the traditional methods. It can be seen that the
most of the students answered well the three questions
related to learning methods. For that reason, it can be
concluded that involving students in the learning process
assists them in gaining a better understanding of the
course material and allows them to transfer their class-
room knowledge to practical applications.

Taking into account the exam results and the students’
opinion reflected on the questionnaire, it can be said that
the utilization of different learning techniques has had the
following benefits:

1. Promote student learning and academic achievement;

2. Increase student retention;

3. Enhance student satisfaction with their learning

experience;

4. Help students develop skills in oral communications;
. Develop students' social skills;

6. Promote student self-esteem and help to promote
positive race relations.

[$)]

The benefits 1 and 2 have been proved with the ob-
tained marks in the final exam; while the other benefits
are reflected on students’ opinion (3) and also in the de-
velopment of the debate since this activity help students
in transversal skills (4-6) The benefits of using different
learning methods as an instructional strategy also include
that the students’ approach dramatically changes from a
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Figure 6. Exam results: questions related to learning methods (blue),
other questions (red).

passive approach to an active one [21] and “students
place a higher value on learning by participating than on
learning by being lectured at and receiving information
passively” [23].

However, it presents the serious drawback of requiring
a considerable initial workload for instructors to begin.
Nevertheless, without any doubt, restructuring the subject
has been a worthy experience that has allowed keeping
the attention and the interest of most of the student.

IV. CONCLUSIONS

In this paper is some combination of technology and
traditional classroom instruction (called Blended Learn-
ing) has been used to improve students’ learning process.
Students learn more effectively by actively analyzing,
discussing, and applying content in meaningful ways
rather than by passively absorbing information. Learning
activities foster student motivation and improve their
retention, assimilation, understanding, and proper appli-
cation of course content. The results of this study show a
good acceptance of learning activities among the stu-
dents. For that reason, authors recommend to lecturers
take the initiative to learn and try other teaching methods
and to mix and match them to maximise learning among
students. For the next year, authors will keep on working
in searching of other techniques to improve the students’
learning process and the design of new activities to moti-
vate the daily work of the students. Moreover, it is neces-
sary some improvements must be carried out to obtain a
better evidence of the obtained data.
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