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METHODOLOGICAL PROPOSAL



Abstract. One of the problems that surface today when analyzing the much-needed changes in the engineering courses
is the fact that most professors-engineers are unprepared to form the modern engineer. Because such teachers were
trained in a traditional way, in which the priority was technical knowledge and, due to the fact they lack the
pedagogical knowledge and support, these teachers merely reproduce this way of teaching. Similarly, the engineering
teaching program has not been preparing the students for the work market. They lack basic abilities such as, problem
solving, teamwork and project management skills, for example. Thus, there is a need for a new background, that is, a
restructuring of the courses in order to respond to the new expectations of the work market, since little real change has
taken place in the engineering graduation courses, in relation to teaching methodology. The objective of the present
paper is to make a critical analysis of the teaching-learning process in engineering, pointing out several problems,
besides the main difficulties faced by teacher-engineers to achieve effective changes in classroom methodology. Based
on that we will devise an example for changes in the methodology, which can really be implemented. With such
changes, we hope to form an engineer who is more critical and able to face new challenges.
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1. Introduction

A lot has been discussed and proposed about the much-needed reform of engineering courses. Many papers have
pointed out the need for change in the curriculum, inclusion of new subjects, and to provide a more humanistic
background for engineers. (Rompelman, 2000; Raju e Sankar, 1999). However, despite all the discussions and
proposals, the graduation courses have undergone little effective and concrete change (Bazzo, 1998).

So, besides declaring the need for reform, we also know what we want to achieve: form an engineer who is better
prepared to respond to the new market demands. However, it is clear that the graduates still lack the knowledge and
abilities, which are fundamental for the practice of their profession (Raju e Sankar, 1999).

A more profound analysis of this scenario reveals that the majority of the teacher-engineers are unprepared to
educate this modern engineer. This happens because such teachers were taught in a traditional way, in which priority
was given to technical knowledge and, due to a lack of pedagogical knowledge and support, these teachers merely
reproduce this way of teaching, which was able to meet the requirements of the market decades ago.

A great part of the teaching process is centered in lectures in which the students hear the teacher giving instructions
for solving an exercise. The majority of the teachers in graduation courses in engineering still insists on a teaching
methodology, which prioritizes memorization of ready-made concepts, which does not allow the student to develop
critical reasoning and creativity, forming engineers with a vision that is detached from reality (Leitdo, 2001; Wellington
e Thomas, 1998). Students are, in general, asked to solve only standardized and well-defined problems, in the sense that
there is only one possible correct answer, which is the one expected by the teacher (Barros Filho ef al, 1999). Few
teachers are concerned with approximating the reality of the work market and the classroom (Zainaghi et al, 2001).

This kind of education would be interesting if the students were to work in industrial-military complexes after the
World War II. However, at the present, the engineer is asked to make decisions quickly, many times without having
access to all the elements of the problem. With the ever-growing technological advances and great quantities of
information being generated each moment, it is very unlikely that one isolated person will have all the knowledge
necessary for the solution of a complex problem, thus teamwork is indispensable. Besides, as the time lag for great
technological changes is of the same magnitude of an engineering course, a constant update of the teacher, in his/her
area of teaching expertise, is necessary.

This paper will present a critical discussion of the teaching-learning process in engineering, pointing out several
problems, and the main difficulties faced by teacher-engineers in order to implement effective changes in their
classroom methodology.

2. The Issue of Teacher Background

Engineers, who have no pedagogical background, form the majority of the Teachers’ Body of engineering schools.
A great number of them have high levels of specialization and titles, profound knowledge of the specific engineering
subjects (Lopes, 2002; Leitdo, 2001). However, when it comes down to actually teach such contents, teachers stumble
across many difficulties, as they do not have, and it has never been a requirement that they did, pedagogical
background. (Ferreira, 2002; Lauria et al, 2001).

Some know extensively the subject, but simple do not know how to teach it. Others, in the absence of a
pedagogical method, reproduce the traditional teaching process in which the student just sits there and listens to the
explanations of the teacher about the concepts he/she should learn. In lab sections, the methodology does not differ
much. In those classes, the teacher asks students to work under a certain number of pre-established procedures. That is,
for the conduction of the experiments there is a “recipe” which must be strictly followed: assemble device XX, mesure
parameters Y'Y and using pre-determined equations arrive a conclusion ZZ. As engineering students deal solely with
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close problems, they are not required to make a qualitative analysis of the problem, or even to propose and test their
hypothesis (Sanchez et al, 2002).

This was the way through which most of the teachers were taught. Many think: “if it worked for me, why wouldn’t
it work for my student?” However, they forget that times have changed. Traditional education, focused on the
acquisition of technical knowledge, used to form good engineers up to the 50s (Bazzo, 1998). At that time, engineering
schools would be successful if the student acquired knowledge and abilities to start the career. This meant that they had
to be well prepared in science, once they worked in industrial-military complexes or aerospace systems, whose focus
was placed on technical skill (Bucciarelli apud Rompelman, 2000). Besides, it was common for an engineer to begin
and finish his career at the same company. Thus, engineers worked in an uncompetitive market, with technology that
remained in use for long periods of time (Salum, 1999).

Moreover, there is a “low self-esteem”, in relation to teaching, among many university teachers. Many are
“incidental” teachers, in the sense that the choice of this profession was based in the quest for a career in research and
not in education. That is why; such teachers make decisions during classes guided solely by intuition and previous
experience as students (Ferreyra e Gonzalez, 2000; Jiménez e Segarra, 2001).

That is the reason why many teachers do not realize the necessity for a change in methodology, and dwell on the
misconception that traditional education fulfills the needs of the market. In this context, the teacher does not reflect
upon his/her classroom practice.

3. Articulation among subjects

Traditionally, graduation courses in engineering exhibit the following structure: “ basic and professional subjects”.
The former are related to basic sciences (mainly physics and mathematics), and the latter are formed by a set of subjects
that are specific for each major in engineering. Elective subjects of a more general character complete this nucleus
(Maines, 2001). All these subjects are viewed separately, without any relation, as if they belonged to different
universes.

On the other hand, even within each of these structures, the subjects are not related. The teaching activities are
compartmented, without a coherent vision of the whole. In this context, the main characteristic of university educational
practice has been to offer a greater volume of information to students (Ferreyra e Gonzalez, 2000).

4. The need for new abilities and competencies

Furthermore, for some time now, the objectives of teaching engineering have stopped prioritizing only the
acquisition of formal knowledge, translated into the contents of several of the subjects, which comprise its curriculum,
and started emphasizing the need to develop several abilities and competencies (Rompelman, 2000; McNally apud
Huxham e Land, 2000), considered to be growingly important.

Nonetheless, a first glance at the structure of a great part of the graduation courses in engineering and,
consequently, of the pedagogical practices occurring in the classroom, suggests that such abilities e competencies are
not being fully developed by future engineers. At the same time that the university, in most of its graduation courses,
presents information without considering the social context in which they are inserted, it also does not allow students to
develop their own methods for solving problems that are closer to reality. (Barros Filho et al, 1999).

Thus, many graduates lack the knowledge and abilities, which are of chief importance to the practice of the
profession (Raju e Sankar, 1999).

One possible cause for this lacuna can be attributed; in part to the way the subjects of graduation courses in
engineering are structured. The subjects are compartmented, that is, they are taught in distinct blocks, very often
without any relation to the others. As the integration among subjects is left to the students, it usually does not occur. In
relation to this issue the Curricular Guidelines for Engineering (Brasil, 1999) state:

(...) It is emphasized that the items below do not necessarily correspond to individual subjects. It is recommended
that they be distributed along academic activities (...) Administration, (...) Economics,(...) Environmental Sciences,(...)
Humanities, Social Sciences and Citizenship (...). (Brasil, 1999).

Even though the document cited above gives indications that this theme has began to be discussed in the academic
fora, this is still the very beginning and the compartmentalization of the contents of subjects is a reality which is
difficult to change. This can be seen when new subjects, such as entrepreneurism and ethics are created, instead
incorporating those themes in the existing subjects.

The way each subject is pedagogically organized also seems to contribute for its isolation. Teaching is often based
in the transmission/reception of previously elaborated knowledge. In this sense, according to Nieda and Macedo (1997),
this model conceives science as a complete corpus of knowledge, which is formed by juxtaposition. In the beginning of
education, students are viewed as having an empty mind. Each class, the teacher transmits (in general, through an oral
explanation with the aid of the board) a little knowledge to the students. In this model, it is assumed that students learn
by watching teachers’ lectures, and repeating by coping and solving standardized problems.


Denise Piva
There were virtually no women engineers at that time.


This way, students have passive attitudes towards knowledge, which do not allow problems derived from reality to
be tackled or new abilities developed. As passive receptacles of information, the most they can do is learn how to
reproduce what already exists. There is no possibility of working with open-ended problem-situations, in a more
investigative and creative manner, conducting qualitative analyses, proposing and testing hypothesis, working
cooperatively in groups, testing the limitations of the models in use, and deciding which theories should be used, etc.

5. New Classroom Methodologies

No one disagrees that a good teacher should know the contents of the subject being taught. However, knowing
about the contents of the subject is much more than simply knowing how to solve exercises proposed at the end of each
chapter of the textbook. To know what must be taught means: a) know about problems and the context in which
scientific knowledge has developed, specially, the epistemological obstacles that have hindered its progress; b) know
the methodological strategies employed in scientific constructs; c¢) know about the interplay between Science and
Technology and its relation to society associated with scientific knowledge; d) have some knowledge about recent
scientific development and its perspectives in order to acquire a view of Technology that is dynamic and in permanent
evolution; e) know how to select content which is adequate and that give a correct view of Technology, at the same time
accessible and interesting to students (Gil Pérez, 1991; Furid, 1994).

Besides this broader vision of what it is to master the contents of a subject, a background in pedagogy is also
necessary, so that the teacher can propose learning activities, which instigate and appeal to students, and in doing so
establish new methodologies in the classroom.

Even when the teacher is concerned with proposing new learning activities, their actual implementation is
complicated. First, because what “works” with one class, might not with the next. Secondly, because the activities must
be modified for each class, mainly in new terms, since the new students will have “hints” about the subject, which are
supplied by the previous students.

Another aspect that must be taken into consideration is the attitude of the teacher toward new methodologies. To
simply tell a teacher that his classroom practice must be changed is not enough for change to be made. The teacher
needs to “buy into” the idea. That is, he or she must be unsatisfied with students’ results and feel an urge for change.
Moreover, when management or the government makes proposals, in general, they do not supply the resources or
support to the teacher for implementation of change.

On the other hand, their own colleagues criticize many teachers because they are concerned with issues related to
education. When they publish papers in symposiums and congresses or periodicals, they are viewed as not competent to
work in the technological field (Bazzo et al, 2000).

6. An Example of a Teaching Approach in Engineering for Experimental Subjects

First, if we intend to devise a new methodology for teaching experimental subjects, we must abandon the idea that
to have laboratories suffices. The teaching of experimental subjects cannot be viewed as self-sufficient, as an absolute
situation, whose mere existence the condition to teach and form critical engineers.

We must also overcome the idea that seeing is learning. A more sensible teachers knows that in more traditional
teaching situations, lab activities become boring, and require more “muscle” than significant learning.

Furthermore, the equipment and devices must be prone to “control-loss”, that is, they must contain variable
elements, which allow them to be tuned at will.

This way, we seek to create an investigative environment in which the experiments are initiated by questioning that
allows students to think about what is being taught, about the phenomena involved and about alternative ways of
performing the same experiment. In a conception, which is closer to reality, we must allow students to have access to
information about what kind of Technology is involved in the devices and about the elements of their development
history.

Nowadays, differently from a recent past, new Technology is not developed in an isolated manner. There is a need
to work in teams, and the engineer must be able to venture in this context and allow everyone to grow. Thus, it is
necessary to foster teamwork. The issues proposed above must be discussed and debated by the team and a set of
proposals and solutions must be presented for discussion by the whole class. Only after that we suggest beginning the
experiments.

So, in this context it is important to create a metacognitive perspective. One in which the students may reflect upon
what has been proposed and what they see in practice, as a means of preserving the debate. The students must be
inspired to cultivate a critical and investigative spirit, in relation to themselves and others.

After that, a report must be written with a set of systematizations of the process, in which the process experimented
is more important than the results (bureaucratic) that the group may present. The systematization and reflection upon
the processes allows students to develop their own solution-searching methods. When we educate students, which may
consider paths different from the ones already traveled, we create habits of autonomy and development of new
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possibilities. The construction of new possibilities distinguishes the level of the professionals and the quality of the
possible adaptations they will introduce in their work environment.

To do so, during the whole process, we must allow students to formulate and test hypotheses. In many universities
there are well structured workshops, which could, among other things, help students construct new equipment, make
structural changes in the existing ones or combine new elements onto them. This way, the labs become much more
conceptually dynamic, besides establishing an invaluable bridge between academic theoretical knowledge and the
knowledge and experience of technicians working on maintenance, narrowing the relationship between erudite
knowledge and their life experience.

In this context, we cannot teach everything we want. We must select an array of experiences that are more
significant within what is being proposed, so that the students have a greater contact with them, that is, define a set of
central and essential experiments. We may have a smaller number of equipments but would guarantee more intense and
meaningful learning. When we develop a critical spirit we gain in autonomy.

At the end of such a process, it is extremely important that the reports presented are discussed, in order to give
feedback to the students. Normally, the activities are finished with the mere devolution of the reports. This way, the
students do not have the opportunity to know what are the qualities and shortcomings in this instrument. Teachers must
set an appointment with the members of each group to comment on the process. Besides emphasizing the seriousness
of the process, it will be an opportunity to discuss other aspects, which are never mentioned, such as what was expected
from the group and what was effectively done.

7. Final Considerations

Each year, when we participate in events in the area of teaching engineering we see teachers “with heavy hearts”.
Many complain of the lack of interest of the students, low grades, lack of commitment, inability to solve problems or
work in teams, etc.

On the other hand, the changes proposed seem superficial. Changes in the curriculum grid, removing or adding
subjects, changing subjects from one semester to the other, altering their hour load are insufficient. Others believe that
the introduction of new software or the development of a new “computerized gadget” for experimental data collection
will motivate the students to learn.

This is a complex problem and it would be naive on our part to believe in one solution. We believe there is a need
for real changes in the structure of the classes, altering work procedures being conducted in the classroom. Teachers’
lectures are (and will continue to be) essential. However, the students must be prepared for them. Such lectures will be
very useful if they fill a gap in students’ knowledge. Educational psychology explains that this is most likely to occur
when, students are intrigued by a given problem situation and seek some sort of solution. In order to do that, they
propose hypothesis and try to prove them, but with unsatisfactory results. In this context the teacher ceases to be a mere
transmitter of information to became a coach of “inexperienced researchers”.

In order for those ideas to work, one must have a good activity, a problem whose solution is not trivial, which
allows several solutions and that students are able to face by proposing and testing hypothesis. To do that, the attitudes,
of teachers and students, towards education must also change. And this is probably the greatest difficulty, for in this
process, the passive attitudes that have been cultivated for so many years in the academia, will no longer find a place.
For the solution of problems, which are similar to the ones found in the industry, it is necessary to have proactive
attitudes towards reality.
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