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Abstract 

This study surveyed Brazilian engineering (n = 252) students' perceptions of teaching and 
learning strategies most frequently used by teachers at a public institution in south Brazil. 
Responses were analyzed using descriptive statistics, coefficient Cronbach alpha reliability 
and Kruskal-Wallis ANOVA. These students identified that the most frequently used 
methodologies were teacher-centered. It also showed the importance of investigating 
students' perceptions to identify situations that can be used to modify teachers’ action in the 
classroom. Implications for faculty development and the need to include teaching strategies 
that allow students to have a greater participation in the learning process are discussed. 

Keywords: engineering education; pedagogical practice in higher education; teaching 
strategies; active learning 
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1. Introduction 

The importance of engineering to the growth of a country is unquestionable as well as the 
discussions about education in engineering. In this sense, there are some fundamental issues 
in the preparation of these professionals that are necessary to enhance and complement the 
teaching of engineering.  

One of these issues is directly related to teaching and learning, because in a structured 
educational environment, learning takes place in multiple ways. However, all of them require 
of the higher education teacher knowledge of students’ learning styles and mastery of 
teaching strategies to deal with the body of knowledge specific to each subject matter.  

Today it is common to hear about student-centered learning, i.e., the use of teaching 
strategies that promote students’ action, autonomy and responsibility (active, collaborative, 
cooperative learning, etc.). This trend, which has been taking place at other educational levels 
for quite some time, is now also common in higher education, thanks to several changes in 
Brazilian Higher Education such as the expansion of enrollment in higher education courses, 
the flexibility of the system, changes in curriculum structure, changes in admission criteria, 
requirement of faculty qualification and systematic processes of internal and external 
institution evaluation. 

To deal with these changes, one of the challenges that higher education teachers face lies in 
the use of teaching and learning strategies and techniques that promote students' development 
of professional competences. 

Another challenge is added to this one: the challenge of using teaching and learning strategies 
in line with these changes, that is, strategies that promote a deeper learning in students as 
opposed to learning that is more superficial by nature (characterized by transmission and 
reproduction of information). Research and new practices in education advocate that teaching 
and learning processes that rely only on the logic of the transmission and reproduction are not 
the most appropriate to answer these requests. 

In this context, the advantages of active learning, in response to the promotion of competence 
requirements, have been pointed out. This approach is generally defined as any teaching 
method that engages students in the teaching and learning process. 

Active learning requires that students participate in meaningful activities and think about 
what they are doing in order to promote their own involvement in the process of knowledge 
construction and to foster the development of cognitive, relational and personal competences. 

The adoption of this approach necessarily implies a change in the traditional role of the 
teacher that is replaced by one that includes the facilitation and coordination of groups of 
students, who take responsibility for their learning process. 

The present study addresses from students’ perspective, the different teaching strategies used 
by engineering teachers. Students often have little expertise in knowing if the method 
selected by an individual teacher was the best teaching method or just “a method” or simply 
the method with which the teacher fells most comfortable. 

In order to address this issue, first, this paper defines what active learning is and distinguishes 
the different types of strategies most frequently discussed in the national and international 
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educational literature, particularly in the field of engineering. Second, it provides an overview 
of relevant issues for the reader to try to draw conclusions about the use of active learning. 

 

2. Literature Review 

Throughout the last decades, the higher education system in Brazil has experienced several 
changes such as the increase in the number of vacancies in the public universities, the 
flexibility of the academic system, changes in curriculum structure (National Curriculum 
Guidelines), changes in admission criteria, requirement of faculty qualification, systematic 
processes of internal and external evaluation, both at institutional and national levels, among 
other indicators (Cunha, 2010; Pachane and Pereira, 2004). 

In addition to these changes, we find in the research literature reflections on the challenge of 
bringing learners to participate more effectively in classroom discussions. In many cases, it is 
clear that the difficulty for teachers is not in scientific knowledge, but in the appropriate way 
to work such knowledge in order to promote student learning (Kolari and Savander-Ranne, 
2002; Masetto, 2001; Moreira, Pryjma and Buiar, 2010). 

This difficulty is based on the argument used by several authors in the field of education (De 
Miranda, 2008; Duch, Groh and Allen, 200; Kolari and Savander-Ranne, 2002; Ribeiro, 2005) 
that we still find in higher education, the persistent influence of traditional trends permeating 
the action of teachers. Despite so many decades have passed these trends remain strong, 
guiding the practice of most teachers. 

According to Cunha (2005, p.9-10), the aforementioned trends are based on the following 
assumptions: a) knowledge is regarded as finished and without roots, that is, historically 
decontextualized, b) the intellectual discipline is taken as a reproduction of words, texts and 
experiences of the teacher, c) memorization is valued for accuracy and security, d) each 
discipline in the curriculum is designed as the domain of knowledge and there is a fight to 
have a higher number of classes in order to cover all the content, e) the teacher is the main 
source of information and he/she feels uncomfortable when he/she has no ready answers for 
all students, and f) research is seen as an activity for experts, beyond the reach of 
undergraduate students, where the methodological apparatus and the instruments of certainty 
overlap the intellectual capacity to work with doubt. 

This traditional approach is usually located in curricula based on the model of technical 
rationality. For Schön (1990) this model assumes professional practice as a mere branch of 
available techniques to achieve ends, chosen within manageable boundaries and therefore it 
only values learning of this kind of knowledge. 

Lecture is one of the most frequently used instructional methods in higher education. 
It assumes the teacher to be the expert and is an efficient way of disseminating information. 
Most teachers agree that the purpose of lectures is to lay foundations as the student works 
through the subject, and good lecturers know their students and develop their lectures 
according to students' needs.  
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Although the lecture method is still considered effective, Duch, Groh and Allen (2001, p.5) 
attribute its persistence in higher education, mainly because it is familiar, easy and recalls 
how teachers learned (apprenticeship of observation). However, it does not really favors the 
development of procedural skills to complement scientific knowledge. 

In relation to engineering courses, several researchers (Asokanthan, 1997; Krivickas, 2005) 
state that also in these courses are still prevalent traditional teaching methods and approaches. 
These approaches emphasize the teacher as expert, as a key element in the transmission of 
content. 

Related to the Brazilian reality, Buonicontro (2002, p.1) states that it is common, in meetings 
in which engineering education is discussed, to speak of pedagogical renewal as an emerging 
need to face the challenges of today’s changing society, but this discussion is usually 
unrelated to teachers (engineers) who teach on those courses. 

Another relevant aspect in this discussion is the argument of Fazio and Millioni (2009, p.1) 
that “the simple observation of the curricular structure of engineering schools in Brazil is 
enough to notice that they do not really dare and remain faithful to an orthodox style of 
training (in other words traditional) which may have worked for some time, but now it does 
not respond to the demands of the knowledge society”. 

Menges and Austin (2001) corroborate this statement based on a meta-analysis, whose results 
showed a large diffusion of this teaching method originated in exact and applied sciences, in 
which a prevailing institutional culture is guided by a positivist approach of science, and by 
institutions that house graduate programs and, consequently, research - a description which in 
Ribeiro’s opinion (2005) is very close to the Brazilian engineering schools, particularly the 
public ones. 

The limitation of the traditional proposal, combined with the growing innovations, stimulated 
the scientific community to search for alternatives of new processes of teaching and learning 
which are able to prepare future engineers in a holistic view, integrating science with practice, 
through active learning and based on competences. A new model of learning to learn, in the 
education field, gained momentum with the advent of the computer and later the Internet, 
strengthening the teaching and learning process, favoring all equitably and giving access to 
information. Similarly, new styles of teaching and learning are studied in the context of 
engineering education and their effects on the quality of learning (Felder and Silverman, 
1988).  

The changes in the way of conceiving teaching and learning process certainly present 
challenges to teachers because they require the inclusion of methodologies aimed at 
developing in higher education students the competences that the world of work demands, i.e., 
critical thinking, the capacity of learning to learn, self-confidence, communication skills and 
teamwork, sense of responsibility and initiative, ability to make decisions, to solve problems 
and conflicts (Gonçalves & Silva, 2008). 

We can also add to this situation, the challenge of using teaching and learning strategies more 
appropriate to these objectives, strategies that promote deeper learning (e.g. making 
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connections, looking for patterns and establishing logic) as opposed to learning that is more 
superficial by nature (characterized by transmission of information and its reproduction). The 
use of teaching methods that encourage deep learning would lead students to ask themselves: 
Why did this happen? How can this happen again? What do I need to know in order to make 
sense of this content? Where does this idea fit into what I already know? How do I challenge 
this idea? To try to answer the above questions, it is necessary to reflect on the social and 
economic context in which the engineer is being formed. 

In this respect, Longo (2004, as cited in Reis, 2008, p.3) suggests a methodological and 
content review in engineering courses, aiming at the contribution of these professionals to 
search for greater scientific and technological autonomy of the country. 

These questions lead us to reflect on how the engineering courses may take more current 
methodological perspectives to meet the needs expressed in the literature and official 
Brazilian documents, because a pressing problem is how to engage students actively and 
reflexively in the learning process. 

Analysis of the international research literature (Chickering and Gamson 1987; Göl and 
Nafalski, 2007; Bonwell and Eison, 2000), however, suggests that students should do more 
than just listen. They should: read, write, discuss, or be engaged in problem solving. 

More importantly, to actively participate, students must be engaged in operations of 
higher-order thinking such as analysis, synthesis and evaluation. In this context, it is proposed 
that the strategies that promote active learning be defined as educational activities that 
involve students in doing and thinking about what they are doing. 

Active learning has received considerable attention over the last years and has attracted 
strong supporters in all areas of education. These supporters are teachers who seek 
alternatives to traditional teaching and learning methods. It is often presented or perceived as 
a radical change in the way of teaching and, of course, that polarizes the attention of teachers 
and students. 

Although there is no consensus on the terms related to this type of learning (active, 
collaborative, cooperative), it is possible to provide some general accepted definitions and 
highlight the distinctions of understanding about common terms. 

According to Bonwell and Eison, active learning is generally defined as any teaching method 
that engages students in the learning process. For the authors, “active learning requires 
students to participate in meaningful activities and to think about what they are doing” (2000, 
p.2). Although this definition might include traditional activities such as homework, in 
practice active learning refers to activities that are introduced in the classroom. 

 Some authors (Feld, Brent and Stice, 2002; Millis and Cottell Jr., 1998) argue that 
collaborative learning refers to any teaching method in which students work together in small 
groups to achieve a common goal. 

As such, collaborative learning encompasses all methods based on groups, including 
cooperative learning. In contrast, some authors distinguish between them and argue that they 
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have different historical developments and different philosophical roots (Bruffee, 1995). For 
Göl and Nafalski (2007), collaborative learning “favors deep learning within a small team 
environment, where the individual team members unselfishly strive to contribute their utmost 
towards achieving the best learning outcomes for the team”. (p.174). Notwithstanding, in any 
interpretation, the central element of collaborative learning is the emphasis on student 
interaction, instead of learning as a solitary activity. 

Cooperative learning is defined as a structured form of group work, in which students seek 
common goals, although they are evaluated individually. (Feden and Vogel, 2003, Millis and 
Cottell Jr., 1998). The most common model of cooperative learning found in the engineering 
literature is that of Johnson, Johnson and Smith (1998). This model incorporates five specific 
principles that are: individual responsibility, mutual interdependence, face to face interaction, 
practice of appropriate interpersonal skills and regular self-assessment of teamwork. 
Although there are different models of cooperative learning (Slavin, 1983; Stahl, 1994) the 
central element is the focus on incentives for cooperation rather than competition to promote 
learning. 

Active learning is also known as cooperative learning, in which students work problems or 
projects in small groups to improve the understanding of the content in a specific discipline. 
Each group member is responsible not only for his/her learning, but also to help colleagues to 
learn. 

Active learning is, in short, any activity that students do in the classroom beyond passively 
listening to the teacher’s lecture. This varies from practices which help students absorb what 
they hear, to short writing exercises in which students react to the material exposed, to 
techniques with complex exercises in which students apply course material to new problems 
in real life situations. 

The use of the term active learning by educators is based more on intuitive understanding 
than on a common definition. Consequently, many teachers state that all learning is 
inherently active and that students are therefore actively involved while listening to formal 
presentations in the classroom. 

The use of these methods in the classroom is vital because of the impact on student learning. 
For example, several studies in the area of engineering education (Asokanthan 1997, Göl and 
Nafalski, 2007; Krivickas, 2005) have showed that students prefer strategies promoting active 
learning to traditional lectures, because these strategies are superior to lectures since they 
promote the development of students’ skills in thinking and writing. 

Therefore, such an approach requires teachers to know the transition between traditional 
teaching and learning methods and active methodologies. It is worth remembering that the 
different teaching and learning techniques should be used to supplement, not replace the 
lectures, since we should not advocate a complete discarding of the lecture, since this strategy 
is also effective mainly when used in combination with other methods. 

In addition, restructuring the engineering curricula becomes a fundamental aspect for students 
to take leading roles in several areas, develop the ability to learn throughout life, contribute to 
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the profession and be successful in a market of multidisciplinary work. 

The essential elements of active learning are student activities and the involvement in the 
learning process. Active learning contrasts with the traditional classes, where the students 
passively receive information from the teacher. 

The literature in the area and the official documents in Brazil suggest that the undergraduate 
courses in engineering should use active methodologies to monitor and evaluate teaching and 
learning process and the course itself, in line with the evaluation system and the curriculum 
dynamics defined by the institution to which they belong. However, some questions still 
persist in the context of higher education, especially as to how they can be applied in 
engineering education, since teachers from the area also consider teaching through work and 
laboratories as active. 

In this sense, it is important to know the nature of the active learning, to empirically 
investigate how students perceive its use by teachers, and because numerous studies indicate 
that students are the most qualified sources to report on the extent to which the learning 
experience was productive, informative, satisfying, or worthwhile. While opinions on these 
matters are not direct measures of teacher or course effectiveness, they are legitimate 
indicators of student satisfaction, and there is substantial research linking student satisfaction 
to effective teaching (Theall and Franklin, 1990). 

This review shows the urgency of the problem, because little research is done on how 
students perceive the teaching and learning methodologies used by teachers, that is, what 
methods they think are important for learning and training, and if their views reflect the 
teachers’ views?  

Thus, the aim of the study was to identify engineering students’ perceptions about teaching 
and learning strategies used by engineering teachers at a public university in south Brazil. 

 

3. Methodology 

This study adopted a survey approach and the instrument used to collect data was a 
questionnaire. The instrument was an adapted version of that utilized in Fraile Aranda (2009). 
This instrument had originally been designed for use with undergraduate physical education 
students in Spanish Universities, and therefore needed to be modified for use with Brazilian 
engineering students (e.g. the scales used in the instrument were adjusted to refer to the 
Brazilian context). Changes were also made to the wording of some of the items of the scale. 
The instrument was translated into Portuguese by the first and second researchers then back 
translated by a second native speaker of Portuguese and was finally checked against the 
original Spanish version by the first and second researchers. The questionnaire was then 
piloted with forty engineering students from the same population. Further revisions and 
modifications were made to some of the questions after the piloting.  

The final version of the questionnaire contained four sections. The first section collected 
demographic data. The next section contained nineteen items designed to understand general 
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aspects related to the methods, techniques, and strategies used by teachers in classroom 
(ASMA). The next section contained twenty one items designed to understand general 
aspects related to the strategies and techniques of both evaluation and grading used by 
teachers (ASEP). Finally the last section contained nineteen items designed to delimitate the 
most important competences of the engineer developed in the different subjects throughout 
their academic training (ASCO). For this article, only the results of the Assessment Scale of 
the Methodological Aspects (ASMA) will be reported. Participants responded to these scales 
items using a five points likert-type scale with anchors at 1 (never), 2 (rarely), 3 (sometimes), 
4 (frequently) and 5 (always). The questionnaire was circulated in hard copy to all students 
from the 4th and 5th years in the institution involved here. Participation was voluntary. The 
participants were invited to sign an informed consent form, and were also provided with an 
outline of the study at the start of the questionnaire. Data analysis was supported by the 
software package Statistica 7, and took the form of descriptive statistics, comparisons of 
means, and coefficient Cronbach alpha reliability. Given the nature of the data (e.g. 
predominantly ordinal in nature), non-parametric statistical tests were used (e.g. 
Mann-Whitney U Test for 2 independent samples and Kruskal-Wallis ANOVA for multiple 
comparisons between courses). 

 

4. Results 

Questionnaires were returned by 252 respondents (206 males, 46 females), giving a response 
rate of 40%. We consider this a reasonable level of response given the length of the 
questionnaire, and considering the lack of culture in the institution to value the opinion of 
students regarding to the evaluation of teaching and the course. The average age of the 
students is 23 years old. Of the total respondents, 82% are male and 18% are female. In 
relation to the courses, 29% are students from the Electronic Engineering course, 34% are 
from the Electrical Engineering course, 14% are from the Mechanical Engineering course and 
23% are from the Civil Engineering course. In the distribution of the sample according to the 
academic placement, 60% are students of the 4th year and 40% are of 5th year.  

Section 2 of the questionnaire asked respondents to indicate how often teachers used the 
strategies and teaching techniques listed on the ASMA scale. Table 1 summarizes their 
responses. These show that the strategies with the highest means were "resolution of 
exercises in class" and "lecture", while the strategies with the lowest mean were "round tables 
with experts" and "portfolio". No significant difference (p> 0.050) between the sexes in the 
nineteen items of the scale (Table 1)  
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Table 1: Mean, standard deviation, minimum and maximum, and rank for the 'Scale of 
assessment of methodologies' (n = 252) 

Teaching strategies evaluated Mean SD Min. Max  Rank
Resolution of exercises in class 3,87 0,77 1 5 1 
Lecture 3,63 1 1 5 2 
Problem-based learning 3,56 0,88 1 5 3 
Lab practices 3,14 0,82 1 5 4 
Lecture/discussion 3,09 1 1 5 5 
Project-based learning 3,03 0,81 1 5 6 
Seminars 2,69 0,86 1 5 7 
Research-based teaching 2,57 0,95 1 5 8 
Reading texts 2,46 0,88 1 5 9 
Virtual platforms (Moodle and others) 2,41 0,95 1 5 10 
Case studies 2,4 0,82 1 5 11 
Programmed instruction 2,33 0,99 1 5 12 
Group dynamics 2,19 0,79 1 5 13 
Discussion lists by computerized means 2,11 0,88 1 5 14 
Discussion and debates 2,1 0,79 1 5 15 
Concept Map 1,87 0,94 1 5 16 
Field study 1,83 0,71 1 4 17 
Portfolio 1,68 0,88 1 5 18 
Round table with one or more experts Panel of 
experts 1,30 0,53 1 3 19 
Reliability coefficient                             0,77 

0.74 < item-total correlation < 0.78,  

Scale internal consistency (by Cronbach's alpha) = 0.77, good according to Davis (1964) and 
Numnally (1978). 

In the same scale the respondent were asked to indicate how teachers developed the content 
of their lessons in classroom. Table 2 summarizes respondents’ opinions on the actions of 
teachers to articulate the teaching process in the classroom. The results reveal that the use of 
audio-visual resources is perceived by students as the most often practice used by teachers 
and the dynamics in the classroom environment are the least used strategies. 
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Table 2: Mean, standard deviation, minimum and maximum, and rank for the 'Scale of the 
actions of teachers in the classroom’ (n=252) 

Description of the development of the classes Mean SD Min. Max. Rank 
Audiovisual resources for the development of 
classes 3,58 0,8 1 5 1 
Classes for the resolution of problems 3,47 0,84 1 5 2 
Classes to solve Problems 3,19 0,86 1 5 3 
Classes which establish connection between the 
discipline and the professional context 2,98 0,84 1 5 4 
Teachers’ permanence for the resolution of 
questions 2,94 1,03 1 5 5 
Classes where the teachers use various 
methodological strategies 2,55 0,77 1 5 6 
Dynamics in the classroom environment 2,38 0,98 1 5 7 
Reliability coefficient                               0,74 

When trying to figure out differences between engineering courses in the items in Table 3, we 
found no significant differences for the items "Dynamics in the classroom environment" (p = 
0.1002) and "Classes for the resolution of problems" (p = 0.1030) between the courses. For 
the other items it is possible to observe that there were significant differences between the 
Electronic Engineering course in relation to the Civil Engineering course and the Mechanical 
Engineering course. Data from the Electronic Engineering course have a lower mean on these 
items. For the item “classes where the teachers use various methodological strategies” there 
were a significant difference (p = 0,0242) between the Mechanical Engineering course and 
Civil Engineering. Data from the Mechanical Engineering have a lower mean in this item. 

Table 3: Results of the comparison (Kruskal-Wallis ANOVA and multiple comparisons) of 
the scores between the courses (C1 = Electrical Engineering, C2=Electronics Engineering, 
C3=Mechanical Engineering, C4= Civil Engineering) (n=252) 

Item 
Multiple Comparisons 
and p value 

Dynamics in the classroom environment (p = 0,1002) 
Classes for the resolution of problems (p = 0,1030) 
Teachers’ permanence for the resolution of questions C1 ≠ C4 (p = 0,0101) 

Audiovisual resources for the development of classes 
C1 ≠ C3 (p = 0,0007) 
C1 ≠ C4 (p= 0,0035) 

Classes to solve problems C1 ≠ C4 (p = 0,0019) 
Classes which establish connection between the discipline and the 
professional context 

C1 ≠ C4 (p = 0,0011) 

Classes where the teachers use various methodological strategies C3 ≠ C4 (p = 0,0242) 
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5. Discussion of the Results 

The main objective of this study was to identify engineering students’ perceptions about 
teaching and learning strategies used by teachers at a public university in south Brazil. It also 
sought to identify which were the most and least teaching strategies and resources used by 
teachers in the classroom. 

In respondents’ view, the teaching strategies most used by teachers are the "lectures", 
"resolution of exercises" and "lab practice". This corroborates the results of other studies 
(Menges and Austin, 2001; Ribeiro, 2005) regarding the use of traditional teaching strategies 
in the engineering courses. 

The low frequency of respondents’ indications for “reading texts” and other active 
methodologies can be credited to two aspects: a) that scientific knowledge is brought into the 
classroom exclusively by the teacher and b) to the teachers’ unfamiliarity with active 
methodologies in the teaching and learning process. This second aspect was also presented in 
Ribeiro (2005, p.26) who argues that most of the faculty from the engineering courses do not 
have pre-service or in-service teacher training, and for this reason favor traditional teaching 
methods they themselves experienced as students, since they allow greater control over what 
happens in the classroom. 

Regarding the development of the lessons and the use of resources, it is possible to observe 
that audio-visual resources have been used by teachers to deliver lectures. Such use of 
audio-visual resources apparently does not characterize a new teaching strategy, but often the 
replacement of blackboards, contrary to what different authors (Felder and Silverman, 1988; 
Masetto, 2001) discussed in the literature review. 

Due to what has already been stated by several authors in the literature review, it is possible 
to infer that teachers in the engineering courses in the institution involved here are not 
prepared to work with active methodologies, that is, to use learning based on student and not 
based only on the teacher. 

However, working with active methodologies should help students better understand what it 
means to be an engineer, not only through the teaching of a variety of engineering skills, but 
also through active approaches that will help them to cope with the demands and activities of 
their professional practice. 

 

6. Conclusions 

The results of this study suggest the need to include in the curricula planning of these four 
engineering courses approaches that allow students to have a greater participation in the 
learning process. This participation can help increase student motivation and contribute to 
reduce the dropout rate observed in these courses. 

In other words, we can encourage students to stay in the engineering courses by offering a 
teaching more centered on the student than on the teacher. This requires that the teachers and 
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the institution be committed to the pedagogical issues that are inherent to teaching. 

The study results also point out to the need of using teaching and learning methodologies that 
involve students in activities directed towards the construction of meanings. This alone 
makes it clear the importance of working with active methodologies in engineering courses, 
especially because this is something that affects not only the permanence of the student but 
also the quality of training and the recognition of the institution in society. When inserting 
these methodologies, the teacher becomes a facilitator rather than being the central figure of 
the teaching and learning process. 

It is also important to emphasize that when the teacher directs and stimulates the teaching 
process according to the intended learning he/she deliberately uses a set of actions, steps, 
external conditions and procedures that is called method. Therefore, there is no single method, 
but methods that are more appropriate to achieve certain goals. 

We need to acknowledge that this study, while generating a range of insights, is based on 
responses provided by just over 40% of the 617 students who are enrolled in the four courses 
studied here. Overall, though, we feel that the questionnaire used generated data on a range of 
issues central to understanding students’ perceptions about teaching and learning strategies 
used by teachers in classroom. The study we have reported here, too, can also be both 
replicated, as well as extended through more qualitative work, both in the specific context 
examined here as well as in a range of university settings internationally. 

We believe that increasing the quality of the teaching and learning processes in the 
engineering courses in the institution on both pedagogical methods and technology contents; 
will result in engaged and motivated students. 
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