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Abstract

We are really interested in improving engineering education by applying an
original paradigm. For this reason, the undergraduate course of Signal and
Systems was selected as our first field of work, to begin the implementation of
this new idea and their promotion within our university community. In this
regard, the “active learning approach” (AL) is made up of a series of tools that
allow the students to become “actively” involved in the course, getting en-
gaged in the activities proposed to enhance their skills rather than trying to
assimilate unilaterally imparted information. The idea is to fight against that
sort of teaching which does not take into account that each student learns in a
singular way and at a specific pace, and not necessarily in a rigid division of
levels. We attempt to foster an active discussion about motivation and com-
mitment of the engineering student, analyzing their performance in chal-
lenges that stimulate their problem-solving capacity and that are not based on
traditional activities.
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1. Introduction

What motivates a student during his/her academic life? There is a clear distinc-
tion between the teaching that transmits content and the learning that receives
it. The act of teaching entails focusing and acting on learning processes and re-
sults and, in turn, every learning process impacts on the way of teaching. Ac-

cording to a 2016 report of the Secretariat of University Policies of the Ministry
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of education of Argentina, 8313 students obtained their degree in engineering
against 34,000 students from social careers, including law and phycology (basi-
cally, one engineer per 6300 inhabitants). The graduation rates were between
18% and 25% (depending on the career) with a mean duration of seven years
(data provided by the Federal Council of Deans in Engineering of Argentina,
CONFED], in 2016). Particularly, the Universidad Tecnolégica Nacional of Ar-
gentina is a public institution that comprises the 50% of engineering students all
over the country. Like in others disciplines, the highest dropout rate is observed
in the first two years, due to a multiplicity of factors, including the academic
ones (Garcia de Fanelli, 2014). Hence, considering this context, two interroga-
tions emerge: How the retention rate could be increased? How to engage stu-
dents to their activities inside a virtuous cycle? Previous studies have shown that
the engineering students (including those of Argentina) tend to prefer active
(discussions, application and experimentation), sensory (factual contents and
real data), visual (diagrams and figures) and sequential (order and logic) learn-
ing styles, which should be emphasized specially during the aforementioned pe-
riod (Ventura et al.,, 2014, Felder & Silverman, 1988). In this sense, a proposal
was established in Armentano (2012) that aims engineering students to put their
ideas into action and to generate new understandings concomitant to the use of
technology, the paradigm of the research oriented to innovation, and more spe-
cifically, to combine research with education to translate knowledge to creativity
and analytical thinking. For this reason, the Electronic Engineering undergra-
duate course of Signals and Systems from the Universidad Tecnoldgica Nacional,
in Buenos Aires, was selected as our first field of work, to begin the implementa-
tion of this new idea and their promotion within our university community.
The application of this original paradigm could help to improve the traditional
engineering education, making it more attractive for the students of the early
years.

In this regard, the “active learning approach” (AL) is made up of a series of
tools that allow the students to become “actively” involved in the course, getting
engaged in the activities proposed to enhance their skills rather than trying to
assimilate unilaterally imparted information (Keyser, 2000). This work aims at
describing the implementation of AL techniques in our Signals and Systems
course, selected as a case of study. The idea was to fight against that sort of
teaching which does not take into account that each student learns in a singular
way and at a specific pace, and not necessarily in a rigid division of levels. We
attempt to foster an active discussion about motivation and commitment of the
engineering student, analyzing their performance in challenges that stimulate

their problem-solving capacity and that are not based on traditional activities.

2. Active Learning: Motivating Students to Think and
Commit Themselves

The active learning approach (AL) requires students to develop diverse activities
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to generate full consciousness of what they are doing (mental models that are
permanently tested) since it is content processing that allows them to learn (Mi-
chael, 2006; Keyser, 2000; Carr et al., 2015). It is essentially a student-centered
approach where the student determines his pace and learning style and finds
support in his peers (Nicol et al., 2017; Prosser & Trigwell, 2014; Taylor et al.,
2012), and where teachers play the role of “guiding and motivating” the student
in the process (Nicol et al., 2017; Gilboy et al., 2015). The AL approach may be
related to numerous techniques ranging from the traditional resolution of exer-
cises to case studies, learning from experience, learning by “doing”, discussion
activities or peer learning (Keyser, 2000; Bonwell & Eison, 1991). Technology
plays an important role, but it is not essential, so simulations and games are in-
corporated together with the use of mobile devices and, eventually, classrooms
equipped with high technology (Nicol et al., 2017; Carr et al., 2015). Further-
more, it is widely accepted that AL generates more interest in the student than
traditional lectures, and it provides flexibility for the development of the course
and fosters a tendency towards the acceptance of individual and group chal-
lenges (Keyser, 2000; Michael, 2006). In particular, in engineering education,
experimental learning and the group approach offer activities where motivation,
creativity and development of tolerance to frustration denote results strongly
consolidated towards constructivism. At that stage, students are provided with
tools to build their own knowledge, which is modified dynamically, together
with the capacity to assess the difficulty of the problem and to decide on the cri-
terion to be used for solving it (Mayer, 2004; Freeman et al., 2014; Carr et al.,
2015; Rodriguez Serrano et al., 2012). The inclusion of AL tools (group problem
solving, workshops or wireless response systems) versus traditional teaching
(continuous and homogeneous exposition by the teacher while participants take
notes) has shown an increase in students’ performance (especially in small
groups) and has had effects on the reduction of academic failure rates (Wright et
al., 1998; Freeman et al.,, 2014). Students learn more effectively when they are
tempted to think and apply what they are learning in different configurations,
unlike the unequivocal reception of traditional knowledge (Carr et al., 2015).
Under such premise, the implementation of AL in undergraduate courses leads
to the implementation of activities (performed exclusively by the students) such
as: group work, the creation of presentations (online or in class), the participa-
tion in discussions on the topics to be dealt with, the development of external
work, tutoring of other students, the use of online resources for the search of al-
ternative or complementary information, collaborative work and the interest in
carrying out challenging learning activities despite the drawbacks that may
emerge (Carr et al., 2015).

3. Signals and Systems as Case of Study: The Big Challenge

This subject is placed in a strategic position of the syllabus, between basic ma-
thematical and professional courses. It begins in August and ends in July, in the

following year. It lays the foundations for a disruptive and highly motivating
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formative structure, where students deal with applied mathematics and struc-
tured reasoning, thus having a great expectation and interest in acquiring new
knowledge. Under such premise, the course must be able to provide the students
with a constant source of incentives, based on specific challenges that they can
face with optimism and curiosity. Signal processing together with system analy-
sis (and design) entail a unique opportunity in the undergraduate program, giv-
en its richness in terms of the associated diversity and complexity. Consequently,
this course may become the starting point where the student outlines a path
purely defined by their own choices from multiple alternatives at their disposal.
A traditional teaching approach is usually applied, with lectures given unilate-
rally by the teacher, combined with classical problems in issues such as: physical
systems modeling, frequency domain analysis (Fourier Series and Transform)
and signals and systems analysis (Laplace and Z Transforms). In general terms,
half of the students use to show substantive difficulties in assimilating specific
concepts and part of the mare even unable to finish the course. To overcome this
scenario, our proposal regarding the research process was based on the use of
different AL alternatives, mainly focused on improving the experience of learn-
ing and promoting discussions (inside and outside the class), which are summa-
rized as follows:

o Access to knowledge through multiple alternatives(visual presentations,
videos from the tutor and online resources)

e Systematic and intensive group work, for the fostering of peer learning in
different situations(cooperative learning) combined with the use of computa-
tional numerical calculation tools to assimilate different contents (learning
by doing)

e Acquisition of signals from multiple origins (at the student’s choice) for
their subsequent treatment in diverse challenges (including their final as-
signment), and the possibility of short-time internships in the Chair’s re-
search groups (education combined with research)

The student is to carry out multiple activities along the process to pass the
course, in order to distribute the stress generated by specific evaluation in-
stances. Certain evaluation instances are performed in a dual fashion, where part
of the evaluations is solved in group (under the same mechanism of each class)
and part, individually. The group assessment approach fosters collaborative
work and, out of class, it defines specific roles, it appeals to collective memory
and, above all, to discussion (Nicol et al., 2017).

In this first approach, two courses of Signals and Systems of the same cohort
(2017-2018) were evaluated. An anonymous and voluntary survey was carried
out among the students to determine their general feelings about the different
class activities. Questions ranged from a general view of what they thought they
had really learned, to specific issues related to the use of the computational nu-
merical tools, working in groups, the discussion of topics in class, the teacher

role and their experience with the research activities, among others.
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3.1. Access to Knowledge

The structural content of the Signals and Systems course is constituted by visual
and written media, which may become both alternative and complementary. In
the first place, the student has access to visual presentations from the beginning
of the academic year, through the virtual classroom of the course. Such presen-
tations were developed under the concept of “visual notes of the course” so that
the student can read and track content before, during and after each class. They
combine the traditional theoretical formalism and problem-solving examples
with computational numerical solving applications and practical examples in re-
lated disciplines. “Group work tasks” are interleaved to create assimilation spac-
es (Burrowes, 2003). Such structure includes a section where the student can get
support in search for an “initial approach” frame of the course content, and it
facilitates syllabus completion (Felder & Brent, 2015). However, such informa-
tion is discussed (not imparted) in class (we go from monologue to dialogue)
and used as a guide for the participation of the groups and the tutors of the
course, so as to cope with the lack of knowledge shown by the students. Al-
though it is a highly practical subject, the conceptual aspect is the one that most
complicates the students’ progress (Herman, 2011). Complementary, there is a
series of “integrative talks on video” (developed by the tutor) which provide a
global view of the course content, depending on the sections being dealt with.
Given that information about general topics such as the Fourier Transform, the
sampling theorem or filter theory is easily accessible through the web (seen as
‘repository’ of information) (Herman, 2011), these lectures constitute an inte-
grating approach that reinforces the connection between the different themes. In
this sense, brief talks on History of Science (for instance, the Fourier’s setbacks
to get his proposal accepted by the Mathematical community or the not so
known Euler contributions) become useful to assimilate some contents and
promote discussions. This section is also accompanied by recommendations for
complementary videos, TED talks, and specific tutorials to provide different
“ways of approaching” the course content. In addition, students are encouraged
to incorporate knowledge in related topics (in order to promote cross-pollination
with other fields), such us Biomedical Engineering MOOC:s or the oportunity to

become part of online summer schools (Armentano & Chatterjee, 2015).

3.2. Systematic and Intensive Group Work

This approach is based on the “hands-on” concept, by means of specific tasks
which are included in the visual notes and must be solved in a given time (5, 10
and 15 min, since the work is both analytical and numerical). The students work
in groups of three, supervised by the course tutors to foster problem-based and
peer learning, since it has been shown that cooperative learning leads to better
outcomes in students’ skills than competition-oriented and competency-based
learning (Michael, 2006; Johnson et al., 1998). The aim of each task is to streng-
then the knowledge acquired through the analytical evaluation of a problem,
complemented by the development of small algorithms of numerical resolution
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(in platforms such as Matlab®, Paython or R), to implement a “practical, direct
and verifiable image” of the exercise proposed. Such situation offers students
freedom to pursue their own interests, focusing mainly on the concept of
‘education for autonomy', which establishes non-dependence on the information
provided by others (Active Learning in Engineering Education, 2006). Each
group is provided with a tablet with Windows 10 and a numerical calculation
software, to cope with all the requirements. These devices are connected to a
central node (Google Cast for Education platform), which allows the tutor to vi-
sualize in an image projected on the wall the content on which each group is
working (notes, algorithms, complementary information), essentially for expo-
sitory purposes. The tasks are organized in two levels: specific tasks (focused on
a type of knowledge to be practiced) and integrative tasks, used at the end of
each thematic unit to “exploit” the acquired knowledge in a global manner. In
particular, in the case of the integrative tasks, the students must solve a motivat-
ing problem which consists of analyzing a phenomenon which is different from
the topics of the course (case study).

An example of this may be the processing of physiological signals (manipu-
lating the electrocardiogram, blood pressure, the electroencephalogram), the
processing of voice in various ways, or the coding and transmission of data,
among others. This situation requires additional research by the groups in order
to understand the phenomenon under study, which fulfills the students’ need to
find the “applicability” of the content analyzed. According to the case, the
groups solve the tasks simultaneously, or they are assigned specific parts (some
the analytical, others the numerical verification). The tasks given must be fi-
nished during the class (except for specific cases), discussed and presented
(mostly by the students) and finally published on the virtual campus by a desig-
nated member of each group. In this way, continuous online feedback is pro-
vided to students on the task performed (Carr et al., 2015). Likewise, there is a
guide of additional tasks, ordered by level of difficulty, which the student can use
in a complementary manner.

A special mention must be given to mobile applications, which are also used
in the course in various ways. These include: the use of learning support applica-
tions according to the topic being addressed (identified, evaluated and recom-
mended by the students themselves), the implementation of the mobile device as
a platform for the visualization of signals in various activities and, on some oc-
casions, their validation against standard devices is proposed in order to pro-

mote critical thinking and research work.

3.3. Acquisition of Signals and Research

There is a critical need for engineering students to solve problems in their envi-
ronment in order to become aware of their own abilities. The fundamental role
of the teacher must be “to make students do things”. For this reason, an integra-

tive project is proposed for the course (incorporation of a project-oriented
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learning approach) to accompany the other learning methods and to encourage
students to address topics they are interested in. Such project entails the
processing of data of various kinds, measured by the students, and focuses on a
challenge in which the students should get fully engaged. This assignment is
presented at the end of the course, uploaded to the virtual classroom, and con-
sists of three fundamental questions: 1) What do I want to assess? 2) How will I
measure it? 3) Which tools will T use to process it? In the first two instances,
students’ curiosity and interest is aroused by establishing a connection with re-
search teams working at the university. In other words, they “go in search of
answers motivated by their own interests”. In particular, they are helped by the
Bioengineering Research and Development Group (GIBIO) and the Signal and
Image Processing Center (CPSI), which provide them with the necessary means
for the acquisition of signals and images (if required) or offer them access to
their scientific databases. As well as this, other research laboratories (such as
those devoted to solid physics, chemistry and materials) may inform about spe-
cific needs they have which may be satisfied by the students, with the possibility
to continue working with them in the future. The third question must be ans-
wered according to the proposal for the processing of signals used, showing the
students’ ability to understand the tool chosen for such purpose. An interesting
result of this activity is that students recommend web sites, tutorials and learn-
ing materials both to their classmates and their tutors, when they find something
that truly arouses their interest. Finally, the identification of a model associated
with the system from which they have obtained the data results an efficient way
in terms of materializing the usefulness of physical systems modelling.

4. Academic Inter-Operativity

The convergence for the learning outcomes is usually achieved through the appli-
cation of the tools acquired in different disciplinary areas. In view of this, it is es-
sential for students to regard the courses of their undergraduate program as a
network of interconnected nodes and not as a set of isolated topics. To further this
goal, the Signals and Systems course includes not only content addressed in pre-
vious courses but also all the content generated by the students which might offer a
“natural continuity” to their interests, which are reflected in the final assignments
done for other courses and the experimental development platforms explored.

In addition, although the course is part of the undergraduate program, it has a
connection with the graduate program: seminars such as “Digital Signal

» o«

Processing”, “Advanced Signal Processing: Adaptive Methods and Neural Net-

works”, “Satellite Image Analysis”, “Linear and Non-Linear Systems: Chaos and
Fractals” and “Biomedical Imaging Analysis” are part of UTN. BA’s Doctoral
program with a specialization in Signal and Image Processing (Armentano et al.,
2011) and are taught by professors (Doctors in Engineering) who, in turn, have
been trained by previous course professors. Such situation created the possibility
to carry out complementary activities that are usually very interesting to stu-

dents, who are eager to apply the knowledge they have.
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5. Assessing Student Status and Learning

The follow-up of the students’ opinion about the course methodology is formally
done by means of anonymous surveys on the virtual campus. These gather in-
formation about the material included on the virtual campus, the bibliography
available, the use of numerical calculation platforms, the activities performed in
class, the complexity and resolution of exams, the impact of the course content
on students’ daily academic work and the dynamics observed in their work
group. Such information is essential given the diversity observed between both
groups and individuals. Furthermore, suggestions provided by students can be
put in practice by the students themselves, since they can be incorporated into
the course as assistants during the next period. Consequently, the Signals and
Systems course is continuously adjusting its methodology regarding of the stu-
dents’ response to the different activities.

In academic terms, the system for passing the course is distributed: students
obtain credits for tasks completed in class, the integrative group assignment,
traditional exams (with both a group and an individual part) and interactive
questionnaires (free wireless response platforms such as “Kahoot!”). These ques-
tionnaires deal with various thematic units and allow students to test their prob-
lem-solving abilities. In addition, they offer students the possibility of receiving
“instant” feedback on the knowledge acquired, particularly as a result of the dis-
cussion with their classmates (in relation to the correct responses) rather than
from their tutors (Carr et al., 2015; Burrowes, 2003). They are solved with the
participation of all the members of each group (although they are answered in-
dividually) and they contain theoretical/practical questions (of different dura-
tions). The resolution of the questionnaires is proposed as a competition (lasting
the whole course period) which provides extra points for passing the course “as a
reward”. This creates a complementary assessment tool (for both groups and in-
dividuals) and encourages students to revise content, participate in a ludic activ-
ity and make an effort to obtain an acceptable performance before their class-

mates’ eyes.

6. Preliminary Results

Although the experience was carried out during an academic period, the opinion
of the participating students was gathered (n = 35). Essentially, the use of class
tasks was regarded as positive, given that their applicability (proposals for fact
verification with “content”) contributed to understanding the various topics.
Also, they were recognized as a good contribution to the course dynamics. The
use of numerical calculation tools (used since the beginning of the course and
regularly in class) provided training on a versatile tool for visualization, explora-
tion and verification. The visual notes contributed to following the course
progress and were usually used to add comments during class discussions. In-
teractive classes were preferred over in-person lectures. The possibility to do a

final assignment gradually, related to each group’s research activities, not exces-
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sively demanding (this is part of the learning process) and versatile in relation to
the platform and the topic was considered motivating. The development of most
class activities as a member of a stable group was well received by participants,
due to the evolution of their communicative, discursive (exposition of ideas and
concepts) and teamwork abilities. The opportunity to interact with research labs
as part of the course activities generated an interesting impact in most of the
participants. On the other hand, a small group claimed for a more traditional

teaching.

7. Discussion

In the present work, AL tools were applied to a Signals and Systems course (as a
case of study) that belongs to the Electronic Engineering syllabus of the Univer-
sidad Tecnolégica Nacional in Argentina. The main objective was to enhance
engineering education, appealing to an original paradigm that combines re-
search with education and promotes the development of the student’s skills in
different aspects of their academic training.

To begin, we think that the general objectives set for a course such as Signals
and Systems should be based on the training of professionals with a strong rea-
soning ability, beyond the systematic learning of operational techniques, in or-
der to achieve a scientific thinking philosophy, applicable to it. The focus should
not be placed on teaching content per se but on the content related to facing
challenges and specific situations, searching for answers and alternative view-
points. Teaching content is necessary, which is evident, but insufficient by itself.
An interest result obtained from a survey carried out by Cukierman and Cu-
kierman (2013) over 498 participants points out that one of the main challenges
faced by Argentine engineering undergraduate students along their career is re-
lated to structure of the courses, classifying them as unfair, criticizable or bad.
Regarding this, teaching in engineering should be oriented to the upper-right
quadrant of the Stokes diagram, called Pasteur quadrant, seeking to concentrate
the scientific task according to the existent knowledge, a new way of learning,
innovating, communicating and shearing with a creative attitude. Argentina
lacks of this kind of engineers, since the focus is put on the lower-left quadrant,
the standard engineering applications (Dvorkin, 2014). Hence, students must
have a knowledge background and solid qualities that allow them to adapt to
uncertain and changing work environments, and to pursue continuing educa-
tion (Armentano, 2012).

Concerning the content of the Signals and Systems course, concepts related to
time-frequency duality (and their applications), the evaluation of analog and
digital systems and the correct manipulation of information related to the latter
require specific maturation periods and discussion instances, which are not al-
ways necessarily proportional to the intensity or amount of exercises related to
the topics being studied or even to the time allocated to each content for syllabus
completion purposes. For this reason, we worked hard on this issue, proposing

periodic integrative discussions.
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Our main ideas are summarized in Figure 1. We consider that the course
must be fully aligned with the preeminence of technological innovation, which
requires leadership in all aspects of engineering: research as a link between
scientific discoveries and practical applications, the teaching of the necessary ab-
ilities to create and explore knowledge, and the profession and practice of engi-
neering in order to transform knowledge into competitive products and services
(Dvorkin, 2014). By combining research with education, not only do we leverage
young people’s creativity but we also train them in critical thinking, research
methodologies, and solid scientific and engineering knowledge (Armentano,
2012). Furthermore, students must be able to compare the amount of knowledge
to be incorporated with the information already processed during the course pe-
riod, especially in a course like Signals and Systems. It is necessary to avoid con-
tent “isolation” resulting from sequencing (by comparing past and present), in
order to obtain an integrative picture which allows concepts to be intercon-
nected (Burrowes, 2003; Lord, 1998). Consequently, it is critical for students to
apply what they have learned at each step of the way. In our case, we intended to
design assignments which move in that direction in order to “surprise” students
by proposing concise, tangible and updated tasks.

In our experience, the inclusion of AL has required the establishment of a ref-
erence framework for students, with clear and concise guidelines. Students must
be listened to, accompanied and their questions must be answered, because they
tend to be reticent to commit to the activities and to construct their own know-
ledge (passive attitude) (Bishop & Verleger, 2013). Since they are encouraged to
developed critical thinking, tutors should be prepared to offer answers. This does
not imply that a tutor must be regarded as a guardian of knowledge (clearly an
old-fashioned concept), but that they can provide tools for students to construct
and assimilate that knowledge (Michael, 2006; Carr et al., 2015). Reflection upon
certain topics is strongly required (an even demanded) by students and therefore

it should have a privileged role in the course (Burrowes, 2003).
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Figure 1. Signals and Systems course dynamics based on Active Learning techniques.
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An essential aspect to consider is the distraction shown by students when
solving a task they are not interested in. Since at the end of a lesson students
must upload all their productions to the virtual campus for assessment (they ob-
tain points to pass the course), such attitude disrupts the group dynamics and in
certain cases it is identified by their classmates, both positively (integration) and
negatively (implicit exclusion). In the latter case, it is difficult to motivate
someone who is not interested in learning in that way, and thus the analysis of
alternative strategies is required (Felder & Silverman, 1988).

Finally, the effectiveness of AL requires the creation of an ecosystem which
allows students to build a network connecting the different courses. It is useless
to implement projects of these characteristics if the overall setting (the university
as a whole) pushes students in another direction, hindering the appropriate le-
veraging of the potential shown by this methodology (Rodriguez Serrano et al.,
2012; Michael, 2006).
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