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For centuries, engineering has been taught based on diverse educational paradigms, with a remarkable predominance of

traditional approaches. During the last decades, new educational paradigms and didactic strategies have arisen.

Nevertheless, it was not always the case that engineering educators had a clear understanding of a paradigm or a strategy

being used. Thus, after an exhaustive review of literature, this paper presents a guide for engineering educators that shows

how the multiple didactic strategies are classified within the four educational paradigms found in engineering education

(positivism, constructivism, socio-critical and communicative-critical).
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1. Introduction

For centuries, diverse teaching methods have
evolved to improve learning of engineering. How-

ever, one of the shortcomings in training engineers

has been the predominance of traditional teaching-

learning methodologies, with an emphasis on

decontextualized teaching and rote learning [1].

That is one of the reasons why universities and

educators have paid a greater attention to carry out

a constant search to develop and adapt new peda-
gogical-didactic strategies, that could allow training

engineering professionals with the competences

demanded by more dynamic working and social

environments [2, 3], through adapting the teaching

processes according to the needs and characteristics

of each student [4, 5]. These didactic strategies seek

to promote the development of generic competences

such as learning to learn, organizing and planning,
analyzing and synthesizing, applying knowledge to

practice, expressing oral and written clearly, devel-

oping critical ability and self-criticism, and working

collaboratively with initiative and leadership

among others [6]. In this way, it is essential for the

educator to learn how students can internalize and

incorporate new contents into their mental struc-

tures, especially in engineering programs, where a
high academic performance is required [7].

Therefore, an urgent need for change not only in

contents but also in methods and approaches to

engineering education has emerged. However, one

of the obstacles to progress in this regard is the lack

of confidence and knowledge about different peda-

gogical approaches or learning streams, where some

educators see them as a challenge not always easy to
address [8].

2. Paradigms in education

Kuhn [9] argues that aparadigm is a general thought
of the object of study of a science, of the problems to

be studied, of themethod to be used in research, and

of the ways of explaining, interpreting or under-

standing the results obtained in a research. There-

fore, a paradigm is a guide to all justified, valid and

reasonable knowledge. In other words, it helps to

see the reality in a certain perspective, and conse-

quently, to determine to a great extent how to
develop a research process and how to acquire

knowledge [10, 11].

A large number of authors refer to four

approaches to educational reality or paradigms:

Positivism or Rationalist; Constructivist or also

known as Interpretive current (hermeneutic-phe-

nomenological); the Socio-Critical perspective;

and the most recent Communicative-Critical that
contributes to the overcoming of educational and

social inequalities [12]. These paradigms have dif-

ferent ways of seeing and understanding the reality

of the current education and differ in the approach

of construction and obtaining of knowledge.

2.1 Positivism

Positivism is a current of thought whose beginnings

is usually attributed to the approaches of Auguste

Comte, who only considered the knowledge from

the empirical sciences valid. This paradigm, also

known as Quantitative or Rationalist, establishes

the existence of a certain uniformity and order in
nature, which means that the natural world has its

own existence, independent of who investigates it

[13]. Based on this, it is governed by laws that allow

explaining, predicting and controlling phenomena.
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This paradigm is particularly predominant in engi-

neering education, where students are passive

throughout the learning process, and depend on

the educator as a source of information and not

on themselves as constructors of knowledge [14].

From an epistemological point of view, Positi-
vism has an objective position, a distant and non-

interactive attitude between the subject and the

peers [15]. Assuming that reality is given and can

be absolutely known by the subject (e.g., an engi-

neering student), and therefore requires finding the

right and valid method to discover that reality.

Consequently, positivist science is based on the

assumption that the subject has an absolute possi-
bility of knowing reality through a specific method.

This is the type of problems that engineering stu-

dents often encounter in classrooms, by using this

traditional approach, which do not necessarily pre-

pare them for the real problems that they will find as

future engineers [16].

Positivism, as mentioned above, was originally

established by Comte but complemented by a
number of authors; one of them was John Stuart

Mill. Despite the most progressive approach of

Mill, both visions converge, even going backwards

until reaching David Hume and the philosophy of

the Enlightenment [17]. Beyond different points of

viewofComte andMill, they are considered someof

the most relevant supporters of positivist science

and precursors of this paradigm [18]. Fig. 1 shows
how they contributed to build this paradigm.

Hence, Positivism emphasizes verification, based

on observation and opposing any science that is

constructed without any empirical correlates [19].

The most important characteristic of positivist

theory is the search for a systematic, verifiable and

measurable knowledge, focusing on the cause of

phenomena that occur, from observation, measure-
ment and statistical procedure. In this way, this

paradigm leads the students to answer tests in the

most accurate way possible in terms of either what

educator has taught or study books establish, get-

ting much better academic grades but not necessa-

rily a better understanding [1].

2.2 Constructivism

Constructivism argues that learning is essentially

active [20], where each student structures his/her

knowledge through his/her unique pattern. In other

words, while a student learns he/she incorporates

the knowledge acquired to his/her previous experi-
ences, thus modifying his/her mental schemes. That

is, the previous experiences related to the subject as

well as new information are assimilated and stored

in the mind. Therefore, learning is neither passive

nor objective; rather, it is a subjective process that

each person continuouslymodifies by incorporating

new experiences [21]. It is therefore important to

note that learning is generated through an event,
experience or understanding in a structure that

grows subjectively, leading the learner to establish

rational and meaningful relationships with the

environment.

Having said that, constructivism affirms that the

student, both in the cognitive and social aspects of

behavior as in affective ones, is not a mere product

of the environment, nor the result of his/her internal
abilities, but a self-construction that is constantly

produced as a result of interaction of such aspects

[22]. That is, the construction of knowledge is

generated gradually and progressively [23]. In

other words, each student is a constructor of knowl-

edge in the classroom, having the possibility of

reflecting about the content, investigating and creat-

ingnewconcepts, exposing educator his/her point of
view about the solution of problems. In this way,

Constructivism is quite effective in engineering

education, because instead of solving exercises

objectively exposed by the educator, real engineer-

ing problems could be solved subjectively and the

knowledge built among the participants [16, 24].

Thus, Constructivism is an epistemological and

philosophical trend that starts from a framework of
social consideration of classroom education,
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attempting to explain how the human being is able

to construct all concepts [25]. The student filters out

all the information that he/she receives through his/

her cognitive structure in relation to a specific topic,

and if he/she does not internalize that this is a

meaningful or important matter, his/her learning
structure is not modified [26].

Next contributions of the main authors of con-

structivism will be analyzed, namely: Jean Piaget,

Lev Vytgosky, David Ausubel and Jerome Bruner.

The first theorist, Piaget, considered by many as the

author of Constructivism, divided into stages the

way in which the human being learns, conducting

researches evenwith his own children [23, 27]. Then,
Vygotsky proposed that the subject learns through

interaction with others. That is, the construction of

knowledge is produced through social interaction,

giving the teacher a new purpose: a mediator of

learning [28–30]. Later, Ausubel stated the concept

of learning by reception, to distinguish it from the

memoristic, allowing the student to understand,

retain and transfer knowledge [25, 26, 31]. Finally,
Bruner, known by his contributions about learning

by discover, established that the student will orga-

nize what he/she finds, in a way not only intended to

discover the relationship of concepts, but also to

filter out the information, avoiding its accumulation

[32, 33]. These constructivist theorists marked a

historical precedent in educational matters and

their contributions are summarized in Fig. 2.
During most of the 20th century, engineering

education was mainly focused on hands-on prac-

tice; however, as the century progressed, the engi-

neering education evolved towards teaching the

engineering science, while teaching engineering

practice was increasingly de-emphasized [34, 35].

As a result, in recent years, industry has found that

students receiving an engineering degree, although

technically competent, lack many skills required in

real-world engineering situations [36]. This is why

institutions such as the Accreditation Board for

Engineering and Technology (ABET) created a list

of skills which engineers must have [34, 37, 38], with

the aim of encouraging universities to rethink their
educational strategies to meet those real-world

needs that engineers have to face. Later, in the late

1990s, the CDIO initiative emerged, originally

developed by the Massachusetts Institute of Tech-

nology [39], which corresponds to an educational

framework that provides students with an educa-

tion based on Conceive-Design-Implement-Oper-

ate of systems and products for the real world [39,
40]. Today, the MIT and other leading US, Eur-

opean, Canadian, British, African, Asian and New

Zealand leading engineering schools utilize this

CDIO initiative as a framework for curriculum

planning and assessment based on the results [41,

42]. Also based on a constructive approach andwith

the objective of bridging the gap between scientific

and practical training, new initiatives have emerged
such as Rapid Prototyping, which is a manufactur-

ing technique that allows rapid manufacture of 3D

computer models, achieving functional prototypes,

shortening design time, and leading to successful

finished products [43]. In summary, during the last

years, engineering educators have been taking on

the challenge of reforming engineering education

towards a constructivist approach, being able to
identify, formulate and solve real engineering pro-

blems immersed in a globalized and social world.

Hence, constructivist ideas about learning have

raised a direct challenge to more traditional educa-

tional precepts, since unlike Positivism; student

controls the development of knowledge, skills and

attitudes of the student facing real engineering

problems. The constructivist model clearly has
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profound social implications as it produces changes

in the relationship between educator and student,

and in learning, which depends on how thought

works at different levels of the educational process

[44].

2.3 Socio-Critical theory

The origins of this paradigm goes back to the 1920s,
when in the School of Philosophy and Social

Sciences at the Institute of Social Research in

Frankfurt, Germany, Max Horkheimer and Theo-

dor Adorno developed a concept focused on the

emancipation of the human being [45, 46], where

this theoretical conception was firstly known as

Critical Theory [47].

Subsequently, Socio-Critical paradigm emerged
in response to positivist and interpretative tradi-

tions that have had little influence on social trans-

formation. This new approach is based on the basic

assumption of education and research are not

neutral. That is, it asserts the impossibility of

obtaining unbiased knowledge, since the neutrality

of science is false [48]. Therefore, this paradigm

seeks to establish the existence of a social science
that is neither purely positivist nor purely construc-

tivist [49, 50], aiming a change or a social transfor-

mation through the participation of the members of

communities [47, 51].

In other words, Socio-Critical theory is charac-

terized by developing subjects rather than just

objects, making it possible for the oppressed to

participate in the socio-historical transformation
of their society. According to [52], the way to

carry out this process is a liberating education,

which allows people to become active subjects of

their own learning processes. This Socio-Critical

paradigm, therefore, is characterized by being

emancipatory [47] since it invites the subject to a

process of reflection and analysis about the society

inwhich is involved and the possibility of generating

changes. For this reason, this approach would lead
student to reflect and criticize the contents in a

collective way [51]. This would change students’

ways of thinking, help them to solve engineering

problems not for their own benefits, but for the

improvement in the environment and society,

through an objective and subjective involvement

of the participants in the classroom, both educator

and students.
In addition to the works ofMaxHorkheimer and

Theodor Adorno, many other authors have con-

tributed to this paradigm belonging to the tradition

of social thought. Fromm, Brecht, Marcuse, Wil-

helm Reich, Pollak and Habermas make up this

broad list of contributors [45, 47, 50].Despite a large

number of authors who have worked on this para-

digm, for the purposes of this research only two
fundamental authors have been considered: Max

Horkheimer, a pioneer of Critical Theory; and the

world-known sociologist, political scientist and

philosopher Jürgen Habermas, who is still contri-

buting to the socio-critical paradigm. The contribu-

tions of these two renowned thinkers are

summarized in Fig. 3.

In summary, the Socio-Critical paradigm
emerges from the problems of everyday life and is

constructed through solutions [53]. This is why the

critical researcher tries to discover what objective

and subjective conditions restrict the search for new

alternatives, opinions and results. In this way, it
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leads to a collaborative and participative process of

self-reflection, which takes place in communities

committed to a better society.

2.4 Communicative-critical theory

This theory also considers a change in how scientific

knowledge is created, where the figure of expert or

educator has undergone a profound transforma-

tion, since he/she does not have all the necessary
information to make contributions that are useful

to all people. Therefore, from an educational per-

spective, this paradigm establishes that decision-

making processes increasingly depend on dialogue

and consensus [54–56]. In other words, this current

of thought affirms that it is possible to do science

and construct new concepts, but this has to be done

based on what really matters for this communica-
tive-critical perspective: the evidences contributed

by participants in the teaching-learning process

through dialogue and consensus. In this way, this

paradigm encourages students to be more partici-

patory in class, looking together with their peers for

concrete solutions, analyzing exercises, engineering

problems given by the educator, and building

knowledge through critical and reflective dialogue.
On the other hand, this paradigm is based on a

series of postulates established by Gómez et al. [12]

who affirmed that the conception of social reality is

built by people through interactions between indi-

viduals, where the success of this approach is based

on studying and analyzing current social and educa-

tional problems. That is why this new trend incor-

porates the opinions of all people included in a
research, from the beginning to the end of it,

creating scientific knowledge through validating

both the opinions of experts and novices. Thus,

this paradigm encourage educator to teach not

only real engineering problems, but also to present

challenges to the students that require designing and

solving complex problems with a clear social

approach [57, 58]. This inclusion of all people for
the generation and the transformation of knowl-

edge is known as dialogical turn [12].

From an epistemological point of view, this

paradigm agrees that scientific statements are

result of dialogue. For this reason, the critical

communicative approach focuses on the intersub-

jective aspect of knowledge creation. Consequently,

the creation of knowledge according to this per-
spective is a product of dialogue, discussion, reflec-

tion, and exchange of ideas of a group of people, in

which they justify and demonstrate their affirma-

tions based on arguments and evidence, thus form-

ing the vision of the world and the current society

[54, 55].

Despite the fact that some other authors have

explored and studied this paradigm exhaustively,
their perspectives are aligned to those stated by their

seminal author Jesús Gómez, distinguished profes-

sor and researcher at theUniversity of Salamanca in

Spain, and the previously mentioned world-known

sociologist and philosopher Jürgen Habermas.

Therefore, based on the researches of Gómez and

Habermas, Fig. 4 shows the postulates of the Com-

municative-Critical paradigm.
Summarizing, this paradigm is based on the

dialogical turn, incorporating all the voices, in

which dialogue is the generator of knowledge.

Simply speaking, this approach integrates scientific

principles, but also experience of the daily life of

How Do We Teach? A Practical Guide for Engineering Educators 1455
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people. In this way, results are obtained from both

deductive and inductive processes, or from both

empirical and logical-deductive ones.

2.5 Other educational approaches

As previously mentioned, there are educational

paradigms related to how realities and knowledge

are constructed. However, other alternative peda-

gogical approaches or methods have been present

for decades. Some of those approaches have been

based on multidisciplinary and integrative strate-

gies, which contribute to the development of the

human being from the doing and living together.
Furthermore, other approaches have studied the

way to form the students’ behavior bymanipulation

of environmental stimuli [59], and how those

approaches may be related to behaviorism, as the

philosophy of the science of human behavior [60].

To name but a few, authors such as Maria Mon-

tessori, John Locke and John Dewey devoted a

great extent of their works to explore these
approaches.

Maria Montessori (Italy, 1870–Holland 1952),

for example, put forward an educational proposal,

worldwide recognized as theMontessorianmethod,

which consists of solving problems of education,

based on principles and scientific orientations ema-

nated from medicine mainly [61], giving much

importance to personal, family and social aspects.
The method also proposes an adequate setting for

learning, considering construction materials with

dimensions not only adequate but suggestive, to

promote what would be considered the axis of its

method: self-management of learning as a sponta-

neous internal process [62]. Another important

aspect of Montessori’s work is the characterization

of the student, whom she describes in adolescence as
someonewith physical and psychic changes, with an

unstable and undisciplined character, who does not

yet form his/her will and his/her discernment, and

who learns from experience and work [63].

On the other hand, John Locke (1632–1704), and

his Lockean thought, was a great contribution to

the pedagogy of that time, being one of his best

known theoretical pieces ‘‘Some Thoughts Con-
cerning Education’’ [64]. His work focused primar-

ily on philosophy and the art of education. His

contributions include a wider conception of educa-

tion, not only as the acquisition of knowledge for

the formation of bourgeois, but also as the prepara-

tion for interacting in the world, where the pedago-

gical purpose was the formation of the individual

morally and socially [65].Another interesting aspect
of his approach was the appreciation of the physical

aspects of the human being, to face the absolute

valuation of the intellect, alluding to that a healthy

and strong body could guarantee a strong spirit.

Another interesting example is John Dewey

(1859–1952), a philosopher whose prolific work

influenced several areas of education sciences,

such as didactics, philosophy of education, educa-

tional psychology and educational policy [66]. He

can be considered the most influential philosopher
of education within the 20th century in the United

States. The greatest contribution ofDewey’swork is

characterized by his on-site researches, which

helped him out to assign particular value to prag-

matism, pointing out that knowledge was instru-

mentally focused [67]. According to his approach,

the validity of a theory had to be determined by

means of practical examinations, inwhich concepts,
ideas, and knowledge were understood as learnings,

and the evaluation tools were developed to solve

problems.

And last but not least is theWaldorfmethod born

in Germany amid the social and economic chaos

that preceded the First World War [68, 69]. This

pedagogical approach seeks to achieve an education

focused on freedom and the renewal of society. Its
efforts are put on developing creative environments,

with the collaboration of parents and educators,

placing the student at the center of learning. It is

intended to enhance in the individual both coopera-

tive development and individuality, avoiding the

pressure of examinations and grades.

The different perspectives mentioned up to here,

from Positivism to the last approaches presented,
allow a relational analysis, integrating authors,

approaches and didactic strategies, as will be

shown in the following sections.

3. Relationships of educational paradigms
and didactic strategies of learning

Didactic strategies are defined as organized, forma-

lized and oriented procedures to obtain an estab-

lished learning objective. In other words, it is the

planning of the teaching-learning process for which

the educator adopts techniques and activities that

he/she can use in the classroom, in order to reach the

proposed goals and the decisions that he/she must

take in a critical and reflexive way to achieve the
expected learning outcomes [70, 71]. As each didac-

tic strategic is part of an educational paradigm, the

idea is to link them in order to give engineering

educators a guide to determine what paradigm is

related to the didactic strategies that they are using.

Before showing those relationships, a brief explana-

tion about the main didactic strategies used in

engineering education is shown in Table 1.
Next, relationships between the paradigms pre-

sented in this paper with their respective authors,

and the didactic strategies commonly used in engi-

neering education (Table 1) are shown in Table 2,
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Table 1. Didactic strategies in engineering education

Didactic Strategies
of learning Description

Traditional Teaching
[72, 73]

Educator is a provider of knowledge elaborated and studied previously. Student is only a recipient of this
knowledge, which is presented in an objective and rarely questionable way.

Teacher Tutoring [74] Student is guided to support his/her learning process, carrying out a personalized and detailed follow-up of
weaknesses and strengths that are presented in topics taught.

Demonstration Technique
[75, 76]

Practical or theoretical verification of a concept that is not easily understandable, with the aim of
highlighting and convincing when there is possibility of doubts, responding to a need for demonstration.

Symposium [77]. A team of experts develops different aspects of a theme or problem in a successive way before the audience,
supported by empirical data from researches. Finally, a time is given to ask questions and answer them.

Expository Teaching
[78, 79]

Participation of students is limited but not null, which makes evident by questions or comments asked to
educator, activating the learning process.

Workshop [80] Students apply their knowledge, abilities, skills and attitudes into practical learning experiences, facilitating
problem solving and critical thinking development.

POL: Project-oriented
learning [81, 82, 83]

It is based on applying and integrating knowledge. Students plan, implement, evaluate and solve real
projects beyond the classroom, developing long-term interdisciplinary learning activities.

PBL: Problem-based
learning [1, 84]

It consists of obtaining knowledge, as a result of an exploring process towards new concepts through
problem solving, facilitating the acquisition of professional knowledge.

Simulation strategy
[84, 85]

Students learn through their participation in activities that simulate real situations, by using a series of tools
that allow creating multiple scenarios of variable complexity.

Student debate [86] It is oriented to teach students to receive affective-social interaction, performed in an atmosphere of respect
and cordiality. They develop communicative, cognitive and social abilities.

Critical questions [87] It consists of questions that encourage students to examine ideas, notions and problems related to a case
given by the educator, stimulating deep reflection on problems.

Portfolio [88, 89] It is a compilation of activities and key works carried out by students, allowing educator and student to
reflect on the achievements and difficulties found along a training period.

Logbook [90, 91] It consists of a research conducted by students through books, readings, news, happenings and research
experiences, having a shorter duration than the Portfolio, reporting to educator the progress and results of
such research.

Interview [92, 93, 94] It is a scientific technique that uses verbal communication to gather information in relation to a certain
purpose, through a closed conversation of reciprocal exchange.

Brainstorming [95, 96] It is a group technique that looks for generating original ideas in a relaxed atmosphere, where the best ideas
are selected by participants.

Virtual forum [97] It facilitates the creation of environments that stimulate learning and critical thinking, where virtually
everyone is part of the learning process and the dynamics of group as a basis for relevant analyses.

Role Play [98] Students assume roles within some work or situation raised, allowing discovering new facets of their
imagination and helping them to think of multiple alternatives for a problem.

Observation technique
[99]

It requires students to search, from a descriptive perspective, objects, processes, either phenomena or
natural or social behaviors, to later apply the knowledge acquired to solve real problems.

Service Learning
[100, 101]

Educational proposal that combines learning processes and community service in a single well-articulated
project, in which participants learn while working in real needs of surroundings with the purpose of
improving them.

Case study [102] It focuses on students’ research on a real and specific problem, which helps them to acquire the basis for an
inductive study.

Discussion 66 [103] It consists of forming groups of sixmembers, in order to discuss or analyze a topic, trying to give a common
response in six minutes to the topic initially proposed.

Round Table [104, 105] Communicative mode in which groups of students are met to discuss on a particular topic. There is a
coordinator per group who introduces the topic and orders conversation. At the end of sessions, the whole
audience of students opines and asks groups.

Conceptual Map [25, 106] Students should link and record concepts in a hierarchical order. It is characterized by starting from amain
topic, extending branches that indicate the relationships between concepts.

Mental Map [107] Graphic way of expressing the student’s thoughts according to the knowledge that he has been stored. Its
application allows generating, organizing, expressing the learnings and associating ideas more easily.

Cooperative learning
[20, 108, 109]

It is consideredaphilosophyof interactionwidely applied indiversedidactic strategies,where studentswork
together to ensure that all members of the group achieve learning goals.

K-W-L: what we know,
what we want to find out,
we learned and still need to
learn [110]

It allows exploring the previous knowledge that students own, inquiring what they know (K); what they
want to know (W), and finally what they learned (L).

PMI: Plus, Minus,
Interesting [111]

It allows generating a great number of ideas about an event or observation, leading students to list all points
concerning a situation, and then ordering them into plus, minus and interesting points.



classifying those strategies in terms of participation

of the individuals (i.e. student, educator, or both) in

the generation of knowledge. Table 2 also shows the

percentage in which each didactic strategy is a part

of a paradigm, and this provides information about

the degree of influence of a paradigm on a strategy

according to literature.

Because of each didactic strategy is part of one or
more of the paradigms mentioned—which have

sought to build an educational reality throughout

history—, thesewere linked to the strategies in order

to give engineering educators a guide on how

paradigms and strategies are related. Thus, the

educator can decide if he/she wants: (a) to be the

protagonist in the classroom; (b) to be a mediator

and facilitator, promoting equal dialogue for the
construction of knowledge; or rather (c) to be a

passive actor in the classroom, transferring promi-

nence to the students. To do so, the educator must

identify the educational paradigm that better fits

his/her teaching style, and then cross it in Table 2

with the didactic strategy that he/she is using, with

the aim of knowing the role he/she is playing in the

classroom.
As an example, when entering Table 2, if the

educator realizes that he/she teaches according to

the positivist approach and wishes to emigrate

towards the constructivist approach, he/she should

apply strategies such as: PBL;Case study; Portfolio;

Workshop; Simulation; among others. On the con-

trary, if he/she wants to develop critical and reflec-

tive thinking of students (i.e. the Socio-critical
approach), then he/she should apply strategies

such as: Student debate; Critical questions; Round

table; or Expository teaching, for mentioning just a

few. Finally, if he/she wants to contribute to over-

coming educational and social inequalities, promot-

ing social inclusion (i.e. the Communicative-critical

approach), then he/she should apply strategies such

as: Service Learning; POL; Brainstorming; Discus-

sion 66; among others. Simply speaking, Table 2

shows a map and the educator must choose the

route.

Therefore, as seen in Table 2, these didactic

strategies can be classified in terms of the participa-
tion of the educator, the student or both in a sharing

way [120]. Therefore, if the main participant is the

educator, then he/she undertakes tasks of explana-

tion, orientation, encouragement, help, correction,

etc.; however, if the protagonists are the students,

activities are performed where they are the builders

and creators of knowledge, in which they can act

individually or in groups. Also, participation can be
a combination of these two approaches, where the

educator fulfills the role of mediator and facilitator

of knowledge and the students interact with the

object of knowledge and with their peers in a critical

and reflective way.

4. ABET and CDIO

Over time, the role of the engineer and his/her
training have been redefined, including now skills

of a professional nature, such as: leadership, com-

munication, team work and an understanding of

ethics and professional issues, within a global and

social context, encouraging lifelong learning and a

knowledge of contemporary matters [145, 146].

Thus, the objective is nowadays to form a trained

engineer to identify, formulate and solve real pro-
blems of society.

That is why modern engineering education pro-

grams seek to provide students with a broad base of

knowledge, skills and attitudes, whose make them
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Table 1. (cont.)

Didactic Strategies
of learning Description

KPSI: Knowledge and
Prior Study Inventory)
[112, 113]

It provides students with an instrument for self-regulation, in which the alternatives of answers are: (1) I
don’t know, don’t understand, cannot do; (2) I am not sure if I know, or understand, or can do; (3) I think I
knowwhat it means, I think I can do; (4) I know, I understand, can dowell; and (5) I can explain, show how
to do, to others.

Ideograms [114] It consists of synthetic or schematic description of a text through prioritizing concepts and defining
relationships between them.

V-Diagram [115, 116] A ‘‘V’’ is drawn, in which the question to be investigated is placed in the center. The right side of ‘‘V’’
indicates the methodology to collect, interpret and assess the information needed to answer the central
question. In the left side related concepts are defined.

Learning by discovery
[117]

Students should explore through didactic experiments and research, according to the objectives that
educator presents to them, promoting metacognition in the learning process.

Student seminar [118] It is characterized by the active participation of small groups under direction of the educator, within an
environment of dialogue and flexible research, which encourages participants’ reasoning and
metacognition.

Survey [119] It is a strategy where students perform a survey on a sample of subjects representing a large population, by
using standardized interrogation procedures, in order to obtain quantitative and qualitative information
about a great variety of topics.
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successful engineers. These skills have been inte-

grated by means of the CDIO initiative, as an

attempt to create a set of rational, complete, coher-

ent and generalizable goals for undergraduate engi-

neering education. The objective of the CDIO

syllabus is to formally summarize a set of knowl-
edge, skills and attitudes that students, industry and

academic world desire for future generations of

engineers [147]. In addition, it can be used to

define the student outcomes, in terms of learning

objectives of the personal, interpersonal and sys-

tems understanding skills, necessary for the practice

of modern engineering. In this sense, it can be used

todesign new educational initiatives, and then as the
basis for a rigorous evaluation process focused on

outcomes, as required by ABET. The Student Out-

comes of ABET and Syllabus Levels of CDIO are

summarized in Table 3, assigning for each skill and

competence a nomenclature.

Table 4 links the skills and competences estab-

lished by ABET and CDIO, and the didactic stra-

tegies included in this research, in order to provide
the educator with a clear understanding of what

strategic is recommended, to achieve those abilities

needed for the future engineers.

In summary, a number of universities around the

world are today teaching and reinforcing diverse

didactic techniques, aimed at stimulating active

learning in engineering education [148, 149,150],

to train qualified engineers who will work immersed

in amore complex and globalized context than ever,

where initiatives such asCDIOand institutions such

as ABET are playing an important role.

5. Discussion

Clearly, it can be observed that Positivism is the
paradigm that embraces fewer didactic strategies,

promoting passive, static and repetitive learning,

being the educator the protagonist in the classroom,

with little or no interaction with the student. In

addition, despite Comte and Mill share a similar

positivist approach, it is possible to observe differ-

ences between them. Comte is more conservative,

accepting and validating all justified knowledge
with empirical results, whereas Mill incorporates a

more progressive vision based on the inductive

method (based on observation and experimenta-

tion), and the deductive method (abstraction and

deduction from hypotheses that are extracted from

reality through experience, so that from a general-

ized idea to a specific concept).

On the other hand, Constructivism has a greater
relationship with didactic strategies, promoting

student control and autonomy, where he/she

actively builds new ideas or concepts based on
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Table 3. Expected results of students according to ABET and CDIO [42, 147, 151]

Skills and Competencies of the Student

Student Outcomesa

ABET SO1 Ability to apply knowledge of mathematics, science, and engineering.
SO2 Ability to design and conduct experiments, as well as to analyze and interpret data.
SO3 Ability to design a system, component, or process to meet desired needs within realistic constraints such as economic,

environmental, social, political, ethical, health and safety, manufacturability, and sustainability.
SO4 Ability to function on multidisciplinary teams.
SO5 Ability to identify, formulate, and solve engineering problems.
SO6 Understanding of professional and ethical responsibility.
SO7 Ability to communicate effectively.
SO8 The broad education necessary to understand the impact of engineering solutions in a global, economic, environmental,

and societal context.
SO9 Recognition of the need for, and an ability to engage in life-long learning.
SO10 Knowledge of contemporary issues.
SO11 Ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.

Syllabus Levelsb

CDIO SL1 Disciplinary knowledge and reasoning.
Knowledge of underlying mathematics and science.
Core fundamental knowledge of engineering.
Advanced engineering fundamental knowledge, methods and tools.

SL2 Personal and professional skills and attributes.
Analytical reasoning and problem solving.
Experimentation, investigation and knowledge discovery.
System thinking.
Attitudes, thought and learning.
Ethics, equity and other responsibilities.

SL3 Interpersonal skills: teamwork and communication.
Teamwork and communications; and communications in foreign languages.

SL4 Conceiving, designing, implementing, and operating systems in the enterprise, societal and environmental context
External, societal and environmental context; and enterprise and business context.
Conceiving, systems engineering and management; and designing, implementing and operating.

a SO = Student Outcomes. b SL = Syllabus Levels.



present and previous knowledge. It also stimulates

to a greater degree the shared participation between

educator and student, evidencing that knowledge
acquisition can be subjective, and not purely objec-

tive as Positivism states. Additionally, it can be

observed that Vygotsky, unlike Piaget, focuses

mainly on strategies based on teamwork, thus

affirming that it gives more importance to social

interaction, through which learning improves sig-

nificantly. Hence, for Vygotsky, social interaction

when acquiring learning, plays a fundamental role,

students not only learn with the educational setting,

but alsowith their peers; where culture leads directly

to the social development of man [29]. On the other
hand, authors such as Ausubel and Bruner emerge

developing and contributing more ideas and con-

cepts to this paradigm, such as the significant

learning by reception of Ausubel—considering

that knowledge occurs when it is significant for the

subject—, and the learning by discover of Bruner—

considering that it is necessary to discover and

describe formally the meanings for human beings,
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Table 4. Relationship of skills and competences expected with didactic strategies



and how they create new knowledge from their

experiences and proposing hypotheses about the

processes of meaning construction—[33]. There-

fore, Constructivism is an epistemological concep-

tion, which highlights the contribution of the

individual in the acquisition of knowledge, through
interaction with the environment and between edu-

cator and student.

In consequence, the Socio-Critical paradigm

arises in response to positivist and constructivist

traditions, encompassing strategies that propose the

integration of all participants but stimulating cri-

tical and reflexive thinking, through a social trans-

formation. In this way, despite Horkheimer is
considered the father of this paradigm, Habermas,

with a less conservative thinking, considers that the

construction of knowledge is produced by social

interaction through consensus and the egalitarian

dialogue between student and educator, establish-

ing the fundamentals of themost recent educational

paradigm, the Critical Communicative promoted

by Gómez.
As a summary, Table 2 shows each didactic

strategy as part of an educational paradigm,

giving the educator necessary information about

which of them to apply in the classroom for the

construction and obtaining of knowledge. This is

according to the current of learning that he/she

wants to stimulate in the educational setting: objec-

tive, subjective or intersubjective way; oriented to
the process or the result; passive or dynamic envir-

onment; to explain and control or to promote equal

dialogue for the construction of knowledge; or to

promote a balanced and shared way between edu-

cator and student.

The use of new didactic strategies induces the

educator tomove towards a new role as a facilitator,

since it is the learning that brings to the student the
skills shown in Table 3 (ABET and CDIO), neces-

sary to solve real problems in a globalized world.

Nowadays, future engineers are required not only as

professionals, but also as citizens in search of a

social transformation, through critical and reflexive

communication.

In other words, the way as engineering educator

teaches requires a change, and therefore, the lecture
itself must be different. The role of the educator will

move from a traditional instructor to a facilitator of

the learning process. The traditional classroom will

become a workshop, with the aim of integrating the

student little by little to the real world. It is accord-

ing to this perspective that the educator will have to

become a follower of these new tools, taking into

account new actors, in a new scenario. For this
reason, engineering educators must understand

what the industry demands from future engineers,

going over from the language they use up to the way

they transmits knowledge, in order to motivate the

student and make learning happen effectively.

6. Conclusions

Finally, the paradigms included in this research

have had the purpose of clarifying and offering

solutions to the challenges posed by education

through history, where each one has a different

way of seeing and understanding educational rea-

lity, and adifferent epistemological dimension. That

is, they differ in the model of relationship between

participants, and the way that the knowledge is
obtained. For that reason, this paper does not

pretend to be a categorical and absolutist view

about educational paradigms and strategies, but

also it is just a contribution to guide educators in

the complex path of understanding how engineers

teach and how different approaches may help

improve engineering students’ learning.
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Margen–Periódico Digital de Trabajo Social y Ciencias
Sociales, 48, 2008.

130. C. Coll, Constructivismo y educación escolar: ni hablamos
siempre de lo mismo ni lo hacemos siempre desde la misma
perspectiva epistemológica, Anuario de Psicologia, (69),
1996, pp. 153–178.

131. R. Baquero, A. Camilloni, M. Carretero, J. Castorina,
Debates Constructivistas, Aique Grupo Editor S.A.,
Buenos Aires, Argentina, 1998.
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