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The great technological development in which we are immersed has changed the scenarios, tools and forms of learning. In

the light of those challenges, engineers must be able to develop new skills and abilities to face them, through planned

technical pedagogical training that allows them to link technology with engineering education. As a result of previous

research, the need for a link between technology and education in engineering was evident, as was the need for training in

platforms for the creation of virtual learning spaces. To this end, the proposalwas applied to a case study involving a group

of engineering educators from the Escuela Politécnica Nacional de Quito. This research aims to present the results of the

implementation of a training programme for engineering educators to improve their competence in new technologies and

the teaching design methodologies applied to the design of online learning environments for engineering. To achieve this

goal, the training included a framework based on pedagogical foundations, instructional and learning strategies, online

learning technologies and goodpractices of engineering design activities, aswell as aLearningManagement System (LMS)

platform adopted by the institution. The results of the implementation of this pedagogical technical training strategy show

that 92% of engineering educators confirmed that the proposed framework helped them to develop online courses. In

addition, 83% of engineering educators confirmed that the training course in the LMS tool was useful. Additionally, it was

confirmed, with an acceptance of more than 90%, that the inclusion of the recommendations for the design of the

engineering activities was relevant. These results confirm the adaptability of engineering teachers to the application of new

technologies andmethodologies, and will enable the production of better qualified engineers to pursue this profession and

face future challenges.
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1. Introduction

At present, the use of technology is evidence of

quality in education [1, 2]. Teachers increasingly

face challenges that involve the development of new
skills and the ability touse technology appropriately

to support theirwork. In such a context, the need for

a lifelong learning programme for teachers that

enables them to be continuously updated in order

to play their role more effectively and appropriately

is evident [3]. Institutional problems, such as lack of

budget, excessive workload for teachers, and train-

ing programmes that are not tailored to the needs of
engineering educators, are barriers that discourage

teachers and result in their postponing training for

continuing professional development. Large virtual

learning initiatives such as OpenCourseWare, Mas-

sive Open Online Courses (MOOCs) and the

increasing availability of Open Educational

Resources (OER) have become a global trend,

facilitating access to virtual learning that eliminates
barriers of time and space, and requirements often

linked to formal education [4]. This trend is also

apparent in Latin American countries, including

Ecuador, where the regulation of higher education

institutions has democratized learning platforms

for education, enabling the diffusion of knowledge
as a public good [5].

To face these new challenges, teachers require

training in virtual environments. However, exclu-

sive training in the use of technological tools does

not constitute a satisfactory solution to the pro-

blem.AsNuñez and colleagues claimed [2, p. 2], ‘‘we

must not forget the importance of the official aca-

demic value of these new experiences, to guarantee
the quality and educational value of the training

through the Internet.’’ This is supported by Diaz

and colleagues [3] who explained that pedagogical

activities will serve to improve the curriculum by

promoting the possibility of personalization and

providing a greater flexible response to the forma-

tive demands of the students. A comprehensive

training proposal is required that involves knowl-
edge of the technology linked with didactic and
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pedagogical complements, in order to generate a

transformation in the teaching-learning processes,

evolving fromabasic process of instruction towards

the construction of relevant learning experiences.

Virtual learning environments are a practice that is

increasingly widespread in higher education institu-
tions (HEIs). AEuropeanUnion (EU) report shows

that 91% of HEIs are incorporating the use of b-

learning, making it the most used option in virtual

learning, in comparison to 50% of HEIs that are

incorporating e-learning [6]. Also, in the United

States (US), the use of virtual learning is a modality

used by more than 63% of public HEIs [7].

In this research, the Escuela Politecnica Nacional
(EPN) of Ecuador, the premier institution in the

country in engineering education, is presented as a

case study of the application of a training plan

to engineering teachers. As a result of previous

research [8, 9], 91% of teachers expressed support

for b-learning as the appropriate modality for the

support of engineering education [10]. In addition,

it was evidenced that 87% of teachers required
training in Learning Management System (LMS)

platforms for the creation of virtual learning spaces.

Studies carried out with the institution’s teachers

determined that the main barrier to the adoption of

technology in the classroomwas the additional time

that would be taken by the construction of the

virtual classroom. This time increased due to the

lack of knowledge of the tool and the lack of a
framework for the development of virtual class-

rooms for engineering. Consequently, this research

aims to present the results of the implementation of

a training programme for engineering educators.

This programme was intended to improve their

competence in new technologies and the instruc-

tional designmethodologies applied to the design of

online learning environments for engineering. To
achieve this objective, the training included the

LMS tool adopted at the institution, as well as a

framework based on pedagogical foundations and

good engineering practices. The framework is pre-

sented in this research and addresses planning,

elaboration, monitoring, and evaluation to build

resources and online learning activities for engineer-

ing education.
The results of the implementation of this peda-

gogical technical training strategy show a high

acceptance of the programme by engineering edu-

cators. Those who took the training confirmed the

helpfulness of the proposed framework for the

development of online courses. They not only

reported that the training course in using the LMS

tool was useful, but also the inclusion of the
recommendations for engineering learning activ-

ities design was helpful.

The document is organized as follows. Section 2

presents a theoretical framework for the research

topics of this work. Section 3 presents the proposal

based on the Plan, Elaborate, Monitor, and

Evaluate (PEME) framework for instructional

design. Section 4 deals with the materials and

methods used during this research. Section 5
describes and discusses the main results of surveys

answered by engineering educators. Finally, Section

6 closes this document with the main conclusions

and future work.

2. Theoretical framework

2.1 Virtual education

Virtual education is the result of merging education

with technology. It revolutionizes the traditional

paradigms of teaching towards new approaches

focused on students, and promotes active learning

and teamwork, where students are responsible for

their learning [4, 11]. Virtual education practices are
evolving, with the mutual influence of platforms for

the implementation of virtual education and peda-

gogical models. Today, the wide penetration and

consolidation of e-learning is advancing and new

possibilities are arising. The future of virtual educa-

tion encompasses the use of Internet technologies

for formal and informal learning, taking advantage

of different services and applications, and correctly
selecting and using technologies primarily to meet

the needs of communication [12].

This evolution has been possible thanks to the

development of technology, such as platforms that

support virtual education. These platforms, known

as LMS, are the frameworks used to manage, in a

coherent and consistent manner, all the elements

involved in the process of virtual education [12]. An
LMS is an infrastructure that administers and

manages educational content, identifies and evalu-

ates organizational or training learning, tracks

progress towards the goals, and collects and pre-

sents data to support the learning process [13].

For those students born in the digital age, the use

of these online platforms and digital learning for-

mats does not represent a problem, because they are
proficient in the use of technologies, particularly

technologies for communication and collaboration.

In addition, they also routinely engage in social

interaction and collaborative learning and have

strong interpersonal and communication skills.

On the other hand, for the teachers who must

respond to these challenges, this is often a challen-

ging task, in particular for those teachers with little
experience of technological tools. For teachers, it is

a major challenge to provide an education that

meets all of these individual and global require-

ments, due to a greater diversity of student profiles

[3].
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2.2 Elements of virtual education

Curriculum design in higher education is not a

common activity [14]. There is limited support for

formal improvement of the academic skills required

to improve the design of courses, modules,

resources, activities and other elements in the learn-

ing process. The results of some studies [6, 15]

suggest that the harmonization of environments is
required, not only in relation to media and technol-

ogies, but also to the approaches to design.

The use of Information and Communication

Technologies (ICT) in online environments enables

teachers to arouse their students’ interest, to

manage time and course activities in a flexible

way, save time for course activities, track student

progress with ease, and engage in extensive inter-
action, collaboration and communication with

students [15]. Hence, the course activities should

be designed with the intention of improving com-

munication, collaboration, interaction and techni-

cal aspects. The quality of learning environments

must be based on the principles of instruction that

are derived from solid and multiple learning the-

ories. Pedagogical approaches are derived from
learning theories that provide principles for the

design of specific instructional and learning strate-

gies. These are the mechanisms for linking theory

with practice. Instructional strategies are developed

by instructors, instructional designers, to create and

facilitate student learning. According to [13], there

are three key components that work collectively to

fostermeaningful learning and interaction in virtual
learning environments:

� Pedagogical models.

� Instruction and learning strategies.

� Pedagogical tools or online learning technolo-

gies.

2.2.1 Pedagogical models

According to [16], the pedagogy of e-learning can be

classified into four categories:

1. Associative: a traditional form of education
delivery. The emphasis is placed on the trans-

mission of theoretical units of information

learning as a structured task activity, where

the focus is on the individual, with learning

through association and reinforcement.

2. Cognitive/constructivist: knowledge is seen as

more dynamic and expanding rather than

objective and static. The main tasks here are
to process and sub-process information perma-

nently, making sense of the surrounding world.

Learning is often task oriented.

3. Situational: learning is seen as a social practice

and learning occurs through interaction in

context. The student has a clear responsibility

for his own learning. This approach is therefore

student-centred.

4. Connectivist: learning is through a networked

environment. The theory advocates a learning

organization in which there is no body of
knowledge to be transferred from the educator

to the student and where the learning is not

carried out in a single environment. Instead, it is

distributed through theWeb and people’s com-

mitment to it constitutes learning.

The evolution of the learning process dates from
cognitivism, where e-learning consisted basically of

the mere transmission of content, to the emergence

of today’s process of connectivism, developed by

Siemens [17]. This involves new concepts of learning

communities, identical to those who generate net-

works of knowledge, but with an emphasis on

communication where interaction is a priority.

The concepts of constructivism and construction-
ism have diminished [13].

Connectivism [17] and constructivism [18] trans-

form the teaching-learning process into an active

process that encourages continuous learning, self-

learning, decision-making and knowledge-seeking.

Learning in networks of knowledge is the essence of

connectivism. It is based on self-knowledge, either

individually or through interdisciplinary learning
networks, and accepting challenges, where the abil-

ity to know ismore important thanwhat is currently

known. Connectivism builds meaningful learning

strategies that include communication and colla-

boration in learning communities [19], creating

cooperation and cooperative work. All these are

substantial elements that should be the focus of a

newmodel of teaching and learning, especiallywhen
the process is mediated by technology.

The framework for the construction of learning

spaces for virtual education is derived from the

traditional teaching-learning models augmented

by the use of technology. Likewise, the framework

for the construction of virtual spaces is subject to the

selection and appropriation of the pedagogical

models adopted that are based on the teaching-
learning processes. The new trend in learning

styles is known as ‘‘learner-centred’’ or ‘‘student-

centred’’. It is the placement of the control of

learning in the hands of the student. This style of

learning is characterized not only by greater auton-

omy for the student, but also by a greater emphasis

on active learning, with creation, communication,

and participation playing key roles. There are chan-
ging roles for the teacher and student, with the

teacher guiding the student’s learning and the

student as the principal actor of learning [2]. There-

fore, selecting a pedagogical approach is critical to
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the design of the course. This determines and

specifies the approaches and instructional strategies

that will be used, determines the roles of the student

and tutor, and also signifies its presence in the

motivation, interaction, communication and coop-

eration in the course. Therefore, deciding on the
best pedagogical approach tomeet the specific needs

of the study group, considering its modality, is a

fundamental task.

2.2.2 Instruction and learning strategies

The common framework for the construction of

these learning spaces is Instructional Design (ID)

[20], as mentioned in [19, 21, 22] which define the ID

as an iterative process of planning, effective selec-

tion of teaching and learning strategies, technolo-
gies, identification of educational media and,

ultimately, performance. However, while there is a

great deal of information about ID in general, there

is little information regarding ID for virtual educa-

tion, as mentioned in [19]. As mentioned in [4],

quality in a virtual learning environment begins

with a good instructional design.

The definition of the instructional techniques
described below corresponds with a selection of

the best recommendations for the instructional

design of resources and learning activities. There-

fore, Merril’s five principles of instructional design

[23] were considered, as described below:

� Learning is promoted when learners are engaged
in solving real-world problems.

� Learning is promoted when existing knowledge is

activated as a foundation for new knowledge.

� Learning is promoted when new knowledge is

demonstrated to the learner.

� Learning is promoted when new knowledge is

applied by the learner.

� Learning is promoted when new knowledge is
integrated into the learner’s world.

According to the requirements of instructional

design forhigher education,problem-based learning

(PBL) can be considered to be a proven technique of

learning that improves retention, development of

high-level intellectual skills such as forming judge-
ments,decision-makingandanability toanalyseand

synthesise [16, 24, 25].

In addition, since this research is a contribution to

higher education in engineering, listed below are

some teaching strategies for engineering based on

[24, 26, 27]. These examples demonstrate the parti-

cular focus of this research in the area of higher

education in engineering:

� Design practical and concrete activities contex-

tualized with reality.

� Establish the relevance of course material and

teach inductively. Motivate learning by relating

the newmaterial to the previous, as the experience

of the students is essential.

� Balancing concrete and abstract information in

each course, using visual examples and demon-

strations of course-related material as much as
possible.

� Promote active learning in the classroom. Active,

student-centred learning is superior to passive

teaching where instruction is teacher-centred

and encyclopaedic. People acquire knowledge

and skills through practice and reflection, not

by seeing and hearing others telling them how

to do something.
� Use cooperative learning. This is a teaching

method in which students work in teams in a

structured learning task,promoting teamwork, in-

dividual responsibility and learning from others.

� Balance material that emphasizes practical pro-

blem-solving methods with material that empha-

sizes understanding the theory.

� Provide the overall picture or goal of a lesson
before presenting the steps, doing as much as

possible to establish the context and relevance

of the subject and relating it to the students’

experience. Students should be free to devise

their own methods of solving problems rather

than being forced to adopt the teacher’s strategy.

� Provide only enough information for the period,

to facilitate learning, encourage retention and
avoid confusion.

According to [26], most students in technical

education are visual, sensory, inductive and active,

and some of the most creative students are global.

The majority of technical education is auditory,

abstract (intuitive), deductive, passive and sequen-

tial. These mismatches may lead to poor student

performance, professional frustration, and a loss to
society of many skilled potential engineers, if one

does not consider the contradictions between the

ways in which students learn and the type of

learning that is appropriate for them.

The mental schema with which students learn in

higher education is characterized by the concrete,

precise and schematic way of solving problems.

Therefore, if the best results of the teaching-learning
process in the classroom are to be obtained, it is

necessary to establish a proposal for the design,

construction, execution and evaluation of virtual

courses for higher education as tools to support

face-to-face learning that considers these elemental

needs.

2.2.3 Online learning technologies

As mentioned in [13], the development of learning

technologies show that the past has been character-
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ized by the automation that led to the development

of e-learning platforms. The present is dominated

by integration and interoperability. The future

challenge is to connect and relate the different

tools and services that will be available to manage

knowledge and learning processes.
Themain infrastructure that is supporting virtual

education today is the LMS. The LMS platforms

are oriented for distribution, communication, inter-

action, and course administration [12]. On the other

hand, Learning Content Management Systems

(LCMS) are a direct evolution from the LMS. The

LCMS are different from the LMS in that, in

addition to all the functionalities that the latter
present, the LCMS are also focused on the creation

and administration of content.

The LMS is the piece of software that has become

almost ubiquitous in learning environments. Var-

ious LMS platforms such as Blackboard, Absorb,

Moodle, Schoology, D2L and BrightSpace [28],

have been installed at thousands of universities

and colleges, and these platforms are used by
hundreds of thousands of instructors and students.

The benefits of these LMS are that they take

learning content and organize it in a standard

way. A course is divided into modules and lessons,

supported by a range of resources and learning

activities, such as quizzes, tests, and discussions

that integrate today with the student information

systems in HEIs.
Many technological innovations enter the

market with great fury and disappear [29]. How-

ever, this is not the case with LMS, which have

been, and will remain, the key to integrating tech-

nology as an educational support. In this scenario,

new proposals such as OER, MOOCs, and gamifi-

cation, seek to supplant their space. However, the

LMS does not yield to this intrusion, but rather
complements it. There is an evolution towards

technological ecosystems [30], which, in addition

to providing the services of a traditional LMS, offer

information support and knowledge management

in heterogeneous contexts of integration and inter-

operability.

3. Framework of work

In theEPNofEcuador, previous research [8–10] has

shown that 91%of teachers expressed support for b-

learning as the appropriatemodality for the support

of engineering education. However, it has not been

applied due to problems with the inclusion of

technology generated by the engineering professors.
These problemswere evidenced by issues such as the

fact that 87% of teachers required training in LMS

platforms for the creation of virtual learning spaces.

In addition, studies carried outwith the institution’s

teachers determined that the main impediment to

the adoption of technology in the classroomwas the

additional time that would be taken by the con-

struction of the virtual classroom, due to their lack

of knowledge of the tool and the lack of a frame-

work for the development of virtual classrooms for
engineering.

Tomeet these needs, this case study aimed to plan

and implement a training programme for a group of

teachers of an HEI, as a proposal for the pedagogi-

cal technical training of teachers in engineering.

While the use of virtual learning environments and

learning platforms online is not a new topic, the

particularity of this research is its approach to
engineering and the fact that if successful results

were obtained they should be spread widely.

The basis for the training programme proposed

a framework for the design of virtual environ-

ments. This framework included the following

components [13]: pedagogical, instructional and

learning strategies, as well as technologies for

online learning. The framework proposed for
execution addressed the four stages of PEME as

a guide [31].

3.1 Pedagogical component

Learning how to build virtual learning spaceswould

be simply a process of instruction as a means of

delivering content, if not complemented by an
educational framework based on the learning the-

ories that support it. This framework should be

aligned with the changing needs of the digital age,

involving a pedagogical change to develop new

skills and competencies [32, 33] in the construction

of learning spaces, supported by ICT, in line with

the new millennium.

Due to the diversity of students it was inappropri-
ate to apply only one pedagogical theory. In parti-

cular, it was important to consider, when designing

learning environments, the students’ individual

needs according to their particularities and the

context in which the learning is to be performed

[15]. For educators in engineering [33], this proposal

had to allow them to incorporate educational the-

ories, such as constructivism [34] and connectivism
[17] for the design of learning, but without neglect-

ing situated learning, i.e. that learning must be

adapted to the learning context, because this will

promote better learning for engineering.

Since the proposal was to be applied to teaching

in engineering, it was designed taking into consid-

eration four main dimensions: the basic sciences,

social sciences, design and practical implementa-
tion. This would enable the engineer to be viewed as

a professional with an integral formation, who

combines, in varying proportions, the qualities of

a scientist, sociologist, designer, and maker [35].
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3.2 Instruction and learning strategies component

The proposed model established a framework with

clearly defined phases. These were selected based on

the review of the literature [22, 36, 37]. The phases of

the construction of virtual learning spaces represent

a simplification based on the practice of the Analy-
sis, Design, Development, Implementation and

Evaluation (ADDIE) model [22] of ID that defines

the process of online education. The PEME frame-

work proposal envisaged the use of phases of

continuous feedback, as seen in Fig. 1. The

ADDIEmodel was considered appropriate because

its use has been widely validated for designing

virtual education spaces, although it was born as a
model of design software [37].

3.2.1 Phase I: Plan (P)

An essential aspect of the design of a learning

environment is the planning and analysis of the

course context [25]. Planning should be aligned

with the group’s work and directly influence the

overall learning outcome to be achieved from the
course. When initiating strategic planning for e-

learning, the following recommendations can be

broadly considered: always start with the needs

assessment, reflect on the planner’s own strengths,

identify unique opportunities, be realistic within the

resources and try to move towards something new

and innovative.

Planning enables the consistent organization of
the learning sequence necessary to obtain the

planned learning outcomes for the course. Based

on the instructional design model known as AS-

SURE [38], this phase should specifically include:

� Identify the characteristics of the student or the

group for which the learning space will be

designed.

� Establish learning objectives, determining the

desired learning outcomes of students.

� Establish temporary planning.

� Select strategies, technologies, resources, and
materials.

� Organize the learning stage.

3.2.2 Phase II: Elaborate (E)

This phase corresponds to the merger of two phases

of ADDIE, Design and Development, which in the

PEME framework corresponds to Elaborate. This

fusion is given by design practice, which demon-

strates that the design process must go hand-in-

hand with development complementing the cycle.

This phase is within a cycle of permanent feedback
in which resources and activities for learning are

designed and built. Thematic units and subunits can

be created in each one of them. Based on the desired

learning result, resources and activities are devel-

oped for the students with the objective of obtaining

the desired learning outcomes, as described in [18].

At this stage, the proposed engineering teaching

strategies should be considered for the design of
learning activities and resources.

3.2.3 Phase III: Monitor (M)

This phase is undoubtedly one of the most impor-

tant in the proposedmodel, since here the process of

follow-up and accompaniment of the student by the

course tutor is performed, so that the classroom is

not merely a space for the transmission of informa-

tion. The classroom becomes a learning environ-

ment in an active space [39], where the students

become the builders of their learning, that is to say
they are responsible for it, while the teacher becomes

their guide and tutor. Both parties strengthen their

participation in the classroom—the teacher as a

learning guide and the student as the centre of the

Myriam Peñafiel et al.1484
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teaching-learning process and builder of their own

knowledge.

In this phase, building a solid communication

base is essential. A good relationship between

teacher and student leads to success or failure of

this learning model [40]. The objective of this phase
is to promote cooperative, collaborative work,

taking advantage of the combined reality to achieve

commitment and interactivity with stakeholders in

the teaching-learning process, with the aim of

promoting teamwork, for this, current and future

technologies [10].

Therefore, it is useful to encourage communica-

tion with new ICT [41, 42]. The objective is to
inspire the participation, interaction, and cohesion

in the virtual classroom with the support of the

teacher [43]. Providing formative, timely and indi-

vidualized feedback has also been identified as a

major challenge in the online learning environ-

ment. Online learning should provide students

with a balanced learning experience that includes

both synchronous and asynchronous opportu-
nities, as well as the opportunity to explore, inves-

tigate and create [12], encouraging student

participation through active involvement and

cooperative strategies. Structured online asynchro-

nous discussions should be considered to support

student collaboration and support learning where

student performance is the result of pedagogically

rich strategies that include engaging the instructor,
interacting with students, and facilitating student

collaboration, as well as monitoring and moderat-

ing discussions.

3.2.4 Phase IV: Evaluate (E)

This phase of the process evaluates the product

obtained and the results. To evaluate the process,
it is important to determine the clarity and consis-

tency in the processes established for the course

design, with the aim of continuous improvement

and feedback. It is recommended that feedback is

provided by students in order to evaluate the

products obtained. Furthermore, peer-evaluation

of the products is recommended, involving students

and based on clear rubrics [4]. Finally, to evaluate
the outcomes of learning evidenced by students, and

ascertain whether learning objectives have been

met, a formative assessmentwill promote significant

learning and continuous learning [44]. A summative

assessment is also necessary, even in current educa-

tion systems, to establish compliance and learning

achievements.

3.3 Online learning technologies component

Technological support is required in order to apply

themodel and to provide the physical infrastructure

within which the proposal can exist. As previously

mentioned, the LMS provides the technical char-

acteristics necessary for the implementation of

virtual classrooms, adjusted for the proposed

model.

For this case study, the EPN choseMoodle due to

its recognized advantages.Moodle is an open source
software with a General Public License (GPL). It

primarily supports teaching based on social con-

structivismand it is a great learning community [45].

The ease of use of online management courses and

the availability of a variety of resources and activ-

ities that are continuously updated (such as mobile

devices), makes it the most popular platformworld-

wide [24]. The EPN has already used several ver-
sions; the version currently used in undergraduate

courses is 2.9.

Moodle provides a variety of learning resources

and activities that can be used in the classroom, as

well as several communication tools for partici-

pants. Although Moodle is not considered to be a

vital element in the learning process, it is an essential

component in the educational process mediated by
technology [42]. To validate the proposed training

for engineering teachers in the design of virtual

learning spaces, a detailed case study is presented

below.

4. Materials and method

This case study involved the training of a group of

teachers of the HEI to develop their knowledge of

the PEME framework, and also of theMoodle tool,

in order to check the validity of the proposal. As

instruments of this research, two questionnaires
were designed: the pre-test and post-test. The pre-

test questionnaire was applied in the initial phase of

this research and consisted of a survey of 32 ques-

tions. The post-test instrument was also applied in

the final phase of this research and consisted of a

survey of 40 questions. Both the pre-test and the

post-test questionnaires used the Likert scale and

included open questions, which were the source for
this case study.

4.1 Initial stage

Sixty-four teachers of engineering took a twenty-

hour course in face-to-face modality. The course

was named ‘‘Web Tools for Teaching’’ and was

offered on the institution campus by expert instruc-

tors. Course plans included a detailed curriculum to

develop teachers’ knowledge on the PEME frame-

work and the Moodle tool. The aim of this training
was to provide engineering teachers with the neces-

sary skills to create virtual classrooms for their

courses.

The course ‘‘Web Tools for Teaching’’ included

the following themes:
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� Conceptual framework for the implementation of

the PEME framework for the construction of

virtual learning spaces in engineering.

� Application of the methodology usingMoodle as

a tool in each of its phases as mentioned below:

– Planning phase included the basic structure of
a course in Moodle and its administration by

reviewing topics such as configuration,

appearance, roles, and blocks.

– Elaboration phase focused on the manage-

ment of the Moodle editor, management of

resources and activities such as books, folder,

pages, tasks, and lessons.

– Monitoring phase addressed the feedback on a
Moodle course by reviewing topics such as

forums, chat, messages and other communica-

tion activities.

– Evaluation phase provided the ability to con-

figure assessment instruments under Moodle

by reviewing topics such as the configuration

of categories, report card, formulas, and

reports.

The course was held before the start of the
academic term. The teachers participated actively

in the study and created virtual classrooms for their

courses. The first surveywas taken upon completion

of course training and was used as pre-test is the

Annex 4-a [46].

4.2 Final stage

After two months of training, the post-test survey

was undertaken is the Annex 4-b [46]. The instru-

ments used for this research consisted of question-

naires with open and closed questions. Only the

questions that made a contribution to this research

were evaluated. A group of sixty-four teachers was
trained, but only fifty-four teachers participated in

the second phase of the research and completed the

survey.

Although the initial phase of this training was

face-to-face, the dropout rate for the final phasewas

16%. This dropout percentage is relatively low in

comparison with the usual desertion percentage of

online training courses. For example, for MOOCs,

as cited in [47], 87% of learners leave the course.

However, it is important to identify the barriers

faced by engineering teachers for the inclusion of
technology in their teaching practice in engineering.

To support this goal, Section 5.4 analyses in detail

the results of the evaluation of the open question

‘‘39. Indicate your main problems or obstacles for

the construction and execution of your virtual class-

room within the teaching-learning process’’.

During the implementation process of the course

development, the teachers were supported by a
methodological guide for virtual classrooms under

Moodle [48], designed to support the training pro-

posed. To complete and evaluate this research, open

questions were assessed using a combined metho-

dology for analysis of the text and sentiment.

4.3 Method

As explained, the online survey launched to the case

study participants used closed questions based on

the Likert scale and open questions or opinion.

Closed questions were assessed by using traditional

quantitative methods.

The aim of evaluating the open questions or

opinion questions using data mining techniques,

despite the amount of data not being representative
for an analysis of this nature, is to obtain more

genuine results without the biases generated by a

qualitative evaluation by humans. The methodol-

ogy used for evaluation of the open questions of

opinion used a combination of two data mining

techniques: Text Analysis (TA) and Sentiment Ana-

lysis (SA), abbreviated as TSA. Fig. 2 shows the

phases and steps of this methodology. Educational
Data Mining (EDM) models and techniques were

applied to extract knowledge from the context,

specifically within the educational context [49].

The main goal of text mining is to extract inter-

esting and important behaviour patterns and to
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explore knowledge within the textual data from

semi-structured or unstructured text, with or with-

out supervision.

Among the notable text mining tasks are: infor-

mation retrieval; concept extraction; categoriza-

tion; sentiment analysis; content management; and
ontology management. Sentiment analysis, also

called opinion mining [50], aims to determine the

attitude of the user or text analysed by establishing a

polarity value in a range of positive to negative

throughneutral. Thismethod enables the researcher

to ascertain the views which are more relevant and

within them to verify the positive or negative

polarity from the comments made in the survey.
This enables the acceptance or rejection of the

proposal presented in the research to be established.

5. Results

5.1 Results of the initial stage pre-test

Sixty-four teachers who took the training course

answered the pre-test. It was applied in September

2015 when the training course for the PEME frame-

work was completed and at the commencement of
the academic semester. The pre-test consisted of a

questionnaire of 32 questions in [46]. The objective

was to determine the participants’ knowledge about

the platform and about resources, activities, admin-

istration and monitoring by teachers. The results of

themain questions related to this study are analysed

below.

Question 7. Have you had any previous experience

with the use of virtual classrooms in your teaching?

57% of teachers stated that they did not have

previous experience with virtual classrooms in

their teaching work, which is a high percentage

and ratifies the need for training.

Question 13. Do you consider that using this tool

would require a greater dedication of your time? and

Question 15. Is willing to spend more time based on

the benefit obtained? 81% of teachers were aware

that the use of this tool implies they would need to

dedicate more time. But, according to the benefit

obtained, 98% stated in question 15 that they were

willing to spend more time.

Question 16.What do you consider to be your level

of general knowledge in ICT management? 37% of

teachers expressed that they had a low level of

knowledge of ICT and 41% expressed they had an
acceptable level. Only 19% considered they had a

good knowledge of the use of ICT.

Question 21. Do you consider that the Plan,

Elaborate, Monitor and Evaluate (PEME) frame-

work is a necessary phase for the development of the

virtual classroom for your subject? The results show

that 100% of teachers considered that the proposal

for the PEME framework was an appropriate
framework for the implementation of virtual class-

rooms.

Question 22. Do you consider that the training

received for the application of the PEME framework

using Moodle will allow you to develop your class-

room and manage it appropriately? 98% affirmed the

relevance of the training received for the purpose

described.

5.2 Results of the final stage pre-test with TSA

The results obtained by applying the TSA metho-
dology are described below. After analysis of the

data sample, it was found that there were some

hidden patterns in the responses that the teachers

gave to the questions. The first pattern was found in

the data from the single open question which asked:

Question 32. We invite you to give us your sugges-

tions and recommendations. The polarity distribu-

tion is shown inFig. 3,which shows amajority of the
values around 0, additionally positive and negative

values of polarity are visualized using the TSA

methodology.

The correlation between the polarity values of

Question 32: We invite you to give us your sugges-

tions and recommendations and Question 3: Select

the number of years of teaching were then analysed.

Although only 24 teachers responded to the open-
ended questions, the polarity of their responses was

correlated by the number of years of teaching

experience in Fig. 3. It is apparent that the neutral
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and negative valueswere related to answers given by

teachers with experience of between one and five

years. Another interesting pattern is that there were

no complaints from teachers with more than ten

years of experience. This leads the researchers to

confirm that there is no relationship between the
years of experience of the teacher and their will-

ingness to be involved in improvement plans to

include technology in teaching practice that is in

the interest of all engineering teachers of this HEI.

In addition, from the previous results it was con-

cluded that all teachers supported the use of the

PEME framework at 98%, since the complaints

(negative values) were very low relative to the
positive values.

Evaluation of the pre-test revealed that the results

gave neutral values, as well as negative values. This

proves that using the TSAmethodology, the results

were not always positive, and even more so in the

initial phase of the case study where problems and

complaints could be found.

5.3 Results of the initial stage post-test

Out of sixty-four teachers who took the training

course and answered the pre-test, only fifty-seven

teachers answered the post-test. The post-test was

applied four months after the training course in
January 2016, when the academic semester was

ending. The results were obtained after applying

the PEME framework training so that the design of

virtual learning spaces in engineering could be

evaluated. The post-test consisted of a question-

naire of 40 questions in [46]. The objective was to

determine the participants’ views about the training

regarding the proposal for the PEME framework,
time, materials used, and the tool and its potential-

ities. The results of themain questions related to this

study are analysed below.

Question 4. How many virtual classrooms did you

handle before the training? And Question 5. How

many virtual classrooms do you handle nowadays? In

Fig. 4, it is important to appreciate the variation

that exists between the number of classrooms before

the training, compared to the number of classrooms

after the training. The results show a clear increase

in the number of virtual classrooms.

Question 16. The Planning Phase of the virtual

classroom development model is one that makes it

possible to think coherently about the learning out-

comes that students want to achieve. Considering that

it involves temporary planning of resources and learn-

ing activities depending on the training group, as well

as the presentation of the course, describe the level of

importance from your perspective. The results show

that 94% of teachers consider the planning phase as

relevant and contextualized for their function.
Question 17. The Elaboration Phase for the build-

ing of a virtual classroom is the very concretion of the

process of making virtual classrooms, since here the

resources and learning activities are developed based

on the learning outcomes proposed with pedagogical

foundations. Describe the level of importance from

your perspective. 91% of teachers considered the

elaborate phase as appropriate within the proposal.
Question 18. The Monitoring Phase of the devel-

opment model of virtual classrooms is one that

converts virtual space into a living learning space,

for which communication is fundamental. Describe

the level of importance from your perspective. 90% of

teachers validated this phase as the most relevant

within the model.

Question 19. The Evaluation Phase of the virtual

classroom development methodology becomes the

process of continuous improvement with the use of

the different types of evaluation bymeans of which the

results obtained are checked against those proposed.

Describe the level of importance from your perspec-

tive. This phase starts the process of continuous

improvement, with 89% importance placed upon it

on the part of teachers.
Question 20. Do you consider that the Plan,

Elaborate, Monitor and Evaluate (PEME) phases

reflect the major stages in the construction of the

virtual classroom?
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The initial approval of the PEME frameworkwas

100%. After the execution of themodel, this percen-

tage decreased to 92%. Nevertheless, it is a high

range of approval.

Question 23. Do you consider that the training

you received was helpful in the construction of your

classroom and allowed you to develop and manage

the classroom appropriately? This question, which
was also evaluated in the initial stage of this study

with a 98% acceptance, in this final stage obtained

an 83% acceptance, which is understandable since

the teachers now had to apply the knowledge of

the training received. However, the acceptance

value is high and sufficient to validate the propo-

sal.

Question 25.Were the recommendations useful for

designing teaching-learning activities for engineering

education? With 90%, teachers valued the recom-

mendations of learning activities and learning

resources as positive.

Question 26. Which recommendations for the

design of teaching-learning activities were useful? In

Table 1 it is important to appreciate that all of the

‘designing teaching-learning activities for engineer-
ing’ were accepted with an approval rate of more

than 88%; the teachers considered that all the

proposed activities were relevant to improve the

learning process in engineering.

Question 35. Was the guide designed for the

creation of virtual spaces delivered to you in the

training course useful? Some 98% of the teachers

affirmed that the material provided in addition to

the classroom course was useful to them.

Question 37. Did the time for training seem appro-

priate? 59% considered the time spent in the face-to-

face training course to be appropriate. This value

was not very satisfactory and important comments

were made about how to improve it, such as to

increase the duration of the training course, or to
divide the material into two courses.

5.4 Results of the final stage post-test with TSA

In the post-test, the open questions of the ques-

tionnaire, in which the TSA methodology was
applied, were evaluated. The methodology allowed

a value of polarity that determined a negative,

neutral or positive sentiment value in relation to

the data analysed to be obtained.

Question 39: Indicate your main problems or

obstacles encountered for the construction and execu-

tion of your virtual classroom within the teaching-

learning process. It can be concluded that the pro-
blems encountered by teachers in relation to the

application of technology in the classroom were

related to the word ‘‘time’’. This obtained the high-

est frequency with 36%, followed by other words

such as ‘‘limit’’, ‘‘platform’’, ‘‘material’’, ‘‘much,’’

and ‘‘virtual’’. These received 8.3% frequency, a

percentage that differs greatly to that of the word

time, however, they must also be considered.
In relation to the word time, the polarity was

mostly neutral as can be seen in Fig. 5, which is an
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Table 1. Teaching-learning activities for engineering education [24, 26]

Designing
practical and
concrete
activities

Linking new
and existing
knowledge

Balancing
concrete
information
from the
abstract

Promoting
active learning

Using
teamwork

Applying
evaluations
with headings

Offering
feedback and
gratification

A lot 48% 52% 42% 48% 52% 40% 50%
Frequently 42% 44% 48% 48% 40% 48% 40%
A little 10% 4% 10% 4% 8% 12% 10%
Never 0% 0% 0% 0% 0% 0% 0%
Did not answer 0% 0% 0% 0% 0% 0% 0%

Fig. 5.Question 39: Indicate yourmain problems or obstacles encountered for the construction and execution of your
virtual classroom within the teaching-learning process.



indicator that thiswas not amajor problembecause,

in questions 13 and 15, the teachers indicated that

the extra time they would need to use technology

would be repaid by the benefit obtained.

Question 40. We invite you to give us your sugges-

tions and recommendations regarding outstanding

issues. Neutral and positive values were obtained

as a result of the polarity analysis, as shown inFig. 6.
This determines that the opinions of the teachers

were positive with respect to the evaluated model.

In addition, a correlation was made between the

polarity values of the post-test versus the polarity of

the pre-test, after using the TSA methodology. A

low value, R2 = 0.25901, was obtained due to the

fact that there was no similarity in values. This was

because, in the post-test, no negative values were
obtained. This low correlation value indicates that

there is no direct relationship between the values of

the pre-test and the post-test. The results show that

the post-test contains positive values, which is

desirable for this work, as shown in Fig. 7.

6. Discussion

The use of virtual learning environments is not a

new topic. Over time, some generic models have

been proposed that allow the construction of virtual
learning spaces. Gagne and Briggs made their first

proposal in 1974 [51], and this has evolved towards a

proposal according to current needs [52]. Likewise,

both Branch and fellow researchers [53] and Bourne

and colleagues [54] introduced some guidelines for

instructional design that still remain valid today.

Researchers such as Dı́az Lantada et al. [3], Núñez

et al. [4], Gros et al. [13], and Felder and Silverman

[26] have made significant contributions in relation

to teachingmethods and the skills and competencies

that engineering professors require to face the

current challenges.Nevertheless, no recent proposal
has been found to address virtual education in

engineering teaching. Therefore, this research pro-

posed a comprehensive framework for the inclusion

of technology in engineering education.

This framework considered elements such as

pedagogical models, instruction and learning stra-

tegies, and pedagogical tools for online learning

technologies, under the guidelines of the PEME
framework for the construction of virtual learning

spaces in engineering. Given the particularities of

this group of study, the PEME framework was

based on ADDIE. However, this was not a model

in itself, but rather it was born as a development

paradigm [53]. ADDIE defines five phases: Analy-

sis, Design, Development, Implementation, and

Evaluation. Similarly, the PEME framework
defines four phases: Planning, Elaboration, Mon-

itoring, and Evaluation. Each phase focuses on the

objective to be achieved; for example, the Monitor-

ing phase provides a permanent accompaniment to

the student. Therefore, this phase is essential, and its

inclusion in the model makes a difference regarding

other proposals considered relevant [53, 54].
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Fig. 7. Results of polarity show that the teachers changed their opinions between the pre-test
and the post-test and their opinions improved.



The proposal was validated by testing it in a case

study that involved the training of a group of

engineering teachers. The training included the

application of the PEME framework in the imple-

mentation of virtual learning environments for

their students. The case study concluded with an
evaluation of the results obtained from the applica-

tion of the framework. These showed that the

professors revised their opinions between the pre-

test and the post-test and that their opinions had

improved, thus corroborating the validity of the

proposal. The 83% of the teachers who confirmed

that the training course had been useful fulfilled one

of the objectives of this research, which was to
validate the training and the material designed for

this investigation. By virtue of the results obtained,

it is possible to confirm that the framework pro-

posed to link engineering teachers with technology

has had satisfactory results with an acceptance of

92%.

Regarding the results obtained from the ques-

tions that asked about the phases of the PEME
framework, the results reflect a high individual

acceptance rate in the phases ofPlan 94%,Elaborate

91%, Monitor 90%, and Evaluate 89%.

The evaluation results were obtained by using a

pre-test and a post-test questionnaire applied to the

participating engineering teachers. Themain results

of the pre-test evidenced that most teachers had a

low level of knowledge of the Moodle tool. How-
ever, this lack of knowledge was overcome at the

end of the first training phase, which implied that

the trainingmet the objective. Also, a positive result

was obtained for the application of the PEME

framework as a guide to conduct the development

of the learning environments. Additionally, the

open questions of the pre-test were evaluated by

applying a TSAmethodology that used datamining
techniques such as text analysis and sentiment

analysis. The results demonstrated that teachers,

independently of their age, showed a positive atti-

tude toward the inclusion of ICT in their teaching

practice.

The main results of the post-test were framed in

the validation of each of the phases of the PEME

framework. The results validated the proposal.
Additionally, the recommendations for the design

of teaching-learning activities in engineering were

also corroborated, as was the material designed to

support the construction and monitoring of these

virtual learning spaces for engineering, constructed

by using Moodle.

Regarding the evaluation of the open questions of

this phase, by means of the TSA methodology, it
was possible to identify that the ‘‘time restriction’’

was the main barrier faced by engineering teachers.

The academic responsibilities of teachers, and the

demands they must meet that are linked to evidence

of quality in education through accrediting bodies,

limits the time that teachers are able to devote to

preparing their teaching activities. The additional

time that teachers must dedicate to the inclusion of

technology in their teaching practice is often not
recognized by public higher education institutions

that have increasingly limited budgets [3] due to

state policies. It is for this reason that the inclusion

of technology in the classroom, on many occasions,

becomes a personal challenge to engineering tea-

chers, as their contribution to reduce the gaps

between education and technology.

Engineering training activities with a value
greater than 90% were classified as relevant for the

design of teaching-learning activities, of these the

following are notable: the use of teamwork, the

design of practical and concrete activities, the link-

age of new and existing knowledge.

Some of the suggestions mentioned by teachers in

this phase were: ‘‘the course needs more time to

work patiently’’; ‘‘the correct configuration and
organization of content require time’’; ‘‘more train-

ing andmore diffusion’’; ‘‘training continuing’’ and,

‘‘I think it is necessary to have support after the

course’’.

It is important to emphasize the evolution of the

polarity values obtained from the pre-test, which

demonstrated negative to neutral polarity, to the

post-test, which showed neutral to positive polarity.
This is clear evidence of the contribution of this

research, which could reduce the gap between

engineering teachers and technology, based on ade-

quate training. Although this case study was not

carried out with a large amount of data, the TSA

methodology can be applied to large volumes of

data given the generality of the techniques applied.

Finally, this study is a solid contribution to this
research field, in which there was previously an

absence of a framework for the design of virtual

learning environments in engineering education.

Thus, it has responded to the shortcoming that

was evident in previous investigations [8–10].

7. Conclusions and future work

Although the benefits of LMS environments have

beenwidely studied, in this paper we have presented

a good study case with detailed information about

the training of engineering educators under the

PEME framework based on the ADDIE model.

This case study focused on an innovative approach

to new technologies and online environments, as
well as the evaluation of data provided by these

environments. Hence, the contribution of this paper

can be considered for application in other cases of

engineering studies.
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The teachers agreed with the use of the PEME

framework to design virtual spaces for learning,

with a high degree of acceptance, as shown in

previous section. However, the most important

concern expressed by teachers was about the eva-

luation phase, regarding the evaluation of the learn-
ing outcomes of the students. Teachers agreed that

the most suitable evaluation of the products

obtained in the learning process can be carried out

by means of the application of the peer evaluation

methodology among the same students by using

clear rubrics.

This research has shown that technologymaybe a

limiting factor for teachers whowere not born in the
digital age. However, as demonstrated, a clear and

well-defined framework, as well as adequate train-

ing, is sufficient to establish bridges between tea-

chers of engineering and technology. Other

important information obtained from the higher

education engineering teachers who took part in

this study is the adaptability of teachers in the

application of new technologies and methodologies
in order to improve the instructional design that is

applied in virtual learning environments. This will

be a contribution to obtaining better qualified

engineers to develop and guide the technological

advances that generate change in the present, and to

face the future challenges mentioned in their prac-

tice fields.

As an additional contribution, this paper tested a
practical application of the analysis of sentiment for

the evaluation of open questions or opinion, which

enabled relevant information on the acceptance or

rejection of the proposal to be obtained. Interesting

results were obtained. However, due to the limita-

tions of the data, which allowed the researchers to

determine the acceptance of the educators in engi-

neering on the proposed framework of work, there
may be future potential to explore data from online

platforms within the educational field using data

mining techniques, such as text analysis and senti-

ment analysis.

As future work, it is proposed to re-evaluate the

proposal, applying it to other institutions and other

groups of engineering teachers, with a view to

obtaining feedback and improving the proposal.
In addition, it is important that the academic

authorities make the decision to take concrete

action that will support this type of initiative in

their institutions, with incentives for teachers to

become actively involved. According to the engi-

neering teachers’ requirements, it is necessary to

extend the proposal to consider activities, methods,

and evaluation resources, and to consider the
requirements for new training plans that contem-

plate the opinions of those involved.
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M. Muñoz Guijosa, J. Echávarri Otero, E. Chacón Tanarro
and E. De la Guerra Ochoa, Towards successful project
based teaching-learning experiences in Engineering Educa-
tion, International Journal of Engineering Education, 29(2),
2013, pp. 1–15.

25. G. Conole, Learning Design: A Practical Approach, Routle-
dge, 2014.

26. R.M. Felder and L. Silverman, Learning and teaching styles
in engineering education, International Journal of Engineer-
ing Education, 78(7), 1988, pp. 674–681.

27. R.M. Felder, D. R.Woods, J. E. Stice and A. Rugarcia, The
future of engineering education II. Teaching methods that
work, Chemical Engineering Education, 34(1), 2000, pp. 26–
39.

28. W. Fenton, The Best LMS (LearningManagement Systems)
of 2017. https://goo.gl/OxNdAN, accessed 03 June 2017.

29. N. Cavus and T. Zabadi, A comparison of open source
learning management systems Procedia—Social and Beha-
vioral Sciences, 143, 2014, pp. 521–526.

30. S. Sanchez-Gordon and S. Luján-Mora, An ecosystem for
corporate training with accessible MOOCs and OERs,
Proceedings of the IEEE 3rd International Conference on
MOOCs, Innovation and Technology in Education (MITE
2015), Amritsar, India, 2015, pp. 123–128.

31. K. Park, Instructional Design Models for Blended Learning
in Engineering Education, International Journal of Engineer-
ing Education, 31(2), 2015, pp. 476–485.

32. C.M.Gray, C.Dagli,M.Demiral-Uzan, F. Ergulec, V. Tan,
A. A. Altuwaijri and E. Boling, Judgment and instructional
design: How ID practitioners work in practice, Performance
Improvement Quarterly, 28(3), 2015, pp. 25–49.

33. C. L. Dym, A. M. Agogino, O. Eris, D. D. Frey and L. J.
Leifer, Engineering design thinking, teaching, and learning,
Journal of Engineering Education, 94(1), 2005, pp. 103–120.

34. F. Alonso,D.Manrique, L.Martı́nez and J.M. Viñes, Study
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46. M. Peñafiel and S. Luján-Mora, Cuestionarios para el
análisis del uso de las tecnologı́as de la información y la
comunicación en la Escuela Politécnica Nacional, URL:
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