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Abstract

Encouraging the use of active‐learning methodologies, both inside and outside

the classroom by means of planned activities, is a key factor in effective

learning, as well as being essential for students to achieve the goals set for each

subject by making them responsible for their own learning. In this longitudinal

and quantitative study, we describe the different active learning activities, such

as Flipped Classroom, Design Thinking, Visual Thinking, and Project‐Based
Learning (PBL), undertaken from 2015 to 2018 in the compulsory subject

Graphic Expression imparted during the first year from all the degree studies

of the Escola d'Enginyeria de Barcelona Est from Universitat Politècnica de

Catalunya—UPC BarcelonaTech. The introduction of active‐learning teaching

methodologies for the solving of problems with computer aided design

throughout the course, with increasing complexity of exercise completion, has

led to a significant improvement in academic results by students in this sub-

ject. The results show that the inclusion of these methodologies improves

student learning, as seen through the group development of an engineering

project presented on the conclusion of the course. PBL is the methodology that

is most highly appreciated by students because it enables them to integrate all

the skills and knowledge acquired throughout the course and is also the ac-

tivity in which they obtain the best marks.
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1 | INTRODUCTION

The planning for subjects in the new European Higher
Education Area (EHEA) degree courses involves three
vital factors: student‐centered learning; the acquisition of
learning goals based on the competences, assessment,
and monitoring of the learning activities using the
European Credit Transfer System (ECTS) [1]. With this
approach, teachers design learning activities on the basis
of the goals to be reached, guide students through the
learning process, apply active methodologies in which

students themselves are the agents responsible for their
own learning, and lastly, employ assessment strategies
that enable the acquisition of the said competences to be
measured [20,44,66,75].

The choice of appropriate learning activities in and out
of the classroom takes into account several components
described by Johnson [46] where the student must be able
to face problems in which they must structure their
thinking and strive (always with the help of the teacher) to
find practical solutions. These components are: the appli-
cation scenario, group work, problem‐solving, discovering
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new knowledge, and finally, application to the world of
work. The decision to incorporate active methodologies
seeks to generate significant changes in and out of the
classroom, as it seeks to set aside traditional training in such
a way that it improves student learning by giving tools that
generate spaces for reflection on what has been learned, but
above all help students to understand abstract and complex
concepts. With the application of the Flipped Classroom
(FC) methodology, the learning process is sought through
direct individual instruction based on computers with ac-
tivities in and outside of class. The application of the Design
Thinking (DT) methodology seeks a useful process for the
creative resolution of pieces in graphic engineering. It is
useful for problems that are poorly defined or complicated
and for analyzing a problem and its context and re-
interpreting it to find a way to a solution. Visual Thinking
(VT) allows the formation of mental models and the crea-
tion of images in space that can later be transferred to pa-
per. Finally, project‐based learning (PBL) is used as a
facilitator in the integration of the learning results of the
other methodologies through satisfaction in the construc-
tion of an engineering project. The aim is to promote the
implementation and organization of teamwork, the estab-
lishment of leadership roles, and the integration of students
in multidisciplinary projects.

There are numerous studies supporting the positive
effects of active learning in improving student moti-
vation and attitudes. Among teaching methodologies,
active learning is one of the most preferred and em-
pirically endorsed practices in regular classroom
teaching [3,12,33,72], but it can only be acquired
through the involvement, motivation, attention, and
constant work of the students [22,78]. The benefits of
active learning are well‐documented and proven, both
in overall student learning and in reducing gaps in
marks, achievement, and failure rates between under-
represented groups and majority students [7,11,25].
There is a lot of evidence about these teaching prac-
tices. These give rise to motivating work that stimulates
creative and innovative thinking, enhances their au-
tonomy and facilitates the learning of transversal and
professional competences. In these practices, students
learn by constructing new ideas or concepts based on
their current and previous knowledge and are moti-
vated to take an active role in planning their own
learning [14,77].

Active learning cannot be applied if the student is
not willing to work and make an effort. In this sense,
prior information and clarity of objectives increase
motivation and favorable expectations in relation to
the activity to be carried out [43]. To achieve active
learning in students, the teacher must propose activ-
ities that:

1. Support the work and the involvement of the student:
It is considered vital as a prerequisite for the acquisi-
tion of new knowledge.

2. Be motivating: The teacher must know how to capture
students' attention, surprise them, clarify the objec-
tives intended for that specific activity, and be willing
to offer the necessary support and help so that the
student can achieve the planned goals.

3. Do not involve great efforts for the student: You can
become frustrated when you see that you are not
achieving your goals, but neither should they be easy
to resolve.

4. Adjusted to the group itself: Propose cooperative
learning activities based on the group itself as the
engine and builder of knowledge.

5. They are appropriate to the objectives that have been
set: They must be planned in the programming of the
subject.

6. Clarify the type of activities: Keeping the student
constantly informed favors development and success,
as they know what is expected of them and what to do.

Both teachers and students should strive to apply the
seven principles of quality teaching: Encourage contact
between students and faculty, develop reciprocity and
cooperation among students, encourage active learning,
give prompt feedback, emphasize time on task, commu-
nicate high expectations, and respect diverse talents and
ways of learning [4,17]. Students are not simply passive
agents, as learning is not only a matter of listening in
class, taking notes, and occasionally asking the teacher a
question but above all of participation and commitment if
the objectives established for the subject are to be met.
Teachers themselves are therefore required to adopt new
approaches to teaching in class, as well as a new role of
guiding and facilitating the learning process.

The student must be able to respond to the different
learning proposals. Each one has their own way of ac-
quiring knowledge, and they must also know how to
organize and prioritize their learning [58].

Bransford [13] and Weimar [89] argue that traditional
teacher‐centered teaching places students in a passive
role and hinders commitment and motivation and results
in superficial knowledge development [5]. Therefore, it is
necessary to increase and make more frequent the in-
novations in the methods of instruction and the educa-
tional practices that stimulate greater participation of the
students in the different learning processes.

Where active learning is concerned, teachers are not
the central focus point (since they do not confine them-
selves to transmitting knowledge and “making” students
learn), but rather it is the student who assumes the re-
sponsibility for learning. As a practical and creative

2 | OLMEDO‐TORRE ET AL.



methodology, active learning places students at the cen-
ter of the learning experience to enhance motivation [73].
Active‐learning methodologies bring us closer to the
heart of the learning process in which teachers share the
learning experiences of their students more closely,
thereby making the process both richer and bolder
[64,67]. Communicating high expectations to students in
conjunction with stimulating active learning is part of the
principles for a quality teaching experience. The teacher
must implement meaningful learning and promote an
interaction based on observation, stimulation, and curi-
osity, among other phenomena.

1.1 | Thinking processes and
instructional approaches

Four teaching methodologies based on the above criteria
are defined and will be applied in this study.

1.1.1 | Flipped classroom

It is a reverse process where students learn autonomously
and review and solve doubts in the classroom. The role of
the teacher becomes that of a guide who offers educa-
tional material in different formats and then clarifies the
concepts that students have not understood on their own.
The origin of the FC approach can be found in the work
of Bergmann and Sams [8]. FC is an educational tech-
nique consisting of two parts: interactive group learning
activities within the classroom (active in the classroom)
and direct individual computer‐based instruction outside
the classroom (activities outside of the classroom) [10],
although teachers cannot assume that students will see or
read the main documentation before arriving at the
classroom [39].

The use and implementation of FC depend largely on
the type of students and subject, which can vary in pre-
paration, scientific reasoning ability, or self‐directed
learning skills [69] and may, for the benefit of the tea-
cher, lead to an eventual reduction in the workload as-
sociated with teaching preparation time [30]. FC transfers
the work of certain learning processes outside the class-
room and uses classroom time, together with the tea-
cher's experience, to facilitate and enhance other
knowledge acquisition and practice processes within the
classroom [53]. It is a comprehensive approach that,
when applied successfully, will support all phases of a
learning cycle.

Akçayır [2] reports that applying the FC model in
higher education improved student satisfaction by up to
18% and their level of commitment by up to 14%. Other

authors show favorable results where students were sa-
tisfied with the teaching method, and it was important in
their learning process [6,15].

1.1.2 | Design thinking

It is focused on giving a practical use to the learning
process. The basis of this methodology is creative
problem‐solving, either real or imaginary. These pro-
blems have multiple solutions, which students are re-
quired to address with empathy, define, ideate, and
evaluate, as well as create prototypes. Through DT, pro-
blems that are not clearly defined can be solved, obtain-
ing information, analyzing content, and proposing design
solutions [14]. It is a way of thinking that combines
knowledge and understanding of the context to face
creative solutions and novel solution proposals with the
limits that reality imposes [32,71].

DT, first used by Herbert Simon [76], proposes a
pedagogical approach to promote professional skills such
as leadership and inclusion and stimulate creative de-
velopment, a technical mindset, and innovation. For ex-
ample, developing empathy in users and involving them
in the learning process is a fundamental principle in DT
and is present in many examples of the practices ob-
served and documented in instruction designers
[21,40,52]. The Hasso Plattner Design Institute at Stan-
ford describes DT as a five‐stage process (empathize,
define, ideate, prototype, test). These stages are not al-
ways sequential, and designers can often run the stages in
parallel, out of order, and/or repeat them iteratively. The
various stages of DT should be understood as different
modes that contribute to the entire design project, rather
than sequential steps. The ultimate goal is to gain as
deep an understanding of the product and its users as
possible [16].

Studying the DT application needs more work to
understand how it can be applied to the design of en-
gineering courses and curricula, and how the unique
characteristics of these environments can affect such
applications. This study can help that purpose, and today,
its application has been expanded to address broader
problems, and the role it can play in educational settings
is studied [18,28,49].

1.1.3 | Visual thinking

It helps the student to internalize complex concepts in a
simpler way. This methodology is based on the notion
that every person is capable of drawing. The importance
of teaching students to draw is fundamental in the
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context of graphic and design subjects; it is an important
means of VT and an important process of “thinking out
loud” [74]. VT, with the use of drawings, graphics, ima-
ges, and animations, improves learning, and attracts in-
terest and is a strategy that educators are using more and
more effectively [57].

VT is one of the distinctive characteristics of an en-
gineer. It is useful for documenting, representing, and
reasoning ideas and designs and communicating them to
others. Its importance is recognized as a means of com-
munication and a tool for reasoning. A sketch or a quick
drawing is an extension of short‐term memory. Greater
skill in quick drawing aids visualization, storing more
information through these visualizations. It is not
necessary to create a detailed sketch to effectively
visualize a concept; a simple representation based on
an understanding of basic shapes and perspectives is
sufficient [81].

VT is defined according to the field under study.
Goldschmidt [35] explains it from a design perspective
as the process and reasoning behind creating ideas or
shapes in design; engages teachers to provide educa-
tional opportunities for students for visual and spatial
(3D) exploration, and to fully immerse themselves in
individual or collaborative settings. Visualization
techniques are considered an integral and important
part of university education. As these techniques be-
come increasingly useful for learning and under-
standing, students must be able to think visually and
communicate more effectively using images [65,87].
VT opens up new ways to solve problems, provide
alternative thinking about design and engineering,
and improve problem‐solving education and
practice [19,80].

1.1.4 | Project‐based learning

It is recognized as a student‐centered model for educa-
tion. In this methodology, the student learns by building
new ideas or concepts based on their current and pre-
vious knowledge and on the development of self‐directed
learning skills [90]. At PBL, students must gain the ability
to collaboratively apply knowledge to new situations by
facing open, poorly structured, or similar problems in a
real‐world situation. Students working at PBL should do
so in teams to identify needs and solve different types of
problems. They must acquire and assess their knowledge
through specific projects and feel more motivated to take
an active role in planning their own learning. Each stu-
dent associates the concepts they acquire with other ideas
they already possess and must be able to put them into
practice in a specific context and with a proposed

objective. The PBL approach facilitates student learning
with a different style of teaching compared to tradition-
ally accepted styles [42,55].

Karlin and Viani [48] point it out as a strategy where
students plan, implement, and evaluate projects that have
application in the real world beyond the classroom and in
which transversal and professional competences are
worked on [84].

There is abundant evidence in the literature on the
effectiveness of applying PBL. PBL improves professional
skills and problem‐solving, teamwork is more effective,
and there is more confidence, motivation, and long‐term
retention of knowledge and the development of deep
learning [51,88].

1.2 | Study objectives

Taking into account the didactic characteristics of this
training proposal, through the development of an
evidence‐based active‐learning approach that allows a
better understanding by students, we ask ourselves the
following research questions:

1. What is the effect of implementing different instruc-
tional strategies on students' achievement?

2. What is the effect of focusing on thinking processes on
students' achievement?

3. To what extent instructional strategies and dealing
with thinking processes improve the satisfaction of
students?

This study will be useful for those teachers and re-
searchers who want to reinforce student learning by ap-
plying different active methodologies with the aim of
achieving better academic results and promoting creative
and innovative thinking in students.

This study aims to fill the existing gaps in the appli-
cation of active learning techniques in the practices and
laboratories of subjects in the field of graphic engineering
and improve the learning process in the development of
teaching activities.

2 | METHODOLOGY

2.1 | Context of the study

In the process of adaptation to the EHEA initiated by the
authors' university, innovative educational models have
been incorporated into their curricula, such as training in
generic or transversal competencies and new teaching/
learning methodologies. As a result of this adaptation,
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new classroom activities and ways of organizing time and
teaching space have been planned and new teaching/
learning models have appeared [41,83].

This study presents an educational innovation ex-
perience where four active learning strategies (FC, DT,
VT, and PBL) have been applied, in the classroom and
outside it, in the compulsory subject Graphic Expression
(GE). The results of this experience (which is still on-
going) are shown in this longitudinal and quantitative
study that was carried out during the academic years
from 2015 to 2018. Previously, the subject was taught
with more traditional methods (single final evaluation,
long expository theoretical classes, scarce possibility of
diversifying the exercises, little interaction in the class-
room, etc.).

The compulsory subject GE, which carries six ECTS
credits and is imparted during the first and the second
quarter to approximately 700 students per course. The class
groups, 24 in total, consisted of 30 students in morning (M)
or afternoon (A) sessions in all the degree courses (Elec-
trical Engineering, Mechanics, Chemistry, Industrial Elec-
tronics, Biomedicine, Energy and Materials) at the Escola
d'Enginyeria de Barcelona Est from the Universitat Poli-
tècnica de Catalunya (UPC BarcelonaTech).

The assessment of the autonomous learning generic
competence is assigned to the subject GE [63] together
with the specific competencies belonging to the sub-
ject. This generic competence is acquired and assessed
through the execution of different activities during the
application of knowledge on standardization, technical
drawing, and spatial geometry. During the course, the
student will learn graphic, written, and oral commu-
nication techniques; teamwork and organization, and
time planning. The activities carried out (inside and
outside the classroom) are diverse: theoretical learning
through a self‐assessment test, problem‐solving with
the use of solid modeling tools through computer‐aided
design (CAD) supported by videos, hand sketches ele-
vation, and the elaboration of a final project in the
group of an engineering set, among other activities
[26]. This student‐centered experience aims to boost
spatial conception, deepen the knowledge of shapes,
and put into practice the technical rules of graphic
representation most commonly employed in engineer-
ing by means of CAD.

2.2 | Subject structure

These active learning experiences (FC, DT, VT, and PBL)
have been implemented during 4 academic years (each
year has two quarters) in the subject GE to various class

groups from the first quarter of 2015 to the second
quarter of 2018. Each quarter is taught from February to
May and from September to December (13 sessions each
quarter). In total, 11 class groups of 30 students per class
(a total of 330) have participated in this experience.
Students are new to the university, and their gender,
ethnicity, or country of origin has not been taken into
account.

These methodologies have been applied during the
three teaching hours in the classroom and outside of
them. In these sessions (one session is 1 week of the
classroom) different activities are planned to achieve the
acquisition of the objectives of the subject by the
students.

The specific objectives of the subject can be seen at this
link (https://tinyurl.com/ydz3egp7—Spanish language).
The complete study guide for students to follow all the
academic activities of the course can be seen at this link
(https://tinyurl.com/y7ygwh6h—Catalan language).

Table 1 shows all active‐learning activities (per week)
and topics to be learned by students during an academic
year, including compulsory assessments.

2.3 | Data collection and analysis

The methodological approach developed in this study is
based on the use of instruments to collect and analyze the
marks obtained using the different active methodologies
described in this manuscript. Finally, a survey is carried out
to obtain the opinion of the students on the satisfaction
of their application. The following sections describe the
collection of information for each of these methodologies.

Assessment of the subject consisted of seven pre‐
established tests set on weeks 5, 9, 10, and 13 of the
quarter. Two of these tests were theoretical (TTN and
TTG), three practical (CAD1, CAD2, and CAD3), one
based on spatial skills (PCA [Mid‐term sketching and
adjustments]) and final delivery of the group pro-
ject (Proj).

These activities were conducted through active
methodologies and accounted for 100% of the total eva-
luation of the subject.

The final mark for the subject was calculated ac-
cording to the following formula:

Final mark = 0.1 × CAD1 + 0.25 × CAD2

+ 0.15 × CAD3 + 0.1 × PCA

+ 0.15 × TTN + 0.1 × TTG + 0.15 × Proj,

where
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Evaluation
tests of theory
in class

Evaluation tests of
problems in class Proj:

TTN=Drawing
norms self‐
assessment
test

CAD1 = 1st mid‐term
exam. Making of
parts and drawing

Final group
project

TTG= Self‐
assessment
spatial
geometry test

CAD2 = 2nd mid‐term
exam. Making of
parts, drawing, and
assembly of parts

Distance
learning

PCA=Mid‐term
sketching and
adjustments

CAD3 = 3rd partial
exam. Spatial
geometry

2.4 | Application of the FC methodology

The FC methodology is applied to self‐learning activities
of theoretical content outside of class time. Before the
session, the students can consult the documentation that
the teaching staff has available on the virtual campus
Atenea from UPC BarcelonaTech. This documentation is
related to the specific objectives associated with the fol-
lowing session and is closely linked to solving the pro-
blems raised in the previous session. Table 2 shows some
of the topics (and their description) to be studied, the
specific competence that is acquired, and where to find
the topic of the recommended bibliography.

Figure 1 shows part of the consultation doc-
umentation and self‐study material that students have
available on the virtual campus Atenea from UPC
BarcelonaTech.

To check that the objectives set for the theoretical
content had been met and also to encourage individual
responsibility during the self‐learning process, students

were presented with a multiple‐choice, self‐assessment
test on the virtual classroom to be completed voluntarily
outside of class hours.

These consisted of a total of 10 assessment tests as-
sociated with 10 classroom sessions. Only two attempts of
10min, with a delay of 30 min between attempts, were
required to complete this test. Each test‐type consisted of
six questions chosen at random from a question bank,
with four responses also ordered at random. On com-
pletion of the test, the system provided information on
the final marks obtained, but not about the correct an-
swer to each question. These tests were simply created for
the students since they were required to find on their
own initiative the correct answers in the bibliography
provided or to seek consultation with the teacher.

Doubts were resolved, and concepts regarding the
standardization of engineering drawings were reviewed
during class sessions (using the resources available on the
virtual campus and with explanations by the teacher) to
facilitate the solution of the problems posed.

Figure 2 shows an example of some of the questions
on the self‐assessment test.

Finally, the evidence (for the final grade for the
course) is obtained from the compulsory assessment ac-
tivities carried out in sessions 10 (TTN) and 13 (TTG).

2.5 | Application of the DT methodology

The DT methodology is applied in the classroom and
outside it. In classroom was applied by the completion of
two or three exercises per session using the Solidworks
Education Edition 2017® CAD tool, which enables a
three‐dimensional mathematical model to be created by
moving from a drawn object to a constructed object and
vice versa. This methodology is closely related to the PBL
methodology. Each one of the exercises carried out in this

TABLE 2 Specific objectives associated with a session

Subject Competence Description Bibliography

Normative concepts Knowledge Define objectives of standardization Page 1–5
Enumerate most important standardization entities

Normative formats Enumerate basic standardized formats Page 6–10
Describe the relation between basic standardized formats

Enumerate worksheet

Enumerate compulsory elements of a title block

Enumerate complementary elements of a title block

Normative scales Define the concept of scale Page 11–12
Enumerate the basic standardized scales

Normative views Enumerate general rules of view selection Page 13

Enumerate all the main views in orthographic projection Page 14–19
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stage will be of great importance to understand and carry
out the project that the students must deliver at the end
of the course. During the first three class sessions, the
student is instructed on the five stages (Empathize, De-
fine, Ideate, Prototype, and Test) that must be followed to
apply this methodology.

Figure 3a is a proposed exercise that shows the dif-
ferent views of the planes (Dihedral) and Figure 3b shows
the view of the part (Axonometric).

Table 3 provides a summary of the objectives and a
description of the sessions when using this methodology.

These exercises were to be completed in each session,
either individually or in groups of between two and three
students, depending on their complexity. During these
sessions, students were responsible for their own individual
tasks, while the teacher, on the other hand, had to resolve

FIGURE 1 Self‐study material

FIGURE 2 Example of an assessment test

FIGURE 3 (a) Dihedral. (b) Axonometric
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any doubts and to propose group discussions to guide stu-
dents through the exercises, thereby facilitating immediate
and individualized feedback. If the tasks were not com-
pleted in the classroom, the students were required to finish
them and hand them in within a week. To facilitate this
task, the student has at his disposal the solution of each
exercise in video format, but the teacher only recommends
viewing it when it is not possible to find the solution.

During the first two sessions, students who were ob-
served to be less skillful in the use of solid modeling tools
were asked to complete additional exercises outside of
class time, thus making the teaching‐learning process
significantly individualized. The level of complexity of
the exercises was increased throughout the course.

For the application of the DT methodology outside the
classroom and as a complement to the face‐to‐face activities
(to improve in the practice of performing pieces), outside of
classroom time and individually, students are given a sup-
port material with 12 tutorials. With this material, students
will find it easier to develop a consistent design, simulation,
analysis, and presentation techniques. The teacher

recommends doing one tutorial per week and that it be sent
through the virtual campus Atenea for subsequent correc-
tion. Some practical topics in the classroom are only ex-
plained in these tutorials, so it is recommended that they be
carried out and delivered on time and are essential for the
successful completion of the group project that they are
required to present at the end of the course. Figure 4 shows
the 12 tutorials to be performed.

Finally, the evidence (for the final mark for the course)
is obtained from the compulsory assessment activities car-
ried out in sessions 5 (CAD1), 10 (CAD2), and 13 (CAD3).
The correction of the midterm exams is done through the
rubrics that can be seen at these links (CAD1, https://
tinyurl.com/ybpguplw and CAD2, https://tinyurl.com/
y8p74ffm—in the Spanish language). CAD3 lacks rubrics.

2.6 | Application of the VT methodology

The VT methodology was applied to the development of
skills for the recognition and production of visual images.

TABLE 3 Objectives and description of the sessions using the Design Thinking methodology

Objectives Description

Modeling in 3D Two or three exercises are set over four sessions in which, on the basis of multiview
projection plans, modeling techniques are practised and views and multiview
dimensions are interpreted.

Modeling in 3D and creating plans from the
axonometric projection

Two or three exercises are set over three sessions in which modeling techniques and the
norms of representation and dimensioning are reviewed as well as the interpretation
of axonometric drawings. Students construct the three‐dimensional solid on the basis
of the dimensioned views and generate the required constructive plane to define the
industrial object.

Apply representation techniques of spatial
geometry

Six exercises are set over two sessions to enable the 3D geometric theory to be applied for
solving modeling problems. The capacity for spatial vision is improved. Students
should interpret the Euclidian geometry of objects, their metrics, and the geometric
synthesis corresponding to their relations in space.

Apply representation techniques of surfaces Four exercises are set over two sessions in which the analysis of surfaces is applied for
solving complex modeling problems. Definition of problems in ruled surfaces
(developable and nondevelopable) and nonruled surfaces (quadric and of revolution).

FIGURE 4 Support material of 12 tutorials
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For this, techniques are used that allow axonometric in-
terpretation and representation in a bounded and un-
bounded dihedral.

This methodology makes complex ideas more acces-
sible and enables them to be summarized in the form of
principle ideas. The activities associated with this meth-
odology require an individual involvement, although it is
highly useful to conduct guided correction in groups,
which helps students to place themselves in a 3D space,
envisage mental maps of the location of the three planes
(elevation, plan, and section) and make projections of
each one.

As a resource for assisting with this methodology,
students had at their disposal a freehand sketchbook and
rough drafts in which they had to complete a series of 20
exercises, individually and outside of class time, over the
first eight sessions using paper and pencil. Table 4 sum-
marizes these activities. In Table 1 we can see this in-
formation supplemented and related to the rest of the
activities.

Two examples of these exercises can be seen in Figure 5.
Finally, the evidence (for the final mark for the

course) is obtained from the compulsory assessment ac-
tivity carried out in session 9 (PCA). The rubric with
which this evidence is evaluated can be seen at this link
(https://tinyurl.com/y9qkajln—in the Spanish language).

2.7 | Application of the PBL
methodology

The PBL methodology was applied in the completion
and delivery of an original engineering project con-
sisting of a set of different mechanical components
undertaken by a group of between three and four
students.

The students undertook the project under the super-
vision of a teacher and delivered it at the end of the
course with a public presentation and defense. The pro-
ject content had to include a brief report, freehand
drawings of the parts, printed plans with multiview
projections of each part, exploded views with each part

identified, specific movements of the set, assemblages,
and a video presentation of the project.

During the first class sessions, the teacher spends
time introducing the five stages related to DT metho-
dology (closely linked to carrying out the project). These
stages are:

Stage 1. Empathize: Gain an empathetic under-
standing of the problem you are trying to solve.

Stage 2. Define: Indicate the needs and problems.
Accumulate the information you created and collected
during the Empathize stage.

Stage 3. Ideate: Generate ideas. Find alternative ways
to view the problem and identify innovative solutions to
the problem that has been created.

Stage 4. Prototype: start creating solutions. Identify
the best possible solution for each of the problems iden-
tified during the first three stages.

Stage 5. Test: The complete engineering set is rigor-
ously tested using the best solutions identified in the
prototype phase.

Approximately every 2 weeks, the teacher devoted the
last half‐an‐hour of the session to monitor the progress of
the project, during which the components of the different
groups were brought together, doubts were addressed,
and a debate held on the possible solutions of the project.
Half‐way through the course, an advanced delivery of the
project was made and was then returned with pertinent
feedback. Table 5 shows the chronology of the different
sessions and the activities carried out as a complement to
Table 1.

For the final mark of the subject, this evidence is ob-
tained with the evaluation rubric that can be seen at this
link (https://tinyurl.com/yd5z2hbu—Catalan language).

2.8 | Summary of methodologies

Finally, Table 6 shows a summary of the application of
the different learning methodologies both in the class-
room and outside it. The relationship with the proposed
learning objectives, the activities to be carried out, the
scope, the place where these activities are carried out, the

TABLE 4 Activities related to
sessions and sketching exercises

Session Sketching exercises Activity

S2–S3 1 to 6 Axonometric interpretation

Representation in the dihedral. No dimension

S4 Sketching exercises. Dimensioning of sketches
made in previous sessions

S5–S6–S7–S8 7 to 20 Axonometric interpretation and representation in
the dihedral. Dimension

10 | OLMEDO‐TORRE ET AL.
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resources available to the students, the expected feed-
back, as well as the different evidence and evaluation are
shown (According to the formula of the final mark).

2.9 | Student satisfaction survey

Finally, to determine the opinion of the students on their
satisfaction with the subject and the application of the
different active learning experiences, among other vari-
ables, at the end of the academic year, an anonymous
statistical‐descriptive online survey was conducted using
Google Forms®.

This survey is a necessary process to obtain in-
formation from a population by asking questions of a
representative sample. The information is collected in a
structured way by asking the same questions and in the
same order to each of the respondents.

The survey that was sent is of type Students' Eva-
luation of Educational Quality (SEEQ). It is a highly ef-
fective instrument for the evaluation of teaching where
the data collected serves to improve the process (for-
mative evaluation) and accredit its quality (summative
evaluation) and revolves around those aspects that are
considered more related to the experiences of applied
learning [54,56,70].

FIGURE 5 Examples of sketching exercises

TABLE 5 Activities related to
sessions and project delivery

Session Activity

S2 Three‐people group is created for the project.

The project will consist of a report, plans of each piece, a global plan, a
PowerPoint presentation for the defense, and submission of all the files
implied.

S3 Project group meeting (besides the individual work) to write the “Project
proposal.” The proposal will consist of the name of the group, members,
theme, interest of the group on the chosen theme, sketches or photos of
the whole to reproduce or design, and a working plan with the
distribution among the members of the group. Drawings can be
freehanded and scanned.

S6 Submission of dimensioned freehand sketches of the project.

S7 Partial assessment of the project.

S9 Integration of the dimensioned freehand sketches to the project.

The learned norms must be implemented in the sketches.

S11 3D drawing of the pieces.

S12 Plans of the pieces of the assembly.

S13 Submission of the report, the plans of the pieces of the assembly, and set up
of the assembly.
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The objective of the survey (and that is part of this
study) was to verify if the active‐learning methodologies
used and the incorporation of essential teaching practices
have facilitated the acquisition of the objectives of the
subject GE through the analysis of the perception of the
students. The data collected will serve to improve the
strategies implemented in the applied active‐learning
experiences [85]. Table 7 shows the most important de-
sign aspects of the survey.

Those aspects that are believed to be most related to
learning are extracted from the survey, such as face‐to‐
face and non‐face‐to‐face training activities, work ses-
sions and project groups, course content and material,
and workload and agility.

Students had to choose between Strongly agree (4),
Agree (3), Disagree (2), and Strongly disagree (1), in the
penultimate question between Very large (5), Large (4),
Normal (3), Small (2). and Very small (1) and in the last
one between Very fast (5), Fast (4), Normal (3), Slow (2),
and Very slow (1).

Table 8 shows a summary of the aspects considered to
be the most closely related to the active‐learning activities
applied, together with the list of questions.

The survey, which was answered voluntarily, was
carried out on the last day of class (session 13) to all the
students in the groups where the experience was carried
out. That is, from the first quarter of 2015 to the second
quarter of 2018. In total, 11 class groups of 30 students

per class (a total of 330). The results obtained were pro-
cessed using the IBM SPSS v19 Solutions for Education®
statistical program, where the obtained variables were
analyzed using descriptive statistical frequencies to de-
termine the percentages of use of the variables.

3 | RESULTS

3.1 | Effect of implementing the FC
model on students' performance

First, the results of the application of the FC methodology
are analyzed. Table 9 shows a summary of student par-
ticipation in self‐learning tests, along with the percentage
of students who pass the subject during the years 2015 to
2018 by quarter.

Table 9 shows that, over the 4 years of the study, the
percentage of students who passed between 0 and 3 tests
did not exceed 67%. On the other hand, among the stu-
dents who took between 4 and 6 tests, practically 100%
passed the subject, which implies a great interest in
learning. These data are very similar to those of the
students who carried out a greater number of tests. So, it
can be concluded that the voluntary completion of these
tests facilitates learning.

The multiple‐choice self‐assessment test in the virtual
classroom encouraged individual responsibility and a
high degree of student engagement during the self‐
learning process. To a large extent, it is observed that they
completed them voluntarily outside class hours and were
asked (if necessary) to seek the correct answers on their
own initiative in the bibliography provided or to seek
consultation with the teacher.

3.2 | Effect of implementing DT
approach on students' performance

Regarding the application of the DT methodology, with
the increasing complexity of the exercises planned in and
out of the classroom, together with the study of the the-
oretical contents, students are able to incorporate the
learning objectives in a continuous and more effec-
tive way.

The first sessions are devoted to making simple pieces
and plans. In the middle of the course, the students must
be able to assemble, move, and rotate different pieces,
and at the end of the 13 sessions, they must be able to
create complex surface revolution models.

The results of applying the DT methodology can be
seen in Figure 6, which reflects the complexity of the
evaluable work with CAD carried out by the students.

TABLE 7 Most important design aspects of the survey

Survey Description

Design Descriptive statistical

Nonprobability sampling by judgment
or opinion

Population One‐year students of the subject EG at
Escola d'Enginyeria de
Barcelona Est

Confidence interval 95%

Sampling error 0, 02%

Standard deviation See Table 14

Survey period 2015 to 2018

Sample 330 students (answers 271, 82%)

Process Survey anonymous online

Type of survey SEEQ

Data collection
instruments

Google Forms®

Data analysis
instruments

IBM SPSS v19 Solutions for Education®

Abbreviation: SEEQ, Students' Evaluation of Educational Quality.
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The results for learning the subject that is most clo-
sely related to this methodology would be theoretical
assessment tests completed outside of class time (see
Table 1, TTN= drawing norms self‐assessment test and
TTG= self‐assessment spatial geometry test).

Table 10 shows the average marks of the three CAD
partial exams during the years 2015 to 2018.

An increase in the average of marks over the years is
appreciated. This is due, in part, to the fact that the ap-
plication of this methodology in the classroom matures
throughout the academic years, and the teacher finds
more tools and experience to make its application more
precise.

It is highlighted that the average of marks in the
CAD2 mid‐term exam is slightly higher. It can be seen
that the student has a greater motivation to pass due to
the weight of this mark in the final mark (25%).

3.3 | Effect of implementing VT
approach on students' performance

The exercises planned for the VT experience help in the
development of skills for the recognition and production
of visual images. One of the goals of this subject is for
students to place themselves in a 3D space to conceive of
mental maps for the location of the three planes (eleva-
tion, plan, and section), and to execute the projections of
each plane. The evidence that the students have

understood these exercises is appreciated with the high
final marks of this partial exam (Table 11) and in the
delivery of the project. Each of the pieces that make up
the project, which is delivered at the end of the course,
must be sketched first. The correct sketching will help
build the pieces and finally assemble each of the parts.

Figure 7 shows a PCA exam model that students must
perform (Figure 7a), and the final result (Figure 7b)
where the evidence of its correct application is observed
and the complexity of the results obtained when applying
this methodology is appreciated.

3.4 | Effect of implementing PBL
approach on students' performance

The projects undertaken by the students are of a high
level and great complexity, which shows that the appli-
cation of PBL yields results. The choice of the original
engineering project is made according to a consensus of
the individual contributions made by the members of
each group of students.

One may observe in Figure 8a–c different projects
presented during the second quarter of 2107. In general,
they are complex mechanisms consisting of a number of
components where the different parts should include
movements in harmony with all the components.

The interaction and correct movement of all the
components, plans, and assemblages will be taken into

TABLE 8 SEEQ survey questionsRelated aspects SEEQ survey questions

Face‐to‐face and
distance learning
activities

Evaluate the use of the following learning activities:

Tutorials

Test

Sketch

Project

I tried, in general, to complete the assigned distance‐based
activities (tutorials, tests, etc.).

Work sessions and
project groups

I have participated actively in group work sessions.

The work groups are a good means of learning about the
subject and sharing ideas and knowledge.

The application project is very useful for a better
understanding of the course as well as for learning to
organize an assignment and finding practical
applications.

Course contents and
materials

I have learned and understood the contents

The bibliography, additional material, assignments, and so
forth, contribute to improving the evaluation and
understanding of the subject.

Workload and agility The workload of this course compared to others has been

The course has been
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account for the assessment of the project. The assessment
is conducted by means of a rubric in which all the parts of
the project are marked in the same way. Furthermore,
the animation of mechanisms and the making of a video
for the defense of the project are assessed positively and
will be reflected in the final mark. This provides an in-
centive for the groups to make the best presentation
possible.

Table 12 shows the parts of the project and the criteria
that the group must take into account when presenting
the project.

3.5 | Overall effect of implemented
instructional design on learners'
achievement

As previously mentioned (in the context of the study),
before 2015 this subject was taught with more traditional
methods (single final evaluation, long theoretical lec-
tures, little possibility of diversifying the exercises, little
interaction in the classroom, etc.). The teachers observed
that the expository classes were not effective, and the
performance and motivation necessary to achieve the
desired learning objectives were not achieved. Starting in
2015, these learning methodologies begin to be applied in
the classroom, making face‐to‐face and non‐face‐to‐face
classes more effective.

To globally visualize and compare the success in the
application of these methodologies and compare them
with those obtained by the students in the period before
their application, Table 13 shows the averages of the final
marks for the course and the averages of the marks of the
projects carried out by all the groups studied during 2015‐
2018. In addition, the marks of the single final evaluation
between the years 2011 to 2014 between the different
groups under study (M and A) are displayed.

It can be seen that the marks obtained in the group
project are generally higher than the final marks, which
shows that it is the activity in which they work hardest
because it is the one that motivates them the most.

TABLE 9 Participation of the students in the realization of the tests (average of 4 years)

Test completed

Year/Quarter

% student participation % of students who passed

2015 2016 2017 2018 2015 2016 2017 2018

1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q

0–3 18 19 21 23 21 20 22 23 57 62 67 63 60 66 63 65

4–6 18 18 19 20 20 20 21 22 100 100 98 99 98 98 100 100

7–9 65 67 68 72 68 67 70 65 95 96 98 98 100 96 97 96

FIGURE 6 Increasing complexity of activities with computer aided design

TABLE 10 Average marks of the CAD midterm exams during
the years 2015 to 2018

Partial CAD

Year/quarter

2015 2016 2017 2018

1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q

Average mark
CAD 1

5,21 6,83 5,25 5,48 7,61 6,07 6,61 7,16

Average mark
CAD 2

6,29 6,64 6,41 6,48 6,09 6,65 6,49 6,91

Average mark
CAD 3

5,17 5,09 5,25 5,67 5,62 5,32 5,64 5,79

Abbreviation: CAD, computer aided design.
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It can be seen (Figure 9) that the average of the
final marks follows a slight upward trend throughout
the years. This graph compares the marks from 2015
to 2018 with those of the 4 years before the application
of these methodologies. From 2011 to 2014 the project
was not part of the evaluation of the subject
(no mark).

3.6 | Student satisfaction survey results

The survey was answered by 271 students (82% of the
total number of students). Table 14 shows the differ-
ent questions of the SEEQ survey, the weighted
averages (out of 5), and the standard deviations.

The results of the survey carried out in those 4
years show that the students highly value the useful-
ness of the active‐learning methodologies used during
the course. When asked about the usefulness of car-
rying out the project (PBL), the trend of those who
declare that it is “Very useful” is increasing
throughout the 4 years in which the survey was car-
ried out. It grows from 32% in the first quarter of 2015
to 38% in the second quarter of 2018. Figure 10 shows
the growing trend of students very satisfied with the
completion of the project.

When asked about the usefulness in carrying out the
tutorials, in the first quarter of 2015, 76% answered that it
was between “Useful” and “Very useful.” This percentage
rose to 81% in the second quarter of 2018. Figure 11
shows the trend in the utility of this activity. Among
those who think that it is not useful, a constant decrease
is observed over the years.

However, some students do not quite see the useful-
ness in completing tests for self‐learning of the theory in
the FC strategy (41% say that it is “Not useful.” compared
to 59% who say that it is between “Useful” and “Very
useful”). Figure 12a shows a summary of the results for
the 4 years.

Similarly, in the global of the 4 years, when asked if
they have tried to carry out noncontact activities, such as
tutorials, tests, or exercises outside of class time, 54% are
between “Agree” and “Strongly agree” in which they
have attempted to perform them. It is surprising that 41%
disagree with this question, which implies that a high
percentage of the students do not carry out these extra
activities (Figure 12b).

When asked about their active participation in project
groups, a high percentage of students thought that they
had actively participated. Figure 13 shows the increasing
participation, where the responses of “Strongly Agree”
grow from 2015 to 2018.

Among other issues, Figure 14 shows how the
students “Agree” and “Strongly Agree” that project
groups are a good way to learn and share ideas and
knowledge.

It was also asked if the project was very
useful for understanding the course. Figure 15 shows
how students responded to this question by stating
that 40% was “Useful” in the first quarter of 2015. In
the second quarter of 2018 that percentage increases
to 46%.

TABLE 11 Average marks of the PCA partial exams during
the years 2015 to 2018

Partial PCA

Year/quarter

2015 2016 2017 2018

1Q 2Q 1Q 2Q 1Q 2Q 1Q 2Q

Average mark PCA 7,2 7 6,9 7,5 7,2 7 7,6 7,7

Abbreviation: PCA, Mid‐term sketching and adjustments

FIGURE 7 PCA examination model (midterm sketching)
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When asked if they had understood and learned the
course content, a high percentage of the students “Agree”
as can be seen in Figure 16.

Figure 17 shows the responses related to the question
about whether the study material contributes to im-
proving the assessment and understanding of the subject.
Although unevenly in the positive responses, but with a
growing trend in the “Agree” response, it stands out that
“Disagree” remains constant throughout the years.

Finally, regarding the workload of the course, the stu-
dents appreciate (Figure 18a) a notable decrease in the
workload over time. It is perceived that the students do not
consider that the application of the active‐learning meth-
odologies suppose an additional effort in their studies.

Regarding the speed of the course, in Figure 18b, the
students consider that the course has been slightly fast with
a slight increase over the 4 years. Likewise, the “Normal”
response remains almost unchanged throughout the years.

4 | DISCUSSION

The incorporation of new degrees from the EHEA has
meant a rethinking of the theoretical and practical con-
tents in the subject GE. The introduction of active‐
learning methodologies has implied advances in the
teaching of space geometry with the incorporation of new
activities inside and outside the classroom and new
teaching‐learning models. The expository/master ses-
sions on representation systems and 2D mapping meth-
ods have decreased in favor of an increase in CAD
practices.

With the introduction of these active‐learning ac-
tivities, the aim has been to improve relevant learning
and for the student to restructure their previous
mental schemes through the analysis, understanding,
reworking, work, assimilation, and treatment of the
information proposed in an active way. The

FIGURE 8 Different projects completed by the project groups.

TABLE 12 Parts and evaluation of the project

Parts of the
project Description Positive evaluation Negative evaluation

Report Description of the theoretical
content (object, justification,
motivation, report, etc.)

Correct format for delivery (formal aspects,
written communication, cover,
structure, etc.)

Inappropriate terminology or
undeveloped aspects of
methodology

Detailed report and exhaustive description of
the project

Presentation and final defense with animation
and video of the project

Components and
plans

All the components,
assemblages, and planes of
the project are present

Components correctly created applying the
current norms

Component files that fail
to open

Plans of each component in accordance with
the norms: Views, dimensions, cuts and
sections, details, etc. (Special dimensions,
tolerances, and surface finishes are valued)

Plans and assemblages with
errors of reference

Plans of sets with a table of materials and the
components enumerated. (Exploded sets are
valued)

Badly folded plans

Sketches Presentation of freehand
sketches of all the
components

Quality of drawing and line. Detailed drawings Incorrect presentation of
sketches
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application of these active‐learning methodologies
have allowed the acquisition of new, more complex
skills and bring students closer to a more realistic
vision of teamwork [43].

It may seem (Figure 9) that the results of the final
marks worsen over the years, especially from 2016.
This is due to three main reasons. First, the demands
on the deliverables, assignments, and exercises in-
creased as the academic years progressed. Second,
during the first 2 years (2015 and 2016), all evalua-
tions were rated without rubrics. Since the im-
plementation of the rubrics in 2016, the marks have
been developed with a more global and general eva-
luation of student performance. And third, the ad-
justment of the formative evaluation. In this process,
the teachers of the subject have shared common
learning goals, and there has been deliberation on the
progress of the students in relation to the learning
objectives. This adjustment in the process is made to
determine the best way to expand the teaching and
learning process according to the needs of each
course. In short, the requirements are being read-
justed to achieve a balance throughout the courses.

4.1 | Discussion on the FC methodology

In relation to the results obtained with respect to the
application of FC, the analysis of the performance of
the voluntary tests shows us that if the student per-
forms more than four tests, they have many possibi-
lities of passing the subject. Although these data are
not conclusive in themselves, the observation made
during years of teaching (as an evaluation instrument
[29,37]) has allowed this perception. It is a summative
evaluation where the final mark depends on several
other marks. What prevails is the student's motivation
to take these tests, although it is assumed that many
students will not perform the tasks scheduled in the
time provided before class, as described by Harrison
[39]. The use of FC largely depends on the type of

TABLE 13 Average marks of the projects and final marks of
the groups from 2015 to 2018, compared to the final marks from
2011 to 2014

Quarter/
year Group

Mark average
project (out 10)

Final mark
average (out 10)

1Q/2011 M22 No mark 5.7

2Q/2011 A11 No mark 5.3

1Q/2012 M22 No mark 5.5

1Q/2012 M61 No mark 5.6

2Q/2012 A11 No mark 5.9

1Q/2013 M61 No mark 5.5

2Q/2013 M22 No mark 5.9

2Q/2013 M52 No mark 6.1

1Q/2014 M22 No mark 6.5

2Q/2014 M52 No mark 6.6

1Q/2015 M22 8.1 6.7

1Q/2015 M52 8.2 6.7

2Q/2015 M52 8.2 6.3

1Q/2016 M71 5.4 5.6

2Q/2016 M51 7.6 6.1

2Q/2016 M61 7.9 6.6

1Q/2017 A21 6 5.9

2Q/2017 M32 7.6 5.7

2Q/2017 M61 7.4 5.8

1Q/2018 M12 6.9 5.7

2Q/2018 A32 5.6 6.1

FIGURE 9 Averages of the marks of
the projects and final marks of the groups
from 2018 and final marks from 2011
to 2014
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student and subject, which can vary in the preparation
of the classes, the reasoning capacity, or the self‐
directed learning skills. This statement can be extra-
polated to different types of courses and different
maturity evaluations of the students throughout their
studies. In addition, the application of this metho-
dology has led to a reduction in the teaching workload

associated with the time of preparation and delivery of
the class, a conclusión that is in good agreement with
Rhaman [68] and Fedesco [30]. Reducing face‐to‐face
teaching gives the teacher more time for individual
interaction. In this way, the teacher gains a better
understanding of comprehension problems and repair
the misconceptions of students.

TABLE 14 SEEQ survey questions,
weighted averages, and standard
deviations.

SEEQ survey questions
Weighted average
(out of 5) (2015‐2018) SD

Evaluate the use of the following learning activities:

Tutorials 3.09 0.75

Test 2.72 0.7

Sketch 2.59 0.95

Project 3.18 0.79

I tried, in general, to complete the assigned distance‐
based activities (tutorials, tests, etc.).

2.54 0.67

I have participated actively in group work sessions. 4.61 0.67

The work groups are a good means of learning about
the subject and sharing ideas and knowledge.

3.92 1

The application project is very useful for a better
understanding of the course as well as for learning
to organize an assignment and finding practical
applications.

4.19 0.91

I have learned and understood the contents 4.26 0.66

The bibliography, additional material, assignments,
etc., contribute to improving the evaluation and
understanding of the subject.

4.13 0.89

The workload of this course compared to others
has been

3.57 0.9

The course has been 3.62 0.76

Abbreviation: SEEQ, Students' Evaluation of Educational Quality.

FIGURE 10 Evaluate the use of the
following learning activities. Project.
(2015–2018)

OLMEDO‐TORRE ET AL. | 19



FIGURE 11 Evaluate the use of the
following learning activities. Tutorials.
(2015–2018)

FIGURE 12 (a) Evaluate the use of
the following learning activities. Test
and Sketches. (2015–2018). (b) I tried, in
general, to complete the assigned
distance‐based activities (tutorials,
tests, etc.)
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Some researchers reported that the FC approach im-
proved the academic ability and performance of the
participants [24,45,79], and several points in common
with other authors can be extracted [2,59], on the

application of this methodology. For example, the in-
troduction of content in advance, the involvement and
motivation of teachers and students, and the introduction
and planning of cooperative learning activities and what

FIGURE 13 I have participated
actively in the sessions of work in a group

FIGURE 14 The work groups are a
good means of learning about the subject
and sharing ideas and knowledge

FIGURE 15 The application project is
very useful for a better understanding of
the course as well as for learning to
organize an assignment and finding
practical applications
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was exposed by Karabatak [47] who reported that the
levels of academic performance of students in the FC
were significantly higher than that of the students in the
traditional classroom model and its application led to a
significant change in their motivation. Still, the literature
shows increasing evidence that the application of FC
improves academic performance, although some are in-
conclusive [2]. The findings in the Frydenberg [34] and
Winter [86] studies were not consistent with the findings
of this study. Using a CF approach, Frydenberg found no
increase in student achievement compared to the tradi-
tional approach. On the other hand, Winter did not ob-
serve an increase in the performance of the students who
used this methodology.

For the success of this methodology, the student must
have studied it before starting the scheduled class. Stu-
dents should receive the information for themselves be-
fore and not during the teacher's explanation in the
classroom. This assimilation of information promotes
self‐knowledge, and it is necessary to insist on reaching
everyone at the same level to start discussing doubts. It is

found that this is not always the case. The difference in
level has been perceived to cause a delay in the progress
of the less advanced students.

4.2 | Discussion on the DT methodology

Regarding the application of the DT methodology, the
importance of the visual aspect in student learning is
highlighted. They take advantage of the recommended
exercises to discover ideas and develop them quickly and
intuitively. It is perceived that this is the environment
where their learning experience is best developed with a
high level of motivation in carrying out the tasks as-
signed, and they respond to them with great interest. In
the same way, as manifested in Levine's experience [49],
students appreciated the incorporation of the DT process
throughout the course. This is also due to the high degree
of attention they pay as it is a compulsory first cycle
subject. According to Cutumisu [21], a possible inter-
pretation is that the students who exhibit higher

FIGURE 16 I have learned and
understood the contents

FIGURE 17 The bibliography, the
additional material, the assignments, etc.,
contributed to improving the assessment
and understanding of the subject
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academic performance reached these levels because they
had spontaneously used these strategies during their
academic studies and obtained better performance when
learning independently and adapting to ever‐changing
environments.

Those students who show a low level of learning from
the beginning of the classes are provided with a series of
individualized exercises (in addition to the practices with
tutorials and the video resolution) so that they practice
their execution and manage to catch up with the rest of
the class.

Although viewing the exercise solution (on video)
does not appear responsible for changes in learning
performance, it may provide additional time for other
activities [23]. It is clear that individual instruction with
the computer outside the classroom must be com-
plemented by other tasks that support it.

We believe that in the application of this methodol-
ogy, it is necessary to train teachers in the domain of
skills that allow the development and application of DT
in teaching inside and outside the classroom and in

student learning, facilitating new methodological strate-
gies for graphic representation of learning content.
McGrath's studies [57] are supported by the same idea.
Virtual or distance learning methodologies and environ-
ments are crucial to the future of learning. Collaboration
across disciplines is needed to articulate this methodol-
ogy and conduct more studies that assess the value of
design learning, including studies of how to assess design
learning.

4.3 | Discussion on the VT methodology

On the application of the VT methodology, it is verified
that the making of freehand sketches for the modeling of
solids is ideal for introducing drawing in the study plans
of the first‐year subjects in engineering degrees and
serves as a complement to the development of subjects
that incorporate design in the following courses.

This is intended to be a wake‐up call to avoid falling
into what Ullman [82] pointed out in the 90's. He said

FIGURE 18 (a) The workload of this
course compared to others, has been. (b)
The course has been
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that most of the engineers were trained in writing but not
in sketches, so that Linsey 20 years later [50] would make
a similar observation: “In general, engineers are not
taught to draw, and their ability to draw may be lacking.”
The graphic tools and skills training aims to empower
students to have more confidence in their skills and
analytical tools, as expressed by Ferguson [31] so as not
to create mediocre engineers.

The application of this active‐learning methodol-
ogy ensures that students develop and internalize
good design practices with an impact on the product
design process. In addition, it helps to understand the
realization of parts when using some solid modeling
software and allows to make complex ideas more ac-
cessible and summarize them in main ideas. Freehand
drawing aims to create a tool to encourage creativity
and aid VT. The student learns to represent the
technical specifications for the manufacture of a
product, showing in the sketch the actual measure-
ments of the object, details, and manufacturing spe-
cifications. Additionally, it has allowed you to think
differently, be more observant, increase creativity, and
help them communicate more effectively.

Drawing sketches of freehand parts have been ob-
served during sketching classes as a means of solving
problems, generating ideas and concepts according to
Bilda [9] and Eissen and Steur [27]. There is sufficient
evidence that quick sketches aid visualization and
therefore allow students to explore the creative design
space more effectively [9,80].

4.4 | Discussion on the Project Based
Learning methodology

In relation to the application of the PBL methodology, the
evaluation of the generic autonomous learning compe-
tence (assigned for the subject) has been promoted to-
gether with the specific ones of the subject and the
transversal skills and aptitudes (organization and plan-
ning, teamwork, leadership, etc.).

Skills and knowledge that students possess or have
previously learned have been fostered, and solutions to
an undefined problem have been sought. The application
of the PBL methodology has fostered the practice of cri-
tical thinking and generated processes of self‐reflection
on the student's own learning.

The quality shown, the high level of complexity, and
the high final marks of the projects carried out make us
perceive that the students have fully developed this
competence. This project is carried out completely out-
side classroom hours, and the group of students has ap-
plied in the project all the knowledge acquired during the

course. They have also learned to work collaboratively to
find solutions to real‐life problems.

It is observed (see Table 13 and Figure 9) that the
marks of the project groups are, in general, high (7 on
average), which shows their interest and enthusiasm.
Starting in the first quarter of 2016, projects were eval-
uated with rubrics, so there is a difference in the marks
compared to 2015.

4.5 | Discussion on the student
satisfaction survey

Based on the results of the survey, it is perceived that the
incorporation of different active‐learning methodologies
allows improving the academic results of the students
and the satisfaction, as well as the reduction of the
weekly workload assigned to the student and allows to
improve the learning process in the development of
teaching activities, in addition to promoting creative and
innovative thinking. It has also contributed to the im-
provement in the visualization of geometric models and
the understanding of statements and solutions, allowing
to reduce the time in theoretical expositions.

The results of the survey perceive that favoring the
continued use of active‐learning methodologies improves
the performance of participating students, especially
when these active‐learning methodologies become in-
novative for students, as other authors agree [36,38,67].

These teaching methodologies have been applied
since 2015 in this subject (authors' publications [60–62])
with satisfactory results. The slightly increasing trend
(Figure 9) in the final marks of the subject demonstrates
this, as does the increase in satisfaction with the perfor-
mance of the different methodologies.

5 | CONCLUSIONS

To test the hypothesis that implementing active‐learning
methodologies improves student learning and perfor-
mance, a longitudinal and quantitative study of these
teaching practices was carried out in 11 class groups in
the subject GE during the years 2015 to 2018. The final
marks (including the marks of the final project) were
compared with the marks obtained by the students in
previous years (2011 to 2014). A survey with a sample of
271 students was used to analyze data that reported on
satisfaction in carrying out these activities and the
workload of the subject.

Teachers must begin to question the teaching of tra-
ditional classes in daily practice. Although these classes
continue to have strong advocates, the administrations
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and the university itself must support the implementa-
tion of these practices, firstly, to the teachers most sen-
sitive to teaching innovation and concerned with
improving university training, and second, so that finally
be of current application to all teachers. Universities
must be persuaded to reevaluate their teaching meth-
odologies to adapt to these changes, with fewer con-
ferences and more activities that promote skills and
attitudes.

In light of recent work indicating that active learning
provides benefits to students from disadvantaged back-
grounds and to women in male‐dominated fields, the
implementation of these teaching practices in under-
represented groups or minorities is especially relevant to
enhance integration, self‐esteem, and the ability to lead
working groups.

The use of these active‐learning techniques can in-
spire other authors to translate them into their own
contexts and apply them to other areas where the tech-
nological component has a considerable influence on the
content of the subject. The future work of this study
should focus on transferring this effort to overturn the
contents and strategies to the implementation of the
classes in a blended way and better understand the im-
plementation of these methodologies in other fields or
areas in the different degrees of engineering.
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