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Current higher education is based on a competence development approach including generic competences for the integral

development of students. Degrees have been designed based on this paradigm centered on lifelong learning, self-regulated

learning strategies and active methodologies in which the student is the core of the formative process, aiming at

contributing to develop the key competence learning to learn. In the present paper, strategies for generic competences

development and evaluation are discussed in the context of engineering and technical courses and degrees. Challenges in

competence assessment as well as alignment of formative assessment, methodologies and learning outcomes are discussed

based on a series of experiences. Experience evidence that competence development requires designing activities oriented

towards competence development, in which learning outcomes and assessment procedures are clearly defined. The

alignment of these three elements is the key for competence development since succeeding in a course by achieving the

defined learning outcomes implies succeeding in the acquisition of the generic competences planned. Through the paper it

is also discussed that competence evaluation is a challenge for university teachers, for which they will need to be formed

and trained, and provided with institutional support.
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1. Introduction

Higher education holds the responsibility of edu-

cating professionals able to conduct changes in

society, which indeed constitutes a major challenge.
In the last years, higher education has experienced a

whole re-thinking of the process, not so centered on

content or knowledge, but on a competence-based

approach in which significant focus is placed on

transversal or generic competences [1]. In this

context, university lecturers must play a new role

adapted to present society, being capable of guiding

the integral development of students. Higher Edu-
cation Institutions are committed to implement

degrees based in this new paradigm for student’s

education, based on lifelong learning, prioritizing

self-regulated learning strategies and activities in

which the student is the core of the formative

process [2]. In line with this, curricula have been

designed in the last years to leave room for all the

components that contribute to education, and this
includes competencies beyond a particular disci-

pline, i.e., transdisciplinary competences. This

shift of perspective focused on learning rather

than teaching, emphases three main aspects: the

students as responsible subjects of their educational

process; the quality of teaching and learning, and

the mutual agreement about aims and contribu-

tions in a shared responsibility [3]. All agents have
been involved in the process: employers, public and

private institutions, present and future students,

teachers, and administrations.

In Europe, changes in higher education have

been driven by the creation of the European

Space of Higher Education, moving teaching to
this student-centered approach which determines

the whole teaching-learning process. This model

focuses on employability as one important goal of

the educational process and designs a strategy to

monitor it through specific and generic compe-

tences that the student must develop [3]. Although

the model is centered in the student, this new

paradigm requires new competences not only on
the students but also lecturers, who are called to

acquire competences making them capable of guid-

ing the educational process. Apart from advanced

knowledge in languages or information and com-

munication technologies (ICT), lecturers must

develop capabilities for effectively dealing with

groups as well as teamwork strategies, to be able

to guide methodological approaches close to real
contexts such as project, cases, or challenge-based

ones. They must combine theorical and practical

knowledge with reflection and analysis of the teach-

ing practice, inside and outside the teaching room

[4]. Active methodologies are considered the basis

for competence development. Through this paper it

is discussed that learning activities must be oriented

towards competence acquisition. This approach
may imply working in complex environments,
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which demands not only skills, knowledge, aware-

ness and strategies, but also engagement and perso-

nal commitment [5, 6]. On the other hand, it is

evidenced that competence evaluation is a true

challenge for university teachers, for which they

will need to be formed and trained and provided
with proper institutional support.

2. Objectives

After some years of implementation of this compe-

tence-focused approach, generic competences
development and evaluation continues to be a

challenge for university lecturers, despite the efforts

devoted by them and their institutions. The present

paper aims to examine some practical aspects of this

competence approach, and discuss the challenges

being currently faced by higher education staff for

generic competence development and assessment.

Examples of alignment of learning outcomes, meth-
odologies and formative assessment procedures are

provided and discussed based on a series of experi-

ences in engineering and technical courses, with the

aim of providing practical information which could

serve higher education academic staff to be applied

in their courses.

3. Discussion

3.1 Generic Competences Development and

Assessment in Engineering Courses. The Challenge

3.1.1 Learning to Learn, Key and Generic

Competences in STEM Courses

Technical subjects are defined as courses devoted to

a practical study among which engineering, tech-

nology or design are found. STEM (Science, Tech-
nology, Engineering andMathematics) courses and

degrees are linked to a set of specific competences

characteristic of each degree; in addition, current

curricula strongly rely on the development of key

and generic competencies. Key competences for

lifelong learning are those which all individuals

need for personal fulfilment and development,

active citizenship, social inclusion, and employment
[7], and include: (1) communication in the mother

tongue, (2) communication in a foreign language,

(3) mathematical competences and basic compe-

tence in science and technology, (4) digital compe-

tence, (5) learning to learn, (6) social and civic

competences, (7) sense of initiative and entrepre-

neurship, and (8) cultural awareness and expres-

sion. Learning to learn stands at the top of the key
competences and influences all the rest. It is defined

as the ability to pursue and persist in learning, to

organize one’s own learning, including through

effective management of time and information,

both individually and in groups. This competence

includes awareness of one’s learning process and

needs, identifying available opportunities, and the

ability to overcome obstacles to learn successfully.

Key competences are all considered important and

many of them overlap and interlock. Competences

based on language, literacy, numeracy and in ICT
are an essential foundation for learning and ‘‘learn-

ing to learn’’ supports all learning activities.Generic

competences such as critical thinking, creativity,

initiative, problem solving, risk assessment, deci-

sion taking, and constructive management of feel-

ings play a role in all eight key competences [7].

Competences are a combination of knowledge,

skills, and attitudes appropriate to the context.
Generic competences are characterized by being

integrative, transferable, interdependent, and mul-

tifunctional. They have also been defined as evalu-

able, for which their need of being decomposed in

learning outcomes to give credit to the level of

achievement has also been claimed [8]. The acquisi-

tion of transversal competences is progressive, so

that the learning process deals with the develop-
ment and evolution on the students’ learning mode.

Students learn and improve in the way they are able

to apply the acquired knowledge to new situations,

integrate attitudes and principles, and incorporate

methodologies and techniques when confronting

new situations [9]. Therefore, competences cannot

be isolated from the learning process. They are

complex and integrative, they require the ability
to mobilize previous learnings in specific moments,

in an appropriate and inter-related manner [10].

Student evolve in their acquisition of competences

as they go through their studies (undergraduate,

postgraduate, PhD), for which it is necessary to

distinguish different times at which special attention

needs to be paid to their development and acquisi-

tion and, eventually, their evaluation. Different
levels of domain are to be defined for each of

these periods. Hence, competences evaluation

requires the definition of levels of domain, as well

as indicators and evidences to perform the assess-

ment [9].

3.1.2 Challenges in Generic Competence

Evaluation

Evaluation is a critical point in technical and

professional education. It gives credit on the quality

of the formative process, and students, institutions

and employers must rely on it. It can be diagnostic,

summative, and formative; the latter having

acquired an outstanding role in current teaching-

learning approaches. Formative assessment allows
to close the circle between the actual performance

and the desired one, serving the learning process.

Thus, the student-centered approach must be based

in the alignment of three axes: active methodolo-
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gies, formative assessment, and learning outcomes

[6].

Competences are job related descriptions of an

action, behavior or outcome that should be demon-

strated in individual’s performance. They refer to

person’s underlying characteristics and qualities
that lead to an effective/superior performance. In

addition, competency can be more than the

observed performance since competency can come

up differently in different type of contexts [1]. It has

been already said that generic competences need to

be evaluable; however, if competences are the result

of a complex know-how that is used differently in

different contexts, their evaluation is, at best, a
complex task.

Competence evaluation is a major challenge for

university teachers and institutions. In a certain

way, some may be even sceptic and believe nothing

has changed or needs to be changed. The question

could be: does this new approach really contribute

to better develop generic competences as compared

to previous ones? At this point, it needs to be
recalled that the concept of competence is not

new, since competences were also developed in

previous curricula and previous graduates were

competent. In fact, generic and key competences

have always been part of higher education curri-

cula, but they have been present in a different

manner. An important point mentioned by Chur

[3], is that key competences are implicitly contained
in learning since in order to actively participate in

courses as well as to succeed in doing their auton-

omous work, students need strategies of self-direc-

ted learning (focusing attention, communication

and teamwork skills, or time management). These

competences concern self-regulation and include

knowledge, self-reflection, and action.

Nevertheless, the present approach encourages a
methodological change by giving a new focus in

which the goal deliberately attempts to promote a

more holistic integral development of the student.

Therefore, there is a need to define how contents are

to be learnt, so that through the learning process

previously defined competences are developed. The

answer to this question leads to planification,

methodology and evaluation, which must be for-
mative and serve the learning process.

As said, learning in complex environments

requires trained staff, since skills knowledge and

strategies are needed; but still more important, it

demands engagement and personal commitment

[5]. According to Villa and Poblete [9], there are

more weaknesses in how competences are evaluated

in present curricula than in how these are devel-
oped. Some teachers and lecturers manifest their

worries about finding adequate evidence which

support the acquisition of a transversal competence

[11]. In fact, making an explicit statement of what it

means to be competent at given levels of learning

requires specifying the learning outcomes asso-

ciated to each competence [12]. To assess a compe-

tence, the expected learning outcomes and the level

of domain must be clearly defined [13, 14]. This
principle is very important from the operational

point of view since when a competence is formu-

lated, the teacher must think of the evidences which

help evaluate the acquisition of such competence.

Specific learning outcomes must be defined to link

degree of achievement of competences with indica-

tors and evidences, at different levels of domain.

This can be achieved by rubrics, which must help
not only teachers but also students, favoring a

common language and the understanding of the

expected learning outcomes [9].

However, assessing a complex performance is not

easy, even if a good rubric is designed and used [11].

In addition, isolating a complex ‘‘know how’’ is

rather difficult, despite designing or adapting a

specific activity. On the other hand, the debate on
whether the assessment of competencies separately

is a must or not has been previously raised [11].

Indeed, many of the activities proposed as new had

been already used in the past to assess students’

performance, without the need for separating or

isolating learning outcomes contributing to generic

competences from the rest of the work. A basic

example is that assignments were expected to be
delivered on time in any case, and they needed to be

well written and well communicated. Generic com-

petences concern self-regulation and include knowl-

edge, self-reflection, and action [1]. Therefore,

although teachers are being asked to score generic

competences, one point to be discussed is whether

there is a real need for scoring a competence to

ensure its development and acquisition. In effect, it
is not the fact of evaluating a competence but the

methodological approach itself that implies compe-

tence development. On the other hand, when giving

a separate mark to a transversal or key competence,

there is a potential risk of not considering the

competence performance when globally qualifying

the work. To our mind, the keymight be in pointing

at the difference between evaluating and rating. We
would say that it is possible to implicitly evaluate a

competence in the global performance of a task,

since it has an impact on the expected learning

outcome, without necessarily isolating it from

global assessment and provide a specific mark to

its acquisition.

3.1.3 Methodologies for Generic Competence

Development in Engineering and Technical Higher

Education Courses

Competence development must place the focus on
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methodologies, which must be active and contri-

bute to significant learning. In addition, methodol-

ogies must be aligned with formative assessment,

thus having an impact on learning outcomes. Tech-

nical courses and degrees are particularly labor

oriented and characterize by a high practical load.
They are methodological and learning has tradi-

tionally required active participation, from pro-

blem solving to project-based approaches [15, 16].

To be significant, the learning process requires self-

regulation, cooperation, communication, use of

ICT, active participation, among other character-

istics. Methodologies are the key of the change and

there is no single methodology to be used, but a
series of different ones that can be successfully

applied. The selection of one or other implies

considering several factors such as the level of

domain, the capacity of a methodology to promote

significant learning, student self-regulation, the

number of students that can be guided simulta-

neously, or the number of hours that the activity

requires.
Activemethodologies refer to instructionalmeth-

ods which engage students in the learning process

and involves something more than passive listening

[17]. They comprise a wide range of techniques

ranging from the simplest to the most complex.

These can be incorporated in a class as sporadic

activities or can be used for radically redesigning

the entire course [18]. This includes a wide variety of
methodologies such as: participative magistral les-

sons, problem solving, technical readings, case

studies, project-based learning, challenge-based

learning, oral presentations, reports writing, ethical

discussion forums, lab practices, computer prac-

tices, seminars, tutorials or visits and field practices.

All these methodologies are useful and currently

applied to develop transversal competences in tech-
nical courses in engineering degrees and other

related areas. Some of them have been traditionally

used for a long time and continue to be valuable

methodologies; it is the case of lab and computer

practical sessions and reports writing, problem

solving, participative magistral lessons, technical

readings, and tutorials. These are characterized by

being applicable to a significant number of students
simultaneously, for which they can be used when

group size is big. Others have been regularly applied

to technical courses and degrees more recently, but

they have become very common, such as oral

presentations, ethical or environmental debates or

seminars [19, 20].Management of the group in these

situations is more time consuming, and some might

not be adequate for large groups. It is usual in these
cases to recommend these activities to reduced size

groups. Finally, other participative methodologies

have generalized more recently; this is the case of

flipped classroom approach and project-based or

challenge-based learning [21, 22]

Regarding the flipped classroom approach, it has

gained importance at the university level, and

specifically in the scientific and engineering context

[23]. In general terms it consists of switching what it
is normally done in the classroom and what is

usually done as homework. Some authors refer to

the use of videos or interactive materials as the base

of this approach [24]; however, a wider definition

includes any material worked at home before the

lecture, or even any assignment performed by

students in the classroom prior to teacher explana-

tion or doubts solving. According to Fulton [25]
some of the advantages of flipped classroom

include: ‘‘students move at their own pace; doing

assignment in class gives teachers better insight into

student difficulties and learning styles; teachers can

more easily customize and update the curriculum;

classroom time can be used more effectively and

creatively; increased levels of student achievement

are reported; interest and engagement is improved;
learning theory supports the new approaches; or,

the use of technology is flexible and appropriate for

21st century learning’’. Specifically, in the case of

science, technology, and mathematics education,

Freeman-Herreid and Schiler [26] surveyed more

than 15,000 science instructors who identified some

additional advantages such as more time available

to spend with students on authentic research, stu-
dents get more time working with scientific equip-

ment only available in the classroom context, and

students are more actively involved in the learning

process.

As for project-based learning [27] or challenge-

based learning [28] approaches, they are applied in

real or simulated contexts which allow the students

to successfully develop professional and transversal
competences. These strategies are more time-con-

suming for student and teacher, and usually take a

whole semester or an academic year to develop the

project. Project and challenge-based learning

approaches provide significant learning and the

development of a series of transversal and profes-

sional competences such as critical thinking, team-

work, problem solving or decision taking. It
mobilizes various resources to be able to make

decisions and interact with the other agents

involved; students drive their own learning through

inquiry and work collaboratively and create pro-

jects or face challenges that require a deep applied

knowledge, in a particular context.

Development of professional and transversal

competences in engineering and related studies
has been increasingly linked to participative meth-

odologies. In order to evidence this trend, a litera-

ture retrieval of the last 20 years was performed by
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using the keywords engineering, (active) methodol-

ogies and generic competences. Additionally, the

methodologies project-based and challenge-based

learning were specifically included in the literature

search. Papers were retrieved from the scientific

database ScienceDirect (www.sciencedirect.com)
and results summarized in Fig. 1. Results evidenced

a remarkable increase in the amount of published

papers exploring the application of active meth-

odologies to develop generic competences in engi-

neering contexts. Furthermore, the literature

retrieval also evidenced the interest in exploring

these approaches to develop professional and trans-

versal competences close to real contexts, as
deduced from the increase in papers referring to

project and challenge-based learning methodolo-

gies. Nevertheless, in spite of this methodologies

being increasingly proposed in higher education

contexts, it has been recently discussed that they

are often misapplied or only applied in theory [17].

This evidences that shifting from a teacher-based

approach to a student-centered approach in which
competences are an important part of the learning

process is not being an easy matter, for which

sharing real examples and experiences could be of

help.

3.2 Examples of Applying Active Methodologies in

Technical Courses to Develop Generic Competences

In this section, the authors present a set of examples

of their own experiences in using active approaches

for the development and assessment of transversal

competences. All the experiences presented have
been applied in engineering and technical courses

such as Process Engineering, Unit Operations,

Mass Transport Phenomena, Food and Biotechno-

logical Processes, Statistics, Algebra and Mathe-

matics Analysis, as part of the curricula of degrees:

Agricultural Engineering, Food Engineering, Bio-

technology, Architecture and Data Science.

3.2.1 Description of the Experiences Developed

and Methodologies Used

Experiences are summarized in Table 1 where the

following information is presented in columns:
activity, design and methodology (short description

of the activity), group size (size of the group or

groups in which the activity has been put in practice

and implemented), assessment of the activity and

scoring (how it is assessed and contributes to the

course mark), generic competences developed (to

which competences this activity contributes), level

of domain (1–3) and main outcomes.
The main outcomes column summarizes the

results of applying each experience to one or more

groups, particularly focusing on transversal com-

petences development. Results claimed are based

on data collected through different means, as

explained next. Teacher perspective and assessment

has been gathered through systematized observa-

tion and registration (lecturer notes or diaries), or
the use of specifically-designed rubrics; as for stu-

dents’ opinion, interviews, questionnaires, and sur-

veys on teaching performance and methodology

adequacy have been used. Table 1 summarizes a

collection of experiences applied to different

courses and degrees in different contexts, for

which rubrics, questionnaires and surveys do not

coincide for all the experiences shown. It is not the
purpose of the present paper to deepen into each of

them; nevertheless, some rubrics and question-

naires are presented in the Appendices section as
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an example of the evaluation tools being used. The

Appendices section also includes a more detailed

description for selected activities. A more detailed

description of some of these activities can be found

in [23, 29–32]

The activities summarized in Table 1 have been
classified into different categories: forums and

debates, online tests and exams, technical texts or

papers reading, course projects and flipped class-

room, according to the methodology used. Activ-

ities design and methodologies used in the different

courses and degrees are varied, as it can be deduced

from the description section.

3.2.2 Main Outcomes and Overall

Recommendations

According to the set of experiences presented here,

different semester/year usually implies applying

different methodologies or at least adapting them

to a different context and student profile. Among

the examples given, active methodologies applied in
first years (1st and 2nd) include formative assess-

ment activities such as online texts and exams,

reading and discussion of adapted (simplified) tech-

nical texts or papers, course projects on lab and

computer lab reports, or delivering an oral pre-

sentation to their classmates. In contrast, meth-

odologies used in the last years of the degrees

(4th) are more demanding and require a more in-
depth competence work and self-regulation strate-

gies; among them: reading and discussion of origi-

nal scientific papers, course projects on preparing

scientific posters or participating in a simulated

congress (paper, poster and virtual presentation)

or completing a statistics field study.

As for the number of students participating in

each activity, our experience has evidenced that
similar active methodologies can be applied to

groups from 15, to 25 or even up to 80 or 90

students, without having a significant impact on

the results (i.e., on competences outcomes). Many

of the activities described (debates, tests, papers

reading and discussion and different course pro-

jects) have been simultaneously applied to small

and big size groups with comparable results. Of
course, working with big-size groups is more time-

consuming for the lecturer, but still complex activ-

ities such as debates or guided course projects can

also be effectively implemented in big groups. To

our mind, some strategies to succeed in big groups

include planning group tutorials to solve individu-

ally raised questions, providing general tips or

guidance according to previous years’ experience
or using co-, peer- or self-evaluation strategies.

As for competence development and acquisition,

the authors experience together with the evidences

gathered through several years, proved that the

activities applied have served the students develop

transversal and professional competences. As indi-

cated, this has been assessed through surveys and

rubrics in which both students and lecturers have

participated. As for competence evaluation, our

experience suggests that effectively participating in
each activity implies competence acquisition and

development, as long as the methodologies applied

and activities developed have been specifically

designed for competence development purposes.

Hence, it is to be said that there is no need for

giving a separated mark to competence acquisition,

if indeed it contributes to global performance and,

accordingly, to the global mark. In the results
shown in Table 1, this can be deduced from the

assessment of the activity and grading column

where it is mentioned in several occasions that

learning and competence practice is inherent to

the activity, or that evaluation considers effective

participation in the activity.

Finally, as for the competences these active

methodologies have helped develop in the courses
and degrees where they have been applied, the

following ones have been identified by lecturers

and students, as extracted from the surveys and

questionnaires used: understanding and integra-

tion, ethical and environmental responsibility, cri-

tical thinking, awareness of contemporary issues,

problem analysis and solving, permanent learning,

practical thinking and implementation, time man-
agement and planning, communication in foreign

language, teamwork and leadership, data manage-

ment, effective (written and oral) communication,

ethical and environmental responsibility, ICT com-

petences.

3.3 Challenges in Competence Development Due to

COVID-19 Pandemic

Recently, the whole word has faced the still ongoing

COVID-19 pandemic and its impact on heath,

economics, society, and, to a significant extent, on

education. Among main challenges being faced

because of COVID-19 situation, the following

ones were initially discussed: shifting from face-to-

face to online classes, changes in assessment and
evaluation methods, mental health of students and

lecturers, changes in universities support services,

international students’ issues, and travel restric-

tions [33].

University teachers and students are familiar

with online delivery mode since at university,

online activities are usually combined with face-

to-face ones, contributing both to learning and
formative evaluation of students. In fact, faculty

members usually get training to use their institu-

tions online learning platforms. However, the pan-

demic drove an unexpected change to courses fully
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Table 1.Experiences for transversal competences development in higher education technical courses. Columns summarize critical aspects
such as the type of activity, number of students involved, generic competences being developed, assessment methods andmain outcomes.
Level of domain 1 is undergraduate 1st and 2nd year; 2 undergraduate 3rd and 4th year and 3 is postgraduate

Activity developed Design and methodology

Number of
students
Year and
semester

Assessment of the
activity and grading

Generic competences
developed

Level of
domain Main outcomes

Forums and
debates

1. Debate on
environmental issues
using online video
resources

Students answer a
preliminary questionnaire
and visualize a video on a
controversial
environmental issue. Then
debate is generated,
students must take part
and fill again the
questionnaire, which is
then delivered through
learning platform.

A group of 80
and a group of
25 students
4th year 7th
semester

Learning and
competence work is
implicit in the
activity. Value is
given to
participation and
delivery of
questionnaire.

Understanding and
integration; Ethical
and environmental
responsibility;
Critical thinking,
Awareness of
contemporary issues.

2 Motivation and interest
for the topic of study.
Students get motivated by
the topic and relate the
course content with
contemporary issues. Oral
and debate abilities are
developed.

Online tests
and exams
through
learning
platform

2. Online test and
exams through
learning platform, in
the classroom
(Formative
assessment activities
during magistral
participative
lectures)

Students are invited to
answer online tests on
theoretical and practical
questions (calculations,
relate, deduce) during
lectures, as part of
magistral participative
sessions. Teacher provides
feedback, which is also
automatically provided
online.

A group of 0
and a group of
25 students
2nd year 4th
semester

Learning and
competence work is
inherent to the
activity for which
mark is not
particularly given.

Understanding and
integration; problem
solving; Permanent
learning; Practical
thinking and
implementation.

1 Students put in practice
their knowledge and learn
from it and the feedback
received (formative
assessment). In the
classroom it promotes
participation and the use
of ICT.

3. Online test and
exams with feedback
for self-assessment
and self-regulated
learning out of the
classroom (Online
Formative
assessment activities)

Students are invited to
answer online tests on
theoretical and practical
questions (calculations,
relate, deduce) which
provide automatic online
feedback.

A group of 80
and a group of
25 students
4th year 4th
semester

No score is given to
this test, it helps
prepare the final test
and develop the
competences needed
to success on it.

Understanding and
integration; problem
solving; Permanent
learning; Practical
thinking and
implementation.

2 Formative assessment
which serves the learning
process. It promotes self-
regulation of learning. It
promotes the use of ICT.

Technical
texts or
papers
reading

4. Reading and
discussion of
technical texts
adapted to the
students’ level

Reading of adapted
technical documents
introducing new concepts
and answering questions.
The teacher answers
questions and students
may use computers,
tablets, or mobile phones.
Student may ask their
classmates, working
collaboratively in pairs or
small groups.

A group of 90
and a group of
25 2nd year
4th semester

Effective
participation,
appropriateness of
answer to
questionnaire and
delivery on due time
are considered.

Understanding and
integration;
Permanent learning;
Practical thinking
and implementation;
Time management
and planning;
Problem analysis
and solving.

1 Students are responsible
for their own learning
developing self-regulated
strategies. The teacher
facilitates the materials
and guides them through
the activity. Different
resources are used: written
document, digital and
human resources (teacher
and classmates).

5. Reading and
discussion of original
(not adapted)
scientific papers

Scientific papers selected
by the lecturer are
analyzed and discussed by
students. Students may use
computers, tablets, or
mobile phones to solve
questions. Students work
collaboratively in pairs or
small groups. Teacher
usually does not
participate until the end of
the activity.

A group of 80
and a group of
25 students
4th year 4th
semester

Effective
participation,
appropriateness of
answer to
questionnaire and
delivery on due time
are considered.

Understanding and
integration;
Permanent learning;
Practical thinking
and implementation;
Time management
and planning;
Problem analysis
and solving;
communication in
foreign language.

2–3 It contributes to the key
competence learning to
learn. Students are
responsible for their own
learning developing self-
regulated strategies and
different resources are
used in an autonomous
and collaborative manner:
written document, digital
and human resources
(teacher and classmates).

Course
project

6. Course project
based on a set of lab
and computer lab
reports writing and
discussion: reports
are presented as an
opportunity to learn
and improve
performance along
the course using
rubrics and formative
assessment

Students work in small
groups to prepare their
reports on lab and
computer sessions
following the teachers’
instructions. Rubrics and
correction criteria are
facilitated, increasing the
level of command required
along the semester.
Feedback is given to
contribute to formative
assessment.

A group of 90
and a group of
25
2nd year 4th
semester

Reports are
evaluated based on
rubrics with
correction criteria.
Students are given a
mark and feedback
to progressively
improve their
performance.

Teamwork and
leadership; Effective
(written)
communication;
Permanent learning;
Practical thinking
and implementation;
Time management
and planning;
Problem analysis
and solving.

1 The key competence
learning to learn is
involved in the process
since students learn to
identify the expected
learning outcomes, plan
the time needed to perform
the work in due time and
write the reports, and
develop teamwork
abilities.

7. Course project on
preparing a scientific
poster

Students work in small
groups (select a topic,
database search for reliable
information, reading and
selecting relevant
information, poster design
and building). Students
present and explain the
poster to their classmates.
Professor provides
guidance along the whole
process. Guidelines,
deadlines, and rubrics are
provided at the beginning.

A group of 15
students
1st year 2nd
semester

Learning and
competence work is
implicit in the
activity. Work is
supervised every
week so that all
milestones are
covered. Oral
presentation and
posters are assessed
with rubrics (teacher
and co-evaluation).

Teamwork,
Understanding and
integration;
Permanent learning;
Practical thinking
and implementation;
Time management
and planning; Data
management,
Effective
communication.

1 Students gain ability to set
a work plan and stick to it,
analyze and process
scientific information.
They are responsible for
their own learning process
developing self-regulated.
Students also improve
communication skills and
critical thinking thanks to
the co-evaluation process.



delivered online [34], with little or no time for

transition. In this context, some teachers felt not
well prepared for facing online teaching, mainly

when lectures used to be face-to-face, thus not

feeling comfortable when delivering lectures ‘‘to a

screen’’. Others were overwhelmed by preparing

new materials and adapting their subjects in a

time-less context.

As for students, although they were expected to

adapt easily to online learning, they also suffered
the consequences of poor adaptation or coordina-

tion since the situation did not have the opportunity

to be planned. On the other hand, they experienced

an increased workload in a context in which they

were not used to learn (home with virtual contact

with classmates). In addition, students are particu-

larly concerned about their education as well as by

their performance and evaluation, and the impact
this will have in their development. Institutions and

academic staffworked hard for planning the follow-

ing year based on different scenarios, so that

courses were taught mainly online and in a hybrid

mode in the academic year 20–21. In the subsequent

year, 21–22, most institutions were back to face-to
face teaching.

Development and evaluation of generic compe-

tences were also affected by pandemic driven

changes. In the first moments, many activities

could not be developed since they had been defined

for face-to-face contexts and were not appropriate

for online methods. Then, activities and methodol-

ogies needed to be re-defined and shifted to an
online or hybrid mode to properly develop the

generic competences defined in the degrees and

assess them based on defined learning outcomes.

These had an impact not only on methodologies,

but also on evaluation processes which needed to be

adapted. These implied a significant workload

increase for university lecturers. At present, the

situation has improved but still some hybrid teach-
ing is present for which activities need new descrip-

tion and planification. In addition, changes in

students’ behavior and performance because of

pandemic-driven new studying habits are being
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Table 1. (continued)

Activity developed Design and methodology

Number of
students
Year and
semester

Assessment of the
activity and grading

Generic competences
developed

Level of
domain Main outcomes

Course
project
(continued)

8. Development of an
academic project to
be presented in a
congress simulated
context

Students work in small
groups to prepare a course
project to be presented in a
simulated context
(scientific congress
simulation). Written
(paper), poster and virtual
presentation are delivered
and assessed based on
facilitated rubrics
(teachers, co- and self-
evaluation is used).
Guidelines, deadlines, and
rubrics of assessment are
provided at the beginning
of the process.

A group of 80
and a group of
25 students 4th
year 4th
semester

Assessment is based
on rubrics given at
the beginning of the
activity. Teachers-,
co- and self-
evaluation is used. A
mark is given to the
written paper, poster
and virtual
presentation (video)
of the poster.

Teamwork and
leadership; Effective
(written and oral)
communication;
Communication in
foreign language;
Understanding and
integration; Analysis
and problem solving;
Permanent learning;
Awareness on
contemporary issues;
Ethical and
environmental
responsibility; Time
management and
planning; ICT
competences.

2–3 Specially motivating
activity which contributes
to transversal and
professional competences
of a scientific profile.
Students guide their own
learning process, make
decisions on it, and plan
their times. They develop
teamwork abilities and
interpersonal skills, assess
their own work and their
peers. Develop
autonomous and self-
regulated abilities.

9. Statistics field
study: planning and
conducting a
statistical study from
data gathering to
results interpretation
and conclusions

Students work in small
groups to conduct all steps
of a statistics study (set a
topic, fix the target
population, build
questionnaire, send it to
the sample, gather data,
data processing, get
results, draw conclusions).
Teacher provides guidance
along the process. A
written report and oral
presentation are delivered.
Guidelines, deadlines, and
rubrics are provided at the
beginning.

A group of 15
students 1st
year 1st
semester

Continuous work is
supervised every
week so that all
milestones are
covered. This part is
not graded. Oral
presentation and
report are assessed
with rubrics and a
mark is given.

Teamwork,
Understanding and
integration;
Permanent learning;
Practical thinking
and implementation;
Time management
and planning;
Awareness on
contemporary issues;
Problem analysis
and solving; Data
management;
Effective
communication
(written and oral)

1 This is a very motivating
activity that allows the
students to complete a
research on a topic of their
interest, apply statistical
concepts in a real
situation, work with
databases, get started in
scientific research, work in
teams, set a work plan and
stick to it, develop
autonomous and self-
regulated abilities and
improve communication
skills.

Flipped
classroom

10. Ted Talks
discussion: selecting,
explaining, and
debating a Ted Talk
related to
Mathematics in a
foreign language

Students must browse and
select a Ted Talk related to
Mathematics
(individually). An oral
presentation is delivered
including introduction and
contextualization, interest
of the talk, visualization of
the talk, conclusions, and
questions to debate.
Guidelines, deadlines, and
rubrics are provided at the
beginning.

A group of 15
students 1st
year 2nd
semester

Learning and
competence work is
implicit in the
activity.
Participation in
debates and
presentation of the
activity are assessed
with rubrics.

Understanding and
integration;
Permanent learning;
Time management
and planning;
communication in
foreign language;
Awareness on
contemporary issues.

1 This activity allows the
students to work
transversal competences,
integrate knowledge by
relating Maths with other
fields (music, sports,
environment, art,
business, etc), and improve
communication skills in a
foreign language.



noticed. This will need to be analyzed and thor-

oughly considered in order to be capable of apply-

ing active methodologies and designing activities

oriented towards competence development.

4. Conclusion

The present paper has analyzed the current situa-

tion regarding generic and key competence devel-

opment in the context of technical and engineering

courses and degrees. It has been discussed that it is

the process itself that ensures competence develop-

ment, for which methodologies are more relevant

than assessment. Yet, evaluation is a critical point
since it gives credit on the quality of the formative

process, which means generic competencies need to

be considered in the evaluation process. Neverthe-

less, assessing generic competences does not neces-

sarily imply to separate them from the whole

performance, neither assigning a mark to them.

The authors own experiences have been gathered

and detailed to provide a framework to discuss on

what activities can be used, how this can be adapted
to different levels and group sizes, and how evalua-

tion can be accomplished. Through this, it is con-

cluded that methodologies need to be specifically

planned to develop transdisciplinary competences,

considering each particular context and the differ-

ent levels of domain. This, combined with well-

designed assessment methods, leads to an adequate

development of generic and key competences, since
succeeding in a course and achieving previously

defined learning outcomes implies succeeding in

transversal competences acquisition.
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Appendices

Table A1. Example of rubric used by lecturers to assess the generic competence: time management

ITEM Limited Developing Proficient Advanced

Uses time
effectively
(25%)

Does not recognize the
reality of time
constraints or take
action to use available
time efficiently

Barely uses time
efficiently and
completes work within
given time constraints

Uses time efficiently
and completes work
within given time
constraints

Prioritizes tasks, recognizes time
constraints, estimates time to
completion, and avoids
distraction while meeting
deadlines and using time
effectively

Establishes a
schedule for
completing
work (25%)

Does not establish a
schedule for
completing the work

Sometimes establishes
a schedule for
completing the work

Most of the times
establishes a schedule
for completing the
work

Always establishes a schedule for
completing the work

Stays on
schedule (25%)

Does not stay on
schedule

Sometimes stays on
schedule

Most of the times stays
on schedule

Always stays on schedule

Format and
content of the
activities (25%)

Delivers the activity
with serious mistakes
in content and format

Delivers the activity
with some mistakes in
content and format

Delivers the activity
with almost any
mistake in content and
format

Delivers the activity without any
mistake in content and format

Table A2. Example of rubric used by lecturers to assess the generic competence: oral communication skills

ITEM Limited Developing Proficient Advanced

Clarity to
explain
contents /
organization

Explanation of
contents is confusing,
disconnected, and
disorganized

Explanation of
contents is difficult to
follow but
understandable in
general

Explanation of
contents is almost
entirely clear and
organized

Explanation of contents is made
in a clear way, totally organized
and it is easy to follow

Diction
(vocalization,
vocabulary, and
volume)

Poor diction and
vocalization. The
speech is not clear,
lacks proper
vocabulary and the
volume is low

Orator shows a good
diction and
vocalization, but lacks
proper vocabulary and
shows low volume

Orator shows a good
diction and
vocalization, good
volume but can
improve the use of a
wider range of
vocabulary

Orator shows a good diction and
vocalization, good volume and
uses a wide and proper range of
vocabulary

Pacing and
voice inflection

Oral presentation is
either too quick or too
slow and student uses
a monotone voice

Oral presentation is
made in bursts and
student show some
level of inflection
throughout the
delivery

Oral presentation is
patterned, and the use
of inflection is
satisfactory, but does
not consistently use a
fluid speech

Good use of drama and time
interval. The speech is fluid and
maintains the interest of the
audience

Body language
and eye contact

Student does notmove
or use descriptive
gestures and does not
hold eye contact with
the audience

Student uses very little
movements and
descriptive gestures
and displays minimal
eye contact with the
audience

Student uses
movements and
descriptive gestures
that help understand
the presentation and
displays regular eye
contact with the
audience

Student uses fluid movements
and descriptive gestures to
enhance the presentation and
holds attention of the audience
with the use of direct eye contact
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Table A3.Examples of 1 to 5 Likert questions included in questionnaires and surveys answered by students to evaluate their perception on
the impact of the activity on the acquisition of transversal competences

Questions:
� This activity has drawn my attention over new aspects of Architecture
� I consider the topics of the Ted Talks chosen by my classmates were motivational and inspiring for me
� This activity has allowed me to improve my English communication skills
� This activity has made me reflect upon ethical issues
� This activity has strengthened my social awareness
� The activity allowed me to improve my abilities for searching information in specialized data bases
� This activity allowed me to improve my written communication skills
� I believe the poster format is useful to improve synthesis capacity
� I believe the rubric provided is a helpful tool for adapting my work to the expected outcomes
� I believe this activity has helped me in self-regulating my own learning
� I consider this activity allowed me to develop professional-related skills
� My overall satisfaction level with this activity is high

Answers:
1. Strongly disagree
2. Rather disagree
3. Neither agree nor disagree
4. Rather agree
4. Strongly agree

Table A4. Detailed description of the activity ‘‘Statistics Field Study’’

Course: Fundamentals of Statistics, 1st year, 1st semester

Number of students: 30 Group size: 3–4 students/group

Duration: 2 months

Summary: The aimof this activitywas to develop a project which help students to understand, integrate and apply the contents studied
along the course. Each group was asked to propose a research topic of the students’ interest, to analyze the relationship among two or
more variables. Some examples were: sports and academic performance, e-commerce and population type, psychological
consequences of COVIDand population type). Students were asked to develop the project based on the scientificmethod, so that they
followed the following steps and handed in deliverables according to defined deadlines:

� Initial hypothesis, based on an observation
� Definition of the variables to be studied (dependent and independent)
� Description of the nature of the variables (qualitative (attribute/ordinal), quantitative (continuous/discrete)
� Definition of the population object of study; selection of a sample of at least 40 individuals
� Design of a questionnaire to gather information (in English). Students are then provided a guidewith a set of important points/good
practices to develop a good questionnaire.

� Teacher revises the questionnaire, which is finally upload and launched/sent to sample.
� Data obtained through questionnaires is introduced inExcel to be analyzed and studiedwith statistical tools (selected by students as
they consider more appropriate)

� Results are obtained and conclusions drawn
� Initial hypothesis is accepted or rejected
� Students perform a literature search to compare their results with already published works
� Students present their results to their classmates in an oral presentation session

Competences developed: Many competences were involved in the learning process when developing this activity. To cite some: team
work, planning and time management, analysis and synthesis of information, communication in the mother tongue and in a foreign
language, sense of initiative and entrepreneurship, awareness of contemporary problems.

Table A5. Detailed description of the activity ‘‘Ted Talks discussion’’

Course: Structural mechanics, 2st year, 2st semester; Conditioning techniques, 3th year 1st semester

Number of students: 15 Group size: Individually

Duration: 3 months

Summary: Students were invited to search and select a Ted Talk dealing with Architecture to be watched and discussed in class. One
condition was that the Ted Talk should discuss some ethical issues or transmit ethic or environmental values. Some of the examples
were: Ethics in Architecture, Social responsibility, Sustainability and Environment, Architecture aid after a natural disaster, Green
spaces for more pleasant cities, Live and work in a globalized world. The activity was designed as follows:

� Each student selects and work individually on a Ted Talk of his/her interest.
� The duration of the Ted Talk should range between 10-20 minutes so that the essential message and fundamental ideas were
addressed in a clear and direct way.

� The language of the Ted Talk should be English (with the possibility of Spanish captions).
� Before the Ted Talk was visualized in class, the student had to make a short speech explaining why he/she had chosen it, the values
he/she wanted to transmit to the class and the issues he/she wanted to share and reflect on.

� In other to facilitate comprehension of the talk, the student had to prepare a glossary of 10 key words related to the topic of the Ted
Talk and share it before the projection.
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� The student had to raise questions to generate debate, which was moderated by the teacher.
� Students answered a survey to assess their experience regarding this activity and their perception on this activity contributing to
competence acquisition

Competences developed: Many competences were involved in the learning process when developing this activity; to cite some:
Understanding and integration, Permanent learning, Time management and planning; communication in foreign language,
Awareness on contemporary issues; Ethical, professional and environmental responsibility.
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