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ABSTRACT Higher Education engineering students need to be prepared to address sustainable solutions to
the complex problems faced in this century. They should become proficient problem solvers, able to work in
multidisciplinary teams, ready to adapt to new technologies, and able to acquire new knowledge and skills
when needed. Usually known as soft skills, these competences play a key role in Engineering and have being
taught in the last two decades, to a greater or lesser extent, using different methodologies and tools. This
study reviews the promotion and teaching of soft skills in Higher Education across 5 European countries:
Greece, Estonia, Denmark, Portugal and Spain. It provides an overview of best practices on these countries,
focusing also on technological solutions to actually enable the development of soft skills. The purpose of this
research is to shed some light about how soft skills are being taught presently and the difficulties involved
in that process.

INDEX TERMS Higher engineering education, soft skills, best practices, employability.

I. INTRODUCTION
Higher Education (HE) engineering students will face com-
plex personal and professional challenges such as sustainable
management of natural resources, climate change mitiga-
tion, global health issues like the current COVID-19 pan-
demic, natural risk management, etc. [1]. Tackling these
challenges requires a wide range of knowledge and skills
from diverse subject areas, particularly Engineering and Eco-
nomics, in order to achieve viable and sustainable solutions.
In addition, skills such as digital literacy, independent and
autonomous learning, openness to criticism, assertiveness or

The associate editor coordinating the review of this manuscript and
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social interaction and empathy, generally known as soft skills,
play a key role [2]. Thus, there is a growing interest in Europe
on the development of soft skills in HE and, during the
last two decades, educational curricula across Europe were
introducing them at all levels, to a greater or lesser extent.

Despite this growing interest on the introduction of soft
skills in the curricula, there is no common understanding
about what skills are important, or how to teach or assess
them. In fact, the way soft skills are being taught and assessed
in different countries and educational institutions is very
diverse [3] and this is an issue that should be addressed.
Additionally, there are many variations on how soft skills
are named, like 21st-century skills, general competencies, key
competences, transversal competencies, etc. and it is also
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possible to find many variations in taxonomies for classify-
ing soft skills: 21st century skills [4], skills you need [5],
P21 framework [6], [7] cognitive skills [8], and new soft skills
are continuously being suggested. This creates confusion and
a lot of difficulties when we try to compare and relate skills in
the different frameworks. For example, whenwe have to iden-
tify the most suitable or relevant skills for a particular field,
the outcome may be different depending on the collection of
soft skills taken as a reference.

Similarly, the pedagogical approaches to teach soft skills
also exhibit a high degree of variability. It is generally
accepted that soft skills cannot be learned passively, as raw
knowledge acquisition. Students need to adopt an active role
where they can experience their capabilities, strengths and
weaknesses in relation to soft skills. As a result, many dif-
ferent approaches are being considered and described in the
literature [9], usually as some kind of role-playing game,
or involving a classroom debate. The ModEs project [10]
identified different kinds of teaching strategies applied to
soft skills, arranging them into three groups [3]: expository,
guided and active strategies (cf. Table 1). These strategies
can be observed on activities implemented by engineering
departments to support soft skills development [11]:
• Capstone projects (thesis).
• Specific course implementation (e.g., Design Thinking,
Experiment Design).

• Clinical pairing, internship, industrial training program.
• Competitions.
• Incorporation of soft skills in all courses.
• Partnership for interpersonal professional development
with training schools outside the university.

• Multiple-solution problems with problem-based learn-
ing that require system-wide engagement.

TABLE 1. Learning Methodologies to Develop Soft Skills [3].

The heterogeneity around soft-skills is also observed in
relation to their integration in the curriculum. Many times,
soft skills are included through the whole curriculum, but
not in any specific subject or module. Curricula usually
show several courses where some soft skills are trained and
assessed, despite in many cases there is not a clear definition
about how it is done. A minority of institutions have formal
practices such as curricular units integrated in the official
curricula [12]. The E-QUA (Erasmus Quality Hosting Frame-
work) project, whose purpose is to map the various mobility
models in Europe [13], outlines the situation regarding soft
skills in European universities. From their analysis, only eight

out of twenty-eight universities offer a soft skills development
program and the developed skills are mostly operative skills,
intellectual / practical / relational / managerial skills, personal
skills and thought skills.

From a technical perspective, it is also interesting to con-
sider the use of information and communication technolo-
gies (ICT) to support teaching and learning. During the last
years, many different ideas were proposed, as web appli-
cations, games, simulations and even virtual or augmented
reality (VR, AR) solutions (cf. Sect. IV.F).

Taking into account the broad heterogeneity and diversity
around the integration of soft skills teaching in engineering,
this article introduces an overview of these issues in the
European HE context, and particularly in the project partner
countries: Denmark, Estonia, Greece, Portugal and Spain.
The goal of this study, developed in the scope of the HERA
project [14], is to shed some light on 3 main questions:

• What soft skills are being considered in Engineering and
Economics HE?

• What practices are being considered to teach soft skills?
• How can ICT-based tools be used to support soft skills
teaching and learning?

In the next section we identify the most relevant soft skills
for Engineering, as well as the students’ perception on the
importance of soft skills. Section III presents some examples
of best practices performed in the HERA partner countries
and Sect. IV is dedicated to the most relevant ICT solutions
found in this research. Finally, Sect. V presents the discussion
and conclusions of this review.

II. SOFT SKILLS IN ENGINEERING
As mentioned above, there is a wide range of soft skills,
classified according to different taxonomies, and, sometimes,
even with different names for a similar set of skills [4]. One
of the main tasks in the HERA project was to identify an
effective and efficient response in a real-world scenario for
engineers working on a complex project within an interdisci-
plinary team.

The process started with an analysis of the personal charac-
teristics needed in an engineer nowadays, through the review
of existing frameworks (21st century skills, skills you need,
P21 framework), and soft skills sources proposed in the
scientific literature. This process led to select 44 general
characteristics or abilities, from which 18 were considered
as fundamental:

• Formal, basic knowledge in their field.
• Ability to integrate of knowledge from diverse thematic
areas.

• Collaboration, sometimes in multidisciplinary teams.
• Open-mindedness.
• High-level thinking.
• Critical, analytical and innovative thinking.
• Independent and autonomous learning.
• Problem-solving.
• Ability to prioritize.
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• Ability to assess information, particularly when coming
from diverse sources.

• Ability to follow systemic design processes.
• Implementation and validation of solutions from the
perspective of end-users.

• Ability to analyze the factors that contribute to an unde-
sired situation.

• Design and evaluation of alternative interventions
towards solving a problem.

• Implementation and assessment of the effectiveness of a
solution.

• Integrate and transfer knowledge to the real world.
• Work with limited resources.
• Presentation skills.
The analysis and review of these requirements by HERA

experts, based on the existing soft skills found in the
mentioned sources, resulted in the grouping of the skills
in 5 categories (cf. Appendix I):

1) Technical skills that comprise skills out of the standard
engineering curriculum related to technical aspects.

2) Metacognitive skills are those related to the manage-
ment and improvement of the cognitive process. They
are related to the soft skills that help an individual to
excel independently of their learning path.

3) Intrapersonal skills are those related to one’s inner
characteristics and also one’s attitude towards things,
ranging from creativity or adaptability to self-discipline
or perseverance.

4) Interpersonal skills are skills that improve one’s capa-
bilities to work with others. These skills are related to
the ability of an individual to collaborate in a group,
to communicate effectively, to understand the needs of
others, to transfer knowledge to the real world, etc.

5) Problem-solving skills are those that help to identify
the source of a problem and find a suitable and effec-
tive solution. These skills are related to the ability
of an individual to motivate others, to communicate
effectively, to plan and prioritize, and to see a project
through to completion.

To know the students’ point of view about these soft skills,
a survey was conducted by means of a questionnaire aiming
at establishing student understanding and perception about
the selected 44 soft skills. The survey also contemplated the
way in which they are taught. Thus, it consisted of two parts,
being the first one dedicated to the skills and the second
part to the pedagogical methods implemented to teach them.
The questionnaire was answered by 184 last-year students
in the HERA partner countries. The size of the sample was
around 30% of the total number of eligible students, and the
distribution per country is double in Spain and Greece than at
the other 3 countries. Answerswere collected using an on-line
form, from March 5th to April 29th, 2020.

A. PERCEIVED IMPORTANCE OF SOFT SKILLS
Students were asked to provide input on the importance of
the 44 soft skills selected for their future professional and

personal life after they finish their education. The skills were
grouped in the 5 categories enumerated above and rated in
terms of perceived importance using a 5-point Likert scale,
with 1 corresponding to ‘‘not important’’ and 5 to ‘‘very
important’’. Students also could select ‘‘I don’t know’’ which
explains why the sum is not equal for all skills.

Figure 1 shows the average of the questionnaire responses
of participants for each skill in the 5 categories:
• Technical skills. The higher-rated skills were ‘‘digital
literacy’’, ‘‘global awareness’’ and ‘‘information
and media literacy’’. ‘‘Ethics’’ and ‘‘engineering
knowledge’’ are slightly below the mean, and ‘‘financial
literacy’’, and ‘‘health andwellness’’ obtained the lowest
scores.

• Metacognitive skills. ‘‘Willingness to learn’’ and ‘‘crit-
ical and analytical thinking’’ were the most valued by
the students, while ‘‘evaluating information from diverse
sources’’ got the lowest score in this category. How-
ever, all the listed metacognitive skills were considered
important, as discussed below (cf. Sect. III).

• Intrapersonal skills. ‘‘Open-mindedness’’ and ‘‘open-
ness to others’ ideas and thoughts’’ were deemed as
the most relevant while ‘‘assertiveness’’ was considered
the least important. Other skills perceived as desir-
able include ‘‘openness to criticism and feedback’’,
‘‘flexibility and adaptability’’, ‘‘sense of quality
of work’’, ‘‘planning’’, ‘‘ability to prioritize’’ and
‘‘creativity’’ while, to a slightly lesser degree, the skills
‘‘self-discipline’’, ‘‘perseverance’’, ‘‘initiative’’, ‘‘self-
direction’’, and finally ‘‘being positive’’.

• Interpersonal skills. ‘‘Collaboration and teamwork’’
skills were considered highly important while ‘‘pre-
sentation skills’’ were perceived as the least relevant.
Additional skills include ‘‘being a listener’’, ‘‘oral and
written communication’’, ‘‘transferring knowledge to
the real world’’, ‘‘social interaction and empathy’’, and
‘‘leadership’’.

• Problem solving skills. The general term ‘‘problem-
solving skills’’ was naturally the highest rated as it
encompasses all others. Other skills that were consid-
ered important include ‘‘providing clarity’’, ‘‘imple-
menting and assessing the effectiveness of a solution’’,
‘‘project management’’, ‘‘time management’’, ‘‘design-
ing and evaluating alternative solutions’’, and ‘‘analysis
of the factors that contribute to an unwanted situation’’.
Less significant but still with scores close to the mean
of the whole set were ‘‘working with limited resources’’
and ‘‘following a systemic design process’’.

Figure 2 shows the average result, maximum and mini-
mum scores and standard deviation for each category. The
highest-rated category was metacognitive skills, with an
average rating of 4.28 and the lowest standard deviation,
with 0.11, showing their agreement on metacognitive skills
being the most relevant for them. Intrapersonal skills and
problem-solving skills follow with an average of 4.12. How-
ever, the dispersion of the values is higher, being 0.19 and
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FIGURE 1. Average of perceived importance score (1–5) for each skill.

FIGURE 2. Average for each skill category with standard deviation and
extreme values.

0.16 respectively. Interpersonal skills obtained a 4.03 average
rating with a standard deviation of 0.19. Technical skills got
the lowest score with 3.87, showing also the highest standard
deviation, being 0.25. It is interesting to observe how students
valuemoremetacognitive, intrapersonal and problem-solving
skills than technical ones.

B. SUITABILITY OF PEDAGOGICAL METHODS
The second part of the questionnaire focused on students’
perceptions of the pedagogical methods used to teach soft
skills. Students were asked if they thought that the current

educational system allowed individuals to develop the skills
that they consider to be important in their academic and
future professional careers. Students mostly tended to pro-
vide a negative answer (45%) although the number of unde-
cided students was equally high (41%). Only 14% responded
positively.

Subsequently, students were asked to indicate which of
the emerging pedagogical methodologies they believed that
were suitable for developing the skills sought by industry. The
proposed methodologies were:

• Problem/project-based learning that involves educa-
tional activities in which students are challenged to solve
a problem or to develop a project, often open-ended and
non-trivial, using knowledge from diverse subjects in the
curriculum thus simulating how knowledge is used in the
real world.

• Thinking-based learning that aims to develop better
thinkers. Its goal is to lead to better lives outside of
school. Thinking-based learning focuses on critical and
creative thinking. It involves making decisions, solving
problems, making predictions, evaluating information,
etc. Thinking-based learning aims to transform class-
rooms so that the acquired knowledge has a positive
impact on students beyond the classroom.

• Design thinking that allows the introduction of solutions
to complex problems and the more accurate address-
ing of user needs through a process that enables the
identification of real needs, as opposed to perceived
ones. Design thinking involves a process of empathy
towards understanding the experiences and feelings of
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users when exposed to a particular solution, problem
statement definition using user input and designer per-
spective, brainstorming, and prototyping of potential
solutions in a manner that allows their use by involved
individuals and the generation of feedback.

• Competency-based learning that focuses on knowl-
edge development in a manner that allows learners to
use it in real-world situations. It revolves around the
development of educational activities that promote com-
petences that can be measured against real-world stan-
dards. In this context, each competence is an individual
learning outcome. Students work on a specific compe-
tency at a time. Competences are viewed as units that are
part of broader learning objectives. Studentsmustmaster
each competence before focusing on the next.

• Cooperative learning that encourages students to work
together toward achieving specific goals. This method
is the opposite of broadly used educational approaches
based on student competition. In cooperative learning
the education sets up educational activities in a manner
that requires student interaction and collaboration to be
achieved. Students work in small groups for maximizing
their benefits from the learning process as well as the
benefits of others.

• Blended learning that integrates diverse educational
methods, including traditional instruction, digital exper-
imentation, site visits, and others that combined provide
an active learning experience for students that more
effectively addresses learning goals.

• Gamification that refers to the use of gaming elements in
contexts other than entertainment. These include learn-
ing, training, crisis management, research, etc. Gam-
ification elements may include rewards, recognition,
a sense of mission, clear goals, a sense of affiliation,
feedback, etc. In learning, well-designed gamification
may lead to the achievement of educational goals when
gaming elements are integrated into practices in a man-
ner that promotes the learning process.

• Flipped classroom that aims at the higher engagement
of students through blended, active learning approaches.
In a flipped classroom, the teacher provides students
with educational material before the lecture. Students
review thematerial and use the classroom time to resolve
questions, work on practical exercises, or to engage
in other activities that traditionally may be considered
as homework. The teacher plays the role of a mentor.
Flipped classroom allows for more effective use of class-
room time and encourages students to take responsibility
for their learning.

Figure 3 provides a summary of the students’ responses on
a 5-point Likert scale, with 1 corresponding to ‘‘not suited’’
and 5 to ‘‘totally suited’’. Results are presented from higher
to lower score to facilitate reading.

According to questionnaire respondents, ‘‘problem-based
learning’’ was themost suitable educational approach in engi-
neering and economics, followed closely by ‘‘thinking-based

FIGURE 3. Summary of questionnaire response on emerging pedagogical
methodologies suitable for soft skills.

learning’’, ‘‘design thinking’’ and ‘‘competency-based learn-
ing’’. ‘‘Cooperative learning’’, ‘‘gamification’’ and ‘‘flipped
classroom’’ were perceived as the least adequate. Students
also provided some qualitative comments on educational
design:

• ‘‘Deploy combinations of the pedagogical methods pro-
posed’’.

• ‘‘Introduce feedback mechanisms in learning’’.
• ‘‘Ensure flexibility in assessing student progress’’.
• ‘‘Change assessment methods as exams favor results
over knowledge acquisition’’.

III. BEST PRACTICES
This section introduces best practices in HE engineering
that address to some extent the need for building desirable
soft skills. For that, HERA project partners compiled and
reviewed existing practices in Greece, Estonia, Portugal,
Spain, and Denmark to ensure that the information gathered
had a wide European footprint and is relevant from an Euro-
pean perspective.

The process to identify the best practices was performed
separately at each country considering actual existing cur-
ricula. Searches were performed mainly in national journals
and conferences of the e-learning and educational domains,
but researchers’ direct knowledge about practices was also
used in some cases. The period of time considered was the
last 10 years, from 2010 to 2020, which corresponds to the
adoption of the Bologna model in all the countries.
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The criteria utilized to identify best practices were:

• Being effective and successful. A candidate best prac-
tice was proven to produce effective results towards
achieving a goal. It was successfully applied resulting
in positive impact on individuals or organizations.

• Being socially sustainable. A best practice addresses
current needs of interested parties and can be sustainably
deployed in the future without compromising high-level
objectives and goals.

• Being technically feasible. A ‘‘best practice’’ is tech-
nically feasible if it can be effortlessly integrated into
existing practices with reasonable effort and resources.

• Being replicable and adaptable: A ‘‘best practice’’ can
be replicated with adaptations to a range of situations
with positive results.

From the 22 best practices identified, almost half of
them (10), are based or focused on problem-based learning
(PBL), usually combined with approaches involving active
learning (4) and teamwork (3), while 4 use a project-based
learning methodology. Also, 9 of them are based on some
form of active learning approach. Most representative best
practices are introduced below.

A. PROBLEM-BASED LEARNING
Problem-solving teaching support resources at the Uni-
versidad Politécnica de Madrid, Spain [15]. This initiative
was launched in 2013 to support teachers in the develop-
ment of problem-solving, as many teachers were not familiar
with such methods. The methodology proposed was learn-
ing by doing, presenting students with practical, meaning-
ful and contextualized problems to solve. The problems
selected were in line with the difficulty level of related
course activities and with the students’ future careers, being
more advanced than simple exercises and involving non-
directive, motivating statements that facilitated the formation
and development of concepts. As a strategy for teaching
problem-solving competence, the coordinators of the activity
chose the original procedure proposed by Pólya [16]. The
reason for this selection is that the proposed method is a
very general strategy that can be easily adapted to typical
problems in diverse fields of knowledge. The strategy is
structured in 4 steps: problem comprehension, planning the
solving process, implementation of the plan and assessment
of both the solution and the procedure. Activity coordina-
tors developed a set of generic rules based on Pólya’s work
for guiding the students on the main aspects of problem-
solving. The resulting procedure can be applied to any prob-
lem regardless of its complexity or the solution approach
selected. Each of the identified problem-solving aspects can
be evaluated and allocated from 1 to 4 points according to
different criteria. The problems introduced to students may
differ significantly depending on the subject and the year
of studies. To compensate for that, the activity coordinators
divided problem-solving competences in 4 levels, one for
each year of study. Each level involves its own procedure with

different rules, which are always based on the basic set of
rules described above.

Problem-based learning at an undergraduate Manage-
ment degree at the University of Minho, Portugal [17].
In this case, a problem-based learning approach was intro-
duced into the capstone ‘‘Business Case’’ course trying to
support student’s skills development while working in a host
company. Its main goal is that student teams integrate the
knowledge and skills developed throughout the degree and
apply them to a real givenmanagement problem or ‘‘Business
Case’’, following a problem-based learning approach. Stu-
dent teams work on the problem presented by host com-
panies in a self-directed way. Teams are instructor-selected
in order to reproduce a real workplace situation. A set of
criteria is used, such as gender, language, computer skills,
etc., to achieve heterogeneity within teams and homogeneity
across teams, and ensuring concurrent meeting times. Teams
define their own schedule and member roles, organize their
work and manage communications and interactions with the
company. Each team is assigned a tutor, who supervises the
team’s progress, monitoring how students interact, discuss
the problem, seek information and make decisions. Teams
work on average 12 hours per week for 15 weeks. Students
follow an iterative approach towards analyzing the problem,
deciding which aspects to address and developing a solu-
tion. In each step students collect the information they need
through research and then analyze, evaluate, and synthesize
this information in a manner that is relevant to the case. At the
end of the activity, students present sustainable recommen-
dations based on appropriate business analyses and defend
their decisions to the class. This process enables students
to develop and use transferable skills including information-
researching, problem-solving, communication and argumen-
tation skills for working with colleagues, educators, and
industry. These interpersonal skills are developed through
negotiation and dispute resolution among team members and
with external parties, for example industry players. Upon
completion of the activities students deliver a report and
present their work to the company that introduced the learning
task. Furthermore, students evaluate themselves and their
teams through peer assessment processes. Results show that
the development of transferable skills is explained by inter-
action with the tutor and the host company, and by having
defined teamwork rules. Satisfaction is explained by skills
development as well as factors relating to assessment, and
understanding how organizations work.

Combining the Internet of things (IOT) with natural
sciences at Tallinn University, Estonia [18]. In spring 2018,
the Internet of Things course at School of Digital Technolo-
gies was combined with the Institute of Ecology activities
to create a three-section aquarium named EcoKit: Ecological
Waste Water Treatment Kit. The implementation took place
at Findhorn and included sensors and data compiled from
internet sources. During the course, students were organized
in 3-member teams each team selected a plant or EcoKit
aquarium as a field of research. Vegetation was planted in
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each section of the EcoKit and each team added their sensors.
The teams measured several different parameters, such as the
humidity of the soil, height of plants, temperature and light,
water temperature, water level, and turbidity. They added a
live camera, pumps, and lights, all of which were controllable
from a website and operated in real-time. Students visualized
all data on the internet. In the end, all teams published their
work on a designated website, where all data could be seen
and correlations could be established. In addition, students
posted their assignments on a Facebook group were all the
others, including other teachers and interested personnel,
could see the results of their work.

Education Technologies course at University of
Thessaly, Greece [19]. The course focuses on the deploy-
ment of technology as an educational tool in lifelong learn-
ing contexts. It analyses traditional and emerging learning
methodologies including collaborative learning, explorative
learning, active learning, mobile learning, problem-based
learning, project-based learning, active learning, game-based
learning, etc. It focuses on how technology, and most
importantly information technology, can be combined with
emerging pedagogies towards the enhancement of learn-
ing processes and experiences in formal, informal, and
non-formal learning. The course focuses also on how technol-
ogy can contribute, in combination with pedagogical models,
towards the development of basic, transversal skills including
analytical thinking, critical thinking, entrepreneurial think-
ing, problem-solving, ability to work in a team, etc.

During the course, students are exposed to active learn-
ing and problem-based learning in the contexts of formal
projects, in which they have to:
• Design educational scenarios for integration into a learn-
ing game that targets engineering HE and aims to build
skills for the real world. For each scenario, students
are challenged to describe the educational objectives,
the skills expected to be developed, and the game-
play and experience of the users that contributes to the
achievement of educational goals.

• Design PBL activities for engineering education that
deploy digital technology to promote exploration, exper-
imentation, and collaboration.

• Research topics related to digital services for educa-
tional purposes and research activities related to tech-
nology in education.

To complete their work, students are challenged to deploy
active learning for understanding the needs of the tar-
get groups concerning specific educational objectives and
themes, designing a learning solution that involves digital
technology for enriching student experiences and contribut-
ing to the achievement of learning goals, and proposingmeth-
ods for validating the scaffolding of knowledge. Students
present their work in the classroom for the benefit of all and
get evaluated by their peers.

E-learning as part of the problem-based learning at
Aalborg University (AAU) in Denmark [20]. AAU has
a long tradition in using PBL for all courses and projects.

Generally, the process of PBL on courses and projects allows
students to exercise the contextual elements of a curriculum
as well as the training of soft skills in team-work, critical
thinking, communication, etc. One element which is essential
for learning and understanding the challenges and principles
of PBL is to discuss with peers and learn in that way.

However, experience sharing is often happening in con-
fined communities, on informal IT-platforms, which means
that many students never realize that they may have the same
kind of challenges, and some learning opportunities are lost.
The soft skills which are being exercised and trained for in
projects focus in particular on cross-cultural skills, critical
and inventive thinking, knowledge sharing and co-creating
knowledge. A web platform was developed and introduced
to students at several degree programs (e.g., computer sci-
ence) in the Faculty of Technology and Design, AAU. The
platform provided possibilities for students to ask and answer
questions, comment on others contributions, and upvote and
downvote questions and answers in the system.

Despite the students being used to digital platforms,
it turned out that they were less willing to use a new one.
Many students envisioned this as just one more thing they
should do and therefore not shared so many experiences
or questions. Sharing of experiences across different degree
programs challenged the wordings and the perception of what
was being said. It caused misunderstandings and miscom-
munication. As such, the web-platform pushed students to
learn more aspects of inter-cultural communication, how-
ever, to support the development of these inter-cultural skills,
access to a web platform must be followed up by physical
meetings and supervised commenting.

B. PROJECT-BASED LEARNING
Project-based learning in the 1st year of an Industrial
Engineering and Management Integrated Master pro-
gram (IMIEM) at the University of Minho, Portugal [21].
This experience was introduced in 2005 for the implementa-
tion of interdisciplinary projects. It contrasted with the stu-
dents’ prior learning experiences in earlier education levels,
and represented a shift on the educational design that departed
from traditional lecture-based instruction, in which learning
is more passive. Its implementation relied on a group of
lecturers who taught 1st-year courses and volunteered to build
the required structure and provide the operational support
for the implementation of the project. Subsequent editions
relied on a wider team of lecturers, who mostly focused on
selected Project Supporting Courses, and on staff acting as
tutors and on researchers, forming the coordination team of
the project. In the academic year 2012-2013 a reformula-
tion of the IEM curricula provided the opportunity to adapt
the structure of the program to Project-based Learning by
creating the Integrated Project in Industrial Engineering and
Management course. The proposed learning approach grew
from there and is now in its 14th edition. This wide imple-
mentation time frame allowed the consolidation of the model
for enriched effectiveness. This initiative also promotes the
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interaction with companies, trying to create contexts that
contribute to increase students’ motivation, solid technical
competences, and at the same time a range of transversal
competencies necessary for the professional performance
in Engineering and Industrial Management. Currently, in
addition to the final master’s project taking place in the
10th semester, the IMIEM curriculum presents interdisci-
plinary projects in three moments of the course, specifically
in the 1st, 7th and 8th semesters. These projects, in addition
to their interdisciplinary approach, are characterized by the
relationship with professional engineering practice through
problems for which student teams have to find solutions
during the semester with the support of the contents of the
curricular units and the respective teachers and tutors. The
project stands out as being one of the most significant expe-
riences during the initial training of students of IMIEM.

Project-based learning to prepare IT students for
an Industry Career at the Bragança Polytechnic,
Portugal [22]. This initiative involved students from BSc,
MSc, and PhD degrees in Computing in developing a soft-
ware project required by a real client. The teaching staff is
responsible for creating an environment that enhances com-
munications, teamwork, management, and engineering skills
in the students involved. The real-world project approach to
teaching software engineering was successful so far. It helped
to motivate teams and to encourage the development of
higher quality products by them. The teams took seriously the
importance of the problems that they were helping to solve.
The approach teaches inexperienced graduate students many
principles of software engineering and software verification
and validation that they could apply to their future jobs and
subsequent courses. This initiative started in 2009 and over
the past four years there were, approximately, 1.000 students
involved in the four educational syllabuses.

A project-based course at the Telecommunications
Engineering bachelor degree at the University of Vigo,
Spain [23]. Since 2013, this subject involves students work-
ing in teams of 4–6members trying to provide a feasible solu-
tion to a real-world problem. They must develop some kind
of technology-based prototype with aminimum functionality,
as aminimum viable product (MVP), that can be used to show
their proposed solution and get feedback from end-users. The
course lasts 14 weeks with students working around 20 hours
per week. Students identify a real-world problem, analyze
the issues involved and review the technology available and
technical literature to propose a solution. Issues regarding
social impact, legislation involved and sustainability have to
be studied as well. The subject is structured as follows:
• Introductory activities. Lectures provide practical advice
on skills such as oral and written presentation, and
teamwork. Agile methodologies and Lean startup ideas
are also explained as a suggestion to manage their
projects.

• Mentored work. Partial review of the evolution of the
different projects with short presentations and discus-
sions, supervised by two faculty members. Each week,

a one-hour meeting is scheduled between the team and
its tutors.

• Project-based learning. This is the core of the course,
in which student teams develop their projects working
in close cooperation to achieve the objectives. It is rec-
ommended the creation of a web site, such as a wiki,
blog, or similar, for each team to document and show
the works developed during the term.

• Presentation. Every team must showcase its project in a
final oral presentation and in two poster sessions known
as LPRO Days. The oral presentation must include
evidence of the work developed and achieved results.
All members of the team have to show, explain, and
get feedback on their prototypes in two open public
poster sessions, one for all the faculty, students, and
university personnel and an afternoon session open to
local technology companies. This event is key for the
success of the course because students like to show they
need to get positive feedback. This became a main event
in the school. Companies showed their involvement by
proposing problems to be solved by students, and by
providing feedback about the provided solutions. Some
of these local companies award cash prizes to the best
projects.

Summer practice in software engineering at Tallin Uni-
versity, Estonia [24]. All first-year informatics students are
asked to form 4-member teams and solve a real-life problem.
Problems are proposed by staff members, students, or other
stakeholders outside the university who need some solutions.
In this program, students developed online shops, games,
IOT tasks such as a set of sensors to measure the quality of
working spaces, robotic hands etc. The problem proposer acts
as a customer during a 2-week intense study period in May
or June. Students are challenged to offer the best solution
they can. They have meetings with their team members and
with customers, just like in real life, and try to work towards
a mutual goal. Students are monitored by supervisors from
different fields such as robotics, system administrators, mul-
timedia, software engineers, designers, business managers,
etc., depending on the nature of the project. Supervisors are
located on campus so they can be reached as quickly as
possible. Some funds are available for buying some of the
required equipment, such as sensors, electrical elements, gad-
gets, assets etc. During the semester, students attend courses
on different topics, and during the last two weeks of the
semester, they have to physically be together and work on
solutions. In the end, they compile a report about their work
and defend it in front of a committee. The outcome is usu-
ally an applicable solution, although students do not always
succeed. In that case, the experience is also valuable for them.

C. GAME-BASED LEARNING AND GAMIFICATION
The eCity Erasmus+ project [25]–[27] developed and val-
idated a game platform, based on a city-development simu-
lation engine, that stimulates the integration and continuous
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exploitation of problem-based learning. The platform was
used by students from secondary and vocational schools,
and higher education engineering schools. The methodology
and game were extensively tested by 1.250 individuals from
different countries. Participants initiated their engagement
at the research stage, at which HE students and instructors
contributed to problem definition, secondary education teach-
ers helped to design the PBL methodology and secondary
education students provided insight on the expectations from
game-oriented learning.

Gamified learning environments at the Rey Juan Car-
los University in Madrid, Spain [28]. The promoters of
this initiative observed that the motivation of their students
decreased as the complexity of courses increased. Thus, they
transformed a course on Business Tax Regime from the bach-
elor degree on Business Administration into the tax game Re-
Game. Teachers proposed a team game in which all members
must be involved helping classmates to keep up without los-
ing motivation. The method seeks to develop critical thinking
and the search for consensus in proposed solutions. In Re-
Game, each team was challenged to create a fictitious com-
pany and apply the knowledge acquired in the course to keep
the company’s tax obligations up to date. The game levels
corresponded to those in the course syllabus. To pass each
level, students had to individually prepare the content of each
topic, perform a self-assessment test and pass the key test
on the planned date. Students competed in teams performing
practical training activities that contained exercises on the
topic addressed. The level of difficulty increased gradually
at each level due to the cumulative incorporation of fiscal
elements. Each activity allowed students to earn points and
collect badges depending on the number of points achieved.
Rankings were published upon completion of each level. The
highest-scoring teams received ‘‘excellence bonus’’.

Design and Implementation of a Digital Games course
at the University of Thessaly, Greece [29]. The course
focuses on the design and implementation of digital games
and covers topics that include the definition of games and
play, characteristics of digital games, game taxonomies and
game genres, understanding different groups of users, design-
ing a game concept, designing elements of game worlds,
designing a game story, designing game characters, designing
the core mechanics of a game, understanding game dynamics
and the experience of users, ensuring that a game is balanced
according to the needs of users, introducing elements of
chance, understanding the characteristics of on-line games,
understanding the principles of creative play, developingmar-
keting strategies, etc. The course is balanced between theory
and practice. It includes weekly laboratory work that takes
place in the computer labs of the Department of Electrical
and Computer Engineering. At the beginning of the course,
students follow tutorial examples as well as practical presen-
tations of the functionality of popular game design platforms,
such as Unity. Upon their completion, students use the lab
to design and implement their games in teams. During lab
sessions, students have the opportunity to collaborate with

their peers towards game implementation, to get help on
technical questions, and to receive guidance for a smooth
implementation. Before implementing their game, students
are summoned to present their game concept in class and
receive feedback from their peers. At the end of the course,
students showcase their working games in the classroom.

D. ASSESSMENT
Analyzing the level of acquisition of problem-solving skills
in the Business Administration and Management Pro-
gram in Badajoz and Seville, Spain [30]. This initiative
from 2013 aimed to assess and analyze the level of acquisition
of problem-solving skills through four courses in the cur-
riculum using the Social Problem-Solving Inventory-Revised
(SPSI-R) as measuring instrument. The implementation
team worked with the problem-solving model proposed by
D’Zurilla et al. [31]. In the Business Administration and
Management studies context, the implementation team found
a link between this problem-solving model and the differ-
ent curricular objectives. Thus, they could see that certain
subjects promote particular skills. For example, Introduc-
tion to Economics and Business Mathematics promotes the
understanding and use of the scientific method and logical
reasoning;Microeconomics focuses on training the student to
analyze and respond to problems and others; Organizational
Theory and Human Resources Management are diagnosis
and solution-oriented; Advanced Management Accounting
and others help in the identification, organization, use, and
analysis of information sources, etc. The revised version
of the SPSI-R was used as a psychometric instrument to
measure the competence of individuals to solve problems.
It is a self-report that measures the resolution of problems
evaluating not only the level of capacity that a person may
possess but also the strengths and weaknesses in the different
key components of the process.

Peer evaluation and self-assessment of transversal com-
petence teamwork at the Polytechnic University of Valen-
cia, Spain [32]. This activity deploys since 2017 a set of
resources, including quantitative methodologies, to evaluate
teamwork and leadership transversal skills. Individuals are
grouped in teams and carry out several practical activities.
At the end of the semester, all participants must answer
a questionnaire of 9 indicators related to teamwork and
leadership, evaluating both their teammates and themselves.
The questionnaires include aspects of activities, deadlines,
prioritization, information, conciliation, agreements, interest,
ideas, and encouragement. They also established the ideal
profile of transversal competence, setting a reference value
for each item. This is considered a best practice because it
was applied successfully in a course on Human Resources
Management from a bachelor degree in Management and
Public Administration.

IV. ICT SOLUTIONS TO TEACH SOFT SKILLS
Soft skills ICT-based support was an active topic during
recent years. Several ICT based services, commercial and
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non-commercial, can be found in the scientific literature
which is or may be deployed in the context of HE for fostering
the development of desirable skills [33]–[38]. Particularly in
the context of Erasmus+ projects [36], [37], [49], [56], [63]
there was a lot of interest in designing tools that facilitate the
development of this kind of competences.

More broadly, ICT-based tools are usually involved in
the teaching of university courses, often in the context of
blended learning [51], [52]. Collaboration, communication,
and productivity tools are usually used to enrich learning
experiences. With their various functions, digital tools pro-
vide teachers withmore opportunities to engage their students
in interactions that are not available in the traditional class-
room environment. They can be used to stimulate learning
by doing and help students develop their skills. This study
explored different kinds of ICT-based solutions that were
used to support teaching and training of soft skills.

The next paragraphs include the results from a search
for ICT-based tools used to support the teaching of soft-
skills. The search was performed for the period 2010 to
2020, in the following databases: EBSCOhost Academic
Search Complete, Emerald e-journals premier collection,
Education Resources Information Center (ERIC), Google
Scholar, IEEE Xplore, Science Direct, Scopus, Springer-
Link, Taylor & Francis, and Wiley Online Library. Also,
the Erasmus+ Project Results Platform was used. Search
queries included the following terms and combinations:
‘‘Soft skills’’, ‘‘21st-century skills’’, ‘‘P21 framework’’,
‘‘cognitive skills’’, ‘‘ICT-based tools’’, ‘‘Supporting tools’’,
‘‘Technology-based tools’’. Results were filtered taking into
account the reading of the abstracts and conclusions.

A. SERIOUS GAMES
The use of games to support the instruction of soft
skills was acknowledged by existing literature [33]. Games
have the main advantage over traditional education when
used for training: they are focused on practice. Like in
student-centered learning, games are focused on the players,
in this case, learners, who have an active role. The learning
process comes from solving situational problems controlled
by the game. This exposition to different situations, chal-
lenges and problems with a practical approach make games
able to enhance the development of soft skills. Besides, it is
very common that these educational games for soft skills
training involve role-playing [34], which makes them close
to a simulation.

The Hotel Management Game [35] was used to study the
capabilities of Game Based Learning (GBL) to improve soft
skills. GBL is a concept structured around a learning process
that uses a specific game as the main pedagogical tool. The
game provides several contexts for learners to develop leader-
ship, time management and team management skills through
the activities for managing a hotel. It has four player roles: the
marketing player, the front office player, the housekeeping
player and the food and beverage player. The simulation pro-
vides realistic scenarios and situations that the players have

to tackle collaboratively while doing their own tasks, like
strategic and financial planning, requesting funds, proposing
upgrades and expansions, solving problems and crises.

The DEVELOP project [36] created a serious game to
measure and train leadership competences. In this game,
the player is immersed in a realistic workplace context
with virtual team members. The interactions with the virtual
team are used to identify the player’s preferred leadership
style. Players also complete a questionnaire to capture their
self-perception as leaders. After completing the leadership
journey, the game shows a report that provides insight into
leadership self-perceptions compared to leadership styles
based on players’ decisions during the simulation.

In the ModEs project [37], a serious game prototype was
implemented aimed at the development of communication,
negotiation, and teamwork skills. The approach taken to
develop the serious game included 3 different pedagogical
concepts: exploratory, experiential and game-based learning.
These concepts reflect the lack of existing research linking
pedagogical elements to both learning requirements and tech-
nical features.

Similarly, there exist companies that work with serious
games to support soft skills training in the corporate sector,
like GameLearn, a Spanish company [38]. Recently, the com-
pany produced Echo, a serious formative game about coach-
ing in which the student assumes the role of a trainer to
help an important public figure launch an international treaty
to eradicate plastic from the ocean. Players test their skills
and abilities during three real training sessions in which they
helps their clients define objectives, analyze reality, explore
alternatives, and outline an action plan.

B. SIMULATIONS
A simulation is a simplified representation of the real world in
which a problem is defined by a set of inputs and outputs and
the relationships between them [39]. The use of simulations
and simulation-based learning was extensively explored as
an appropriate approach to teach soft skills, including large
classes [40].

Enterprise simulations were used as an educational tool
to support the development of soft skills [41]. Group per-
formance, group dynamics, team member satisfaction and
personal growth activities were aspects included in the simu-
lation, which comprised a set of organizational activities.

Schutt et al. [42] presented a digital role play simulation
for teaching healthcare soft skills. In this work, students play
the role of a doctor that interacts via text with a virtual patient,
an AIML chatterbot that reacts and recognizes specific diag-
nostic questions from students. The proposal features an
editable conversation tree that allows course administrators to
prompt, record, and score student’s responses. Administrators
can also select ‘‘reaction’’ animations that play immediately
after a student made a selection and ‘‘idle’’ animations that
reflect the mood of the patient. Available reaction anima-
tions include ‘‘happy’’, ‘‘sad’’, ‘‘yes’’, ‘‘no’’, ‘‘angry’’, and
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‘‘confused’’. Idle animations include ‘‘disengaged’’, ‘‘neu-
tral’’, and ‘‘engaged’’.

Bareli & Naso [43] describe what the authors define as the
gold standard for soft skills training: a simulation in disaster
preparedness and relief. The work uses the Laerdal Medical
SimMan 3G patient simulator to provide a full-scale high-
fidelity simulation in which teams of rescues are required to
proceed with different phases.

Levant et al. [44] analyzed the role of business simulations
in the development of a selection of 11 soft skills. Business
games are regularly used in higher education as learning tools
in management, strategy, and finance training [45]. Diffi-
culty and realism levels vary ranging from introductory man-
agement games to advanced simulations. This way, we can
find general simulations that enable students to address the
main issues involved in managing a business with a very
limited number of variables, more in-depth games designed
to develop a specific area of corporate management, such
as marketing or accounting, and simulations in which par-
ticipants receive more variables to immerse them in a com-
plex environment intended to represent the real life of the
organization. Some business simulations are based on team
work [46], representing real-life management situations in
which several departments of a business interact to make
decisions, enabling students to build soft skills. Finally, the
S-Cube project explored the use of online-role-play to pro-
mote soft skills development [47].

C. GAMIFICATION
The integration of game elements into online courses ws also
proposed to facilitate the teaching of soft skills, introducing
engaging and fun factors. This process involves game ele-
ments or game-design techniques such as scores, achieve-
ments, challenges, progress bar, and leaderboards. Online
learning platforms, such as Moodle, include plugins with
numerous gamification elements that can be used to gamify
online courses.

In [48] Dochie et al. describe an online course named
‘‘Skill Generator Assessment Game’’ focused on developing
soft skills combining gamification and scenario-based learn-
ing. The proposal includes a traditional online learning part
based on course presentations and a game-like assessment,
aimed at creating a game-like experience, using interactive
content and scenario-based learning to simulate the game
experience. Other gamification elements such as points and
leaderboards are included.

D. LEARNING ENVIRONMENTS
Besides all the proposals based on games and simula-
tions, other approaches based on learning environments
with support for soft skills were proposed in recent
years.

The SKILLS+ project [49] developed an e-learning plat-
form focused on soft skills [50] that includes different
types of learning resources and tools to support reading
resources: videos, real-world examples, tips and tricks, and

self-reflective exercises. The learning space is linked to a
storyline of an old clipper roaming around a ‘‘Sea of Knowl-
edge’’, where treasures are hidden in different islands. These
treasures are the skills that enable the learner to navigate
effectively, work well with others, and achieve goals. Despite
this introduction of the skills, the learning space does not
involve any kind of game.

The DEVELOP project [36] created a Personalized Learn-
ing Environment (PLE) for employees, people managers, and
strategic HR in medium and large companies who want to
receive career guidance and actively develop their career.
The environment provides assessment of social capital and
transversal competencies such as leadership, communication,
critical thinking, and more, helping employees to discover
their strengths. The DEVELOP Social Learning Tool, a part
of the PLE, facilitates self-directed informal learning and
competency development supported by a learning commu-
nity. The tool offers various features to guide and motivate
the user to apply knowledge in practice. A coach can use the
Social Learning Tool to prepare learning activities around a
certain transversal competency. An activity consists of several
small tasks or challenges on which learners can work alone or
supported by a community of practice, whenever this occurs
in their daily work. The end product of the project is intended
to be a for-profit tool for medium and large companies, yet to
be released.

Mokwa-Tarnowska et al. [51] describes a blended learning
experience based onWeb 2.0 applications to develop collabo-
rative projects for enhancing soft skills. The project involved
Civil Engineering students who worked collaboratively in
groups of 3-4 individuals for 3 weeks. Students had to prepare
an interactive multimedia poster on accidental discoveries
or inventions, compile specifications on an artifact they had
to invent and advertise, and devise future applications for
virtual reality (VR) and augmented reality (AR) and base
their solution on collected data. The tools used for this project
include a selection of collaborative authoring tools and a
brainstorming app: Moodle wiki, Thinglink, Mural, Quip and
Ease.ly. All the work done by the students had to be presented
and discussed in class.

The Evalsoft system proposed by García-García et al. [52]
focuses on promoting the learning and assessment of
teamwork skills through online environments. It is based
on a blended learning approach that integrates games
and role-playing with problem-based and collaborative
learning design. Teams of 3–5 students collaboratively
execute a series of tasks working towards solving a prob-
lem, taking turns in leading the team for each assign-
ment. Teams are self-organized and self-regulated under
their teacher’s guidance and each student is assigned
a functional role for each specific task. Groups are
heterogeneous internally and are formed based on each
student’s learning style using Vermunt’s Learning Styles
Inventory in order to achieve self-regulated teams, but homo-
geneous in relation to other groups for ensuring balance and
effectiveness.
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E. MOOCS
Massive open online courses (MOOCs) are also used to
support the development of soft skills. MOOCs are mainly
based on the delivery of video content and on the performance
of continuous assessment activities, but hands-on activities
and learning by doing based on real-life cases can also be
found [53]. Collaborative assignments and peer evaluation are
other typical activities in MOOCs [54].

It is possible to find MOOCs that focus specifically on dif-
ferent kinds of soft skills. Learning, innovation, communica-
tion, critical thinking and problem-solving are skills covered
to a great extent. The extensive focus of MOOCs on these
skills is the result of them being some of the most desired
competences in the labor market [55]. To life and career
skills, MOOCs in the business and management field focus
on the development of leadership and responsibility, initia-
tive and self-direction, and productivity and accountability
competencies.

The eLene4work project [56] is focused on the selection
and definition of soft skills, including digital soft skills.
It proposes activities and practical tools for fostering the
development of student skills through MOOCs and Open
Educational Resources (OERs).

Puhek & Strmšek [57] analyzed MOOCs in the field of
lifelong learning skills for the 21st century with emphasis on
transversal competences. In total, 829MOOCswere analyzed
regarding the ability to build transversal skills. The MOOCs
considered in the analysis were hosted on 39 different plat-
forms, although Coursera, edX, FutureLearn, Canvas, Open-
SAP and NovoEd hosted 84.3% of all analyzed MOOCs.

F. VIRTUAL AND AUGMENTED REALITY
The use of Virtual Reality (VR) and Augmented Reality (AR)
technologies as training tools for the development of soft
skills is still in its early stages. Existing projects based on
VR and AR are, to the best of our knowledge, research
projects not used in educational settings. However, the pos-
sibilities of VR and AR to immerse students in realistic
situations make them attractive to study new approaches.

Górski et al. (2018) [58] discuss development and test pro-
cedures of VR systems for building soft skills. Specifically,
they present the Virtual Quality Toolbox, a VR solution that
allows employees of small and micro-production companies
to effectively gain knowledge on the application of quality
management tools in practice. The toolbox content is intro-
duced by a virtual character, the production master. Building
working experience on a selected tool requires users to per-
form activities in an actual production environment, including
listening to a coordinator, locating objects, or performing a set
of actions with them, actions and situations that can be well
represented in VR.

Hickman & Akdere [59] developed experiential case stud-
ies involving VR simulation modules that immerse students
in intercultural leadership scenarios. The simulations were
recorded through 360-degree cameras capturing real actors
and also using computer-generated characters.

Pinzón-Cristancho et al. [60] presented an educational
strategy based on gamification for the development of soft
skills among engineering students through the simulation of
product development processes in a VR environment. The
activity was based on the popular game Second Life. Its vir-
tual environment allowed the representation of conditions
very close to the ones implemented in industry, promoting
positive interactions among students and encouraging them
to take action and overcome apathy and fear. This approach
resulted in very positive perceptions.

Finally, Rafiq & Hashim [61] described an English lan-
guage teaching AR game that also supports the development
of 21st-century skills.

G. ASSESSMENT
According to recent research, the assessment of soft skills can
also be supported by ICT tools. TheMeasuring andAssessing
Soft Skills [62] project outlined the importance of using
different approaches to assess different groups of people.

O’Connor et al. introduced in [63] the results of the Grad-
ing Soft Skills (GRASS) project, focused on representing
learners’ soft skills in a quantitative, measurable way to
enable skills’ formal validation and recognition [64]. It pro-
poses a technological infrastructure to allow educators to
continuously support, observe, assess, and acknowledge the
development of student’s soft skills. The infrastructure is
based on self-assessment, peer observation, and teacher eval-
uation. The key point is to try to balance, weight, and tri-
angulate the objective and subjective evidence of soft skill
acquisition ensuring the validity and reliability of the accredi-
tation of soft skills. The proposed technological infrastructure
is based on the accreditation of soft skills with digital badges
using the BadgeOS plugin for WordPress. This plugin can
be bi-directionally associated with Credly [65], a solution
to share credentials. This enables the sharing of badges via
professional and social media platforms. Also, details of the
badge earners and the requirements for achieving a badge
can be stored as metadata within the same file to support
transparency.

V. DISCUSSION
According to the results introduced in Sect. II, students agree
on the high importance of soft skills and on the need for active
methods to acquire them. They value more the importance of
soft skills such as meta-cognitive, intrapersonal or problem
solving, than technical skills. This perception is justified
because it is commonly accepted by students, especially those
in the last years of their studies, or those enrolled in graduate
programs, that technical skills are an integral part of their
education as engineers and are not perceived as ‘‘traversal’’
or ‘‘soft’’.

They also acknowledge the existence of a variety of ped-
agogical methods to teach and learn soft skills. However,
they tend to value most those with which they are more
familiar or more intuitive, such as those directly involving
teamwork or those that are applied, at least in part, in regular
course activities (e.g. making decisions, solving problems,
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TABLE 2. List of Selected Skills for the Technical Skills Category.

or making predictions thinking-based learning). On the other
side, more innovative methodologies, that might be perceived
as subverting the lecturing standards, such as gamification or
flipped classroom, still generate some reluctance even among
students.

The number and quality of the actual best practices found
in the five countries of the study indicate that it is possible
to effectively teach soft skills, but this is a topic that has to
be addressed specifically and not taken for granted. As dis-
cussed, similar practices are explored in different countries.
Nevertheless, they need to be considered more as isolated
experiences and not as generally adopted practices.

From what was observed in the best practices, many ini-
tiatives involve the use of games and simulations that enable
the development of situations where learners can experience
the application of soft skills. These games can be used in a
wide variety of learning scenarios, from classroom settings
to online courses. However, the development of these games

implies a high cost from a technical point of view and they
tend to be very specific, with each game focusing on some
particular skills. Using games in instructional processes may
require some level of technical preparation by instructors
for their effective integration with other activities such as
debates, analyses, assessment, etc. Therefore, games are not
directly transferable and scalable among educational institu-
tions. Some attempts of developing games based on VR and
AR technologies exist, but they are still at an early research
stage.

There is also another group of ICT solutions that are used
to support and promote soft skills in the context of class-
room activities, namely gamified solutions and e-learning
environments. In the former, gamification is used mainly to
motivate students and engage them in learning and training.
Soft skills are very different from typical formal knowledge
and keeping learners motivated in soft skills development
activities is a key point. In the latter case, tools such as

29234 VOLUME 9, 2021



M. Caeiro-Rodríguez et al.: Teaching Soft Skills in Engineering Education

TABLE 3. List of Selected Skills for the Metacognitive Skills Category.

collaboration, communication, and production facilities are
used to support the development of student activities. These
are not specific tools for the development of soft skills and,
in many cases, they are used for other purposes as well,
including the teaching of fundamental curricula knowledge.

Another ICT-related hot issue could be the introduction of
data science in soft skills teaching and acquisition. For exam-
ple, machine-learning algorithms could be used to analyze
data obtained from the interaction of students with course
management systems, social networks or project planning
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TABLE 4. List of Selected Skills for the Intrapersonal Skills Category.
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TABLE 4. (Continued.) List of Selected Skills for the Intrapersonal Skills Category.

tools to identify personality treats or skills already acquired
to facilitate the learning of new skills or foster existing one.
Besides, the blossoming of IoT solutions and the introduction
of low-cost wearable sensor devices enable the capture of
information about the physical status and mood of students
to drive soft skill acquisition.

Finally, the assessment of soft skills deserves special atten-
tion. It is a hard part of teachers’ work. Some projects and
proposals describe methods for capturing data from teachers
and peers and manage them to facilitate global assessment.
ICT-tools can be helpful to support these tasks. The use of
electronic badges was also considered as an appropriate tool
through its gamification component. In any case, the complex
part of these solutions seems to be more in the definition
of the assessment framework, i.e., what information should
be collected and which criteria should be used for assessing.
New technologies such as analytics can play a good role sup-
porting or performing automatic assessment, but the existing
solutions are still at a research state.

VI. CONCLUSION
This study reviews the promotion and teaching of soft skills in
engineering Higher Education across 5 European countries.

Students’ views about soft skills to master, best practices and
ICT-based solutions are provided, offering a broad perspec-
tive of the current situation in Europe.

As a first main conclusion, it is clear that there is a great
interest about the development of soft skills among higher
engineering education institutions, which gained additional
momentum in the last years in Europe as a consequence of
the implementation of the European Higher Education Area
consequence of the Bologna declaration [66]. In addition, the
current situation also shows the existence of a variety of
alternatives related to what soft skills to consider and about
the best approaches and tools to support their development.
In the article, we collected the most successful practices,
such as problem and project-based, and game-based, but
there exist many other approaches to develop soft skills
in engineering curricula. Despite such a variety should not
be considered as something negative by itself, we consider
that further research is needed to be able to analyze, measure
and compare the alternatives. Deeper scientific knowledge
about the appropriateness of the different soft skills schemes,
about the best teaching methods and ICT support, would
be very valuable for better decision-making towards the re-
engineering of higher education.
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TABLE 5. List of Selected Skills for the Interpersonal Skills Category.

Among the variety of methods to teach soft skills, practice-
based and collaboration-oriented ones are very relevant, such
as problem-solving or project-based approaches. These usu-
ally involve the development of competences in a broad sense
exposing students to complex challenges where the master-
ing of soft skills, particularly self-motivation and personal
leadership skills [66], makes a big difference towards the
achievement of a good performance. Engineering disciplines
are particularly well-suited to integrate this kind of practices.

Another option is the use of simulations and game-based
approaches. This can be more appropriate to support the
development of specific skills. It would be interesting to ana-
lyze both approaches, general and specific ones, studying the
differences in terms of students’ learning and appropriateness
to be included in the curricula.

Related to the integration of soft skills in the engineer-
ing curricula, another main issue is assessment. Some best
practices are described, but also in this case there is not a
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TABLE 6. List of Selected Skills for the Problem-Solving Skills Category.
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general approach about how to perform it. Usually, multiple
factors are taken into account depending on the pedagogical
approach followed, peer assessment and self-assessment are
considered, and assessment evidence are collected along the
course. Therefore, it is a complex problem, and subjective to
a certain extend. Also, at this point, it would be desirable
to have available assessment instruments that were easily
implementable and reproducible, that can provide precise
evaluations about the level of soft skill mastering of a person.
This would be also very important to allow us to objectively
compare different approaches to support soft skills teaching.

APPENDIX I
This appendix introduces the list of skills for each skill cate-
gory considered in the article, cf. Tables 2–6.

ACKNOWLEDGMENT
The European Commission’s support for the production of
this publication does not constitute an endorsement of the
contents, which reflect the views only of the authors, and the
Commission cannot be held responsible for any use which
may be made of the information contained therein.

REFERENCES
[1] Challenges Of The Twenty First Century. Concept Publishing Company,

New Delhi, India, 2010.
[2] B. Schulz, ‘‘The importance of soft skills: Education beyond academic

knowledge,’’ NAWA J. Lang. Commun., vol. 2, no. 1, pp. 146–154, 2008.
[3] M. Cinque, ‘‘‘Lost in translation’. Soft skills development in European

countries,’’ Tuning J. Higher Educ., vol. 3, no. 2, p. 389, 2016, doi:
10.18543/tjhe-3(2)-2016pp389-427.

[4] C. Dede, ‘‘Comparing frameworks for 21st century skills,’’ in Century
Skills, Rethinking Students Learning, J. Bellanca and R. Brandt, Eds.
Gurgaon, Haryana: Solution Tree Press, vol. 2010, pp. 51–76.

[5] Skills You Need. Accessed: Oct. 19, 2020. [Online]. Available:
https://www.skillsyouneed.com

[6] Battelle for Kids. P21 Framework. Accessed: Aug. 6, 2020. [Online].
Available: https://www.battelleforkids.org/networks/p21/frameworks-
resources

[7] A. Doyle. Top Soft Skills Employers Value With Examples. Accessed:
Aug. 6, 2020. [Online]. Available: https://www.thebalancecareers.
com/list-of-soft-skills-2063770

[8] S. K. Reed, Cognitive Skills You Need for the 21st Century. London, U.K.:
Oxford Univ. Press, 2020.

[9] G. Dogara, M. S. B. Saud, Y. B. Kamin, and M. S. B. Nordin, ‘‘Project-
based learning conceptual framework for integrating soft skills among
students of technical colleges,’’ IEEE Access, vol. 8, pp. 83718–83727,
2020, doi: 10.1109/access.2020.2992092.

[10] MODES Project. Accessed: Oct. 19, 2020. [Online]. Available:
https://www.euca.eu/modes

[11] B. Cimatti, ‘‘Definition, development, assessment of soft skills and their
role for the quality of organizations and enterprises,’’ Int. J. Qual. Res.,
vol. 10, no. 1, pp. 97–130, 2016.

[12] S. Bastos, H. De Oliveira, M. Silva, and L. Azevedo, ‘‘Soft-digital skills in
higher education curricula,’’ in Proc. 18th Eur. Conf. E-Learn., Nov. 2019,
p. 70.

[13] EQUA Project. Accessed: Sep. 7, 2020. [Online]. Available: http://www.
equa-project.eu/

[14] HERA Project. Accessed: Sep. 7, 2020. [Online]. Available: http://
heraproject.eu/

[15] A. Mendez, M. Florensa, C. Molleda, A. Alcazar, C. Fernandez, and
J. B. D. Ramiro, ‘‘Development of a method of assessment of the problem-
solving competence at the technical university of madrid,’’ Int. J. Eng.
Educ., vol. 30, no. 6, pp. 1749–1758, 2014.

[16] G. Polya, How to Solve it: A New Aspect of Mathematical Method. Prince-
ton, NJ, USA: Princeton Univ. Press, 2004.

[17] A. Carvalho, ‘‘The impact of PBL on transferable skills development
in management education,’’ Innov. Educ. Teaching Int., vol. 53, no. 1,
pp. 35–47, Jan. 2016, doi: 10.1080/14703297.2015.1020327.

[18] Grupos de Facebook. Accessed: Oct. 2, 2020. [Online]. Available:
https://www.facebook.com/groups/490587227966840/

[19] ECE329 Education Technologies. Accessed: Oct. 19, 2020. [Online].
Available: https://www.e-ce.uth.gr/studies/undergraduate/courses/ece329/
?lang=en

[20] H. Hättel, D. Gnaur, T. Ryberg, and J. E. Holgaard, A Web-Based Platform
for Building PBL Competences Among Students, E. Popescu, Ed. Sète,
France: SETE, 2019, pp. 175–182.

[21] A. C. Alves, F. Moreira, M. A. Carvalho, S. Oliveira, M. T. Malheiro,
I. Brito, C. P. Leão, and S. Teixeira, ‘‘Integrating science, technology,
engineering and mathematics contents through PBL in an industrial
engineering and management first year program,’’ Production, vol. 29,
pp. 1–13, Dec. 2019, doi: 10.1590/0103-6513.20180111.

[22] L. Alves, P. Ribeiro, and R. Machado, ‘‘Project-based learning: An envi-
ronment to prepare IT students for an industry career,’’ Computer Systems
and Software Engineering: Concepts, Methodologies, Tools, and Applica-
tions. Hershey, PA, USA: IGI Global, 2018, pp. 1931–1951.

[23] Laboratorio de Proxectos. Accessed: Sep. 25, 2020. [Online].
Available: http://teleco.uvigo.es/index.php/gl/estudios/gett/planificacion-
academica/lpro

[24] Tarkvaraarenduse Praktika. Accessed: Sep. 28, 2020. [Online]. Available:
http://www.cs.tlu.ee/ inga/TTP/

[25] eCITY Project—Home. Accessed Sep. 7, 2020. [Online]. Available:
http://ecity-project.eu/

[26] O. Heidmann, C. V. de Carvalho, H. Tsalapatas, R. Alimisi, and E. Houstis,
‘‘A virtual city environment for engineering problem based learning,’’ in
Proc. Int. Conf. Serious Games, Interact., Simulation, 2016, pp. 74–79,
doi: 10.1007/978-3-319-29060-7_12.

[27] D. Carvalho, C. Vaz, M. Caeiro-Rodriguez, M. L. Nistal, M. Hromin,
A. Bianchi, O. Heidmann, and A. Metin, ‘‘Using video games to promote
engineering careers,’’ Int. J. Eng. Educ., vol. 34, no. 2, pp. 388–399, 2018.

[28] M. J. D. Rodríguez, R. M. López, and M. C. R. del Ruiz, ‘‘Diseños de
entornos de aprendizaje activo basados en la gamificación: El juego Fiscal
Re-Game,’’ E-Publica, vol. 24, pp. 19–36, Feb. 2019.

[29] ECE420 Game Architecture and Development. Accessed: Oct. 19, 2020.
[Online]. Available: https://www.e-ce.uth.gr/studies/undergraduate/
courses/ece420/?lang=en

[30] E. J. R. Rivero, A. E. R. Martín, and D. N. Gil, ‘‘Evidencia empírica de
la adquisición de la competencia de resolución de problemas,’’ Perfiles
Educativos, vol. 37, no. 147, pp. 50–66, Jan. 2015.

[31] J. D. Thomas, M. Arthur, and A. Maydeu-Olivares, The Social Problem-
Solving Inventory-Revised (SPSI-R): Technical manual. North Tonawanda,
NY, USA: Multi-Health Systems, 2012.

[32] L. Canós-Darós, E. Guijarro, C. Santandreu-Mascarell, and E. Babiloni,
‘‘Peer evaluation and self-assessment of transversal competence team
work,’’ J. Manage. Bus. Educ., vol. 2, no. 2, pp. 69–86, 2019.

[33] D. Proctor and L. J. Justice, ‘‘A future focus of gaming,’’ in Proc. Adv.
Game-Based Learn., 2016, pp. 566–585, doi: 10.4018/978-1-4666-9629-
7.ch027.

[34] E. Dell’Aquila, M. Ponticorvo, A. Di Ferdinando, M. Schembri, and
O. Miglino, ‘‘Educational games for soft-skills training in digital environ-
ments,’’ New Perspectives. Springer, Dec. 2017, doi: 10.1007/978-3-319-
06311-9.

[35] M. J. Sousa and Á. Rocha, ‘‘Game based learning contexts for soft skills
development,’’ in Proc. World Conf. Inf. Syst. Technol., 2017, pp. 931–940.

[36] DEVELOP Project. Accessed: Oct. 19, 2020. [Online]. Available:
[Online]. Available: http://www.develop-project.eu/

[37] Modes Project. Accessed: Oct. 19, 2020. [Online]. Available:
https://www.euca.eu/modes

[38] Gamelearn: The #1 Video Game Learning Platform. Accessed:
Oct. 19, 2020. [Online]. Available: https://www.game-learn.com/

[39] N.Gilbert andK. Troitzsch, Simulation For The Social Scientist. NewYork,
NY, USA: McGraw-Hill, 2005.

[40] E. 4. Engineering, ‘‘Simulation-based learning for conveying soft-skills to
XL-classes,’’ in Engineering Education 4.0. Cham, Switzerland: Springer,
2016, pp. 647–654.

[41] E. J. Frank, ‘‘Soft skill development in a total enterprise simulation,’’ Bus.
Educ. Innov. J., vol. 11, pp. 79–82, Dec. 2019.

[42] S. Schutt, D. Holloway, D. Linegar, and D. Deman, ‘‘Using simulated
digital role plays to teach healthcare ‘soft skills,’’’ in Proc. IEEE 5th Int.
Conf. Serious Games Appl. Health, Apr. 2017, pp. 1–6.

29240 VOLUME 9, 2021

http://dx.doi.org/10.18543/tjhe-3(2)-2016pp389-427
http://dx.doi.org/10.1109/access.2020.2992092
http://dx.doi.org/10.1080/14703297.2015.1020327
http://dx.doi.org/10.1590/0103-6513.20180111
http://dx.doi.org/10.1007/978-3-319-29060-7_12
http://dx.doi.org/10.4018/978-1-4666-9629-7.ch027
http://dx.doi.org/10.4018/978-1-4666-9629-7.ch027
http://dx.doi.org/10.1007/978-3-319-06311-9
http://dx.doi.org/10.1007/978-3-319-06311-9


M. Caeiro-Rodríguez et al.: Teaching Soft Skills in Engineering Education

[43] A. Barelli and C. Naso, ‘‘Advanced simulation in disaster preparedness and
relief: The gold standard for soft skills training,’’ Prehospital and Disaster
Medicine, vol. 32, no. 1. p. S226, 2017, doi: 10.1017/s1049023x17005830.

[44] Y. Levant, M. Coulmont, and R. Sandu, ‘‘Business simulation as an active
learning activity for developing soft skills,’’ Accounting Educ., vol. 25,
no. 4, pp. 368–395, 2016, doi: 10.1080/09639284.2016.1191272.

[45] N. Van derMerwe, ‘‘An evaluation of an integrated case study and business
simulation to develop professional skills in south african accountancy
students,’’ Int. Bus. Econ. Res. J., vol. 12, no. 10, p. 1137, 2013.

[46] I. Barth and I. Géniaux, ‘‘Training future managers for invisible competen-
cies: Business simulations as learning drivers,’’ Manage. Avenir, vol. 36,
no. 6, p. 316, 2010.

[47] D. O’Byrne, P. Walsh, J. Moizer, J. Lean, and E. Dell’Aquila,
‘‘S-cube Project: Using online-role-play to promote soft-skills develop-
ment for European social enterprises,’’ Univ. Plymouth, Plymouth, U.K.,
Tech. Rep., 2014.

[48] E. Dochie, C. Herman, and C. Epure, ‘‘Using gamification for the devel-
opment of soft skills. skill generator assessment game case study,’’ Learn.
Softw. Educ., vol. 3, p. 3, Jul. 2017.

[49] Skills+ Project. Accessed: Sep. 3, 2020. [Online]. Available:
https://skillsplusproject.eu/

[50] S. Szilárd and A. Benedek, ‘‘Soft skills development needs and methods
in micro-companies of ICT sector,’’ Procedia-Social Behav. Sci., vol. 238,
pp. 94–103, 2018.

[51] I. R. M. Mokwa-Tarnowska and B. Kolodziejczak, ‘‘Online collaborative
projects to enhance soft skills,’’ in Proc. E-Learn. Smart Learn. Environ.
Preparation New Gener. Spec., vol. 10, 2018, pp. 443–464.

[52] M. G. García, C. B. López, E. C.Molina, E. E. Casas, and Y. A. R.Morales,
‘‘Development and evaluation of the teamwork skill in university contexts.
Are virtual environments effective?’’ Int. J. Educ. Technol. Higher Educ.,
vol. 13, no. 1, p. 5, Feb. 2016.

[53] J. Mullen, C. Byun, V. Gadepally, S. Samsi, A. Reuther, and J. Kepner,
‘‘Learning by doing, High Performance Computing education in the
MOOC era,’’ J. Parallel Distrib. Comput., vol. 105, pp. 105–115, Jul. 2017.

[54] J. P. Jong, ‘‘The effect of a blended collaborative learning environment in a
small private online course (SPOC): A comparison with a lecture course,’’
J. Baltic Sci. Educ., vol. 15, no. 2, p. 194, 2016.

[55] M. Cinque, ‘‘MOOCs and Soft Skills: A comparison of different courses
on Creativity,’’ J. E-Learn. Knowl. Soc., vol. 13, no. 3, pp. 83–96, 2017.
[Online]. Available: https://www.learntechlib.org/p/180975/

[56] Elene4work. Accessed: Oct. 19, 2020. [Online]. Available:
http://elene4work.eu/

[57] M. Puhek and Z. Strmáek, ‘‘MOOCs as tool for development of 21st
century skills,’’ Eur. J. Open, Distance E-Learn., vol. 22, no. 1, pp. 1–7,
2019. [Online]. Available: https://www.eurodl.org/?p=archives&sp=brief
&year=2019&halfyear=1&article=791

[58] F. Górski, P. Zawadzki, P. Bun, and B. Starzynska, ‘‘Virtual reality training
of hard and soft skills in production,’’ in Proc. 23rd Int. ACMConf. 3DWeb
Technol., 2018, pp. 1–2.

[59] L. Hickman andM. Akdere, ‘‘Exploring virtual reality for developing soft-
skills in STEM education,’’ in Proc. 7th World Eng. Educ. Forum (WEEF),
Nov. 2017, pp. 461–465.

[60] B. Pinzón-Cristancho, H. A. Calderón-Torres, C. Mejía-Moncayo, and
A. E. Rojas, ‘‘An educational strategy based on virtual reality and QFD
to develop soft skills in engineering students,’’ in Proc. Appl. Comput. Sci.
Eng., 2019, pp. 89–100.

[61] K. R. M. Rafiq and H. Hashim, ‘‘Augmented reality game (ARG), 21st
century skills and ESL classroom,’’ J. Educ. Learn. Stud., vol. 1, no. 1,
pp. 29–34, Dec. 2018.

[62] MASS Measuring and Assessing Soft Skills. Accessed: Oct. 19, 2020.
[Online]. Available: http://www.toolkit-creativity.eu/portfolio-posts/mass-
measuring-and-assessing-soft-skills/

[63] A. O’Connor, J. Buckley, and N. Seery. (2016). Identifying, Developing
and Grading’Soft Skills’ in Higher Education: A Technological Approach.
[Online]. Available: https://dspace-test.interleaf.ie/handle/20.500.12065/
3273

[64] The GRASS Project. Accessed: Oct. 19, 2020. [Online]. Available:
https://sites.google.com/site/llpgrassproject/

[65] Credly. Digital Credentials. Accessed: Oct. 19, 2020. [Online]. Available:
https://info.credly.com/

[66] Powell JJW, Bernhard N, Graf L. ‘‘The emergent European model in
skill formation: Comparing higher education and vocational training in
the bologna and copenhagen processes,’’ Sociol. Educ., vol. 85, no. 3,
pp. 240–258, 2012, doi: 10.1177/0038040711427313.

[67] B. Aseel, ‘‘Professionalism for engineers: Soft Skills in engineering educa-
tion to prepare for professional life,’’ in Proc. 14th Int. CDIO Conf., Tokyo,
Japan, 2018, pp. 1–11.

MANUEL CAEIRO-RODRÍGUEZ (Senior Mem-
ber, IEEE) received the Ph.D. degree in infor-
mation and communication technologies about
educational modeling languages in 2007. He has
performed research stays in the University of
Coimbra, Portugal; IRISA, Rennes, France; MTA-
ZSTAKI, Budapest, Hungary; the University of
Kumamoto, Japan; and ISEP, Porto, Portugal.
He is currently an Associate Professor with the
Department of Telematic Engineering, Universi-

dade de Vigo. He also teaches computer programming, software engineer-
ing, and computer architectures with the School of Telecommunications
Engineering. He is also focused on learning analytics. His research interests
include e-learning technologies and standards, open educational resources,
educational innovation, CSCL, and process-based systems. He has received
several awards by the W3C, NAE CASEE new faculty fellows, and the
IEEE Spanish Chapter of the Education Society to the best Ph.D. in 2007.
He served as the President for the Spanish Chapter of the IEEE Education
Society, from 2018 to 2019.

MARIO MANSO-VÁZQUEZ (Member, IEEE)
received the M.Sc. degree in telecommunication
engineering and the Ph.D. degree in telematics
from the Universidade de Vigo, Spain, in 2007 and
2017, respectively. Hewas a software engineer and
a graphic designer in several companies, moving
his focus to UX. He is currently a Researcher with
the Universidade de Vigo. He is also interested in
PLEs, e-learning, and UX design. He has partici-
pated in Game·Tel e-learning project as a designer,

a software developer, and an interoperability manager. He has participated
also in ITEC-SDE and edu-AREA projects as a leading designer. In addition
to his academic and professional interests, he is a skilled musician and plays
with local and national artists.

FERNANDO A. MIKIC-FONTE (Member, IEEE)
received the M.Sc. and Ph.D. degrees in telecom-
munication engineering from the Universidade de
Vigo, in 2001 and 2010, respectively. He is cur-
rently an Associate Professor with the Engineer-
ing School of Telecommunication, Universidade
de Vigo, where he is also with the Group of
Telematics Systems Engineering (GIST), Telemat-
ics Engineering Department. His current research
interests include e-learning, blended learning,

self-regulated learning, and telematics services.

MARTÍN LLAMAS-NISTAL (Senior Member,
IEEE) received the Engineering and Ph.D. degrees
in telecommunication from the Polytechnic
University of Madrid, Spain, in 1986 and 1994,
respectively. Since March 1987, he has been
a Faculty Member with the Higher Technical
School of Telecommunication Engineers, Univer-
sidade de Vigo, Spain. Since April 2020, he has
been the Director of atlanTTic, Research Center
for Telecommunication Technologies, Universi-

dade de Vigo. He has authored or coauthored more than 300 articles
in peer-reviewed international refereed journals and conference proceed-
ings. He has directed several national and international research projects
in telematics and technology-enhanced learning fields. He has received
several awards from the W3C (Highlight Paper in the WWW 2001, and
Education Track Best Paper and Conference Best Paper Finalist in the
WWW 2002) and from the IEEE (the 2007 Chapter Achievement Award
for the Spanish Chapter as an outstanding model of technical activities,
membership services, and professional development in Spain and Latin
America, the 2010 Distinguished Chapter Leadership Award, the 2011 IEEE

VOLUME 9, 2021 29241

http://dx.doi.org/10.1017/s1049023x17005830
http://dx.doi.org/10.1080/09639284.2016.1191272
http://dx.doi.org/10.1177/0038040711427313


M. Caeiro-Rodríguez et al.: Teaching Soft Skills in Engineering Education

Education Society Chapter Achievement Award, and the IEEE EDUCON
2015 and 2018 Meritorious Service Awards). He was a General Co-Chair
of IEEE EDUCON 2012, 2013, 2014 and 2018. He was a Co-Founder
in 2006 of the IEEE Latin American Learning Technologies Journal (IEEE-
RITA), and is the Editor-in-Chief since its founding. He was a member of the
Steering Committee of the IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES

from 2008 to 2013, and an Associate Editor from 2014 to 2019. He is
serving in different positions in the Education Society for the IEEE: a
member of the Board of Governors, since 2008, and of the Strategic Planning
Committee, since 2009, a Chair of the Publications Committee, from 2010 to
2018, the Vice President for Publications, from 2011 to 2018, and the Vice
President for Member and Geographic Activity, from 2019 to 2020. He is
currently the President Elect from 2021 to 2022.

MANUEL J. FERNÁNDEZ-IGLESIAS received
the M.Sc. degree in telecommunication engineer-
ing from University of Santiago de Compostela,
Spain, in 1990, and the Ph.D. degree in telecom-
munication engineering from the Universidade de
Vigo, Spain, in 1997. Since 1990, he has been
involved in lecturing and research with the School
of Telecommunication Engineering, Universidade
de Vigo. He held several managerial positions in
the public sector and higher education. He served

as the General Director for audiovisual communications with the Regional
Government of Galicia, Spain, as a CEO for the Galician Telecommunica-
tions Operator RETEGAL SA and as a Vice Rector for international relations
with the University of Vigo among others. He published more than 100 arti-
cles in international refereed journals and conference proceedings in the
field of information technologies, and regularly participates in international
projects in that field with universities and companies around the world. His
research interests include e-learning and e-services for senior and dependent
people.

HARIKLIA TSALAPATAS (Member, IEEE)
received the bachelor’s degree from the University
of Patras, Greece, the M.Sc. degree in computer
science from Rice University, Houston, TX, USA,
the M.B.A. degree from London Business School,
and the Ph.D. degree in computer engineering with
a focus on the development of serious games for
learning from the University of Thessaly. She is
currently a Lecturer with the Electrical and Com-
puter Engineering Department on Technology

Enhanced Learning and other subjects. She has been working on more than
35 R&D projects since 2000. Her research interests include the integration
of emerging design, pedagogies, and technology for generating effective and
rewarding learning experiences that build the skills and knowledge needed
for today’s world.

OLIVIER HEIDMANN received the master’s
degree in parallel computing from Louis Pasteur
University, Strasbourg, France. Since 2004, he has
been participating either as a technical lead or a
key software and a service designer and devel-
oper in more than 25 different EC-funded projects,
using ICT and web-based solutions to enhance
teaching and learning methodologies and tools.
He has published more than 50 articles at interna-
tional conferences more than past 8 years.

CARLOS VAZ DE CARVALHO (Senior
Member, IEEE) received the master’s degree in
electrical and computer engineering from the Fac-
ulty of Engineering, University of Porto, and the
Ph.D. degree in information systems and technol-
ogy from the School of Engineering, University of
Minho. He has been a Professor with the Computer
Engineering Department, Instituto Superior de
Engenharía do Porto (ISEP), and also with the
School of Engineering, Porto Polytechnic for the

last 30 years. Scientifically, he was a Researcher with INESC (Group on
Computer Graphics), a private R&D organization, from 1988 to 1996.
From that moment on he has developed his scientific career, in the field
of e-Learning at ISEP, where he was the Director of the R&D Group GILT
(Games, Interaction, and Learning Technologies). He directed the Distance
Education Unit, Polytechnic Institute of Porto, from 1997 to 2000, and was
the e-Learning Director of ISEP, from 2001 to 2005. He served as the Vice
President for the Computer Engineering Department, from 2000 to 2001,
where he was the Head from 2003 to 2005. He tutored/is tutoring eight
Ph.D. theses and 40 M.Sc. theses, has authored more than 250 publications
and communications, including nine books (as author and editor) and has
participated in more than 40 national and European projects, assuming the
coordination of 15 of them.

TRIINU JESMIN received the M.A. degree in
psychology from Tallinn University (TLU). She is
currently pursuing the Ph.D. degree in teacher’s
game use. She is also a Lecturer of data analysis
and also a Junior Researcher of serious games with
TLU. She also teaches descriptive and inferen-
tial statistics, scientific thinking, and psychology
related topics at bachelor’s and master’s level at
the School of Digital Technologies, TLU. She is
active in promoting sustainable lifestyle education.

Her current research interests include serious games, game-based learning,
and sustainability in games.

JAANUS TERASMAA received the Ph.D. degree
in ecology in 2005. He is currently a Profes-
sor of ecohydrology with Tallinn University and
also the Head of the Institute of Ecology. How-
ever, now he works more and more with projects
connected with environmental education, citizen
science, gamification, and digital learning tools.
Being behind the concept of one such outdoor
digital learning tool Avastusrada (avastusrada.ee),
he educates students and teachers on how to use

the tool. He also collaborates with multiple Estonian Environmental
Education Centers and schools. He has been involved in various edu-
cational technology and citizen science projects, currently working with
volunteer monitoring of springs (allikad.info). English CV available at:
https://www.etis.ee/CV/Jaanus_Terasmaa/eng. His current research inter-
ests include limnology, ecohydrology, water management, and ecosystem
services.

LENE TOLSTRUP SØRENSEN (Member, IEEE)
received the M.Sc. and Ph.D. degrees in statis-
tics and engineering from the Technical Univer-
sity of Denmark. She is currently an Associate
Professor of electronic systems with Aalborg Uni-
versity (AAU). She also teaches software and sys-
tems engineering, agile development, interaction
design, and privacy engineering at bachelor’s and
master’s level at the Faculty of TECH,AAU. She is
a long-term member of several international orga-

nizations such asWorldWireless Research Forum. She has published around
100 scientific articles, reports, and books. She is active in promoting women
in STEM educations. She is also focused on developing a learning platform
that can teach young people about cyber security. Her current research inter-
ests include usable privacy and security, e-learning technologies, educational
innovation, and problem-based learning.

29242 VOLUME 9, 2021


