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Chapter 1

Introduction

~-  n . . 2
litigo Cuiias’ and Itziar Goicoechea

Employers today are increasingly recognizing the significance of soft skills, and
students are well aware of this crucial fact. Upon graduation, students are expected
to possess a firm grasp of the technical skills directly related to their completed
courses, whether at the Bachelor’s or Master’s level. However, there is another
realm of skills that can profoundly impact securing initial employment and, more
importantly, advancing one’s professional journey.

The importance of developing soft skills cannot be overstated, as they have
the potential to shape the future of current and aspiring university students.
Providing training in these essential skills becomes a pivotal aspect of their
overall development. A comprehensive handbook outlining strategies for
enhancing the most sought-after skills serves as a valuable resource for both
students and lecturers, facilitating the integration of these vital competencies into
traditional university programs.

In 2016, during a PLA (Peer Learning Activity) titled “Developing future
skills in higher education,” and organized by the Working Group on the
Modernization of Higher Education (WG-MHE) of the European Commission, a
framework on soft skills was developed. These PLA seminars bring together
ministries and HEI representatives to share experiences and help identify
common areas for further work and cooperation at the European level [1]. This
framework, as defined by the EU Skills panorama [2] and The Occupational
Information Network (O*NET) [3], represents the core of the contents of
this book.

More recently, and also with the support of the European Commission, other
frameworks have been published focusing on more specific soft skills:

LifeComp, on personal, social, and learning to learn competencies [4];
DigComp, related to digital competencies [5];
GreenComp, which focuses on sustainability competency [6]; and

L]
L]
L]
o EntreComp, for promoting entrepreneurship [7].

"Departamento de Teoria do Sinal ¢ Comunicacions, Universidade de Vigo, atlanTTic, Spain
Departamento de Desefio na Enxefiaria, Universidade de Vigo, Spain



2 Soft skills for engineering

These new paradigms are also included in the different chapters, linked to the
fundamental collection from O*NET [3].

Education in Engineering has been traditionally focused on providing technical
knowledge for future engineers. Thus, they are generally good professionals with a
strong background in both basic sciences, mainly Mathematics and Physics, and in
specific topics related to each engineering branch. Now, with this book, professors
and lecturers have a tool to support the integration of soft skills within engineering
academic programs.

By recognizing the significance of soft skills and equipping students with the
tools to cultivate them, universities can empower their graduates to thrive in the
competitive professional landscape. This handbook aims to serve as a roadmap for
unlocking and developing these highly sought-after skills, benefiting both indivi-
duals embarking on their careers and institutions committed to nurturing well-
rounded and successful professionals.

1.1 Future skills in the European higher education area

The EU Skills panorama and The Occupational Information Network (O*NET)
classify soft skills into three categories: methodological, social, and cognitive. As
this is the framework that supports the entire handbook, the following subsections
will be devoted to defining the considered soft skills, which are the individual aims
of most of the chapters.

1.1.1 Methodological skills

This group of skills is oriented toward developing capacities used to allocate
resources efficiently. The included skills are time management, decision-making,
problem solving, learning strategies, planning, and digital skills, and they are
briefly explained as follows:

e Time management: managing one’s own time and the time of others.

e Decision-making: considering the relative costs and benefits of potential
actions to choose the most appropriate one.

e Problem solving: identifying complex problems and reviewing related infor-
mation to develop and evaluate options and implement solutions.

e Learning strategies: selecting and using training/instructional methods and
procedures appropriate for the situation when learning or teaching new
things.

e Planning: developing specific goals and plans to prioritize, organize, and
accomplish the work.

e Digital skills: involving the confident and critical use of information and
communication technology (ICT) for working and learning in the knowl-
edge society.
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1.1.2  Social skills

Social skills are the developed capacities used to work with people to achieve
goals, including skills such as teamwork, interpersonal communication, conflict
management and negotiation, and intercultural understanding.

Teamwork: skills required to work well as part of the team.
Interpersonal communication: skills to express ideas and views clearly, con-
fidently, and concisely in speech, writing, and body language.

o Conflict management and negotiation: handling complaints, settling dis-
putes, resolving grievances and conflicts, or otherwise negotiating with
others.

o Intercultural understanding: valuing and engaging with diverse cultures in
ways that recognize commonalities and differences, create connections with
others, and cultivate mutual respect.

1.1.3  Cognitive skills

Cognitive skills are those used in the process of obtaining and understanding new
knowledge through thought, reflection, experience, and the senses. They include
analytical, creative, critical, and reflective thinking.

e Analytical thinking: analyzing information and using logic to address work-
related issues and problems.

e  Creative thinking: developing, designing, or creating new applications, ideas,
relationships, systems, or products, including artistic contributions.

e Critical thinking: using logic and reasoning to identify the strengths
and weaknesses of alternative solutions, conclusions, or approaches to
problems.

o Reflective thinking: processes of analyzing and making judgments about what
has happened.

1.2 DigComp

The Digital Competence Framework for Citizens (DigComp) is an initiative sup-
ported by the European Commission to provide a common understanding of the
significance of digital competencies. This is the first step to developing such
competencies and creating the basis for measuring them. They are closely aligned
with the European Union’s efforts to promote digitization across the entire popu-
lation. In fact, the objective of the EU is to reach 80% of the population with basic
digital skills and about 20 million specialists in Information and Communication
Technology by 2030 [5].

The European Skills Agenda supports the promotion of digital skills among the
entire population as one of the pillars of future policies in education and wellness.
Until now, the use of DigComp has been related to different purposes, mainly in
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the context of employment, education and training, and lifelong learning. This
obviously fits with the purpose of this handbook, as including these skills in
engineering academic programs should be a future and present concern. In fact,
engineers must receive a high-level evaluation of their digital skills when obtaining
their diplomas.

This framework is a response to the Council Recommendation of 2018:
“Digital competence involves the confident, critical, and responsible use of, and
engagement with, digital technologies for learning, at work, and for participation in
society. It includes information and data literacy, communication and collabora-
tion, media literacy, digital content creation (including programming), safety
(including digital well-being and competencies related to cybersecurity), intellec-
tual property-related questions, problem solving, and critical thinking.” [8].
Including a chapter devoted to “Digital Thinking” represents the contribution of
this book to this common effort.

Assuming that competencies are a combination of knowledge, skills,
and attitudes, DigComp is structured around five areas, which link to the soft
skills considered throughout this book, and are analyzed in the following
paragraphs:

e Information and data literacy: this includes locating and retrieving digital infor-
mation, judging the relevance of both the source and the content, and managing
digital data. Thus, this first area connects to soft skills such as learning strategies,
analytical thinking, creative thinking, and, of course, digital skills.

e Communication and collaboration: this area relates to how we communicate
and collaborate using digital services, how we interact with other people or
institutions, and the management of our reputation. This area is linked to skills
such as interpersonal communication, teamwork, conflict management and
negotiation, intercultural understanding, and again, digital skills.

e Digital content creation: this third area focuses on the creation and editing
of digital content, connecting digital information to other bodies of
knowledge while taking care of intellectual property rights, and efficient
interaction with computer systems. The soft skills involved in such an area
could be time management, planning, decision-making, creative thinking,
and digital skills.

e Safety: while it might intuitively be interpreted as the protection of devices,
data, and privacy in digital environments, this fourth area goes further,
including the protection of physical and psychological health, awareness of
digital technologies for social inclusion and well-being, as well as the envir-
onmental impact of these digital activities. This broad focus needs to be sup-
ported by skills such as problem solving, critical thinking, reflective thinking,
and, once more, digital skills.

e Problem solving: in this fifth area, problem solving is aimed at digital
problems or situations to be resolved in digital environments. This includes
the use of digital technologies and staying up to date with digital knowl-
edge. Therefore, the soft skills involved are obviously problem solving,
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as well as learning strategies, analytical thinking, decision-making, and
digital skills.

1.3 GreenComp

The European sustainability competence framework (GreenComp) is one of the
actions within the European Green Deal aimed at promoting learning about envir-
onmental sustainability in the European Union. GreenComp identifies compe-
tencies to be included in education programs to create citizens with empathy,
responsibility, and care for the planet and public health [6]. This EU initiative can
be incorporated into engineering academic programs, making its analysis relevant
in this book.
GreenComp is organized into four competence areas:

e Embodying sustainability values: this includes valuing sustainability,
supporting fairness, and promoting nature. Analytical thinking, learning
strategies, and intercultural understanding can be identified as the related
soft skills.

o Embracing complexity in sustainability: this second area is devoted to systems
thinking, critical thinking, conflict management and negotiation, and problem
framing. Among the skills included in this book, critical thinking, problem
solving, and digital skills are linked to this area.

o Envisioning sustainable futures: the competencies included here are futures
literacy, adaptability, and exploratory thinking. Decision-making and creative
thinking are skills that have important implications in this area.

e Acting for sustainability: political agency, collective action, and individual
initiative are the competencies considered in this area. Reflective thinking,
teamwork, interpersonal communication, time management, and planning are
soft skills related to these concepts.

1.4 LifeComp

The European Framework for Personal, Social and Learning to Learn Key
Competence (LifeComp) includes a set of competencies applicable to all spheres of
life, to be acquired through formal, informal, and non-formal education. The
objective is to help citizens thrive in the 21st century, providing them with a key
competence set identified by the Council Recommendation on Key Competencies
for Lifelong Learning [8]. LifeComp has nine competencies grouped into three
areas [4]. They are outlined in the following lines and connected to the soft skills in
this book that best help in developing each competency.

e Personal area, including self-regulation, flexibility, and well-being. They are
connected to creative thinking, reflective thinking, problem solving, time
management, and planning, among the soft skills involved.
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e Social area, encompassing empathy, communication, and collaboration. They
link to skills such as interpersonal communication, teamwork, conflict man-
agement and negotiation, and intercultural understanding.

e Learning to learn area, featuring growth mindset, critical thinking, and
managing learning as the key competencies. Learning strategies, decision-
making, digital skills, critical thinking, and analytical thinking are related
soft skills.

1.5 EntreComp

The European Entrepreneurship Competence Framework aims to develop
the competencies needed to act on opportunities and ideas, to work with others, to
manage dynamic careers, and to shape the future for the common good. The created
value is found in both financial and cultural or social spheres. In other words, it
seeks to foster an entrepreneurial mindset in every aspect of life [7].

This framework is adaptable to different situations, and it contains 15 entre-
preneurship competencies, grouped into three main areas:

e Ideas and opportunities. This area includes five competencies, such as spotting
opportunities, creativity, vision, valuing ideas, and ethical and sustainable
thinking.

e Resources. The competencies are self-awareness and self-efficacy, motivation
and perseverance, mobilizing resources, financial and economic literacy, and
mobilizing others.

e Into action. Competencies such as taking the initiative, planning and man-
agement, and coping with uncertainty. Ambiguity and risk, working with
others, and learning through experience are the core of this area.

EntreComp also defines a timeline of progression levels in order to help indivi-
duals identify their starting point and to define a coherent pathway to achieve full
development in entrepreneurship skills. These progression levels begin at the foun-
dation stage (relying on support from others) and advance toward the expert level
(driving transformation, innovation, and growth), passing through intermediate
(building independence) and advanced (taking responsibility) stages.

1.6 Relations among the different considered
frameworks

In order to help organize the contributions of various European Union competence
frameworks discussed in previous sections and the soft skills explained throughout
this book, Table 1.1 summarizes the relationships among them.

The cross-referenced information compiled in Table 1.1 allows us to see that
each of the competence frameworks analyzed takes into account all soft skills
developed through this book. This reinforces the importance of such a collection of
skills, and even more, of incorporating them into the engineering curricula.
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Table 1.1 Relationship between areas at each competence framework and soft
skills
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1.7 Incorporating soft skills in engineering programs

This book is intended for lecturers and students to gain knowledge about the
importance of soft skills and the characteristics of each of them. Thus, the editors
have selected a taxonomy of these skills and organized the book in a way that all of
those included are analyzed and explained. As the book is designed as a manual to
aid in training soft skills, some activities are suggested throughout the chapters, and
they are indicated within gray boxes in between the text, close to the elements to be
reinforced.

The book is organized into chapters, most of which are individually devoted to
each of the considered soft skills. The first chapters focus on the reason why soft skills
should be introduced in relation to the learning outcomes of different engineering
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academic programs, from various perspectives: the development of individuals, the
advancement of professional careers, the companies’ demands, and many others.

After these introductory chapters, each of the 14 considered soft skills (meth-
odological, social, and cognitive) is introduced, explained, and developed along the
core of the book. As mentioned, these descriptions and considerations are accom-
panied by exercises and activities that can be proposed to students to train and
improve their soft skills through reflection.

Finally, the last chapters are devoted to how to incorporate these learning
outcomes within the academic curriculum: course syllabus, assessment tips, and
links to the digital world.
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Chapter 2
Why soft skills?

Bogdan Wlodarczyk'

Today’s dynamic world is one of ubiquitous technological development and global
access to technological advances that are visible at every turn. Thanks to technol-
ogies such as cloud computing, big data analytics, and the Internet of Things, it is
possible to access any information at any time from anywhere in the world.
Technology has changed the environment, and technological progress has created a
modern society in which information and access to it have become a basic good and
an integral factor of development. Technological development is not limited to
modern companies, autonomous machines, digital networks, or new communica-
tion technologies. At its core, it is driven by human capital—specifically, a com-
pany’s employees—who possess both hard skills (such as the technical expertise
needed to implement and operate technology) and soft skills essential for effective
communication and collaboration. These interpersonal abilities are particularly
crucial to the success and functioning of modern organizations.

2.1 Soft skills in industry 4.0

Competencies determine the qualifications of people in certain professions and are
a kind of guarantee of good work and success. Only people with specific and high
competencies can be professionals.

The socio-economic development of mankind takes place in three stages,
which A. Toffler [1] defined as waves of civilization development. The first wave
is the agrarian revolution, associated with the acquisition of agricultural skills and
the spread of sedentary lifestyles. The second wave is the industrial revolution,
initiated by the invention of the steam engine, electricity, new means of transpor-
tation and mass communication, and the creation of mass production. The invention
of the computer ushered in the third wave, the post-industrial revolution, associated
with the use of automated machinery and equipment, unrestricted access to infor-
mation, and the shift from mass to individualized production. The third wave of
human socio-economic evolution is also considered a continuation of the industrial
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revolution through the creation of automated production based on flexible pro-
duction systems and smart factories with cyber-physical production systems, where
information is transmitted via the Internet. The changes taking place in industry as
a result of the third wave are also referred to as the third and fourth industrial
revolutions (Industry 3.0 and Industry 4.0).

The direction of change in the era of the Fourth Industrial Revolution is clearly
emphasized and indicated by various institutions, including those of the European
Union. In the European Digital Agenda, the European Commission emphasized
that information and communication technologies “stimulate value creation and
economic growth.” This means that industry increasingly needs open and inter-
operable solutions to exploit these technologies across all sectors. EU-funded
programs will support industry initiatives to create standards and open platforms
for new products and services. The Commission will strengthen activities that bring
stakeholders together through joint research programs in areas such as the “Internet
of the Future,” including the “Internet of Things,” and in key technologies in the
information and communication sector [2].

But Industry 4.0 and its enterprises are all about human capital, an essential
element that is the glue between technology and reality. Every modern organization
builds its present and future on people. Each is also unique in the resources and
capabilities it possesses that set it apart from its competitors.

Thus, there is little doubt today that regardless of the size of the organization,
its structure, and other attributes, it is its people who constitute its most valuable
strategic capital: capital of qualifications, knowledge, skills, experience, person-
ality, and value. Human capital is considered the most important part of intellectual
capital, which, together with structural capital (process capital), is the primary
source of competitive advantage and value for any organization in today’s
knowledge-based economy. Therefore, people management is one of the most
important elements of management. The most important and probably the most
difficult, because people, like no other asset of an organization, are difficult to
know, changeable, often irrational, and unpredictable, and at the same time
endowed with the subjectivity and dignity of the human person.

In the past, technical knowledge helped to absorb industry-specific issues that
were needed on a daily basis. Engineers were research-oriented specialists who
carefully analyzed all aspects of a case before making a decision. They followed
policies and procedures according to a plan of action that was refined to the last
detail. The most important thing for them was the quality of their work. These
competencies of a specialized and technical nature, i.e., specific skills and knowl-
edge (hard competencies), are the absolute minimum for the functioning of a
company employee. In the era of the challenges of Industry 4.0, in addition to
specialized knowledge, soft competencies are expected from employees and work-
ers as an important area of functioning for the implementation of tasks and coop-
eration. However, the definitional analysis of competencies is not obvious either. It
is often pointed out that before the term “competence” was used, it was written
about skills, abilities, aptitudes, qualifications, and work potential. Undoubtedly, the
basic components of competence are knowledge and skills—mentioned by all
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authors dealing with the issue of competence. In addition, the diagnosis of both
individual and organizational competencies is an integral part of competence
management.

The term “soft skills” refers to an individual’s mental capacity and ability to
cope with social situations. They relate to the ability to manage oneself, i.e., the
ability to plan, anticipate, cope with stress, manage time, as well as the ability to
motivate oneself, assertiveness, creativity, or emotional intelligence. The second
area relates to functioning in society—these competencies are the ability to work in
a team as well as to manage others—motivate them, set goals for them, inspire or
persuade them to be right, and resolve conflicts that arise.

These topics are worth training, and these skills are worth deepening in order
to bring tasks and projects to the expected results. The keyword is also openness.
Today’s experts cannot be confined to their narrow specialization. They must be
able to understand concepts and ideas from other fields. They must be open to
change, both in their field and in the team in which they work. Communication
skills, including intercultural communication and the use of virtual tools, are also
becoming increasingly important. Of course, an engineer’s authority is still pri-
marily based on “hard,” technological knowledge, but the importance of its modern
segments is growing.

Enterprise 4.0 employees are outgoing and active persons who enjoy variety,
both in their interactions with people and in the tasks they perform. They have the
ability to communicate highly technical and detailed information to others with
enthusiasm and optimism, inspiring positive feelings about the ideas they are
sharing. Pay close attention to detail and strives for perfection. Ensure high quality
of work and adherence to standards. Adhere to policies and procedures.

Developing soft skills is not easy. In fact, it requires the presence in a person’s
consciousness of such elements as understanding the purpose of one’s change,
practicing, and having access to feedback on the changes made. Typical difficulties
a person encounters after deciding to work on developing their soft skills include
overcoming habitual reactions, struggling with their own resistance and defen-
siveness, examining their self-perception, and—which requires a great deal of
effort and support—painstaking training in everyday social situations [3]. Soft
skills are useful in any job and can be a determining factor in career success. In job
advertisements, soft skills are often mentioned and presented in terms of person-
ality traits: creativity, responsibility, self-reliance, recognition of one’s own
strengths and weaknesses, high motivation, and resistance to stress.

The biggest difficulty in implementing Industry 4.0 solutions will not be
acquiring the right technology, but the need to change the organizational culture
and acquire new skills. Of course, the technological aspect is also of paramount
importance. Companies are now moving from a phase of discovering and under-
standing the availability of data and its importance to a phase of extensive use of
analytical tools. In addition, with the proliferation of digital ecosystems, the need
to establish a sufficiently high level of digital trust, supported by transparency
and non-repudiation, confirming the integrity and provenance of their own and
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third-party data, is becoming increasingly important. All in all, in high-tech com-
panies, people are a resource of strategic importance in the management process.

Company employees, including, for example, an Industry 4.0 engineer,
should no longer focus solely on their narrow specialization. They should be able
to understand concepts and ideas from other fields. Be open to change, both in
their field and in the team in which they work. New communication and social
technologies require employees to work effectively, often in a virtual team, and
often with people from different cultures. The team-based nature of an engineer’s
work requires highly developed interpersonal skills. Effective communication is
particularly important, including the ability to persuade, motivate, and explain
difficult and unpopular decisions. As before, in Industry 4.0, the basis of an
engineer’s authority will be the extent of their technical knowledge, with new
areas of technical competence likely to gain in importance. These may include,
for example, the integration of IT control systems, the programming of industrial
robot assemblies, the integration of cloud-based analytical systems with local
systems, cybersecurity, or the application of artificial intelligence algorithms to
automation systems.

Automation and robotics have a direct impact on reducing the need for
unskilled labor. In turn, the need to program and maintain complex jobs, equip-
ment, and systems will create new jobs. Studies show that the jobs most likely to be
replaced by systems and technologies are those that perform simple administrative
tasks and, in the case of manufacturing companies, the positions of people who
perform simple activities in the production process. On the other hand, positions
and occupations such as project managers, operations managers, engineers, or
doctors, as well as members of corporate boards, are reported to be the least
susceptible to being substituted [4].

The vision of Industry 4.0 requires a constant willingness to innovate, to be
creative, and thus to change the way goods are produced and managed. The man-
agement of human capital will depend on many factors and will require far-
reaching changes: from the planning of training programs (at lower and higher
levels), to changes in the nature of the work of those already employed (re-quali-
fication, training), to organizational changes in companies (implementation of new
technologies, communication networks that coordinate work inside and outside the
company).

The increasingly widespread use of advanced technological solutions, the
interconnectedness of the economy that affects the development of various forms of
communication, global competitiveness, and the increasing and popular mobility of
workers are trends and phenomena that affect—and often profoundly change—the
way people live and work. These regularities, combined with a rapidly changing
professional environment, mean new opportunities but also challenges for organi-
zations, their employees, and, above all, their human resources managers. In the
“factory of tomorrow,” people will be at the center of an intelligent production
system where technology will support their cognitive and physical abilities.

Enterprises 4.0 will need to hire employees endowed with a range of compe-
tencies, starting with those basic specialized ones (hard skills) as well as key social



Why soft skills? 15

ones (soft skills). Employees who are professional, committed, easily networked,
and eager to cooperate are the dream/needed personnel of today’s enterprises. The
key to creating and implementing an Industry 4.0 strategy in a company is under-
standing how customers are changing, what the competition is doing, what chal-
lenges the organization is facing, and what can cause a business and technological
status quo.

The challenge now posed by the market and consumers will be realized if,
together with advanced technology, the emphasis is placed on the development of
soft competencies of the employee of the enterprise 4.0. It is these that can deter-
mine the market success of the enterprise, where a close-knit, well-functioning
team of employees, able to work together, with a range of soft competencies, will
function effectively and efficiently, even with the difficult challenges of imple-
menting and operating the technology of Industry 4.0.

2.2 The importance of universities and the educational
ecosystem

The Fourth Technological Revolution is overturning the established paradigms of
market, production, labor, and consumption. It is also changing the paradigm of
education: the understanding of its purpose and the ways of acquiring it. More
rapidly changing labor market conditions require greater flexibility from the entire
education system and a better connection between educational institutions and
employers, NGOs and public institutions within a multi-element educational eco-
system. At the center of this ecosystem is an individual who has the cognitive and
social competencies to navigate the ever-changing labor market, and who under-
stands the need for continuous further education and the acquisition of new skills,
and above all, knows how to do it.

In this view, formal educational institutions—including universities—should
first and foremost shape cognitive and social competencies and create a base of
knowledge and skills that graduates will be able to extend and expand with fur-
ther skills required in the labor market, both through further stages of formal
education (e.g., MBA courses or postgraduate studies), as well as non-formal or
informal education (vocational micro courses, training courses and self-education
through e-learning platforms, offered both for educational purposes or in a non-
intentional way—in everyday life). In other words, the primary task of educa-
tional institutions is to develop the fundamental competencies that enable people
to reach for further forms of education on their own, not necessarily planned as
part of a course. The ultimate goal is the maximum personalization of education,
that is, the adaptation of education to both the needs of the individual, the
requirements of functioning in society, and the demands of the labor market.

An important role in the educational ecosystem is played by universities, net-
worked and actively cooperating with other entities. The gap between the expec-
tations of students and the needs of the environment for the competencies of the
future and the current educational results is alarming. This is true of most tertiary
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education systems around the world. In knowledge-based economies, the tradi-
tional role of the university is changing, as it ceases to be the proverbial “ivory
tower” with a monopoly on the production and dissemination of knowledge,
becoming one of many, though invariably a significant component of an educa-
tional ecosystem focused on continuous learning. Stimulated by the technological
revolution, the change in the model of knowledge and skills acquisition and
the emergence of competitive educational models mean that, all over the world,
universities are facing new challenges to adapt to the changing expectations of
students and employers.

The problem is that there is a massive gap between the beliefs of those working
in higher education about the level of competence of graduates and the opinion of
employers about it. We put forward the thesis that a higher education institution
wishing to educate the competencies of the future must itself assimilate them and
incorporate them into the basis of its operations.

The university of the future actively engages with the broader educational
ecosystem: this means moving away from the traditional university model to an
engaged model in which learning and teaching are aligned with academic stan-
dards, but at the same time meet the expectations of the university environment and
jointly create new knowledge, skills, and attitudes. The primary challenge for
universities is to change the way they educate students so that they acquire key
competencies for the job market, while being prepared to function in a world where
constant change in conditions is the norm.

Modern developments are moving in the direction of increasing the flex-
ibility of programs and changing the forms of teaching students: moving away
from the rigid division into semesters and years of study, teaching and applying
theory to practice, and putting more emphasis on involving students in practical
project work.

The universities’ response to students’ expectations is also to expand their
educational offerings through cooperation with external entities, e.g., organizing
intensive courses to improve specific skills or competencies in cooperation with
specific companies or NGOs, involving the possibility of obtaining a certificate.
Competency needs, expressed by companies, could be more quickly reflected in
study programs if universities had closer and more frequent relations with the
environment. These relations should include: intersectoral exchanges (hiring
researchers at companies, institutions or foundations, and employees of these
organizations at universities); research cooperation between students and the
environment as part of theses or classes; broader participation of universities in
commissioned research, joint publications with business or in the commercializa-
tion of knowledge and technology.

2.3 How is the university of the future?

Creative. Tirelessly seeks new ways to shape the competencies of the future in
students; it is committed to tradition, but is not afraid of didactic and organizational
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innovations. Boldly introduces alternative teaching models based on new technol-
ogies, joins in the creation of new methods of skill certification (so-called “nano-
degrees”), and highly personalizes the learning experience.

Collaborative. Understands its role in the broader educational ecosystem and
in the context of the lifelong learning requirement. Eagerly and actively enters into
alliances with employers to expand and add a practical dimension to educational
offerings. In cooperation with businesses, it creates an attractive and accessible
educational offer for employees who are changing their skills, and is thus a key
component of lifelong learning.

Managing. Motivates and develops its staff, lecturers, and researchers not only
in terms of content, but also in terms of the competencies of the future, so that they
can successfully instill them in students.

Socializing. Provides a rich and open environment to develop social and
emotional competencies in direct contact with lecturers and other students.

Digitized. Uses new technologies to:

e collecting and analyzing data on the quality of scientific and research and
teaching activities through automated information systems, which allows
authorities to respond quickly and flexibly to emerging challenges and adapt
teaching offerings to the needs of the changing labor market;

e changing the way of teaching (e.g., increasing the role of e-learning and
communication platforms);

e changes in the study experience: efficient handling of student and employee
affairs.

Solving complex problems. First and foremost—how to combine the tradi-
tions of university education with the expectations of students and employers in
terms of educational offerings; how to educate a flexible employee, able to con-
tinuously improve his qualifications and competencies, who at the same time will
be an enlightened and satisfied citizen?

Critical. Produces knowledge crucial to the development of digital society and
economy; creates proposals for solutions to problems arising from changes in the
labor market, for example, actively participates in discussions on the direction of
social and economic development. Teaches theory in practice.

Entrepreneurial. Actively cooperates with the environment (business, public
institutions, third sector); in cooperation with the environment, develops key
competencies for entrepreneurial attitudes in its students.

2.4 Universities in the vanguard: good practices

Stanford University’s response to the changes taking place is the Stanford 2025
project, based on four concepts that are revolutionizing university education. The
open-loop concept focuses on changing the period of study from a uniform block
into time-independent and repeatable phases of study that meet the student’s needs
in the labor market. The concept of one’s own pace of learning (paced education) is
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designed to provide a personalized learning process and time, allowing the students
to better understand their learning style and strengths. The concept of axis change
(axis flip) puts interdisciplinary competencies in the spotlight at the expense of
attachment to traditional academic disciplines. The final element is purpose-driven
learning, which seeks to ensure that the student is engaged in the study process by
creating a purpose and meaning to work on. Instead of declaring “I’m studying
biology,” a student should be able to say “I’m studying human biology to create
solutions to fight world hunger.”

At Arizona State University, USA’s largest university, students work as part of
multidisciplinary teams—their members may be studying engineering, law or
management, as well as arts, communications, and pedagogy. Together, they carry
out a practical project, looking for a solution to a problem submitted by a specific
company, and then present it to the principal. The university also emphasizes
creating an environment in which students can learn from their mistakes, “but
without suffering the consequences that await them in the real world,” nor does the
university make it difficult to change majors if a student finds that the current one
does not meet his or her expectations. The university has developed various stra-
tegies for including employers—from the business world and public institutions—
in the process of educating students.

In 2017, The Netherlands Association of Universities, the Netherlands
Association of Universities of Applied Sciences and SURF (an organization dedi-
cated to ICT for education and research) formulated the Acceleration Agenda for
innovation in education. It defines the strategic areas of action needed to accelerate
innovation in the higher education sector, namely: better connection between
higher education and the labor market, making higher education more flexible, and
supporting the use of new technologies in teaching. Activities include supporting
digital competency training as a means to better prepare students to enter the labor
market, sharing e-learning materials, or supporting lecturers to prepare them to
teach with more innovative methods. Implementation of the agenda is based on
eight areas of activity, which are coordinated by researchers from various uni-
versities affiliated with the aforementioned associations.

The University of Warsaw is implementing a project called “Applied Thesis—
Effective Professional Start,” under which students can apply the knowledge they
acquire in classes to practice. External partners—companies, public institutions,
and non-governmental organizations—can submit research requests, and students
of the humanities and social sciences, under the direction of a supervisor, prepare a
thesis proposing a solution to a specific problem. “The project responds to the need
to prepare graduates for the practical application of knowledge at work, but also to
the growing demand for the exchange of data, knowledge, and competence between
the scientific sector and business, public institutions and NGOs.”

As a joint initiative of the European Commission, the Directorate General for
Education and Culture and the OECD, an evaluation tool has been created through
which universities can assess themselves in terms of entrepreneurship and inno-
vation in their own educational environment. The evaluation covers eight scopes:
leadership and management, organizational capacity, entrepreneurial teaching and
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learning, preparing and supporting entrepreneurs, digital transformation and capa-
city, knowledge exchange and collaboration, internationalization, and impact
measurement.

2.5 Quality of competence education

The future of universities depends on investment in teaching and teaching staff. In
theory, universities are oriented toward teaching the competencies of the future.
According to the requirements, the plan for each course must include learning
outcomes regarding the knowledge, skills, and competencies that students will
derive from the course. However, these ambitious assumptions are crashing into
teaching practice. The weakest link in the system for educating the competencies of
the future is the educators themselves. The reasons for this state of affairs must be
sought in the systemic and long-standing overload of didactics while undervaluing
it in the evaluation of a research and teaching employee, held accountable mainly
for publications and projects. The motivation and commitment of academics are
directed to where the highest return is expected in the form of the highest possible
university revenues. These, in turn, are predominantly based on the publication
efficiency of academic units and researchers. Thus, there is no space—either
institutional or even more so personal—for active teaching based on flexible
adaptation of content to the needs of the labor market. Universities that make such
efforts do so on a small scale and often under difficult organizational conditions. In
turn, the lecturers who actually undertake such teaching often lack relevant
experience, and therefore—in the eyes of students—are not a reliable source of
education aimed at achieving the competencies of the future.

Today, the role of the lecturer is changing: from a master with access to elite
knowledge to an intellectual guide with high didactic and social competencies. A
university that wants to teach the competencies of the future must emphasize the
development of its teaching staff in terms of these competencies. In addition to sys-
temic solutions, such as valuing didactics in employee evaluation and reducing sal-
aries to increase the quality of teaching, it is crucial to involve lecturers in the open
educational system through contacts with businesses, NGOs, and public institutions.

Under conditions of rapid acceleration of technological, economic, and social
changes, lecturers’ knowledge becomes outdated faster, so it turns out to be all the
more important to cooperate with the university environment. Universities must
also consistently engage practitioners from the market to teach. This type of prac-
tice occurs, among others, at many other universities, which have the infrastructure
and technology to use innovative methods in teaching, but instructors do not know
how to use these opportunities. Their concerns include, for example, the use of
materials from the Internet. This has prompted the creation of a system of expert
consultations aimed at universities to support the development of individualized
digitization strategies for universities.

Technological advances mean that the development of the economy will
increasingly be based on knowledge and the ability to apply it in practice.
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Meanwhile, many companies in Europe consider the lack of personnel with the
right skills to be a barrier to investment; a growing number of companies also
consider this obstacle to be the most important. Skills gaps can negatively affect
companies’ productivity and their ability to grow, innovate, and adapt technology.
For workers, the lack of these “right skills” limits employment prospects and access
to quality jobs. Also, the economy is increasingly knowledge-based, so an insuf-
ficient supply of workers with the right competencies is a challenge for companies
competing in local and global markets and threatens growth potential.

2.6 Personal benefits of teaching soft skills

Soft competencies are defined as the skills a person acquires, both during the period
of education and throughout the entire life. To determine the benefits that are
associated with the teaching of these competencies, it is necessary to take into
account the immediate benefits that accrue to the student during the period of study,
and the long-term benefits that are already evident in adult life. Another element
that emphasizes the importance of soft competencies is society’s expectations of an
individual’s resourcefulness and the requirements created in the labor market. The
competencies acquired by a young person benefit him in three main areas of his
life: the professional area, interpersonal relations, and self-realization.

The formation of such competencies has an impact on the development of
interpersonal and self-realization skills. It creates pro-social thinking, characterized
by orientation to the capabilities and needs of other people. This creates a deeper
ability to observe the changing behavior and feelings of others, evaluate situations,
and give and receive messages.

Students also learn how to succeed, how to fail, and how to cope. An important
part of the impact of acquired soft skills is the sphere related to self-realization. A
person with high social competence is able to accurately read his own needs,
communicate them, and strive to meet them. Such people are assertive, direct, and
have a high plasticity to assimilate changes. As a result, they have a greater ability
to control their emotions and low rates of anxiety and depression. In addition, self-
knowledge and self-awareness give them greater ability to control their lives, self-
development, make more accurate choices, and plan their career paths more
accurately. A person who has a high degree of self-awareness can also effectively
use the various self-motivation techniques necessary to better achieve goals. Such a
person demonstrates internal consistency, is consistent, and is responsible for his
actions.

Teaching soft skills also has benefits in the area of marketing, as the young
person learns personal branding, negotiation, and cooperation. These are key skills
in the area of building one’s own image and positioning oneself in the job market.
Personal branding is often a key element when looking for a job in a profession. It
is a kind of self-presentation that can be practiced through various speeches or
activities. Young persons learn to present themselves at their best and to exercise
control over how others perceive them. Such behavior shapes a desirable personal
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identity, increases self-esteem, and brings material or social benefits related to the
perception of our image by others.

Among the soft skills that are or should be taught are intercultural compe-
tencies, which prepare individuals to participate constructively and effectively in
society not only as a citizen of a country but also as a citizen of the world. A young
person learns interpersonal communication in different environments by listening
attentively, speaking, and interacting with people from other cultures. Related to
this is the ability to express and understand different points of view, widely referred
to as tolerance. By activating multicultural programs, students have the opportunity
to learn about the cultural heritage of other countries. Such skills can later be used
in working for foreign companies or in domestic companies on international pro-
jects. Foreign language skills are also a valuable skill.

Going a rung higher in terms of career, it is advantageous to have compe-
tencies that enable a person to perform a managerial or executive function. In this
case, the qualities valued by employers are leadership competencies, enabling the
efficient implementation of the company’s mission and vision, as well as managing
the team of people entrusted to the person. Through the introduction of various
simulations, workshops, and discussions that include modeling of behavior, a
young person has the opportunity to develop skills that improve delegation of tasks,
organization of individual’s and the team’s time, and change management.
Recruitment specialists emphasize that a high level of soft skills is very important
for managers and entrepreneurs, as it determines the quality of work performance
and efficient management of employees.

The effective functioning of an individual in society depends on the soft skills
he or she possesses. Educational institutions are an excellent environment for
developing them, as students have the opportunity for a large number of social
experiences, through which they receive information to verify their own behavior.
The teaching of soft skills has widely demonstrated benefits for young people, both
related to their functioning at school, in society, and later in professional life.
Possession of such skills positively affects interpersonal and professional rela-
tionships, as well as self-realization. A young person with social skills is more
confident in himself, his needs, and his abilities, so he can manage his life and
career more efficiently.

It also affects relationships with others through the ability to read their emo-
tions and respond appropriately. Teaching soft skills also contributes to improving
interpersonal communication and shaping the ability to work in a team, manage
time, and delegate and accept tasks. These are abilities that are essential and sought
after in future employees. The above-mentioned benefits are only a part of the gains
that a person with soft skills obtains. Therefore, educational systems are encour-
aged to introduce subjects and programs that support the development of these
competencies.

The Recommendation of the European Parliament and the Council of the
European Union of December 18, 2006, on key competencies for lifelong learning
urges member states to develop key competencies as part of a lifelong learning
strategy [5]. The annex to this Recommendation was the European Commission’s
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document entitled “Key Competences for Lifelong Learning. European Reference
Framework™ [6]. Within the framework of this document, eight key competencies,
which are a combination of knowledge, skills, and attitudes, were defined, among
them also social competencies, as necessary for self-realization and personal
development. Due to the development of modern technologies and the changes
that have since taken place in society, there was a need to update this document.
A proposal for a revised recommendation was adopted by the College of
Commissioners in 2018 as part of a package on the future of learning, and subse-
quently adopted by the Council of the European Union. Among other things, the
update took into account the increased importance of soft competencies, which play
an important role in preparing for life in today’s societies.
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Chapter 3

What do companies and the labor market
demand? What do universities offer?

Almudena Gonzdlez Costas’ and Itziar Goicoechea Castafio”

3.1 Introduction

Soft skills are increasingly in demand in the labor market, and higher education
institutions should incorporate them among the competencies they provide to
graduates. But, which are the most valued soft skills among the complete catalogue
covered in this book?

In 2018, as part of the UNIFORS 2020 project, funded by the Erasmus+ program
of the European Union, the project consortium launched a survey to identify the most
in-demand soft skills among companies in six European countries: Belgium, Greece,
Poland, Portugal, Romania, and Spain. The objective was to gain a deeper under-
standing of the competencies valued in the labor market and to assess potential skill
gaps that could impact employability and workforce readiness.

Simultaneously, the project consortium launched a parallel survey in Higher
Education Institutions to gather insights from students about which soft skills they
considered most important for their professional development. Additionally, the
survey examined how difficult it was for students to find training opportunities or
courses that would help them acquire these essential skills. The findings aimed to
bridge the gap between the expectations of employers and the perceptions of future
professionals, fostering better alignment between academia and the labor market.

In 2024, the same survey was conducted again, allowing for a comparative
analysis of results over time. This new assessment sought to evaluate the evolution
of skill demands at the European level, detect emerging trends, and analyze the
possible effects of the COVID-19 pandemic in 2020 on workforce requirements and
educational priorities. Given the significant disruptions caused by the pandemic,
the study aimed to determine whether employers’ expectations had shifted and
whether students’ awareness of soft skills had changed because of the evolving job
market landscape.

"PhD Program on Creativity and Social and Sustainable Innovation, Universidade de Vigo, Spain
Departamento de Desefio na Enxefiaria, Universidade de Vigo, Spain
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Finally, to obtain the most accurate and up-to-date picture of the current labor
market, the collected data was compared with public sources, such as the real-time
analysis of online job advertisements (OJAs) conducted by CEDEFOP in colla-
boration with EUROSTAT. This integration of multiple data sources provided a
broader perspective on labor market trends, highlighting which skills were actively
sought by employers and how these demands aligned with the perceptions of stu-
dents and educational institutions.

3.2 Methodology

The initial questionnaires, developed in 2018, were based on the ET2020 PLA Report
“Developing future skills in higher education,” published by the European
Commission in 2016 [1]. The report categorizes the main skills that the European
Commission identified as critical for higher education training into three main groups:

Cognitive skills: analytical, critical, reflective, and creative thinking.
Methodological skills: time management, problem-solving, decision-making,
learning strategies, planning, and digital skills.

e Social skills: interpersonal communication, teamwork, conflict management
and negotiation, and intercultural understanding.

Since the report itself did not contain the definition of the skills, the definitions
provided were sourced from the EU Skills Panorama and The Occupational
Information Network (O*NET) [2], developed under the sponsorship of the U.S.
Department of Labor/Employment and Training Administration (USDOL/ETA).

Each skill was defined as in Section 1.1, and participants in the questionnaire
were asked to rate:

o The importance of each skill on a scale from 0 to 5, where 0 meant “/ don’t
have an opinion” and 5 meant “It is very important.” This rating was collected
from both companies and students.

e  The difficulty of finding courses to learn these skills was also on a scale from 0
to 5, where 0 meant “/ don’t have an opinion” and 5 meant “They are very
difficult to find.”

The same survey was conducted in 2024 to obtain comparable results.

3.3 Main findings from 2018 surveys

3.3.1 Main findings from the 2018 survey for companies

Once the company surveys were conducted, the first step was to analyze the profile
of the respondents to later draw meaningful conclusions from the collected data.

Regarding company size, approximately 35.70% of the companies surveyed
are large enterprises (with 250 or more employees). As shown in Figure 3.1, the
remaining companies form a balanced mix of medium-sized enterprises, small
enterprises, and micro-enterprises.
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Micro-enterprise (Fewer than 10 persons
employed) 23.80%

Small enterprises (10 to 49 persons employed) 35.70%

Medium-sized enterprises (50 to 249 persons
employed)

19.109
Large enterprises (250 or more persons %

employed)
21.40%

Figure 3.1 Distribution of surveyed companies by size (%)

81,4% Private Companies

16.20%
Professional, scientific, and technical
activities o
Information and communication 44.20%
Manufacturing/Industry 25.60%
Others
14%

Figure 3.2 Distribution of company sectors (%)

Of the companies responding, 81.4% were private enterprises, distributed
across various sectors, as shown in Figure 3.2. The distribution by sector was as
follows: 44.2% of the companies surveyed were engaged in professional, scientific,
and technical activities, followed by Information and Communication with 25.60%.

Additionally, nearly 80% of them had hired or offered internships to recent
graduates or final-year university students in the past year. This is particularly
relevant, as these companies have firsthand knowledge of the soft skills that newly
graduated professionals bring to the workforce, giving them valuable insight into
the actual skill set that new employees possess.

Analyzing the results, the five most in-demand soft skills among companies
were as follows:

e Teamwork (social skill—rated 4.13/5. Collaboration is a key factor in the
success of most modern organizations. This skill is highly valued because it
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fosters a cooperative work environment, increases productivity, and ensures
employees work toward shared goals.

e (Critical thinking (cognitive skill—rated 3.98/5. Companies are looking for
employees who can independently evaluate information, challenge assumptions,
and approach problems with a reasoned, systematic mindset. This skill is especially
crucial for decision-making processes in dynamic and competitive industries.

e Analytical thinking (cognitive skill)—rated 3.96/5. The ability to analyze data
and extract meaningful insights is essential for solving complex problems and
making data-driven decisions. This skill is especially sought after in industries
relying on technology, research, or strategic planning.

e Interpersonal communication (social skill)—rated 3.92/5. Effective com-
munication plays a central role in building professional relationships, resolving
conflicts, and facilitating clear and concise exchanges of ideas within teams
and across departments.

e Problem-solving (methodological skill)—rated 3.85/5. Employers place sig-
nificant value on employees who can identify and resolve issues efficiently.
This skill enables individuals to find practical solutions to challenges, improve
processes, and contribute to the overall success of the organization.

These results highlight that companies are prioritizing a blend of cognitive,
social, and methodological skills, all of which are essential for fostering a pro-
ductive and adaptable workforce. Employees who possess these skills are seen as
better equipped to navigate the evolving demands of the modern labor market.

As shown in Figure 3.3, companies consistently rate the five most important
skills for the workplace at approximately four out of five points, highlighting the
critical importance of these skills in professional environments.

Analyzing the results by country, the same pattern is observed in all of them.

3.3.2  Main findings from the 2018 survey on university
students’ opinions: which soft skills are most important

Next, we will analyze the results of the surveys conducted among students from
different countries. The demographic profile of the respondents is as follows: 42%
of the respondents are pursuing technical degrees, as illustrated in Figure 3.4.

Regarding gender, there is a relatively balanced distribution, with 46% of the
respondents being women and 54% men. Additionally, 56% of the respondents
have had some form of work experience within companies, indicating a
notable level of practical exposure to the workforce. Furthermore, 31% of the
respondents have participated in Erasmus exchange programs at other universities,
highlighting the international mobility and experience gained by a significant
portion of the student population.

The results obtained are presented below. Regarding the skills that students
consider most important for their future careers, the following are rated highly:

e Problem-solving (methodological skilly—rated 3.98/5: This skill is seen as cru-
cial for overcoming challenges and adapting to dynamic work environments.
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13.45%

10.92% 42.02%

33.61%

Engineering and architecture ~ Arts and Humanities ~ Science  Social and Legal Sciences

Figure 3.4 Distribution of study areas among respondents (%)

Teamwork (social skilly—rated 3.97/5: Collaboration and the ability to work
effectively in teams are essential for success in the modern workplace.
Critical thinking (cognitive skill)—rated 3.96/5: The capacity to analyze,
evaluate, and make reasoned decisions is highly valued by students for their
professional development.

Interpersonal communication (social skill)—rated 3.91/5: Strong commu-
nication skills are important for building relationships and conveying ideas
clearly in professional settings.

Decision-making (methodological skill)—rated 3.91/5: The ability to make
informed and effective decisions is seen as a key competence for managing
tasks and responsibilities in a career.

These results reflect the students” awareness of the importance of these skills

for their future employability and career success.

3.3.3  Main findings from the 2018 survey on university

Students’ opinions: access to soft skills training

Now, analyzing the students’ opinions regarding the difficulty of acquiring these
skills or their ability to find courses for learning them, the students indicated the
following (Figure 3.5):

Creative thinking (cognitive skilly—rated 3.14/5: Students find it moderately
challenging to find courses or training opportunities focused on developing crea-
tive thinking, which they consider essential for innovation in their future careers.
Critical thinking (cognitive skill)—rated 3.06/5: Although critical thinking is
highly valued by students, they report some difficulty in locating specialized
courses to help them sharpen this skill, indicating a gap between demand and
availability.

Decision-making (methodological skill)—rated 3.05/5: Students feel that
courses aimed at enhancing decision-making skills are somewhat hard to come
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by, even though they recognize their importance in both academic and pro-
fessional settings.

e Problem solving (methodological skill)—rated 3.04/5: While problem-solving is
frequently emphasized as a key skill, students encounter challenges in finding
structured courses that focus on practical, hands-on problem-solving strategies.

e Conflict management (social skill)—rated 3.01/5: This skill, which is crucial
for managing workplace relationships and navigating challenges within teams,
is perceived as difficult to develop through available courses, despite its
importance for career success.

These results suggest that while students recognize the importance of these soft
skills for their professional growth, they face barriers when it comes to accessing
relevant training programs or courses that could help them acquire these compe-
tencies effectively.

3.4 Main findings from 2024 surveys

3.4.1 Main findings from the 2024 survey on companies’
perception

The surveys directed to companies in 2024 were programmed with the same con-
tent as those conducted in 2018. They were sent through the same communication
channels across several countries. Data collection took place over a period of
3 months, from September to December 2024. Below is a summary of the top five
soft skills most in demand by companies:

Teamwork (social skill)—rated 4.47/5.

Analytical thinking (cognitive skill)—rated 4.27/5.
Critical thinking (cognitive skill)—rated 4.23/5.
Digital skills (methodological skill)—rated 4.13/5.
Creative thinking (cognitive skill)—rated 4.00/5.

The list reflects current labor market trends, emphasizing the need for a bal-
ance between social and cognitive skills. There is a noticeable increase in the
demand for cognitive skills, as creative thinking has risen in its rating from 3.5 to 4
compared to the 2018 surveys.

Teamwork continues to lead the ranking, underscoring the importance of col-
laboration in work environments, while digital skills stand out as a necessity in an
increasingly technological world—particularly emphasized by the impact of the
pandemic. It is noteworthy that companies place greater value on cognitive skills
such as analytical, critical, and creative thinking, suggesting that professionals must
combine structured analysis with innovation to excel. This multifaceted approach is
essential for addressing the dynamic challenges of today’s labor market.

After analyzing the collected data, the following conclusions can be drawn:

e A noticeable increase in the value companies assign to soft skills is observed
when compared to the surveys conducted in 2018, prior to the pandemic. This
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implies that companies are now more aware of the importance of these skills.
Specifically, the average rating has increased by 7%.

o The most in-demand soft skill for companies continues to be Teamwork (the
rating increased from 4.13 to 4.47).

e In the 2024 surveys, Digital skills appear within the top five most demanded
soft skills, ranking fourth. This is a significant shift when compared to the pre-
pandemic surveys in 2018, where it did not appear at all.

e Among the five most in-demand skills, three are cognitive skills, which
account for 60% of the total. This highlights the growing importance of abil-
ities related to analytical, critical, and creative thinking in today’s workplace.

e The preference for cognitive skills indicates that companies increasingly value
professionals who can analyze information in a structured way, solve complex
problems, and deliver innovative solutions. This emphasis reflects a labor
market that seeks to adapt to the complexity and rapid pace of technological,
social, and economic changes, where strategic thinking and creativity are
essential to staying competitive.

Furthermore, this trend underscores the need to develop and strengthen these
skills, both through academic training and continuous professional development, to
meet the demands of a globalized and technologically advanced market.

3.4.2  Main findings from the 2024 survey on university
students’ opinions: which soft skills are most important

The 2024 survey on university students’ perceptions of soft skills highlights a
strong preference for cognitive and methodological skills, with problem-solving
emerging as the most valued skill, rated at 4.10 out of 5. This suggests that students
recognize the importance of structured approaches to overcoming challenges, a
critical competency in both academic and professional settings.

Closely following, critical thinking (4.06) and analytical thinking (4.01) rein-
force the emphasis on cognitive abilities, indicating that students highly value the
capacity to evaluate information and make reasoned decisions. Reflective thinking
(3.93) also ranks prominently, suggesting an appreciation for self-assessment and
continuous learning.

On the social skills front, interpersonal communication and teamwork received
equal ratings (3.91), demonstrating their perceived importance in collaborative
environments. While slightly lower than cognitive skills, these competencies
remain essential for workplace success, particularly in team-based and inter-
disciplinary contexts.

Overall, the results reflect a balanced recognition of both individual cognitive
abilities and collaborative social skills, with problem-solving standing out as the most
crucial for university students. These insights can inform educational strategies aimed
at strengthening students’ preparedness for future professional challenges.

o Problem-solving (methodological skilly—rated 4.10/5.
o Critical thinking (cognitive skill)—rated 4.06/5.
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Analytical thinking (cognitive skill)—rated 4.01/5.
Reflective thinking (cognitive skilly—rated 3.93/5.
Interpersonal communication (social skill)y—rated 3.91/5.
Teamwork (social skill)—rated 3.91/5.

3.4.3 Main findings from the 2024 survey on university
Students’ opinions: access to soft skills training

The results of the 2024 survey on university students’ access to soft skills training
reveal that while these competencies are recognized as important, the availability
of training opportunities varies across different skill areas.

Conflict management received the highest rating (3.35/5), suggesting that
some training is available but may not be widespread. Given the increasing need for
effective communication and problem resolution in professional environments, this
result highlights the potential for expanding such programs.

Cognitive and methodological skills, including creative thinking (3.12),
decision-making (3.11), and time management (3.06), received moderate ratings,
indicating that students may have access to some training but likely feel there is
room for improvement. Notably, critical thinking and reflective thinking were rated
the lowest (both at 3.05), despite being highly valued in professional and academic
settings. This gap suggests that while these skills are deemed essential; however,
structured training opportunities may be limited.

Overall, the findings point to a need for enhanced training programs that address
these critical soft skills, particularly in areas such as decision-making, time manage-
ment, and cognitive flexibility. Strengthening these training opportunities could better
equip students for both academic success and future workplace challenges.

Conflict management (social skill)—rated 3.35/5.
Creative thinking (cognitive skill)—rated 3.12/5.
Decision making (methodological skill)—rated 3.11/5.
Time management (methodological skill)—rated 3.06/5.
Critical thinking (cognitive skill)—rated 3.05/5.
Reflective thinking (cognitive skill)y—rated 3.05/5.

3.5 Main findings: comparison of surveys with public
data to analyze the current labor market

The European Centre for the Development of Vocational Training (CEDEFOP), in
collaboration with Eurostat, has created the Skills-OVATE [3] digital tool, which
offers detailed information about job and skills demand based on OJAs in 32
European countries. Since not all job portals provide stable and comparable data,
the tool only analyzes the OJAs published on the EURES portal, and other job
offers are excluded from the analysis.

The skills are displayed in two classification systems, ESCO version 1 and
O*NET. For consistency with previous research, all skills are displayed here
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Most requested skills: level 2 O*NET based skill

Adaptability/Flexibility
Work Output
Interacting With Others
Cooperation
Language
Mental Processes
Personnel and Human Res..
Independence
Initiative
Complex Problem Solving..
Technology

10.0% 20.0% 30.0% 40.0% 50.0%

Figure 3.6 Most requested skills 2 O+NET-based skill classification.
Source: CEDEFOP.

according to the O*NET classification. The data presented cover 15.480.991 OJAs
from the last quarter of 2023 (Q4-2023) through the third quarter of 2024 (Q3-
2024).

Figure 3.6 summarizes the most requested skills at the European level, calcu-
lated by counting the number of times each skill appears in job offers relative to the
total number of published offers.

According to the available data, 51.4% of the OJAs published during that
period included the adaptability/flexibility skill as a requirement, making it the
most demanded skill. The second skill, work output, includes several level 3
O*NET skills such as interacting with computers or handling and moving objects,
which are more linked to work activities than to soft skills.

The third skill, interacting with others, which appears in 40.2% of the OJAs,
includes other level 3 O*NET skills such as communication with people from outside
the organization and developing and building teams, both of which are soft skills.

Cooperation skills are required in 38.9% of the OJAs, while mental processes,
which include level 3 O*NET skills such as thinking creatively, analyzing data,
making decisions, and solving problems, are listed in 33.2% of the OJAs.

Independence, at 15.8%, and complex problem solving, at 14.8%, complete the
list of the 11 most required skills at the European Level.

At first glance, it is clear that soft skills are important in the job market, with
flexibility and adaptability being the most important ones.

When comparing the available data with the results from the surveys launched
in 2018 and 2024, we can confirm the growing importance of soft skills for com-
panies along with the changes on the labor market like the rise in the demand for
digital skills or cognitive skills; that are also perceived as crucial to enter the labor
market by university students.
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3.6 Conclusions and recommendations

3.6.1 Key findings

Since Adaptability/Flexibility was not included in the series of skills assessed in the
company surveys, nor did it appear in the European Commission document, its
importance for the surveyed companies cannot be directly evaluated. However, the
increasing relevance of digital skills is confirmed by the data available at
CEDEFOP, which highlights the growing demand for job-related skills and the
digital competencies associated with them. This rise can be partially explained by
the digitalization process in companies, which was accelerated during the COVID-
19 pandemic, as well as by ongoing technological developments.

Advances in Artificial Intelligence require a workforce that is not only digi-
tally capable but also possesses cognitive skills to implement Al tools in their daily
tasks from a critical and creative perspective. Businesses place high importance on
cognitive abilities, including critical, analytical, and creative thinking, indicating
that professionals need to combine innovation with structured analysis to succeed.
The significant number of OJAs that involve cognitive abilities like creative
thinking or data analysis—33.2% of all published OJAs—supports the survey
findings on the growing relevance of cognitive skills.

The results of the business survey, along with the proportion of OJAs indi-
cating that cooperation and teamwork are necessary for the role, further emphasize
the significance of these abilities. This is confirmed by students’ perception of the
importance of social skills. Social skills remain essential in the job market, and
according to the student survey, conflict resolution is the social skill for which it is
hardest to find specialized training.

3.6.2 Proposals to bridge the gap between companies and
universities

Based on the findings from the 2018 and 2024 surveys on university students’
opinions about soft skills and access to training, several proposals can be made to
strengthen the collaboration between universities and companies, ultimately
ensuring that students are better equipped with the necessary skills for the
professional world.

1. Enhanced Soft Skills Training Programs: Universities should prioritize the
integration of training programs focused on essential soft skills such as conflict
management, creative thinking, decision-making, and time management.
Given the relatively moderate ratings for these skills, universities can colla-
borate with companies to design and implement specialized workshops or
courses that cater to the practical needs of the workforce. In Chapter 18, a
proposal for a course sheet is described.

2. Industry-Driven Curriculum Development: To bridge the gap between the
theoretical knowledge students gain and the real-world demands, universities
can partner with companies to co-develop curriculum content. This
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collaboration would ensure that the courses offered are aligned with current
industry trends and needs, particularly in areas like critical and reflective
thinking, which receive lower ratings in terms of access to training.
Internships and Work-Based Learning: Expanding opportunities for
internships, co-op programs, and other forms of work-based learning would
allow students to gain practical experience in applying soft skills in real-life
scenarios. These experiences would help students develop key competencies
like teamwork, communication, and problem-solving, while simultaneously
giving companies a chance to mold prospective employees.

Mentorship and Networking Opportunities: Companies can play a key role
in fostering mentorship programs where experienced professionals guide stu-
dents in developing essential soft skills. These programs would not only help
students gain valuable insight into career paths but also offer hands-on support
for developing skills such as conflict management and decision-making, which
are crucial in professional environments.

Feedback Loops Between Universities and Companies: Establishing regular
feedback mechanisms between universities and companies would help ensure
that the skills students are developing align with industry expectations.
Companies could provide direct feedback on students’ performance during
internships or on collaborative projects, offering insights on how universities
can refine their soft skills training programs.

By implementing these proposals, universities and companies can work together to
create a more cohesive educational experience that equips students with the soft
skills most valued in the workplace, ensuring a smoother transition from academia
to professional life.
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Chapter 4

Time management

;. .7
Anna Laska-Lesniewicz

Time management is an essential skill that holds great significance in both personal
and professional spheres. The ability to effectively manage time allows individuals
to prioritize tasks, allocate resources efficiently, and achieve optimal productivity.
In today’s fast-paced world, time management becomes even more crucial for
meeting goals and adhering to deadlines. By mastering time management, indivi-
duals can minimize procrastination, eliminate inefficiencies, and maintain a healthy
work-life balance. Effective time management not only enhances productivity but
also reduces stress, fostering a sense of control over their schedule and allocating
adequate time for relaxation and self-care. It enables individuals to set realistic
goals, break them down into actionable steps, and stay focused on their priorities.
Moreover, time management cultivates discipline, self-motivation, and a sense of
accountability, all of which are essential for success in any endeavor. By devel-
oping strong time management skills, individuals can unlock their full potential,
maximize their achievements, and lead a more fulfilling and balanced life.

4.1 Introduction

Time management plays an important role in professional and private life. In
general, the term “time management” refers to the ability to use time effectively,
focusing on making the most of available time. Time management is the process of
planning and controlling consciously how time is spent on specific activities. It
involves balancing various demands, setting priorities, and managing time wisely.
In the context of learning, time management can be defined as the ability to plan
study time and tasks, for example, scheduling dedicated periods for learning
activities [1].

According to Encyclopaedia Britannica [2], time management is explained as
self-management with an explicit focus on time. It involves making decisions about
what tasks to prioritize, determining how much time to allocate to various activ-
ities, finding ways to perform tasks more efficiently, and identifying the most
appropriate time for particular activities. Initially, the concept of time management
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was used in the context of how employees use their work time and to increase their
productivity. In the 1950s, managers introduced lists of “dos and don’ts,” which
were a useful tool for improving management practices.

Time management has become increasingly critical in today’s fast-paced world.
Never before has the efficient use of time been so essential. Over the years, many
ideas and strategies have been proposed for effective time management [3—6]. At the
core of these approaches lies the principle of prioritizing tasks and developing a
strategic plan to achieve them.

Time management skills are techniques that help individuals to use their time
effectively and efficiently. Time management skills involve strategic planning,
efficient organization, and effective prioritization to optimize time utilization and
to achieve set goals. Key time management skills include the following [7-9]:

e Planning and Organizing: Creating schedules, establishing objectives, and

breaking down large tasks into manageable parts.

Prioritization: Identifying and focusing on high-impact tasks.

Time Estimation: Accurately assessing the time required to complete tasks.

Time Blocking: Dividing the day into focused work blocks.

Task Management: Employing tools and techniques to manage and track tasks

effectively.

e Stress Management: Developing strategies to cope with stress, maintain focus,
and stay on track.

e Self-Discipline: Avoiding distractions, adhering to schedules, and maintaining
focus on priorities.

e Flexibility: Adjusting to unexpected changes and reprioritizing tasks as needed.

Mastering these skills can significantly increase productivity, reduce stress,
and enhance the ability to achieve set goals.

4.2 Importance of time management skills

Time management skills have long been recognized as core competencies required
by workers. The ability to adapt to disrupted workplaces and surroundings has been
repeatedly tested in recent years, especially during the COVID-19 pandemic. In the
“Future of Jobs Report 2023, time management was identified as a key skill among
analytical and creative thinking, which are leading the way in shaping the workforce
[10]. The report emphasized the importance of these skills in navigating the changing
job landscape. What is more, the European Union’s “Key Competences for Lifelong
Learning” framework outlines eight key competencies, including personal, social,
and learning-to-learn skills, which encompass time management [11]. These skills
are crucial for personal development, professional success, and active citizenship.
Harvard Business Review has also published plenty of articles emphasizing time
management as a critical skill for leadership and productivity. The topic is interesting
not only from an academic point of view but also highly relevant from a practical,
day-to-day perspective. For instance, Vasundhara [12] reported that the phrase
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“manage time” garners a monthly search volume of 60,500 on Google (the number of
times a keyword is searched for in a specific time frame), significantly surpassing
searches for “make/earn more money,” which stands at just 260.

From the perspective of university studies, the ability to organize time is one of
the crucial skills for achieving set goals [13]. At a basic level, time management
covers attending scheduled classes, events, and exams, as well as meeting deadlines
for assignments. While studying, time management skills can be developed in the
meantime and further transferred to different aspects of life [9]. In the following
areas of academic activities, such skills are tested and improved: attending lectures,
seminars, and tutorials; delivering oral presentations; preparing for exams and
revisions; completing tasks and exercises with deadlines; conducting research; and
engaging in personal development planning.

Time management competencies and their influence on various aspects have
been widely investigated in many studies. Self-organization, based on time man-
agement competence, is among the behaviors that enable individuals to cope with
the workload [14]. According to [9], the authors found that individuals apply time
management practices more extensively as they gain experience with age and take
on multiple roles. Moreover, higher time management skills are associated with
better use of time and reduced procrastination. Several studies have identified a
significant positive relationship between time management and academic
achievement [1,15-18]. Furthermore, there is also a link between time management
and motivation. Time management skills contribute to maintaining motivation [19]
and have a positive impact on well-being. This is mainly achieved through the
perception of better time control, which leads to improved job satisfaction, reduced
stress and anxiety, and better psychological state [9,20].

4.3 Useful methods in time management

Several time management methods and techniques can be applied in both personal
and professional life. The most well-known methods include:

Pomodoro technique,
Eisenhower Matrix,

Eat that Frog,

Time blocking,

Rapid Planning Method (RPM),
Pareto rule (80/20 Rule), and
SMART goal system.

This section provides descriptions of these techniques along with some lesser-
known methods.

4.3.1 Pomodoro technique

The Pomodoro technique was developed by Francesco Cirillo over 30 years ago
[21]. The method was created as a consequence of the author’s own problems with
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Pomodoro technique

FOUR WORKING SESSIONS FOUR WORKING SESSIONS
LONGER
BREAK
20/30 min

WORK BREAK
25 min 5 min

Figure 4.1 The steps of the Pomodoro technique

concentration while studying. As a university student preparing for a sociology
exam, Cirillo observed that he was easily getting distracted and focusing on the
learning material was a great challenge for him. Implementing shorter, con-
centrated study periods allowed him to improve concentration, productivity, and
efficiency over time. By trial and error, he created an optimal work plan consisting
of intervals known as “pomodoros” (named after the Italian word for “tomato,”
inspired by a tomato-shaped kitchen timer he used). The technique involves
working in focused intervals, taking short breaks between each pomodoro, and
incorporating a longer break after every four pomodoros.

The Pomodoro method is based on a concept of working in time intervals.
Each working session lasts 25 minutes, and it is followed by a 5-minute break.
After every four work sessions, a longer break of 20 or 30 minutes is recom-
mended. The steps of the Pomodoro technique are illustrated in Figure 4.1.

Nowadays, there are several apps that are based on the idea of the Pomodoro
technique, such as Flora, Fauna, Focus Keeper, Toggl, and others.

4.3.2 The Eisenhower Matrix

The Eisenhower Matrix, also known as the Time Management Matrix, is a time-
management framework designed to help prioritize a list of tasks or agenda items. The
matrix was created under the inspiration of the 34th President of the United States—
Dwight Eisenhower, who was renowned for his productivity. His famous quote, “What
is important is rarely urgent, and what is urgent is rarely important” serves as the
foundation of this matrix. Stephen Covey presented Eisenhower’s concept as a simple
tool, a matrix, in his book “The 7 Habits of Highly Effective People” [22].

In the Eisenhower Matrix, there are only two factors taken into consideration:
urgency and importance. Evaluating these two factors, daily tasks can be divided
into four categories:

1. Urgent and Important: tasks that require immediate attention and completion.
2. Not Urgent and Important: tasks that should be scheduled on a calendar.
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important, important,
not urgent urgent
SCHEDULE A TIME FOR THE HIGHEST PRIORITY TASKS =
o THOSE TASKS DO IT NOW!
S
5
(=% ELIMINATE THOSE DELEGATE or AUTOMATE
£ TASKS THOSE TASKS
not important, not important,
not urgent urgent
Urgency

Figure 4.2 The Eisenhower Matrix

W

Urgent and Unimportant: tasks that can be delegated to someone else.
4. Not Urgent and Unimportant: tasks that can be deleted.

A graphical representation of this matrix is shown in Figure 4.2.

Urgent tasks require immediate action. These matters arise unexpectedly and
demand action as soon as possible. While it is impossible to avoid those tasks
entirely, spending too much time on them can produce stress and result in eventual
burnout. On the other hand, important tasks are related to long-term goals and
values, contributing to a sense of empowerment and self-esteem.

To implement the Eisenhower Matrix, each task should be labeled as either
“important” or “urgent.” The highest priority tasks will get both labels—"“impor-
tant” and “urgent.” In contrast, the lowest priority tasks will have no labels.
Applying the Eisenhower Matrix to prioritize tasks allows individuals to avoid the
“mere urgency” trap and focus more on what is truly important to them.

4.3.3 Eat that frog

The “Eat that frog” strategy was popularized by Brian Tracy [23]. The method is
said to be inspired by a quote attributed to a famous writer, Mark Twain “Eat a live
toad the first thing in the morning, and nothing worse will happen to you the rest of
the day.” The “eat the frog” metaphor encourages tackling the most challenging
task of the day first. This approach helps minimize anxiety and procrastination,
making the rest of the day feel more manageable.

The “Eat that frog” method helps to identify difficult tasks and tackle them
directly. In this framework, the frog represents an important and challenging task.
The basic idea is to identify one major task (the frog) and complete the task, first
thing in the morning (“eating it”). If you have two challenging tasks, the method
suggests dealing with the more difficult one first (rule no. 1, Figure 4.3). The
second rule of the method is about starting “eating the frog” as early as possible.
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Eat that frog

the hardest, most important task

FROG for the day

THE RULES OF FROG EATING

If you have to eat two frogs, eat the ugliest one first.

If you have to eat a live frog at all, it doesn’t pay to sit and
look at it for very long.

Figure 4.3 The rules of Eat that frog technique

Eat that frog — the 21 principles

Define your goals and write them down Develop your skills

Create plans for what you’ll work on. Use your strengths

Focus on your 20% tasks Identify the things that are holding you back

Think long-term to make better Find your motivation

short-term decisions
Make the most of your energy levels

Procrastinate on purpose

Use the ABCDE method

Understand exactly what work you’re
accountable for

Become an optimist

Don’t let technology distract you
Break your tasks down to their smallest possible
components

When it’s time to work, work Schedule time on your calendar for eating your frogs
Prepare for your work before you start on it Find your flow

Focus on one task at a time Work on a task until it’s complete

Figure 4.4 The 21 principles of the “eat that frog” method

This ensures that the hardest task is out of the way, allowing for greater focus and
productivity throughout the rest of the day.

The 21 principles were proposed by Brian Tracy in his book [23], Figure 4.4
presents all of them.

“Eat that frog” method is similar to another one (not described in this chapter)—
the MIT method (Most Important Tasks), which is based on identifying the most
important tasks and focusing on the two or three most important tasks for the day.

4.3.4 Time blocking

Time blocking is a method that boosts productivity, enhances focus, and increases
organization by categorizing tasks and providing a clear structure. Figure 4.5
illustrates a comparison between an unorganized, casual day and a day organized
using the time blocking method.
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Casual day Time blocking
8 am 8 am
9 am 9 am
10 am 10 am
11 am 11 am
12 pm 12 pm
1 pm 1 pm
2 pm 2 pm
3 pm 3 pm
4 pm 4 pm

Figure 4.5 Time blocking method (right) in comparison to a non-organized multi-

tasking day (left)

Time blocking occurs in various options [24]:

Casual time blocking: implementing a time-blocking system where each time
slot is allocated to a single, dedicated task or activity.

Task Batching: grouping similar tasks together within specific time blocks to
minimize the mental strain caused by frequent task switching.

Day Theming: implementing a “theme day” system by assigning specific
types of tasks or projects to designated days of the week.

Time Boxing: working on a task for a set amount of time and aiming to
complete as much as possible within that timeframe.

The time blocking method has two main rules. The first one is to use visual

scheduling of time blocks on the calendar to avoid interruptions and overlapping
tasks. The second rule is about Grouping similar tasks into one concentrated block
of time. To apply the method, the following steps should be taken:

A

List the tasks.

Prioritize the tasks.

Estimate the time needed for each task.
Block out time in the calendar.

Work with the schedule.

Time blocking helps maximize energy cycles and facilitates entering a state of

deep work that involves intense and uninterrupted focus on a cognitively
demanding task.

4.3.5 Rapid planning method

RPM was created by Tony Robbins, a famous American coach, book author, and
public speaker. RPM is [25]:

Result-oriented,
Purpose-driven,
Massive action plan.
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Figure 4.6 Key steps in the RPM process

The following key questions are directly linked to the RPM method:

WHAT: What is the final GOAL?
e WHY: What are the reasons and motives for doing that?
e HOW: What needs to be done to accomplish this? What is the plan?

The RPM is a flexible system that should be adjusted to personal needs and
preferences. The key steps are shown in Figure 4.6. The process starts with cap-
turing all thoughts, ideas, and tasks [26]. Afterward, a long-term vision for each
area of life should be created. The vision is linked to a sense of purpose, as
understanding the “why” behind the goals provides intrinsic motivation, according
to the method’s creator.

4.3.6  Pareto rule (80/20)

The Pareto rule (also known as 80/20 rule) was developed by Italian economist
Vilfredo Pareto. It suggests that approximately 80% of outcomes result from 20%
of causes (Figure 4.7). This highlights the imbalance between inputs and outputs.
For example, according to this rule, 80% of the total profit is generated by 20% of
the product categories, or 80% of the maintenance expenses are incurred by 20%
of the machines. In terms of time management, the Pareto principle says that 20%
of daily tasks contribute to 80% of achievements. This means that it is crucial to
focus on certain tasks that contribute to success. The key element here is to identify
and prioritize crucial tasks, allocate time more efficiently, and accomplish more
with less effort [27].
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Pareto rule

EFFORT RESULTS

20%
80%

80% 20%

Figure 4.7 The Pareto rule—80/20 rule

By applying the Pareto rule, by identifying and prioritizing the 20% of tasks
with the highest potential impact, individuals can optimize their time and enhance
their overall productivity. This approach emphasizes focusing on the most critical
activities while delegating or eliminating less impactful tasks.

4.3.7 SMART goal system

The SMART goal system was originally developed by George T. Doran and
described in his article “There is a SMART Way to Write Management Goals and
Objectives” [28]. The SMART stands for Specific, Measurable, Achievable,
Realistic, and Time-bound (Figure 4.8). It means that each goal should possess
those characteristics. The SMART goal system is a valuable tool for defining
objectives and may improve time management skills by focusing on attainable
goals with a clear timeline.

A specific (S) goal means that it is well-defined, clear, and unambiguous [29].
The “5 W questions” (also known as “5Ws”) can help in creating a specific goal.
The SWs are:

Who: Who is involved in this goal?

What: What do I want to accomplish?
Where: Where is this goal to be achieved?
When: When do I want to achieve this goal?
Why: Why do I want to achieve this goal?

Al .

Goals should be SMART

* Specific ¢ Measurable e Achievable * Realistic ¢ Time-bound
well-defined,
clear,
unambiguous

Figure 4.8 The SMART goal system—{five components
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The letter “M” stands for “measurable.” There should be some criteria to
measure the progress of a goal and to check if the activities undertaken are leading
toward the desired goal. The following questions will be helpful:

1. How many/how much?
How will I know if the goal is accomplished?
3. What is my indicator of progress?

A SMART goal must be Achievable (or Attainable). An achievable goal means
that it is possible to accomplish it. The right question to ask is, How can I achieve
it? Achievability relates to proper analysis of available resources and capabilities,
along with additional research. For example, Have others successfully achieved this
goal before?

The next goal attribute is Realistic or Relevant (R). A realistic goal means
that it can be accomplished, taking into account the available resources and
time. A relevant goal is one that seems worthwhile and aligned with overall
objectives.

The letter “T” stands for “time-bound,” so each goal should be time-
constrained, with a clear start and finish date. Setting the deadline is crucial to
keep motivation at a high level.

Setting SMART goals can be beneficial because it improves time man-
agement, boosts productivity, and promotes focus. The key issue is to avoid
unrealistic deadlines that cause stress and lead to burnout. With a balanced
approach to meeting deadlines, the feeling of being overwhelmed will not occur.
Moreover, the positive energy of success can motivate further achievements
and trials.

4.3.8 Other methods

A list of methods of time management is extensive. Among other methods
mentioned in the literature, the following ones are notable: ALPEN method,
ABCDE technique, salami slicing method, Swiss cheese method, among
others.

The ALPEN method was created by German economist and time management
expert, Professor Lothar J Seiwert [30]. The acronym comes from the German word
for “the Alps” (Alpen). This technique is designed to make efficient use of working
hours with minimal effort through effective prioritization and buffer time. The
ALPEN acronym contains the essentials of the method and is explained in
Figure 4.9.

The ABCDE Method is another technique for prioritizing tasks. It involves
categorizing tasks based on their importance and urgency:

e A—Must Do: This category includes the most critical tasks, with immediate
deadlines and significant consequences if not completed. These tasks demand
immediate attention.
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A Alist of all tasks and planned activities
L Length of estimated time
P Planning buffer time for each task
E Noting down success levels

N Establishing priorities

Figure 4.9 The ALPEN method elements from its acronym

e B—Should Do: This category contains tasks that are important but do not have
immediate deadlines. These tasks contribute to long-term goals and should be
addressed promptly.

e C—Could Do: This category involves tasks that are nice to do but not
essential. These tasks can be postponed or even eliminated if time
constraints arise.

D—Delegate: Tasks in this category can be assigned to someone else.
E—Eliminate: This category includes tasks that are neither important nor
urgent and should be discarded to avoid wasting time and energy.

Two additional methods are based on a comparison with food: the salami sli-
cing and Swiss cheese methods.

The Salami Slicing Method is a time management technique that consists of
dividing a large task into smaller, more manageable pieces. Overwhelming tasks
are broken down into smaller chunks, similar to slicing salami. By tackling one
small slice at a time, you can reduce feelings of overwhelm. Completing these
smaller tasks boosts motivation and reduces procrastination.

Similar benefits can also be attributed to another method called the Swiss
Cheese Method. This method focuses on making small, incremental progress on
a large or overwhelming task. The task is broken down into smaller and more
manageable activities, allowing for action within a short timeframe. These
“holes” (similar to those in Swiss cheese) represent small steps toward the
larger goal.

4.4 Time management tools

Currently, time management tools can be categorized as either traditional or digital.
Traditional tools are well-known, having been used for many years, and they are
still applicable today.

Time management tools that belong to the “traditional category” are:

Paper planners and calendars,
Paper notebooks,
Bullet journals,



50  Soft skills for engineering

Whiteboards and corkboards to visually organize tasks and goals,
Checklists and to-do lists,
e Paper agendas (e.g., meeting agendas).

They are all used to physically write down tasks, deadlines, and notes.

“Digital” tools have taken the market for over a decade. While the methods
and techniques are the same as with “traditional” time management tools, digital
options are often more convenient due to the prevalence of smartphones, laptops,
and a digital environment. There is a vast number of applications available, making
it impossible to list them all. However, these tools can be categorized according to
their specific use:

e Calendar Apps help to schedule appointments, set reminders, and plan every
single day,

e Task Management Apps are used to organize tasks, set priorities, and track
progress,

e Time Tracking Apps allow users to monitor how time is spent and identify
time-wasting activities,

e Note-Taking Apps are used to capture ideas, notes, and important information,

e Team Collaboration and Mind Mapping Tools help visualize complex infor-
mation and brainstorm ideas.

Table 4.1 presents examples of the applications that support time management
in both personal and professional life.

In university and project practice, various types of timelines are commonly
used. These timelines allow for visualizing all tasks simply and clearly, which is
especially helpful for larger projects that include multiple subtasks.

Many university and professional activities can be classified as a type of pro-
ject—a temporary endeavor undertaken to create a unique result, with specific
objectives defined within certain time, cost, and resource limits [31]. In such cases,
using a timeline provides a clear and concise overview of the project schedule.

The most popular types of timelines are:

e Horizontal timeline,
e Gantt chart timeline,
e Kanban timeline.

Table 4.1 The exemplary apps for specific use in time management

Specific use Popular applications

Calendar apps Google Calendar, Outlook Calendar,
Apple Calendar

Task Management Apps Trello, Asana, Todoist

Time Tracking Apps Toggl, Clockify, RescueTime

Note-Taking Apps Evernote, OneNote, Notion

Team Collaboration Tools including MindMeister, Coggle, Miro

Mind Mapping Tools
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A timeline is a simple tool to provide a visual representation of a schedule,
helping to organize and track all tasks, deadlines, and goals. An example of a
timeline for a student project is presented in Figure 4.10.

Gantt chart timelines provide a quick overview of an entire project, including
task end dates, key project milestones, task dependencies, and the team members
assigned to each task. A basic version of the Gantt chart includes all tasks, their
duration, and their start and end dates, as shown in Figure 4.11.

Kanban timeline is an extended version of the Kanban board that adds a time
dimension, providing a more comprehensive view of work progress. It helps teams
better plan, track, and manage their projects. The Kanban timeline may vary
depending on the tools used and the specific features of the project. Figure 4.12
presents a Kanban board with key dates for the current stage of the exemplary
project.

01/03 15/04 15/05 05/06
Project Defined Ready Final
START problem prototype Presentation
DISCOVER DEFINE IDEATE PROTOTYPE TEST
Summary of the Selected Improved
discovery stage solution prototype
01/04 05/05 30/05

Figure 4.10 An example of a timeline for a student project based on the Double
Diamond process

1-09 11-09 21-09 1-10 11-10 21-10 31-10 10-11
Project kick-off
Gather requirements
Develop the database
Develop the UI
Testing

Implementation

Figure 4.11 An example of a Gantt chart for an IT project
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end:
04/10
end:
14/10
start:
10/10
start:
15/10
start:
30/10

Figure 4.12  An example of a Kanban board enriched with key dates at this stage
of the project

4.5 Summary

Time management skills are highly valued both in the labor market and in private
life. At university and in the workplace, there are always tasks with fixed deadlines,
and activities that must or should be completed within a specific time frame. In the
modern world, working to a deadline and achieving results on a specific date has
become unavoidable.

The development of time management skills usually starts with formal edu-
cation, as students are faced with tasks that have set deadlines and must complete
daily activities within specific time frames. Studying at the university requires at
least basic competencies in time management; however, it is also an ideal time to
improve these skills, as a more advanced level is usually required in the labor
market. Many university activities, such as attending classes, gradually absorbing
course content, preparing for exams, delivering timed presentations, and complet-
ing team projects, are directly connected to time management skills. The success of
these activities depends largely on the degree of self-organization and the ability to
manage time effectively.

There are many time management methods, techniques, and tools that can be
implemented. The selection of the most suitable ones should be done on an indi-
vidual basis, as everyone has different preferences, working styles, and needs. The
key is to experiment with various methods to determine what works best for a
particular person or situation. Additionally, some universal good practices can be
applied to improve time management, as shown in Figure 4.13.
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Good practices in time management

Setting deadlines and reminders for all tasks.

Creating a daily plan.

Giving each task a time limit and avoiding multi-tasking.

Blocking out distractions.

Establishing routine.

Figure 4.13  Selected good practices in time management
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Chapter 5
Decision-making

Karol Wojtowicz'

Every person makes hundreds of choices every day regarding their personal, social,
and professional lives. The ability to make decisions appears to be one of the most
important human skills, as it affects the quality of our lives, helps solve problems,
and promotes the achievement of goals, as well as enhances our ability to manage
difficult situations. In everyday life, at work, or in interpersonal relationships,
decision-making is essential to solving problems that we encounter. Fast and
accurate decisions can help minimize risks, losses, and make better use of resour-
ces. The decisions we make also have a direct impact on our future. Whether it is
choosing a career path, deciding on an education, or our personal lives, our choices
shape our reality. In addition, people who can make the right decisions often show
greater self-confidence because they feel in control of their situation. Decision-
making is an important part of self-awareness and building a sense of responsi-
bility. As Peter Drucker points out, decision-making is one of the key skills of an
effective manager. The essence of decision-making is not simply to choose
between available options, but to actively shape alternatives and solve problems
that may not be immediately obvious [1].

Making the right decisions requires a range of additional soft skills, such as
analytical and critical thinking. Creativity, problem-solving skills, and sometimes
teamwork are also useful. Making decisions requires analyzing the options available,
assessing their consequences, and anticipating the outcomes. This develops analytical
skills that are valuable not only in professional life but also in everyday life.

The word “decision” comes from the Latin verb “decidere” which means “to
cut off” or “to decide.” In the context of the word “decision,” it refers to the process
of “cutting off” other options or possibilities, symbolizing the selection of one and
the abandonment of the others. This means that decision-making is a process of
selection and making a choice that excludes other alternatives. In the literature on
organization and management, the concept of decision can be understood as a
conscious, non-random choice of one of many possible courses of action [2].

Decision-making is a skill that can be developed so that the choices you make
lead to the best possible outcomes. However, even the most competent and
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experienced managers and leaders can sometimes make wrong decisions. Decision-
making is a complex process influenced by both internal factors (e.g., knowledge,
experience, emotions) and external factors (e.g., unpredictable environment, lim-
ited access to information). On the other hand, making the right choices is the result
of synergy between the decision-maker’s skills, access to information, an effective
decision-making process, and the environment, as well as a bit of luck. Here are
some examples of wrong and right decisions made by the boards and owners of the
world’s largest corporations.

Coca-Cola

Coca-Cola had the opportunity to acquire the failing Pepsi in the 1930s but
declined. Coca-Cola’s management did not see the potential in the company
and its drink, which turned out to be a strategic mistake, as Pepsi became one
of Coca-Cola’s main competitors in the following decades.

George Lucas

George Lucas gained a reputation as a talented creator with the success of
American Graffiti. However, most studios rejected the next project, con-
sidering it too risky. Eventually, Lucas partially financed it himself and
founded Industrial Light & Magic (ILM), which became a pioneer in this
field of special effects. “Star Wars: A New Hope” (1977) became a huge
commercial success, grossing over $775 million worldwide.

Ford

Henry Ford’s decision to raise workers’ wages to $5 a day and shorten the
workday to 8 hours in 1914 is an example of a well-thought-out and effective
managerial decision. In the early 20th century, Ford Motor Company intro-
duced an innovative assembly line that significantly increased production
efficiency. However, monotonous work and low wages led to high employee
turnover, which in turn reduced efficiency and generated additional costs
associated with recruiting and training new people. The decision to increase
salaries and reduce working hours contributed to reducing employee turn-
over, increasing productivity, stimulating demand for its own products and
improving the company’s reputation as a progressive and caring company.
Ford’s decision also had far-reaching effects, influencing the formation of the
American middle class and setting new standards in wages and working
conditions in industry.
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Kodak

Kodak was founded by George Eastman, who revolutionized photography
with his easy-to-use camera and roll film. Kodak became a dominant player
in the photography market, with a near-monopoly on camera and supply
sales. Ironically, it was Kodak engineer Steven Sasson who invented the first
digital camera. However, management ignored the potential of the technol-
ogy, fearing it would undermine sales of analog film. While competitors such
as Sony and Canon invested in the development of digital cameras, Kodak
stuck to a strategy based on selling photographic film. The company did not
invest in the development of digital technologies until the 1990s, but by then,
it was already far behind the competition. Changing consumer behaviors, the
development of smartphones with built-in cameras and social media, which
revolutionized the way people stored and shared photos, were additional
factors in the company’s decline.

5.1 Types of decisions

59

Decision-making situations can involve different areas such as events, forecasts,
opportunities, strategies, and needs. However, in all these situations, making a
choice implies a commitment to achieving a satisfactory outcome for the people
involved. Decisions can be classified into four main categories:

acceptances: involve yes/no decisions and consist of acceptance or rejection.
choices: involve choosing among several alternatives.

creative: involve creative management of resources to achieve an ideal
solution.

evaluation: involves decisions about the value of an action.

Decisions can also be classified in different ways depending on the context and

criteria that are considered. The following types of decisions are distinguished in
the literature:

By organizational level:

o  Strategic—relates to the long-term goals of the organization, e.g., choos-
ing a development strategy.

o  Tactical—involves medium-term activities, e.g., allocating resources in a
project.

o Operational—relates to current, short-term activities, e.g., setting up a
work plan.

Due to decision-making criteria:

o  Rational—based on data analysis and logical reasoning.

o Intuitive—based on experience and intuition.

o  Political—consider the interests of various groups in the organization.
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e Due to the number of participants:
o Individual—undertaken by one person.
o  Group—requires cooperation and consensus in the team.
e Due to the decision-making environment:
o  Made under conditions of certainty—all relevant data is known.
o Made under conditions of risk—there are some uncertainties, but their
probability can be estimated.
o Made under conditions of uncertainty—insufficient information to predict
the consequences.
e Due to time constraints:
o  Short-term—effects visible in a short time, e.g., change in the production
schedule.
o Long-term—consequences are felt after a longer period, e.g., investments
in technological development.

e Due to the nature of the problem:
o Technical—related to technological or organizational processes.
o Social—relate to interpersonal interactions, e.g., in team relationships.
o  Economic—relates to the allocation of financial resources.

One of the most important ways of classifying decisions is to divide them
into individual and organizational decisions. Individual decisions are most often
made informally, and their impact concerns primarily our personal lives. These
are decisions that we do not delegate. In contrast, organizational decisions are
more often made formally. They are intended to support the interests of
the organization and, importantly, can be delegated. In seeking to add value to
the organization, employees and managers should consider the interests of all
stakeholders, and decisions should be made carefully for the benefit of all con-
cerned. Individual decisions are made by an individual and concern his or her
own actions, e.g., choice of career, method of performing tasks, and time man-
agement. They usually have short and medium-term effects. Organizational
decisions concern the whole or part of the organization and are made by the
board, management, or decision-making groups, often after consultation or
analysis.

When classifying decisions, it is worth considering criteria such as level of
importance, time, and complexity. Each of these aspects influences the way deci-
sions are made and their consequences.

The level of importance of a decision affects how you act. If the importance of
the choices you make is low, and a bad decision would have little or no impact, you
can make decisions intuitively. However, if you are making an important decision,
you need to spend more time on it and approach it carefully. The following ques-
tions can help you determine the importance of a decision:

e  What is the importance of the decision?
e What are the worst consequences of making the wrong decision?
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In the case of management decisions, we make a distinction based on the level

of importance:

Strategic decisions—which relate to the long-term goals and direction of
development of the organization, project, or unit, and have a significant impact
on the functioning and success of activities.

Tactical decisions—which relate to medium-term actions and the imple-
mentation of adopted strategies. They are not as critical as strategic decisions,
but they have an impact on operational effectiveness.

Operational decisions—which relate to current, day-to-day activities and
have a relatively small impact overall, but their quality affects the effective-
ness of individual processes.

Important decisions become urgent with time. To assess the urgency of a

decision, try to answer the following questions:

Will there be negative consequences if I make the decision later (e.g.,
next week)?

Will I have enough time to carry it out?

Will the decision be limited (due to lack of time or opportunity)?

When classifying decisions according to their degree of urgency, we distin-

guish between:

Crisis (Urgent) Decisions—requiring immediate action, which may affect
their quality as time pressure may limit the accuracy of the analysis.

Routine decisions (moderately urgent)—have a specific deadline, but allow
time for analysis and preparation. They are a typical decision-making process
of a well-functioning organization or unit.

Long-term (non-urgent) decisions—can be postponed because they do not
require immediate implementation, and this puts the decision maker in a
comfortable situation because they can thoroughly analyze different options
and make the best possible choice.

The degree of complexity of a decision should be a guide to how to proceed.

Decisions that we have made many times based on one or two criteria are
usually made intuitively. For more complex decisions, a methodical approach is
helpful. To assess the complexity of a decision, ask yourself the following
questions:

Have I made similar decisions before?
Can I draw on experience from other decision-making processes?
How many factors/variables can affect this decision? [3]

Depending on the level of complexity, decisions are divided into:

Simple decisions—which most often involve issues that are common, under-
standable, and based on repeatable processes. They require little analysis and
can often be made automatically or intuitively.
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Complex decisions—which involve many variables and require the analysis of
large amounts of data, and therefore may require the cooperation of many
people or specialists.

Uncertain (risky) decisions—involve situations where complete information
is not available, and the outcome is difficult to predict. They require risk
assessment and may be based on predictions or intuition.

A useful tool in the decision-making process, taking into account time and

priorities, is the Eisenhower Matrix. The author of this concept was the President of
the United States, Dwight D. Eisenhower, known for his effective management of
time and priorities. His matrix is a great tool for selecting and prioritizing our tasks,
using importance and urgency as a reference point. The matrix is divided into four
squares, and its main assumption is to assign tasks to the appropriate categories.

The matrix is made up of four quadrants, as depicted in Figure 5.1:

Important and urgent (DO IT) identifies tasks that require immediate action,
often due to crisis situations or deadlines. Examples: crisis problems at work,
urgent reports, sudden failures.

Important but not urgent (PLAN IT)—this includes strategic tasks that will
bring long-term benefits but do not require an immediate response. Examples:
professional development, project planning, health care.

Urgent but not important (DELEGATE IT)—these are tasks that require quick
action but do not have a major impact on long-term goals. They can be dele-
gated to others. Examples: some emails, meetings of no great value, and minor
organizational tasks.

Not important and not urgent (DELETE IT)—these are all tasks and activities
that do not add value and can be removed from the schedule. Examples:
excessive use of social media, unproductive conversations, watching TV,
mindlessly surfing the web, playing video games, and gambling.

Decisions can also be divided into rational and emotional. Rational factors should

be considered when making a decision—"hard data”—but it is worth remembering the
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Figure 5.1 The Eisenhower Matrix
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emotional factors. They are important too. Rational decisions are based primarily on
logic, analysis, and objective data, and the decision-making process is deliberate,
thoughtful, and systematic. It involves gathering information, evaluating alternatives,
predicting consequences, and choosing the best solution. The main advantages of
rational decision-making are that it reduces the risk of error and makes it easier to
predict the consequences. On the other hand, the process is usually much more time-
consuming, and we do not always have access to complete information. Emotional
decisions are mainly based on hunches, intuition, and subjective feelings. They are
decisions that are often made quickly, impulsively, and under the influence of emotions
(e.g., fear, joy, anger) and result from the individual’s experiences, beliefs, and values.
Emotional decisions are characterized by the speed of the decision and better alignment
with personal values and intuition. Unfortunately, there is a greater risk of making
mistakes due to the lack of objective analysis.

In practice, the best decisions often combine rationality and emotion. An
example would be the process of hiring an employee—the recruiter considers both
the education and experience of a potential candidate (rational approach), but also
their soft skills, ability to cooperate, kindness, openness, because these will deter-
mine the atmosphere at work (emotional approach).

Another classification (similar to the one above) divides decisions into intui-
tive and logical. Intuitive decisions are based on intuition, experience, and uncon-
scious processing of information because they are the result of hidden knowledge
accumulated over the years (known as heuristics). They are made quickly, spon-
taneously, and often without conscious analysis. The ability to make intuitive
decisions is particularly useful when we make choices under conditions of uncer-
tainty—especially when there is a lack of complete data. It is also effective when
decisions are made by an expert in a particular field.

Logical decisions are based on data analysis, evaluation of facts, and logical
thinking. The decision-making process is therefore much more methodical and
systematic, including gathering information, evaluating alternatives, predicting
consequences, and choosing the best option. Decisions based on logic increase the
chances that the decision will be correct and limit the influence of emotions—
minimizing the risk of mistakes based on momentary moods.

As with rational and emotional decisions, the best solution is to base the decision
on both logic and intuition. As Herbert Simon points out, effective decision-making
under conditions of limited rationality requires the use of intuition as a supporting tool
[4]. When we have limited time and extensive experience in a particular area, we can
rely more heavily on intuition. On the other hand, when we have access to the right
information and the consequences of decisions are important and long-term, emotions
can distort our assessment of the situation, and we should rely more on logic.

5.2 Decision-making process

The decision-making process involves a logically related set of mental opera-
tions, arranged in an appropriate order, that enables the assessment of the
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1. Define the problem
2. Gather and assess information
3. Identify possible alternatives
4. Weigh the evidence
5. Make a choice
6. Implement the action

7. Evaluate the results

Figure 5.2 Decision-making process

decision-making situation and the selection of the most advantageous variant.
The factor that triggers decision-making processes is a problem situation. The
need to make a decision arises when the manager’s intervention is necessary (or
advisable) or when there are many alternatives to this intervention. The man-
ager’s intervention is usually linked to the introduction of changes within the
organization and/or its environment. That process is put in the right order, which
enables the evaluation of the decision situation and the selection of the most
favorable option [5].

The decision-making process includes the following steps, summarized by
Figure 5.2:

Defining the problem: clearly define the situation that requires a decision.
Information gathering: obtaining relevant and objective data.

Developing alternatives: generating different options and scenarios.

Evaluate alternatives: analyze the advantages and disadvantages of each
option.

Choose the best solution: making a choice based on the information gathered.
Implementing the decision: translating the decision into concrete actions.
Evaluate the results: monitoring the impact of the decision and making
adjustments if necessary [6].

5.2.1 Step 1: Define the problem

The first step is to identify the problem or issue that needs to be discussed in the
decision-making process. While some problems are obvious and easy to identify,
others are complex and involve many factors. If there is no clear vision of the
problem, tools such as a cause-and-effect model can be used to help decision-
makers identify the real causes of specific problems.
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To help you define the decision situation and identify the problem, you can use
the following questions:

Is the decision important, and does it have long-term consequences?
Is it a problem or an opportunity?

Are there rules for dealing with the situation?

To which group does the problem belong?

Is the problem real or imaginary?

Is it about people or money?

What will happen if nothing is done?

How unusual is the problem?

5.2.2 Step 2: Gather and assess information

To make the right decision, it is necessary to have access to sufficient information
about the problem. Information allows decision makers to see different sides of a
problem and contributes to a better understanding of it. Gathering information is
the foundation of a conscious and thoughtful decision-making process that helps
avoid mistakes and make better choices. Tools such as brainstorming and mind
mapping allow teams to create visual representations of problems, leading to better
decision-making. This stage may also include market research, consultation with
experts, or analysis of historical data.

In the search for information and the collection of data, we have to keep in
mind that it should be reliable and credible. At this stage, attention should be paid
to all factors (external and internal) that may distort or falsify the information.
Among the most common errors and distortions of information are: availability
bias, bias error, memory error, selection error, first number error, association error,
favoring error, and experience error [7].

5.2.3 Step 3: Identify possible alternatives

As you gather information, you are likely to identify several possible courses of
action or alternatives. Alternative paths or solutions may also be inspired by pre-
vious experience with similar problems, which may not be necessary or exactly the
same as the current one. At this stage, you can use your imagination and additional
information to construct new solutions. You may find it helpful to use different
creative thinking techniques.

The main aim of this step is to create possible ways of solving the problem and
to make a decision. Remember, the more options you explore, the better your final
decision will be.

5.2.4 Step 4: Weigh the evidence

At this stage in the decision-making process, you need to evaluate the various
alternative options, forecasting (imagining) the outcome of each solution, which
often results in the successful achievement of the set objectives. Once you are
satisfied that you have a good selection of realistic alternatives, it is time to assess
the feasibility, risks, and implications of each alternative.
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Assess the risks, identify the potential consequences, consider whether your
resources are adequate, and consider the financial feasibility of the decision. For
management decisions, especially strategic ones, SWOT analysis can be used to
identify the strengths, weaknesses, opportunities, and threats of each alternative.
Tools such as risk analysis, impact analysis, cost-benefit analysis, NPV, and IRR
can also be helpful.

5.2.5 Step 5: Make a choice

After a thorough evaluation of the alternatives, the next step is to make a decision.
If one option is clearly better than the others, your choice will be obvious.
However, if you still have several competing options, there are many tools avail-
able to help you decide between them.

At this stage, the decision is made! This can be an individual or group decision,
depending on the context.

5.2.6 Step 6: Implement the action

This step introduces the activity or solution into the process, and the team begins to
implement the solution into the project flow. Especially in business and engineer-
ing decisions, before implementing the solution, the team should be ready to
understand and use it. In this step, further meetings with the team can help them to
learn more about the activity, why it is being adopted, and how it will be integrated
into the process.

5.2.7 Step 7: Evaluate the results

Once the action has been implemented, the final results should be examined to
understand the performance of the solution and the process used to achieve it. The
final step is to monitor the impact of the decision taken and analyze whether it is
producing the expected results. If the results are not satisfactory, it may be neces-
sary to correct the action or take a new decision. Feedback is also helpful in the
ongoing decision-making process, as it can be used in step 2 as part of the infor-
mation gathered for the next decision-making process.

The decision-making process provides a broader view of the problem and helps
decision-makers to explore different perspectives. The time spent on the decision-
making process and the team involved will vary depending on the size of the pro-
blem and the time available for decision-making. In a crisis situation where time is
limited, it may take only a few minutes to go through the seven steps above,
whereas for complex problems that require in-depth investigation, the decision-
making process may take more time.

5.3 Group decisions—pros and cons

In the process of making decisions, especially those whose consequences will affect
a larger group of people, the question arises—should the decision be made alone or
as a team? Managers often consider alternatives—on the one hand, making the
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right decision alone will be a source of success and glory for the decision-maker.
On the other hand, there is always the risk of making the wrong decision. Then the
negative consequences will also be attributed to a particular person. Individual
decisions must consider the risk of failure, in which case the responsibility for the
unfavorable outcome must be borne.

Group decisions can be about personal and family matters, but much more
often they are about management skills. Management theory identifies situations in
which leaders and managers should consider the possibility of team decision-
making. Team decision-making is currently one of the most important aspects of
management, especially in the context of modern organizations, where the
emphasis is on collective action, innovation, and efficiency. Group decision-
making allows many perspectives to be taken into account, but at the same time
requires effective cooperation and coordination. Furthermore, this process often
takes longer than decisions made individually, which can be problematic in situa-
tions where quick action is required. [8]

The question then arises, when is it worth making choices with the support of a
group? Dawson points to the following five situations [4]:

1. When you think that team decisions will allow for the development of more
solutions.

2. When you need an external point of view, expertise.

When you want to raise the ethical standards of decisions.

4. When you think that it is necessary to support the group in making the
expected decision.

5. When you are not sure whether your idea will be accepted.

W

Because of the synergy effect, team decisions can be a source of many solu-
tions. Group actions also allow for the development of non-standard solutions and
are a form of creative problem-solving. Individual decisions may be associated
with a lack of consideration of the wider context, or a lack of appropriate infor-
mation or skills. In such cases, it is worthwhile consulting external experts.
Experience, and especially expertise, will not only be a source of the right deci-
sions, but will also make it possible to identify a problematic situation from a
different perspective [7,8].

Some decisions require consideration by a wider group of stakeholders. For
example, in situations of potential medical error, setting up a committee to inves-
tigate the matter will result in raising the ethical standards of decisions made.
Solving problems and making decisions in a larger team provides an opportunity to
develop an objective and balanced position—then group actions will influence the
raising of ethical standards of decisions. However, it should be remembered that
group decisions will not always be wiser than individual decisions. The voice of the
group will often be more prudent, but at the same time, it may support less prudent
decisions than individual decisions. The opinions of a larger group of people may
influence individual team members who, because of the risk of social ostracism,
will not be guided by their own judgment but will adopt the position developed by
the group (sometimes against their own will).



68  Soft skills for engineering

It is worth making team decisions in situations where involving the whole team
in the decision-making process will have a positive effect, both in terms of a
favorable decision outcome and in terms of increased enthusiasm and team inte-
gration. Many autocratic leaders, convinced of their enormous competence, see no
need to waste time involving group members in decision-making processes. Their
belief in their own infallibility and excessive self-confidence are often the source of
poor decisions. Managers with a more democratic style of leadership [9] are aware
that they need to allow their colleagues to make decisions in order to build and
develop an effective organization. Involving the team in making decisions that are
important to the organization gives people a sense of ownership and makes them
feel more connected to the company.

Group decisions also work well in situations where decision-makers are full
of fear that their ideas will be rejected. The problem arises when a manager is
convinced of the validity of a particular solution or idea but does not fully believe
that it will be accepted by the environment. In such a case, allowing decision-
making to take place in a team will not only allow the final idea to be refined but
will also create a greater chance of it being implemented. Many benefits to group
decision-making result from the synergy, diversity, and commitment of the team
members [9]. The main benefits of team decision-making are:

e More information and results—one of the key benefits of team-based deci-
sion-making is access to more data and information, which can lead to better
results than the sum of individual contributions (synergy). In addition,
decision-makers can support each other emotionally and intellectually, which
increases efficiency and team morale.

e Diversity of perspectives and knowledge—group members have different
experiences, knowledge, and skills, which allows for a more comprehensive
approach to the problem; they are able to generate more ideas and solutions
than an individual, which promotes creativity and increases the chances of
finding innovative solutions.

e Higher quality of decisions—the group can collectively identify and analyze
more factors influencing the decision, and at the same time, group members
check each other and verify their observations, which limits the impact of
individual biases and errors.

e Greater commitment and acceptance of decisions—group members who have
participated in the decision-making process are more likely to accept and support
their decisions, and their involvement in the decision-making process is a source
of motivation that builds greater commitment to the implementation of tasks.

e Sharing experience and developing group skills—team members make
decisions together and have the opportunity to share knowledge and experi-
ence, learning from each other and increasing their skills at both individual and
group levels.

e Preventing bad decisions and increasing risk resilience—The risk of mak-
ing a bad decision is reduced in group decision-making because participants
are able to anticipate potential threats more accurately, thanks to different
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points of view. It is also important to distribute the responsibility for the out-
come of the decision among all team members.

As mentioned above, group decision-making has many advantages. However,
it is important to remember that the process also has some disadvantages and
limitations. The main difficulties arise from group dynamics, time constraints, and
psychological factors. The main disadvantages of group decision-making are:

o Longer decision-making time—the specifics of team decisions (meetings,
discussions, negotiations, and agreement of positions) tend to take longer than
individual decisions. In situations that require quick action, group decision-
making can have negative consequences.

e Over-complicating the decision-making process—teams can fall into the
trap of analyzing too much data or alternatives, leading to decision paralysis,
and an over-complicated decision-making process can reduce its effectiveness.

e The influence of the leader’s decision and the risk of groupthink—in the
group decision-making process there is a risk that more dominant, more con-
fident or more senior individuals will dominate the discussion and limit the
input of other members, which can result in ineffective influence or in the
valuable opinions of less assertive participants being overlooked altogether.
There is also a phenomenon, groupthink, where participants seek consensus at
the expense of critical thinking. Group members avoid expressing differing
opinions so as not to negatively affect the work of the team.

e Blurred responsibility—as shown above, collective responsibility for the
consequences of a group decision can be an advantage, but on the other hand,
diffusion of responsibility can make it difficult to identify the person respon-
sible for a possible failure. It can also weaken the motivation to take risks or
limit the responsibility for implementing the decision.

e Tendency to compromise—decisions made by the team may be based on the
principle of compromise, and therefore may not always be optimal, leading to
a reduction in the quality of decisions and a loss of opportunities to find more
innovative solutions.

e Organizational costs—collective decisions require specific organizational activ-
ities related to, among other things, the preparation of meetings and the coordi-
nation of work. These activities require time and financial resources, which
increase the cost of the decision-making process compared to individual decisions.

Despite the benefits of team decision-making, there are significant limitations
that can reduce the effectiveness of the process. Awareness of these limitations is
critical to the success of team decision-making. To manage a team effectively and
minimize the drawbacks, it is necessary to plan well, facilitate the process by the
leader, encourage open communication, and avoid pitfalls such as groupthink or
blurring of responsibilities.

Considering the possibility of group decision-making, it is necessary to
determine the number of people who will be involved in the process. On the one
hand, many participants will provide more information and possible solutions, but
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on the other hand, it will make it more difficult to reach a consensus and prolong
the final decision. The size of the group has a significant impact on the quality of
team decisions. The optimal number of participants depends on the context, the
nature of the problem, and the dynamics of the group. Both too small and too large
groups can cause specific difficulties.

The main advantages of small groups are: effective communication (in small
groups, communication is more direct), ease of management (the leader has more
control over the decision-making process), shorter decision-making time, and
greater responsibility and involvement of the members. However, this is associated
with less diversity of opinion and potential ideas, and a relatively high risk of a
dominant role for individuals who can easily impose their views on other team
members. Teams made up of more people are more diverse in terms of skills,
experience, and viewpoints, which increases their innovation potential. Large
teams also mean access to greater knowledge resources and a broader information
base, which can lead to better analysis of the problem.

In assessing the impact of group size on the quality of team decisions, it is
worth identifying the optimal size. According to research by Hackman and Vidmar,
groups of 5—7 people are the most effective for decision-making because they
provide a balance between diversity and manageability. In the case of strategic
decisions, larger groups can be advantageous because they allow different per-
spectives to be considered, whereas operational decisions are better made in
smaller teams where speed of action is critical [10].

In summary, group decision-making plays a key role in management processes
and the functioning of organizations. As the literature suggests, the essence of this
process is to use the diversity of perspectives and knowledge of the participants to
achieve better results than individual decisions. However, the effectiveness of the
process depends on skillful team management, conflict resolution, and the use of
appropriate support tools. The key challenge is to avoid pitfalls such as groupthink
or social laziness, which can weaken the quality of decisions made.

5.4 Barriers to good decision-making

There are several barriers and constraints to making good decisions. One of the
most important constraints is the lack of or poor quality of data, which can lead to
poor decisions. This is particularly important when decisions need to be made
quickly, before all the information is available. On the other hand, too much data
can make analysis difficult and prolong the decision-making process, leading to
decision paralysis. In the case of group decisions, a barrier to getting the right
decisions can be the phenomenon of conformism, where team members avoid
expressing dissenting opinions, leading to worse decisions.

It is also worth noting the psychological and social constraints that can nega-
tively affect the decision-making process. Dawson identifies five barriers to good
decision-making: acting too quickly, acting too slowly, not knowing how fast to
make a decision, unwillingness to admit mistakes, and excessive autocracy [4].
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5.4.1 Do not make decisions too quickly

Decisions that are made too quickly are usually made under time pressure, which
can have many negative consequences. Rushing to make a decision often overlooks
important information, leading to incorrect conclusions and sub-optimal solutions.
Lack of time for risk analysis increases the likelihood of unforeseen problems.
Impulse decisions are often based on intuition rather than facts and data. Decisions
that are made too quickly cause the decision-maker to focus on one scenario instead
of looking for alternatives. Quick decisions can therefore limit the ability to analyze
different options and choose the best solution.

5.4.2 Do not make decisions too slowly

Taking decisions too slowly can be just as damaging as acting too quickly.
Psychologists point out that each of us has a built-in defensive mechanism for
avoiding problems. In situations where we must make a choice, we unconsciously
try to avoid problems, which leads to three attitudes: (1) It cannot happen to me; (2)
I can deal with it later; (3) Let someone else deal with it.

Taking decisions too slowly is particularly dangerous in business, as it means
losing opportunities and a competitive advantage. In a dynamic business environ-
ment, delaying decisions can mean missing out on opportunities to develop, inno-
vate, or enter new markets. Competition can make a decision faster and gain an
advantage, for example, by introducing a product first. Furthermore, delaying
decisions can result in additional costs, such as higher raw material prices, logistics
and storage problems, costs associated with maintaining inefficient processes, or
losses due to inaction. One of the barriers to fast decision-making is the collection
of too much information. Of course, optimal decision-making requires gathering
the necessary data to accurately analyze the situation, but in many cases, too much
data can lead to information noise and, as a result, decision paralysis. Fear of the
negative consequences of decisions can also slow down the decision-making pro-
cess. Fear of failure causes many people to try to avoid making decisions. However,
it is important to remember that there is risk involved in every decision, and we
cannot completely remove the risk factor from the decision-making process.

5.4.3  How quickly should a decision be taken?

The need to make decisions quickly means that we are forced to break the rules of
making good decisions. It pays to rely on the most reliable data that has been
collected and to involve the most competent people in the environment who can
help us make the right choice. In the case of business decisions, it is worth obser-
ving what the competition is doing. Knowledge of the activities of our competitors
is very important to decide at the right time. When trying to determine the right
time to make a decision, it is worth remembering that even in the case of good
ideas, delaying their implementation can cause them to become obsolete. When
under pressure, it is also worth asking yourself to what extent the decision is
reversible. In some cases, it is worth making a quicker decision, remembering that
there is always a way out of a seemingly unfavorable situation.
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5.4.4 Be ready to admit your mistake

Not all the decisions we make are successful. Even the best managers make bad
decisions, and often, because they are overconfident, they stick with bad decisions.
One reason for the reluctance to admit mistakes is the feeling that an admission of
failure would be bad for our image. However, the willingness to admit a mistake has a
significant impact on the quality of decisions made. People who are able to admit a
mistake are quicker to spot irregularities and take corrective action. This minimizes
the negative impact of wrong decisions and limits financial, time, and image losses.
Admitting a mistake helps to draw conclusions for the future and to avoid similar
mistakes. In the case of business decisions, it helps build an organizational culture
based on continuous improvement and openness to feedback. The ability to admit a
mistake builds trust and authority in the leader—it shows maturity and responsibility,
which builds trust in employees. People are more likely to engage in discussion and
decision-making when they see that the leader is open to improvement. In an envir-
onment where mistakes are accepted as part of the job, people are more likely to
experiment and seek new solutions. This encourages creativity and better strategic
decisions. The willingness to admit a mistake improves the quality of decisions
because it allows for faster correction of mistakes, increases the ability to learn, builds
trust, and supports innovation. As a result, organizations and leaders who are not
afraid of making mistakes make smarter, more thoughtful decisions.

5.4.5 An excess of autocracy

An extremely important limitation of the quality of decision-making—especially in
the organizational context—is the excessive autocracy of managers. Their exces-
sive self-confidence causes them to perceive their decisions as the most effective,
thus limiting the decision-making potential of their employees. Management based
on strong centralization of power and decision-making by one person or a small
group may be good in some cases, for example, in crisis situations requiring
immediate response or in specific organizations in the military, medical, or crisis
management industries. In the long run, however, it often leads to mistakes due to a
lack of consultation, low employee involvement, and difficulties in adapting to
change. An autocratic leader often relies solely on his or her own beliefs, which can
lead to poor or sub-optimal decisions. Ignoring the opinions of experts and
employees leads to a lack of diversity of perspective and increases the risk of
underestimating threats or failing to implement the best solutions. Decisions
imposed by managers make employees feel excluded and less committed to the
organization’s goals, leading to lower loyalty, high turnover, and reduced innova-
tion. In autocratic organizations, leaders may ignore or suppress feedback about
poor decisions rather than correcting them. Organizations may then find it difficult
to adapt quickly to change if the leader does not see the need to change strategy.
The lack of free exchange of information and feedback can lead to stagnation and
loss of competitiveness. When making a decision, remember that in most situa-
tions, a style based on a balance between the leader’s authority and openness to the
opinions of others works better.
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In order to make better decisions, it is useful to be aware of these barriers and
apply strategies to minimize their impact, such as critical thinking, risk analysis, or
consultation with experts [5].

5.5 Summary

The ability to make decisions is crucial in both our personal and professional lives,
as it affects our daily choices, long-term goals, and overall life satisfaction. The
ability to make good decisions gives us greater autonomy and independence in our
personal lives, allowing us to avoid over-reliance on others and to live life on our
own terms. People who make conscious choices are less likely to feel lost or con-
trolled by circumstances. Making conscious choices when interacting with others
helps to build healthy relationships and avoid conflict.

In any moment of decision, the best thing you can do is the right thing, the
next best thing is the wrong thing, and the worst thing you can do is nothing.

Theodore Roosevelt

Knowing how to make good professional decisions makes you more efficient
and productive at work and helps avoid delays. People who make good decisions
are promoted faster and achieve career success. Making good decisions quickly is
crucial in the dynamic world of business, where situations can change quickly.
People who are confident in their decisions are perceived as competent and
trustworthy.

In stressful, uncertain, or crisis situations, the ability to make decisions helps to
keep calm and act rationally. Lack of decision-making or constant hesitation may
lead to the escalation of the problem. The decision-making cycle is complicated,
and there are many possible situations, so it is impossible to clearly present a
recommended way to act. However, knowledge and skills in the field of making
choices can improve the quality of decisions made and determine success or failure.
Good decisions can help you be successful in your personal and professional life.
People who make considered choices are usually more effective and successful
because they can judge risks, pick the right options, and react to changing situa-
tions. Developing decision-making skills leads to greater satisfaction, effective-
ness, and success in various aspects of life.
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Chapter 6

Problem-solving

Edita de Lorenzo' and Enrique Costa-Montenegro®

This chapter focuses on the soft skill of “Problem Solving,” classified by the
European Union [1] in the topic S1-communication, collaboration, and creativity
skills. It is defined as “developing and implementing solutions to practical, opera-
tional, or conceptual problems which arise in various work contexts.”

In this chapter, we will explore its relevance for both students and lecturers,
whether working individually or as part of a team. We will also discuss its impact
on professional development, as it helps us identify the goals we must achieve,
assess progress, and verify outcomes. The chapter includes a collection of tools
designed to help teachers promote problem-solving skills among students and
support them in learning and developing these skills independently. Each tool links
to specific activities for skill development. To master this skill, we will center our
chapter on the following key: identifying and defining the problem, generating
alternative solutions, evaluating and selecting the best alternative, and finally,
implementing the selected solution.

6.1 Introduction

A problem is an obstacle that prevents people from achieving their goals. The
soft skill of “Problem Solving” is associated with this definition and is the ability
to address issues effectively and in a timely manner without unnecessary
impediments.

This skill is vital in organizations, as they face daily situations that require
efficient solutions. Consequently, developing problem-solving skills is critical for
the professional growth of students [2]. It is also important for our daily lives, as
individuals face personal challenges that this skill can help them confront [3].

It is relevant to highlight that “Problem Solving” skill integrates and builds on
several other soft skills explained in this book [4].

Foundational skills, like time management and interpersonal communication,
are essential for achieving success. Nowadays, we must work in teams at any
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workplace, in any discipline. Sometimes, people from different backgrounds must
deal with complex problems, and their ability to work together effectively is key to
achieving shared success.

As we will discuss later, decision-making is a key step in problem-solving. To
make effective decisions, we must apply skills such as critical thinking, analytical
thinking, creativity, and reflective thinking. These four skills work together to
generate the best ideas and approaches for solving any problem, following the steps
and techniques outlined in the following sections of this chapter. This process is
illustrated in Figure 6.1.

First, we will examine in detail what a problem is and provide a possible
definition of the skill “Problem Solving.” A problem can be understood as any
challenging situation that prevents individuals from achieving their goals. Related
to this, “Problem Solving” is the ability to address issues effectively and on time,
without any impediments. This skill may help resolve both personal or professional
problems, whether within a company or group, at work, or in decisions we face in
our daily lives, regardless of the problem’s size.

This skill can be broken into several steps, the more usual divisions are the
following:

Identifying and defining the problem
Generating alternative solutions

Evaluating and selecting the best alternative
Implementing the selected solution

It is crucial to underline the importance of the first step: identifying the pro-
blem. Often, the problem itself is hidden beneath its visible consequences. A
common mistake is trying to solve the symptoms caused by the problem, rather
than dealing with the cause that generated the problem. To solve this, we must
consider the root cause of the problem, trying to find the underlying cause that is
generating the situation under analysis.

Figure 6.1 Problem-solving skill related to other soft skills
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Once the root cause is identified, it is time to start looking for possible solu-
tions. To do this, we can use other skills presented in this book, especially those
related to different ways of thinking, creativity, and different tools, like brain-
storming, just to mention one example.

After evaluating the possible solutions, selecting the best alternative is essen-
tial. However, it is equally important to consider implementing the selected solu-
tion, as implementing that solution may not be feasible.

There are many different approaches or methods designed to solve problems,
such as the Kepner-Tregoe method, scientific approaches, feasibility analysis,
four-phase approaches, and more. Some of these approaches are more focused on
solving engineering problems, while others are more related to management,
and so on.

Since this book is primarily oriented toward engineering, we decided to base
our chapter on a more “engineering approach.” Our proposal is based on the
Kepner-Tregoe method [5] but also incorporates elements from other methods. We
start by asking three key questions:

What is happening to us now?
Why is this happening to us?
What course of action should we take?

These questions guide us through three different phases:

Situational analysis
Problem analysis
Decision analysis

To apply the methodology proposed in this chapter, we suggest the four run-
ning examples, which can be found in Activity 6.1. The idea is to work individually
or in teams, selecting one of the examples and using it throughout the different
activities proposed in the chapter. Alternatively, you can choose to work on a new
problem of your own. The problems given here are broad and open-ended. You can
add more details or center them around a specific need or topic if that seems more
appropriate.

Activity 6.1

Proposed running problem examples:

— Living in the city center or the suburbs

— Next trip: how to plan it and things to take

— Decision between homeschooling or formal education
— Should we expand our company internationally?

The rest of the chapter will be organized as follows: First, we will define
situational and problem analysis, e.g., understanding where we are and what
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problem we are facing. Next, we will explore different techniques for
generating as many potential solutions as possible, thus providing a wide range
of alternatives. After that, we will learn how to choose the best solutions
among the possibilities. Finally, we will finish this chapter with some
conclusions.

6.2 Situational and problem analysis

The second section of this chapter discusses “situational analysis” and “problem
analysis.” As we will see, depending on the problem we are dealing with, we should
perform one or both analyses.

Let us start with situational analysis. The first step in solving a problem,
especially when working within a company, is to understand the company’s
current situation. This means that we should start by assessing the current
situation.

To do so, we have to understand the situation by asking ourselves and trying to
answer these given questions:

Where are we now?
What is the current situation?
Where do we need to be?

The key point here is to find the best way to define the problem we are
addressing. We also need to have a detailed description of our current situation,
whether we are a company or an individual. Finally, our objective or goal is to be
sure that we are approaching the real problem under analysis.

Situational analysis cannot be done just once; it is, instead, an iterative process
over time. Some ways to perform this analysis include surveying your customers to
gather their opinion about you (as a company, a provider, or about a specific pro-
duct), examining what the competition is doing (products, campaigns, strategies,
etc.) to learn from their performance, and also researching various sources of
information to acquire more knowledge about the situation.

For our situational analysis, evidence is a crucial aspect. We should prioritize
hard evidence (such as historical data, factual observations, and industry bench-
marks) over feelings or soft evidence (personal opinions, reactions, behavior, and
gut feelings). It is important to recognize that the final goal of this analysis is to
achieve an accurate and precise understanding of the current situation. Several tools
can help us in this situational analysis: one of the most well-known being the
Strengths, Weaknesses, Opportunities, and Threats (SWOT) tool, as shown in
Figure 6.2.

Once we understand the current situation, we can consider the “situational
analysis” finished and start with the “problem analysis.” The problem analysis is
mainly focused on identifying the source or root of the problem to be solved.

The first step is a process of determining what information is relevant and what
is not to the actual problem. One tool we can use for problem analysis is the “What
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Figure 6.2 SWOT tool description

Table 6.1 Matrix for the tool “What is in/what is out” in problem analysis

Problem parameter = Probable cause = What is in?  What is out?  Conclusion

‘What

Who
Where
When
How much

is in/what is out” technique. We need to identify which factors are potential causes
of the problem and which ones can be ruled out, as potential causes, at least in the
following factors:

1. Identification of performance gap: we need to discover what is below expec-
tations, such as defects or errors within a process.

2. Problem parameters: Then, we should create a list of probable causes of the
performance gap related to “What,” “Who,” “Where,” “When,” and “How
Much” [5].

For this tool, it is recommended that you create a matrix like the one in
Table 6.1 and fill it with all relevant observations. The columns will include all
potential causes, what is in, what is out, and the conclusion.

By filling out this matrix, we can describe the problem in detail and reach
different conclusions that will help us in this step of problem analysis.

Another popular tool for problem analysis is the “Root Cause Analysis,” also
known as the “5 Whys.” It was created by Sakichi Toyoda, the founder of Toyota,
based on a deductive reasoning technique often used by detectives [6]. It is a
technique for exploring the cause-and-effect relationships underlying a particular
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problem by iteratively asking questions, specifically repeating the question “Why?”
Each answer forms the basis for the next question. This simple technique of
repeatedly asking “Why?” helps us identify the root cause of the problem. We just
need to ask a why question about the problem, get the answer to that question, and
ask again a why question with that answer. We repeat this procedure at least five
times or until we get a final answer. By using this technique, we collect evidence
about the problem and analyze the cause-and-effect relationships involved in the
given problem. Sometimes, it is helpful to create a flowchart to visualize the
method, where we write down the problem and its causes.

Next, we present an example of the Root Cause Analysis method applied to
find the solution to a real problem: the deterioration of a monument in
Washington, DC [7]. The given example is chosen because of its visibility and
because the real cause of the problem would not be found without using a tool
like this that uses deep analysis.

Problem: One of the monuments in Washington, DC is deteriorating.

Why #1—Why is the monument deteriorating?
Answer #1—Because powerful chemicals are frequently used to clean the
monument.

Why #2—Why are powerful chemicals needed?
Answer #2—To clean off the excessive volume of bird droppings on the monument.

Why #3—Why is there an excessive volume of bird droppings on the monument?
Answer #3—Because the large population of spiders in and around the monument
are a food source to the local birds.

Why #4—Why is there a large population of spiders in and around the monument?
Answer #4—Because vast swarms of flying insects, on which the spiders feed, are
drawn to the monument at dusk.

Why #5—Why are swarms of insects drawn to the monument at dusk?
Answer #5—Because the lighting of the monument in the evening attracts the local
insects.

Solution: Change how the Jefferson monument is illuminated at dusk to prevent the
arrival of swarming insects.

We suggest doing an activity using the “Root Cause Analysis” technique, as
described previously (see Activity 6.2). You, either individually or as a part of a
team, are asked to think about a new problem they would like to address and then
find the root cause of that problem after a series of “Why?” questions.
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Activity 6.2

Root Cause Analysis Exercises:

— Identify a problem within your group
— Apply the “5 Whys” technique individually to analyze the problem
— Share and discuss your results with your teammates

Another problem-solving technique is to analyze when the problem happens and
when it does not. With this technique, we can know the conditions that cause the
problem, which will help us find the root of the problem. Here's a brief example of
the kinds of questions we might ask to find the reason for a situation, like when there
is a lack of Internet connection. We usually ask ourselves these kinds of questions:

Can you browse websites, or is it only email that’s affected?
Do you have Internet access on your smartphone and on your laptop?
Are you connected via Wi-Fi or LAN?

Answering these questions helps us find the root of the problem.

The last technique we introduce is the Pareto analysis. This principle tells us
that 80% of the problems are often caused by 20% of customers or sources. We are
sure that you have already heard about this Pareto analysis, as it can also be applied
to other aspects. It can also be used to focus on problem-solving. The idea is to find
and then concentrate on solving this 20% of the causes that lead to the majority of
issues, allowing for a more targeted solution.

6.3 Generate solutions

Once we have properly identified the current situation, using any of the techniques
proposed for the problem analysis, and found the possible cause of the problem, it
is time for the next important step: finding potential solutions.

To generate a solution, we can use logic and creativity, which are different
ways to approach and solve a problem. Usually, people mainly use only one of
these approaches, but the best solutions always come when using both. This is one
of the reasons why working in teams usually leads to better solutions; team mem-
bers bring different perspectives, with some approaching the problem analytically
and others creatively. Combining creative thinkers with analytical minds is an
excellent way to generate fresh and innovative ideas.

Even though we have not yet seen the chapters dedicated to different ways of
thinking (analytical, creative, critical, and reflective thinking), some of the tools discussed
in those chapters will also be useful here in our exploration of generating solutions.

We now propose two activities related to logic and creativity (see Activities
6.3 and 6.4). The idea is to use both approaches to solve the proposed exercises.
Read the instructions and try to solve them. Share your solutions with your col-
leagues to compare answers and discuss different approaches.
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Activity 6.3

Logic and creativity
EXERCISE 1: The Broken Clock

An analogue clock fell and broke into four pieces
The numbers on all of these pieces add up to 15
What are these pieces?

Note: Image generated by Idiogram.ai using the prompt: an analog clock
broken into four pieces

Activity 6.4

Logic and creativity

EXERCISE 2: The Line Game
Rule: All lines must be connected and pass through
all the dots

Draw 4 connected straight lines through all 9 dots.
Draw 3 connected straight lines through all 9 dots.
Draw 1 straight line through all 9 dots.

Now, we will explore some techniques and methods for generating solutions.
One of the most popular methods to generate ideas is Brainstorming. It consists of
joining a group of people to provide different ideas to solve a problem. These
individuals share their ideas as possible solutions to the given problem. As these
ideas are expressed, other participants can build upon them to create new ideas or
improve what has already been said. Visualizing is also beneficial; for example,
you can write the ideas on sticky notes and place them on a wall.

It is essential to separate the two stages in Brainstorming: the idea generation and
the idea evaluation. These stages should not be mixed. In the generation stage, everyone
should participate. We should encourage people to express their crazy ideas without
judging them. Maybe they are just crazy, but other people in the group could use them
to build on them and come up with new, feasible ideas. Once we have many ideas, we
move on to the evaluation stage. The authors of the ideas should not feel attached to
them or try to defend them against others. Ideas belong to everybody, as they were
generated in a group brainstorming session. To stay visual, grouping sticky notes with
similar ideas could help us to build on them and arrive at reasonable solutions.

Another way to generate ideas is by using Mind Maps. A Mind Map is a
versatile tool consisting of an exploratory method to help understand an issue
both in detail and as a whole by identifying critical elements and the relationships
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Sensor Development Cost Development Sales Revenue Net Profit
Outcome
Success $1.000.000 $900.000
Temperature $100.000
Sensor
Failure $0 —$100.000
Success $400.000 $390.000
Pressure Sensor $10.000
Failure $0 —$10.000
Nothing $0 $0

Figure 6.3  Example of a problem solved using different sensors

between them. A mind map is a graphical representation of how our brain thinks,
using lines to group related topics and trying to cover all the aspects related to a
problem. With a mind map, we try to articulate all the associations related to the
problem using words, symbols, and colors. It is also recommended to be visual; it
is better to use simple words, symbols, colors, and all relevant associations
connected to the problem.

Another visual method for generating solutions is decision trees. With them, we
organize the decision process using related questions (nodes or squares) by connecting
each alternative shown (represented by lines). To create them more accurately, we can
assign probabilities and revenues, calculating the expected values at the end. The
decision tree is finished when we have drawn all possible courses of action.

For example, we can see a problem with three possible solutions: using a tem-
perature sensor, using a pressure sensor, or doing nothing, as shown in Figure 6.3.
The development cost of the sensors is included, with temperature sensors being ten
times more expensive. In both cases, the development outcome is linked to sales
revenue, associated with both success and failure. Finally, we can calculate the net
profit for each solution, with associated numbers.

6.4 Choose a solution

Now that we have generated different solutions to our problem, we must choose
one of the ideas found before. For this task, we can use some of the methodologies
seen in the previous chapter, such as “decision-making” skill, or some of the
methods proposed below.

When faced with the decision to choose a solution, we have several options.
One of the simplest is creating a list of options with pros and cons. In these lists, we
place the benefits or positive aspects of a solution on one side and the drawbacks on
the other. This can help us quickly identify several factors related to the problem
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Table 6.2 List of pros and cons of a business partnership

Pros Cons

More employees Less independence

More knowledge More possibility of conflicts
Less financial burden Divided profits

Less paperwork No separation of business
Less tax forms Individual taxes

Table 6.3 Weighted list of pros and cons

Job on: Big company Academia

Salary

No need to move

Not tied to a schedule
Like the job

Chance of traveling
“Relaxed” job

No dress code

Total

—_— e N N — — L)
— NN WD W N

that will help us select the best solution. The example in Table 6.2 lists the possible
pros and cons of a business partnership.

In the example in Table 6.3, we can see a more advanced list of pros and cons.
Instead of having a simple list, we assign a weight to each criterion for each pos-
sible solution. In this case, we define the maximum weight as 3 and the minimum
one as 0, even though it is never used. The problem involves selecting between two
job offers: working in a large company or a position in academia. Then, we list all
the criteria relevant to the decision, such as salary, need to relocate, schedule, etc.
For each job offer, we assign a value to each criterion, as shown in the example in
the table. Finally, we sum all the values to get a total. The job with the higher total
is considered the best solution, according to the user in this example.

We are going to practice these techniques in the activity 6.5. We suggest
creating a list of pros and cons, with or without weighting, related to one of the
running problems we proposed in the introduction.

Activity 6.5

List of options with pros and cons

EXERCISE:
Create a list of pros and cons of the problem you selected in the first section
of the chapter.
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The weighted decision matrix is a more advanced method for choosing a
solution to a problem. Given a problem, we create a matrix where we place the
different solutions on the x-axis (horizontal). Then, different criteria are used to
evaluate the solutions related to the problem and place them on the y-axis (vertical).
We assign a weight, as a percentage, of importance to each of these criteria,
ensuring that the sum of all these weights is 100%. For each solution and each
criterion, we assign a value between 0 and 100, representing how well the given
solution meets the criterion. Finally, to calculate the total score for a given solution,
we just need to sum all the values for each criterion, multiplied by the weight of the
criterion. We can see an example in Table 6.4, related to different applicants that
will help us select the best candidate to be hired by the company.

In Table 6.5, we have another example of a weighted decision matrix related to
a personal problem: “Which house to buy?” We have four houses, A to D, and six
different criteria, as shown in the table. Compared to the previous example, we do
not represent the weight as a percentage, but instead as a number indicating its
importance, from 0 to 3, in parentheses close to the criteria. For each house and
criterion, we assign a value from 0 to 10 depending on our opinion. Now, we have to
multiply this value by the weight of the criterion to determine the weighted

Table 6.4 Weighted decision matrix for selection between applicants

Criteria Weight Applicant 1 Applicant 2 Applicant 3
Experience 25% 90 90 50
Job Knowledge 15% 50 70 50
Achievements 10% 70 90 50
Education 10% 50 90 50
Communication Skills 10% 25 90 50
Teamwork 10% 20 50 50
Adaptability 10% 70 50 40
Motivation 5% 20 20 50
Integrity 5% 80 55 65
Total 100% 58.5 73.75 49.75

Table 6.5 Weighted decision matrix for decision on which house to buy

Criteria A B C D
Square meters (3) 8§ — 24 10 — 30 7 — 21 8§ — 24
Location (3) 9 — 27 4 — 12 5—15 6 — 18
Garage places (2) 5—10 8§ — 16 5—10 0—0
Garden (2) 7— 14 4 -8 6 — 12 8 — 16
Views (2) 8§ — 16 9 — 18 3—-6 5—10
Price (3) 5—15 6— 18 4 — 12 5—15

Total 106 102 76 83
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importance of that criterion for each house. Finally, we have all these values in a
column to determine the total score for each house. The house with a higher score
will be the one to buy, according to the values we have assigned to the different
criteria.

As the last activity in this chapter, we propose creating a weighted decision
matrix related to one of the running problems we proposed in the introduction.

Activity 6.6
Weighted Decision Matrix

EXERCISE
Create a weighted decision matrix of the problem you selected in the first
section of the chapter.

Another method for deciding which solution to choose is related to the con-
ditions a given solution “must have” and the ones it would be “nice to have.” The
“must haves” are characteristics that must be present in a solution; for example, a
candidate applying for a job must be an engineer. The “nice to haves” are other
characteristics that are not vital to be present in a solution but would be beneficial if
present. For example, the candidates for a job may not need to have experience
programming in a particular language, but it would be advantageous if they had it.
So, from all the possible solutions, we select those that meet all the necessary “must
haves.” Among these selected solutions, we choose the one with the most “nice to
haves” or the best combination of them.

6.5 Conclusions

In this chapter, we have explored how to approach a problem using different
methodologies, creating a path to reach a good solution by improving our expertise
in the “Problem Solving” skill. First, we have learned how to analyze the situation,
both from a situational perspective—understanding where we are—and from a
problem perspective—identifying the root causes of the problem, rather than just
addressing the apparent ones. Next, we have examined how to generate alternative
ideas to solve the problem, using both logic and creativity. Finally, we have con-
cluded by exploring different methods for selecting one of the solutions from the
alternatives generated in the previous step.

We do not want to finish this chapter without leaving some advice when
dealing with problem-solving situations:

e Never jump straight to a solution: first, conduct situational and problem ana-
lysis, then generate various solutions, and finally evaluate and decide on the
best one.
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Always work with teams: different people think differently, so collaborating
with others can help you see the problem from multiple perspectives and
generate diverse solutions.

Separate the two processes: distinguish between idea generation and solution
generation. This way, you can generate a wider range of ideas or solutions and
then select the best one when you have more options.

Use both logic and creativity: when seeking possible solutions, it is important
to use both logical thinking and creative approaches. This is another reason
why working in groups can help find a broader range of solutions.

Always consider implementation: the best solution may not be the most
feasible if it is challenging to implement or beyond the company’s
capabilities.
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Chapter 7

Learning strategies

Fatima M. Garcia Doval’

7.1 Introduction

So far, we have analyzed what soft skills are and their importance in acquiring and
developing the professional competencies for a fully qualified expert needs. But, due
to their nature, we have to bear in mind that this process of acquisition is permanent
and, in fact, never ends. Soft skills put into action several of the executive functions
of the brain. Executive functions are the set of cognitive processes behind our con-
trolled behavior. Although there is no consensus on how to divide or name these
functions, they include attention, self-control, and working memory, among others.
Most authors agree that memory, inhibitory control, working memory, reasoning,
emotion regulation, etc., play a significant role when it comes to creative thinking,
problem solving, conflict management, communication, and, in general, in any per-
sonal and professional skill that is not restricted to a specific domain.

This said, we must bear in mind that these executive functions and, as a result,
the soft skills they sustain, are strongly content-dependent. This means that once an
ability is cultivated in a given set of tasks, the person becomes skilled in those tasks
but not necessarily in others not closely related [1]. Numerous experiments have
shown [2] that memory very much depends on the prior knowledge of the indivi-
dual and that the transferability of a soft skill is limited. A person might become
highly skilled in memorizing Pi digits or DNA sequences, but this ability does not
naturally transfer to other domains, such as chemical structures or play scripts.
Many soft skills depend on a deep understanding of concepts or the mastery of
certain abilities. To come up with creative, innovative solutions, a person must
draw on previously acquired knowledge, that is, on formerly learned material, a
material that is due to become partially obsolete sooner rather than later.

The natural consequence of the above-mentioned is that any professional needs
to spend their entire life learning new up-to-date information, procedures, etc., to
stay relevant in their field. This is known as lifelong learning, and it is one of the
major challenges in continuing professional development (CPD) and in-service
training.

'Departamento de Pedagoxia e Didactica, Universidade de Santiago de Compostela, Spain
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Because of the enormous amount of time a professional is going to spend
devoted to learning, the most interesting, cost-efficient approach is to optimize this
process to make the most of it and to allow the person to be completely autono-
mous, self-guided in fulfilling their learning needs in any area, taking advantage of
formal, non-formal and informal opportunities of education. In other words, we
want professionals to be able to deploy a wide range of quality learning strategies to
cater to any need that may arise.

Learning is inevitable. When we talk about learning strategies, we are talking
about maximizing results and, somehow, controlling what is to be learned. This
chapter is useful for both learners—basically anybody—and teachers. All activities
and recommendations can be put to use for oneself or in the process of instruction.

In this chapter, we will focus on what learning strategies are and why delib-
erately teach them. Then, we will face some of the myths and misconceptions about
learning that are widespread among the public. We will focus on the idea of
learning as a trace of thinking, that is, on the importance of purposeful thinking for
learning. Memory is the foundation of learning, and it is inherently linked to for-
getting. We will present the understated importance of forgetting in any learning
process. And finally, we will analyze the role of motivation and success and how
these two concepts relate to each other to foster learning.

7.2 Learning strategies: what they are and why teach
them

We must begin this journey by understanding what learning strategies are, as they
tend to be identified with so-called study techniques. The former is based on sci-
entific knowledge, whereas the latter appears to be packed with myths and biased
perceptions. For this reason, we will not refer to study techniques as the general
public understands them, and to prevent confusion, we will avoid the term
completely.

7.2.1 What are learning strategies?

To understand what learning strategies are, it is fundamental to understand the
nature of learning. There is a plethora of definitions for it, but all of them refer to
the acquisition of knowledge, skills, and values that have a perceivable effect on a
person’s behavior in a wide sense.

“Acquiring knowledge and skills and having them readily available from
memory so you can make sense of future problems and opportunities.” [3]

“Learning is a process that occurs within nebulous environments of
shifting core elements — not entirely under the control of the individual.
Learning (defined as actionable knowledge) can reside outside of our-
selves (within an organization or a database), is focused on connecting
specialized information sets, and the connections that enable us to learn
more are more important than our current state of knowing.” [4]
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It has been suggested that the term learning defies precise definition because it
is put to multiple uses. Learning is used to refer to (1) the acquisition and mastery
of what is already known about something, (2) the extension and clarification of the
meaning of one’s experience, or (3) an organized, intentional process of testing
ideas relevant to problems. In other words, it is used to describe a product, a pro-
cess, or a function. [5]

The mere interaction with a variety of contexts generates learning as a result of
experience. In that sense, learning is, as we have already mentioned, inevitable, and
it is what defines our behavior, the decisions we make, the actions we take, how we
perform them, etc. But, although learning is natural, when we talk about learning,
we imply influence or control over that learning process, maximizing its results, or
improving the chances of success when succeeding is hard. In other words, most of
the time when we talk about learning, we refer to deploying learning strategies.

How we learn is well studied and determined by cognitive psychology,
whereas how to combine that core knowledge with the findings in other areas—
such as sociology, anthropology, or philosophy—is the realm of pedagogy.
Although there is currently a great hype about neuroscience and its impact on
education and learning, it is a level of analysis that does not shed light on them. At
least, no more than chemistry or quantum physics. How neurons or clusters of
neurons form, for example, engrams—a network of interconnected neurons that
sustain the physical substrate of memories—or how a certain stimulus is capable of
triggering a neural response here or there is of no practical use in implementing a
professional development plan—or any other study plan whatsoever, the same way
that deep understanding of quantum physics is of no use in understanding cancer,
even though it has an impact in its detection and treatment.

7.2.2  Metacognition

As we have just mentioned, neuroscience cannot be directly transcribed into

learning strategies [6]. It can only confirm or explain, at a physiological level, what

cognitive psychology already knows. And, among its certainties, it tells us about

the importance of knowing what we know and also knowing how to learn more to

develop our skills, widen our knowledge, and shape our attitudes and values.
That is what we call metacognition:

What we know about what we know, that is, assessing our prior knowledge.
What we know about how to learn more and how much we are progressing in
our knowledge.

Humans are particularly clumsy when it comes to this due to the biased nature of
our thinking [6]. With regard to what we know, we often confuse how knowledge
feels and the awareness of ignorance. When we know a little, we are not aware of our
ignorance, and we tend to be affected by the Dunning-Kruger effect [7]. Due to this
popular cognitive bias, people with low competence in one particular task or aspect
tend to overestimate their abilities in the field. It is important to stress that it is not a
question of intelligence, as the list of renowned intellectuals falling spectacularly into
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the Dunning-Kruger effect is endless. Highly intelligent people may be subject to this
Dunning-Kruger effect mainly because they are overconfident in their abilities to
solve any given matter. When it comes to this effect, the focus is always on the task or
area of knowledge itself, and the level of expertise we have about it.

On the other hand, when we know a lot, we are painfully aware of the myriad
of details, particular cases, exceptions, and specific aspects we still ignore. When
this happens, we fall into the Impostor syndrome [8]. Behind this name lies a
behavior pattern in which an individual, who is undoubtedly competent in a subject,
experiences a persistent lack of confidence, self-doubt, and fear of being exposed as
a fraud. In other words, experts tend to overestimate the level of competence of
others on their subject matter while dramatically underjudging their own. Both
cognitive biases illustrate effectively how poor is, in general, our ability to assess
our knowledge and competence.

Sadly, if confronted with the task of acquiring new knowledge and compe-
tence, that is, whenever we need to learn more, we are, by no means, any better. We
often confuse familiarity and learning. We feel we are learning a lot when, in fact,
we are just revisiting material we have previously seen. That way, we choose
learning strategies based on revising, re-reading, copying, underlining, or high-
lighting parts of the text, etc. Such futile strategies are often linked to traditional
study techniques. They may have an impact in the short term (some degree of
effectiveness if the test or assessment takes place in the near future), but they fail in
generating a robust knowledge that stands the test of time.

Instead, learners should resort to activities that require recalling and putting
memory to the test: writing with their own words (without the original material at
hand), drawing diagrams and mind maps by heart, inventing relevant questions about
the material and answering them, etc. Those strategies that mean elaboration, recal-
ling, and testing against the forgetting curve are the ones that most effectively tell our
brain that certain information is valuable and might well be needed with a specific
degree of frequency in the future. So, it is a good idea to save it in long-term memory.

This is key because when activating the neurological systems that clean up our
memory by throwing away the irrelevant information and consolidating the important
information, something that happens primarily during our sleep, the brain will fix and
make ready-to-use that knowledge that has proven itself necessary to perform tasks or
attend to demands. We will come back to this idea later in this chapter.

So, apart from learning strategies based on recalling (remembering by heart,
without cues or indicators), sleep also plays a key role in effective learning.
Without a good sleep, all the efforts invested in remembering and testing our
knowledge might well be futile [9].

7.3 Myths and misconceptions about learning

There are plenty of myths and misconceptions about learning, and what is most
worrying is that many of them are prevalent in texts on education aimed at the
general public, and also in professional texts and teacher training manuals.
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Some of them have no clear origin and seem to derive from a biased,
unscientific analysis of the learning process, the same way the mere observation of
the sun “revolving around the Earth” made humanity come up with the idea of the
Earth being the center of the universe.

Some others are the consequence of a clumsy, not methodical or uninformed
(amateur) interpretation of advanced scientific research, concluding too simply to
be correct, and directly applying them to educational contexts.

This is mostly the case with neuromyths, such as that which states that we only
use 10% of our brain or that there are right and left-brained persons, depending on
the predominant hemisphere in a given task. That is why an interest in neuroscience
by itself, from a non-specialized point of view, is no protective factor against
neuromyths whatsoever. In fact, exposure to popular science about how the brain
works appears to increase the likelihood of believing in neuromyths [10], rather
than dispelling them.

Although apparently contradictory, it all makes perfect sense. What most
strongly shapes what we see and how we interpret it is a combination of our prior
knowledge, beliefs, and expectations. This bundle accounts for what is known as
“confirmation bias.” This thinking pattern gives the utmost importance to the clues
and pieces of evidence that tend to confirm our point of view while ignoring or, at
least, minimizing those that challenge our previous ideas. As we just adore being
right, there is a variable discomfort in being wrong—technically called “cognitive
dissonance”—that we try to avoid at all costs.

All strategies based on recalling the learning material or any other thing we
need to learn feel uncomfortable because it makes it clear that we do not know as
much as we would like to think. On the contrary, strategies based on repetition feel
reassuring and pleasant because familiarity makes us feel competent and skillful,
with an apparent high degree of mastery of the matter.

As we will analyze later, to improve our learning, we need to resort to a
combination of:

reflective practice,
deep thinking,
sense of achievement (self-efficacy and expectations of success).

All of them need to overcome a sense of underachievement. That is natural to
any learning process. To get this right, the most powerful tool is managing
expectations correctly, and to do so, it is important to avoid those based on biased
knowledge about the learning process.

7.3.1 Popular myths and the truth behind them

Some popular myths and misconceptions [6] that stand in the way of effective
learning strategies are:

e mere repetition is an appropriate strategy for learning;
e our learning capabilities depend solely or primarily on our intelligence or any
other innate potential;
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o intelligence or executive functions are determined by genetics, and there is
nothing to do about it;

e the more time invested in studying, the better. The key factor is time versus the
efficacy of the techniques deployed;

e we are good at assessing what we know and what to do to learn more
(metacognition);

e passing exams with high grades is a more accurate indicator of successful
learning as it implies a good understanding of the subject and a durable
knowledge.

But the facts behind these myths are quite a different story. Repetition per se is
not our best learning choice. It improves familiarity with what we need to learn, but
this sense of recognition and command is illusory.

When we learn something, we build strong neuron networks called engrams.
Later on, whenever we need to recall that learned material, we need to activate that
physical brain structure that is where knowledge resides. Not being able to do so
might be due to two different errors:

e a wrong or faulty engram, which occurs when the physical imprint of knowl-
edge was not formed properly or vanished due to its weakness;

e a failure in the identification of the appropriate route to that engram; in other
words, we have that piece of knowledge securely stored in our brain, but we
cannot find the way to reach it. We know that we know, we have it on the tip of
our tongue, but we are unable to reach it.

Both errors can occur at the same time and are more probable when learning is
superficial or weak, that is the reason why it is so important to build a strong corpus
of knowledge with minimum gaps and multiple interconnections with other pieces
of information. The more pathways leading to a certain knowledge, the easier it
will be to reach it when necessary, even using alternative routes when needed.
Recognizing something is quite straightforward, as the clue to reach the informa-
tion necessary is given to us, so we know from the start which engrams to activate
and the secure route to reach them.

7.3.2  Nature versus nurture

As for intelligence, it is true that it has a genetic base, but it is also influenced by
nurture and the circumstances in which the individual grows. But what is most
important is that the intelligence itself is no more than the power of the engine [11].
It is important, of course, but what is not inherently determinant is how that power
itself is put to work, what we do with it, and how we employ it. That is, the learning
strategies used.

There is a wide range of learning opportunities for any given intelligence,
provided that we put into practice all the activities and tasks that have been backed
up by an enormous amount of quality research evidence.

The same applies to all executive functions: working memory, attention, etc.
Although there is an innate component, nurture plays an important role, and what is
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determinant is the resources a person is able to put into action to make the most
of them.

For some people, learning is natural, and they deploy appropriate strategies
with no prior guidance. Others may require more guidance, but this does not mean
they are unable to perform well when it comes to learning. They are a bit more
dependent on what they do and how they optimize their natural abilities. It is also
important to state that everybody takes advantage of the use of effective and effi-
cient learning strategies, even those who consider themselves “natural born lear-
ners.” The obvious conclusion is that study time is not the key factor. The amount
of time spent on study activities is a poor predictor of the quantity and quality of the
knowledge acquired.

Due to the counterintuitive nature of many aspects involved in learning, we are
severely limited in our perceptions about our own learning. It is necessary to make
a deliberate, explicit, guided effort, rooted in scientific knowledge (primarily,
learning and cognitive psychology), to adequately assess what we really know and
how to broaden that knowledge.

7.3.3 A word about tests

The same essential reasons are behind the difficulty in assessing the knowledge of a
person using an exam or any other sort of test. Designing and implementing an
exam is a very delicate, complicated question that involves not only content
knowledge but also pedagogical knowledge and a solid background in didactics.

One of the most delicate aspects of teaching is, in fact, that of assessing and
providing formative feedback.

We identify as formative feedback the relevant information provided to learners
about their progress and results, about how they perform in comparison to expecta-
tions, about the difficulties we observe or the misconceptions they are developing .. .
All this valuable information should be handed over during the formative period,
when the students/learners still have time to reorient their work and efforts. In other
words, formative feedback is not a qualification but some good pieces of pedagogical
advice given when the learner still has time to do something about it.

Besides, a considerable number of tests are designed in such a way that mere
familiarity is enough to pass them, or the questions they include do not show the
misconceptions or conceptual errors the student has developed about the subject,
because they can be answered by heart and without elegant elaboration.

For all this, passing an exam might not be a good indicator of our actual
command of any given matter.

7.4 Learning as a trace of thinking

Many of the myths and misconceptions explained in the last section have their roots
in the altered nature of our perceptions about learning itself. Understanding that, as
we already mentioned, learning is, basically, creating imprints in our brain, is not
enough. We must bear in mind that these imprints (engrams) are knitted in dense
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neural networks. The denser the network, the deeper and richer the knowledge will
be. On the one hand, as every piece of knowledge is linked to a myriad of others,
reaching it and, thus, recalling it to put it into use, will be easier. On the other hand,
this intricate network will facilitate the creation of novel associations that have the
potential to root meaningful creativity. The term meaningful creativity refers to
insights aimed at solving problems and challenges instead of just random ideas.
Memory works as a whole [12], but depends on different brain structures.
While we will not discuss this interesting matter in depth—since it is not essential
for our purposes—the key idea to understand is that when we refer to memory in a
general sense, we are actually combining the roles of two distinct types of memory:

e cpisodic, and
e semantic.

7.4.1 Episodic and semantic memory

Our episodic memory files trace of what has happened to us. It is, then, the housing
of our memories in the most popular sense. As for semantic memory, it stores all
the concepts, ideas, and meanings we recognize and understand.

In the first case, episodic memory takes advantage of strong, vivid experiences.
Emotions play an important role in this type of learning. Some personal events are
associated with physiological responses packed with reward or stress neuro-
transmitters, such as dopamine, oxytocin, or adrenaline, to mention just a few well-
known examples.

Dopamine is a neuromodulatory molecule that works as a neurotransmitter. It
plays a major role in reward-motivated behavior, although it also has an impact on
other brain pathways. In popular culture, it is normally presented as the hormone of
pleasure, but the most prevalent scientific opinion is that dopamine signals sal-
ience, conferring prominence to any given event and linking it to motivation.

Oxytocin is also a hormone and a neurotransmitter with a primary role in the
molecular pathway of social bonding. It is, therefore, present in love, reproduction,
and childbirth, as well as in social activities, boosting cohesion. It is the hormone
that tells apart “us” from “them.”

Adrenaline is a hormone that functions as a neurotransmitter in the regulation
of visceral functions. It plays a key role in essential role in the fight-or-flight
response. It does so by increasing blood flow to muscles and heart output and blood
sugar level in a way that gives the body all the fuel and power that will eventually
be needed. It also has some other outputs, such as pupil dilation, restricting all non-
vital functions, and improving perception performance.

Chances are that these events are relevant, in one sense or another, to our
survival. So, probably, it is interesting to file them to use the derived knowledge
later on in our lives, providing a faster, more adjusted response.

Strong feelings and emotions make experiences more vivid and memorable as
an adaptive response to the perils of life, but, as a consequence, they get in the way
of semantic memory. Our brain is too busy fixing the key details of an important
moment that might save our lives in the future, and it consumes all the resources in
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our reasoning. Even our perception is altered. If the emotion is overwhelming, we
focus with such concentration that we switch to tunnel vision, ignoring all per-
ipheral details and accessory information. It is not the time and moment for
reflections and meaning. All the relevant aspects of the episode will be imprinted in
our autobiography, and this is the primary mode in which we construct it.

But, most probably, we will not be able to immerse ourselves in deep rea-
soning, and we will resort to automated patterns of response. Basically, this is the
reason why vivid and exciting learning experiences might, in fact, interfere with the
learning process. While busy fixing episodic memories, it is difficult to devote
brain resources to reflect on meanings, that is, on building semantic memory.

To summarize it, episodic memory takes great advantage of strong feelings and
emotions, but semantic memory is quite another story. A very different one, in fact.
When it comes to learning about concepts, facts, principles, etc., the activity that
matters the most is “reflection” [9]. It is often said that “learning is the trace of
thinking.” The more and deeper we think about something, the more connections we
will build in our semantic network linking it to other previous pieces of knowledge.

7.4.2  What thinking leaves behind

When we refer to active learning, then, we are not implying the physical activity of
moving around. What has to be active is our brain. Our hands and the rest of our
bodies may or may not be active. That is mostly irrelevant when it comes to
semantic learning with one important exception: when the learning material is so
novel that we lack the abstraction tools that would make it possible to manipulate it
solely with our intellectual resources.

For the purposes of this chapter, we will consider thinking as a behavior in
itself. And, like all behaviors, it needs meaningful repetition to command it. As the
popular saying declares wisely, “practice makes perfect.”

When approaching a new area or domain, it is often beneficial to visualize the
problem by drawing it, outlining a diagram, or simulating it using any available
objects. This transitory help will be gradually retrieved, but what needs to remain is
the purposeful act of thinking about the learning material.

Some useful ways of thinking are, among others:

recognizing the concept among a varied set,
finding examples for yourself,
linking this new knowledge with that previous one the learner already
possesses,
e identifying it in your own past experience.

The question is whether this practice can be performed as an empty transversal
ability. Thinking is not an ability; thinking about something is. Although it is true
that the more we think about different matters, the more chances we have of per-
forming well in a new domain, it is also important to remember that thinking is very
much content-dependent. Our capability of thinking about a subject is determined,
to a great degree, by our prior knowledge, both in terms of amount and depth.
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7.5 Memory and forgetting

The thinking activity that has proved itself more efficient and effective is recalling,
that is, trying to remember by heart the learning material. As we think about
whatever we are learning and try to retrieve the acquired knowledge from our
memories, we are sending a powerful message to our brain, stating its importance
and relevance.

Our brains invest a lot in preserving those pieces of knowledge that might be
useful or needed in the future. The rest of the information we come across during a
regular day—which is a considerable amount—is disposed of in a process that we
identify with the term “forgetting.”

Although this process runs non-stop, it is during the different phases of sleep
that most of the major clearance takes place. It is then that our brains get rid of all
the bits and pieces of reflections, perceptions, and meanings left around during
wakefulness.

It is also when what is considered important is appropriately filed for future
occasions.

A robust, well-structured knowledge needs quality sleep time between
learning activities, and bad sleep habits or sleep deprivation lead to fragmented,
less useful knowledge that will be difficult to access in the future. In severe cases,
it ends up in memory problems, amnesia, and the lack of effective learning (that
is, the impossibility or extreme difficulty in acquiring new knowledge due to
brain damage).

7.5.1 Distributed mixed practice

To make the most of our learning efforts, apart from making sure we guarantee our
brain the quality rest it needs to neatly fix new knowledge, there are other tips we
should bear in mind [13,14]:

e distribute practice [15],
e mixed (also called varied) practice [16].

The first one refers to the benefits of spacing learning sessions. A practical
example would be that, instead of devoting 3 h to a learning material concentrated
in 1 day, we split that available time into three sessions of 1 h on separate days. In
doing so, the first obvious consequence is that we guarantee the above-mentioned
sleep time. But, also, we force our brain into recalling the learning material again
and again over a period of time, and, as we already know, this is a powerful signal
that marks any piece of information or ability as relevant and, thus, fixes knowl-
edge in our semantic network.

The spacing between learning activities (study or practice sessions) should
be variable. In the beginning, learning activities should be concentrated on
consecutive or alternative days. Then, progressively, the interval between ses-
sions should be widened following a sort of inverted forgetting curve (see
Figure 7.1).
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Figure 7.1 Representation of the forgetting curve without repetition (red) and
with spaced repetition (green)

In the beginning, learning material should be revised often to progressively
space study sessions. The appropriate moment is that in which recalling the mate-
rial is still possible (at least, in most part) but hard.

As for mixed practice, the idea behind it is exactly the same. Let us suppose
that we have to learn three different subjects, or three different types of activities
within the same domain. Instead of dedicating one hour to each subject in unin-
terrupted blocks, once we have a minimum command of each subject, it is a better
approach to mix all the subjects or activities. This way, our brain strives to switch
from one to the other, and it is never sure which neural network to activate or which
response pattern to put into action.

This thrilling state, as that generated by a partially forgotten material or the
mere testing against the forgetting curve, is what has been called “desirable diffi-
culties” [17]. The difficulties that boost learning must be challenging but not
frustrating or out of the learner’s reach. Desirable difficulties are, in other words,
manageable challenges. They put our brains in a state of alert that makes us prone
to fixing knowledge, that is, learning.

7.6 Motivation and success

Finally, it is essential to consider the importance of motivation and success in the
learning process and how it affects the efficacy of learning activities.

It is a common belief that motivation leads to success and, in fact, many people
claim that the sole origin of their difficulties when it comes to learning—or even
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the cause of an eventual failure—is, indeed, such a motivation shortage. This might
be apparent, but certainly, it is a bit more complicated than that. Although moti-
vation affects success, it is success that mostly affects motivation.

When we have to deal with a task, we unconsciously make predictions about
our chances of succeeding in it based on the perceived difficulty and, mostly, on
our previous experiences performing similar tasks (not necessarily identical).
This judgment is what we call the perception of self-efficacy, and it shapes the
expectations about the outcome of the tasks we face. When we have previous
successful experiences, we have a positive self-efficacy in our abilities to com-
plete that given task. The opposite works the same way round. A personal record
of failure instills the perceived idea that we are clumsy or unable when it comes
to that activity.

The question is that nobody likes failing. Any given task we perceive that is
“not for us” is immediately avoided and, when avoidance is not an option, poorly
attempted. It is important to make clear that this might not be an explicit decision.
But, by not devoting genuine effort in repeated attempts, we have the perfect alibi
in the probable event of a failure. This “not really trying” approach relieves part of
the uncomfortable (or even painful) feelings associated with failure.

On the other hand, when we have a history of successes at our back, any
opportunity to perform that task is welcomed and, even if we fail by accident or due
to the difficulty of the assignment, it is highly probable that we will retry again and
again, generating multiple opportunities for success. This positive credit is not
endless, of course. If failure persists, our perception of self-efficacy will change,
and things will gradually be different in the future.

The same way a history of failure induces a perception of negative self-
efficacy about a task—which is the case of a considerable amount of students about
learning in one or more subjects—a history of success might turn around negative
self-perceptions into a positive one that will boost the options of performing con-
siderably better in future occasions by trying harder, longer and with a positive
attitude.

So, motivation owes more to success than success owes to motivation. It is
possible to revert a vicious circle in which negative past experiences (mainly fail-
ure) develop into negative self-perception about the task, eventually boosting
evasive approaches finally resulting into a most probable failure; into a virtuous
circle in which successful experiences progressively generate a perception of
positive self-efficacy that generates a genuine interest and perseverance in the task
that, chances are, will result in success (see Figure 7.2).

In this sense, it is important to assume that errors are an inherent part of the
learning process and should never be felt or perceived as failure. But, most
importantly, it is key to understand that errors do not result in learning except
“learning to avoid.” It is success that generates effective learning. That is why all
learning strategies deployed and teaching activities proposed should be carefully
tailored to be challenging but with high chances of a positive result. They have to
be challenging because any routine activity does not activate the cascade of neu-
rophysiological and psychological events leading to a sense of reward. Nobody
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Figure 7.2 Virtuous circle of success and motivation

finds interesting and stimulating routine activities. Practice makes perfect, it is true,
but mainly if it is reflective practice and if it includes desirable difficulties. And
those learning activities have to be success-oriented because we need to maintain
failure at bay to improve self-efficacy and, eventually, motivation.

7.7 Conclusions: a useful plan

To outline all of the aspects and issues addressed in this chapter, it is useful to set a
learning plan that might be used as a whole or adapted to someone’s needs and
restrictions.

Draw a diagram or a mind map that includes all the key factors of the material
to learn without referencing the original fonts (studying notes, manuals,
teaching materials, etc.) or any other external source (printed and online
complementary materials). When the diagram or mind map is ready, then go to
the original source to complete the gaps you already know you left behind
(what you know you do not remember). Then go through the original material
to find any other aspects or pieces of information your diagram is missing
(what you did not remember at all).

Reconstruct the information by (orally or in writing) performing a coherent
discourse. Try to be as exhaustive as possible. Use your mind map as a
reference (now complete) to fill in the gaps you might have, only after a
serious effort to remember for yourself. If necessary, go back to the original
material, but only if the clues in the mind map are not enough after a deep,
purposeful thought.

Write down questions for you to answer, and/or feed an Artificial
Intelligence (AI) with the original material (if it is not confidential or
includes personal data) and ask it for questions. Use only questions, not the
answers, as you will provide them yourself as part of your learning process.
Once you have completed the task, ask the Al for its answers, compare them
with yours, and see how you can combine both to arrive at the best possible
answers. Refer to the original material to ensure that nothing important or
relevant is missing.
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If you have the opportunity, explain what you are trying to learn to another
person. They do not need to be aware of the matter and can be completely
unfamiliar with the subject. Explaining something to someone who is com-
pletely new to the information and knowledge is one of the most powerful
ways of consolidating our memory, as it will make us clearly aware of the gaps
and lacks in our understanding.

All along these steps, try to link the learning materials with what you already

know.

o How does this relate to any prior knowledge?

o Can I find examples of this other than the ones in the learning material?

o Can I make valid analogies to explain this piece of knowledge to other
individuals?

o In what obvious and not-so-obvious situations may I put this knowledge
to use?

o How does this learning material change or polish my previous knowledge on
this (or any other subject)?

o What would I like to learn now, taking this knowledge as a starting point?

Try to take each step on different days. Ideally, 1 or 2 days between the first

steps and a week or more between the last ones. This will allow time for sleep

between study sessions and will also highlight the effects of the forgetting
curve.

It is always a good idea to mix other learning material in the in-between days

and even on the same day, as the effort of changing the focus tells our brain to

fix and retain that learning strongly and durably.

When the learning process involves a skill or ability, rather than declarative

knowledge (facts, concepts, principles, etc.), the same general scheme applies,

but instead of recalling, we must put the knowledge into practice:

o First, practice the skill or ability until you get, reasonably, a hang of it.
When a decent amount of attempts is correct, given the stage you are at
(beginner, intermediate, advanced, etc.), stop practicing for the day. When
you reach that desired level, practice just a little bit more to get confident,
but do not keep on persisting over and over again. At that stage, learning
makes no difference, it is a waste of time and effort.

o Start mixing the practice of different skills early. Mix programming in
Python with C++, for example, or different types of physics problems. When
all the practice focuses on the same topic, you already know what set of
strategies to deploy to solve it. But when you face mixed practice, you have
to select, among a wider range of options, what resources are useful in that
specific task. This makes the practice more memorable and helps to
strengthen a resourceful network of skills, abilities, and knowledge. This is
one of the bottom lines for creativity.

Always set yourself learning goals that contain a bit of a challenge but are

realistic and achievable. Completing tasks is the best way to experience a sense

of success. This feeling builds up on our perception of self-efficacy, that is, our
capability of completing a certain task. The higher our self-efficacy, the more



Learning strategies 103

we will persist in it until we achieve success. This virtuous circle is one of the
most efficient paths to motivation.
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Chapter 8

Planning

Francisco Cima' and Ana Maria Canto Esquivel’

Planning is indispensable for team performance and project management, serving
as a cornerstone of the methodological competencies recognized in the European
Union’s Skills Panorama. Various studies highlight the importance of enhancing
planning skills in engineering to effectively navigate collaborative projects in both
academic and professional settings. In recent years, positive experiences have been
documented in diverse educational programs, highlighting the crucial role of
engineering education in fostering methodological competencies among future
engineering professionals, including planning skills. This chapter discusses theories
and strategies that foster planning skills in educational environments. Examples are
provided to illustrate how the successful implementation of these strategies has
contributed to the development of teamwork skills among participants. This chapter
aims to serve as a valuable resource for educators and students seeking to enhance
teamwork effectiveness by developing planning skills.

8.1 The importance of planning

The literature on team effectiveness and project management emphasizes the impor-
tance of planning. Numerous studies on the first perspective indicate that a critical
driver of success and the viability of teamwork is the degree to which a team develops
an effective initial plan of action to move toward its goals [1]. From the project man-
agement perspective, planning is a phase of the lifecycle that focuses on establishing the
project’s deliverables and requirements, which are essential for effective execution [2].
Building on these perspectives, we first discuss how planning contributes to team and
project success to underline the meaning and importance of individual planning skills.

8.1.1 Planning and team effectiveness

One of the most widely accepted theoretical models for studying teams and work
groups is the Input-Mediator-Output-Input (IMOI) framework of team
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effectiveness. This framework describes the input factors, such as team composi-
tion and individual characteristics, mediating processes, such as strategy formula-
tion and coordination, and the resulting outputs of teamwork, such as the quality of
the outcomes and team members’ satisfaction. The IMOI framework proposes that
these outputs serve as feedback to the team, acting as new inputs in an iterative
process as teams go through several performance episodes [1].

Planning is a crucial process for team effectiveness that occurs in the early stages
of team development, as group members identify and allocate the necessary resources
for task execution. Effective planning comprises two interconnected elements: (1)
gathering information from group members and stakeholders regarding the team’s
mission, and (2) evaluating this information to formulate the appropriate strategies for
mission accomplishment [1]. Gathering information may involve sharing/exchanging
information, seeking information, and communication processes that enable the team
to collect data to support their initial plan or actions. Subsequently, the team needs to
critically assess the information retrieved to develop plans that describe their goals
and the best strategies to achieve them [1]. Thus, planning is a crucial transition
mechanism that helps identify the main tasks, goals, and resources, as well as how to
translate them into desirable outcomes and performance.

Furthermore, the temporal view of teams suggests that they are not static
entities but rather dynamic systems that operate through a series of related episodes
and phases that require several team processes [3]. Over time, teams may encounter
new challenges, change priorities, or acquire additional resources. In these cir-
cumstances, as teams and work groups most often operate over multiple perfor-
mance episodes [4], they need to re-evaluate new information and circumstances to
close performance gaps, ensure goal alignment, and adapt strategies to overcome
potential problems. Planning becomes a recurring process that allows teams to
gather information about emerging opportunities, reassess risks, and adjust their
strategies and courses of action.

In sum, planning is critical for sustained team effectiveness as it facilitates the
alignment of team efforts and resources with objectives by evaluating information
and developing strategies. Moreover, teams can ensure their actions remain focused
on desirable outcomes by regularly reviewing their plans.

8.1.2 Planning and project management

Project management refers to the “application of knowledge, skills, tools, and tech-
niques to project activities to meet the project requirements” [5, p. 6]. It involves the
five key processes: initiating, planning, executing, monitoring and controlling, and
closing [5]. Planning defines a project’s direction since identifying requirements and
constraints while balancing these with the stakeholders’ needs, concerns, and
expectations is at the core of project management. The planning phase of project
management involves a comprehensive preparation that covers different facets,
including scope, objectives, resources, schedule, and sequences of actions [5,6].
The main outputs of the planning process are the project management plan and
the project documents, which will become the guide for the subsequent processes
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[5]. These outputs delineate the project’s critical aspects, including time manage-
ment, cost management, quality management, procurement management, commu-
nication management, and risk management. Thus, the level of detail and flexibility
of the planning process’s outputs significantly impact the outcome of a project
because they establish the groundwork for future steps and choices [7]. As the
project is carried out, it is possible that additional planning will be needed to gather,
analyze, and understand new information and how changing conditions may affect
the project [5]. Therefore, planning in project management can be seen as an
iterative process that has implications for the overall operation and results.

8.1.3 Planning skills

Grounded on the dominant framework of teamwork effectiveness, teamwork skills
represent an individual’s set of abilities to contribute to collaborative work effec-
tively [8]. Planning skills encompass a set of abilities that are critical for gathering
relevant information about the group’s tasks and resources, and for developing
strategies to achieve goals [9]. Due to their relevance for processes occurring at the
early stages of task development, planning skills are strongly linked to other
competencies necessary to effectively transition toward the execution of task work,
such as mission analysis and strategy formulation.

The behavioral view of teamwork, grounded in the taxonomy of team pro-
cesses, ties planning to mission analysis and strategy formulation, with both
being integral parts of the transition phase. Mission analysis involves the iden-
tification of the team’s tasks and challenges and the evaluation of conditions and
resources for mission accomplishment [10]. Mission analysis skills are necessary
for defining major goals and tasks required for articulating the team plan and for
understanding one’s role in goal accomplishment [8]. Planning skills relate to
mission analysis skills as both refer to an individual’s capacity to identify the
primary elements of the task, the essential requirements, and the potential chal-
lenges. Strategic formulation skills are also relevant for planning, as these com-
petencies focus on developing actionable approaches to achieve team outcomes.
From the perspective of team processes, strategy formulation primarily supports
the evaluation and establishment of directions to guide goal accomplishment [8].
Thus, an individual’s planning abilities also involve strategy formulation skills,
including the capacity to assess alternative courses of action in response to
changing scenarios.

What are planning skills?

Planning skills represent a set of abilities critical for gathering relevant
information regarding the group’s tasks and resources and developing stra-
tegies toward the achievement of goals [9]. These skills relate to critical
competencies to effectively transition toward the execution of task work,
such as mission analysis and strategy formulation.
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An alternative view of planning skills is described in the taxonomy of
knowledge, skills, and abilities (KSA) most relevant for teamwork, developed by
Stevens and Campion [11]. This taxonomy places planning and coordination
competencies within the domain of self-management skills. Accordingly, self-
management skills, including planning, play a crucial role in enabling teams to
allocate individual tasks and roles effectively from the initial stages, ensuring a
balanced distribution of workload among group members during task work [11].
Planning contributes to coordination by identifying key aspects of the task work,
such as the main activities, timelines, and responsibilities, which enable individuals
to establish interdependencies that lead to coordinated task execution.

In summary, planning skills relate to various abilities essential for effective
collaboration and task accomplishment. These skills include the capacity to gather
and analyze relevant information, set the major team goals, and anticipate challenges
and requirements. Effective planners can contribute to defining strategies to transition
toward task execution and ensuring that the team’s efforts align with its goals.

8.2 Planning in the EU skills agenda

Planning skills are a fundamental aspect of professional development. They hold
particular relevance in the context of the EU’s Skills Panorama due to their intrinsic
connection with the effective use of resources and adaptability. Proficiency in
planning relates to several core competencies described in the digital, lifelong
learning, and environmental sustainability frameworks. These frameworks are
integral to the EU Policy Agenda for the upcoming years, underscoring the sig-
nificance of developing strong planning capabilities among future professionals.

8.2.1 Planning for lifelong learning

The LifeComp framework describes the key competencies that every person should
continuously develop through education and lifelong learning [12]. While planning
is not an explicit competence category, it can enable individuals to develop and
implement their goals and plans, assess risks, adapt strategies to changing cir-
cumstances, and collaborate in civic life. For example, individuals with solid
planning skills can set clear and achievable learning goals focused on specific
knowledge or abilities. Using their planning competencies, a lifelong learner can
reflect on their current knowledge base, identify areas for improvement, and pre-
pare strategies to track progress through continuous development.

Lifelong learners can also apply their planning skills to assess the potential
constraints they may encounter as they engage in continuous learning. Individuals
can elaborate contingency plans and strategies to mitigate or overcome problems
such as time constraints or lack of financial resources. Furthermore, the ability to
evaluate risks and constraints is linked to another important aspect of lifelong
learning: adaptability [12]. Adaptation enables learners to adjust their strategies and
approaches to navigate the changing circumstances, needs, and requirements. As
lifelong learning is a dynamic journey, learners must be able to rapidly adapt their
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strategies in response to new development opportunities, emerging technologies, or
skill demands.

Planning skills are also relevant in collaboration and participation in civic life.
Effective planning may enable individuals to identify common goals appropriately,
align individual efforts toward collective needs, and actively participate in resource
allocation and strategy development with their community. Individuals’ planning
skills may contribute to developing a collective plan to approach societal issues or
to drive positive change.

Planning aids lifelong learning competencies outlined in the LifeComp fra-
mework as it enables individuals to develop action plans, manage their own
learning time efficiently, and participate in the planning process of collective
initiatives to navigate the dynamic social, economic, and technological world.

8.2.2  Planning for a digitalized world

The DigComp framework identifies the competencies individuals need to succeed
in today’s increasingly digitalized world [13]. Planning skills are crucial for
effectively managing and optimizing the digital tools that are prevalent in modern
work environments. Effective planning helps streamline workflows and guide
resource allocation, including the necessary digital tools and technologies to
achieve organizational goals. In today’s digitalized world, individuals must be able
to gather relevant information and assess how new technologies can enhance both
personal and organizational performance.

In an organizational context, individuals with strong planning abilities can con-
tribute to identifying and evaluating relevant digital tools from the early stages of
project development. Because technology is constantly evolving, individuals with
solid planning skills frequently revisit and adjust their strategies. Effective planning,
therefore, enables adaptation to technological advances and fosters innovation.

The DigComp framework describes some competence areas where planning skills
become relevant, including information and data literacy and digital content creation.
Since planning involves the capacity to gather and analyze relevant information for
achieving objectives, individuals with strong planning skills can locate, retrieve,
organize, and analyze relevant digital information to support strategy development in a
rapidly changing technological environment. Likewise, digital content creation benefits
from individuals who are well-equipped with planning skills, allowing them to develop
and integrate digital content strategies aligned with project goals and needs.

Developing planning skills in the context of the DigComp framework enhances
an individual’s ability to identify digital technologies relevant to their work and
adapt to technological changes in an increasingly digitalized world. Planning skills
play a critical role in the context of the EU Skills Agenda by supporting the digital
competencies needed to thrive in the digital economy.

8.2.3 Planning for sustainability

The GreenComp framework provides definitions and guidance for sustainability
competencies [14]. Within this framework, planning is crucial for integrating
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sustainability goals into mission analysis and strategy formulation. By considering
these goals in their plans, individuals can align their actions with the vision of
promoting a sustainable world.

The concept of planning for sustainability involves integrating the environ-
mental, social, and economic impacts of proposed actions into decision-making to
develop strategies that ensure sustainable outcomes [15]. Moreover, planning for
sustainability requires employing a holistic, long-term approach with continuous
assessment and improvement [16,17]. This approach has applications in several
fields, including urban planning, corporate strategy, education, and engineering
[15]. For instance, engineering designs might incorporate renewable energy sources
and efficient transportation systems in their projects. Other applications could
involve developing strategies to reduce waste and promote a sustainable culture
across organizations.

8.3 Enhancing planning skills

The ability to navigate today’s working environments through effective commu-
nication, multidisciplinary collaboration, adaptability, and continuous learning has
become increasingly crucial for engineering professionals as they face progres-
sively complex challenges [9]. However, employers frequently express concern
about deficiencies in so-called “soft skills” when hiring new engineering graduates,
highlighting the need for engineering education to go beyond technical mastery and
equip future professionals with the essential skills for success in their professional
life [18,19].

Teamwork and collaboration are at the core of contemporary engineering
practice. Engineers no longer work in isolation and increasingly need to convey
their knowledge and skills to colleagues and teammates. Today’s engineering
challenges require the coordinated efforts of diverse teams to address complex,
multifaceted problems. The ability to work effectively with others, understand and
manage group dynamics, leverage collective strengths toward goal accomplish-
ment, and share knowledge is thus a cornerstone of professional engineering
competence.

Under the EU’s Skills Panorama, engineering programs represent a natural
scenario to address the teamwork skills gap and ensure their graduates not only
master technical tasks but also thrive in team-based environments. Although both
accreditation agencies and employers expect engineering graduates to develop
professional competencies such as planning skills during their academic journey,
not many programs provide impactful opportunities for their development or
improvement [19]. By integrating evidence-based, team-based active learning
approaches throughout the curriculum, engineering programs could contribute to
enhancing critical soft skills that their students need to navigate the challenges of
the 21st century.

Fortunately, a range of innovative teaching and learning strategies has been
successful in promoting the acquisition of teamwork skills in engineering
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education. This section will examine specific methodologies and case studies to
highlight the value of learning from the best practices across various institutions.
By understanding the pedagogical approaches, assessment techniques, and institu-
tional support structures that enable students to develop abilities like planning,
engineering educators can better prepare their graduates for success.

8.3.1 How can planning skills be learned?

As the development of soft skills in engineering becomes more prominent, educa-
tors are constantly looking for strategies to prepare their students effectively.
Although there is no one-size-fits-all approach to teaching and assessing these
skills, many examples of successful and promising interventions can inform further
strategies targeting teamwork skills, including planning. Some of the most common
experiential learning methods for teaching teamwork skills range from short
activities—such as design thinking exercises and game-based learning—to course-
long approaches, like project- and problem-based learning [9,20]. These methods
are often preferred over traditional strategies, such as lectures or conferences,
because they directly allow individuals to experience the dynamics of a team.
These methods are summarized in Table 8.1.

Design-thinking teamwork is used to promote group collaboration to solve
complex problems driven by customer needs [21]. Collaboration is crucial in

Table 8.1 Common teaching methods for teamwork skills in academic settings

Method Description

Design-thinking Design thinking is an iterative approach to problem-solving that

teamwork emphasizes customer-centricity and, often, interdisciplinarity. In design
thinking collaboration, teams work together to develop customer-centric
solutions within project deadlines and specific requirements.

Game-based Game-based learning is an approach commonly used in educational

learning and organizational contexts that incorporates gamification elements
such as rewards and a sense of mission to accomplish team training
objectives (e.g., coordination).

Team-based A structured, active learning approach where students first study new

learning conceptual material independently and then work in groups during
class to apply these concepts through various activities. This method
focuses on fundamental concepts and brief applications to teach
technical content and develop professional skills.

Problem-based Problem-based learning is a constructivist approach that uses open-

learning ended problems as the core of the learning process, requiring students
to research and acquire new knowledge to solve these challenges. This
method involves collaborative problem-solving in small teams, with
instructors acting as facilitators, and is effective in developing
problem-solving and teamwork competencies.

Project-based A strategy that requires students to work collaboratively on projects

learning that address real-world, complex problems. Student teams often work
over extended periods (e.g., one semester) to deliver tangible
outcomes while instructors guide their efforts and learning.
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design thinking because it often involves multiple disciplines and requires indivi-
duals with different mindsets and backgrounds to combine their knowledge and
skills to address ill-defined problems. Besides developing cognitive skills such as
creativity and analytical thinking, design-thinking collaboration provides opportu-
nities to learn interpersonal (e.g., communication) and methodological skills (e.g.,
time management and planning). For instance, participants can exercise their
planning skills through the identification and evaluation of consumer requirements,
as well as the project constraints, to develop suitable design solutions.

Game-based learning is a pedagogical approach that integrates gamification
elements (e.g., rewards and a sense of mission) into non-game settings to support the
learning process [9]. With the continuous technological advances in game simula-
tions, game-based learning has become a common method for providing team-based
experiences through artificially constructed environments in educational and organi-
zational contexts [22]. Although its implementation can be costly, this approach can
help engage digital-native learners more effectively than traditional strategies for
teaching soft skills. Some relevant outcomes related to teamwork achieved in past
implementations of game-based learning approaches include improved communica-
tion, coordination, and backup behaviors [22]. Studies suggest that implementing
effective game-based learning should incorporate serious games within real-world
scenarios and include personalization and collaboration [23] to attract and engage
participants in the activity while they apply critical skills. Although game-based
learning is implemented in short-term exercises, it also provides opportunities for
developing planning competencies as teams work on their strategies.

Team-based learning is a group-based active learning approach used to teach
new concepts and their applications [24]. It relies on the inverted classroom ped-
agogical strategy, in which students first revise new conceptual material indepen-
dently and then use classroom time working in groups on the applications of such
concepts through active learning activities [25]. Team-based learning differs from
other group-based strategies, such as problem-based learning and project-based
learning, because it focuses on fundamental concepts and relatively less extensive
applications of newly acquired knowledge [24]. Hence, this approach can be used
in lower-level courses over shorter periods to facilitate both learning technical
content and developing professional skills, such as problem-solving and inter-
personal teamwork skills [24,25].

Problem-based learning is an approach that uses problems at the core of the
learning process to enhance students’ understanding of new knowledge [26]. By
engaging with a problem, students undergo a process of research to determine what
they need to know to solve the problem [27]. In other words, the problem delineates
what content knowledge is needed. Problem-based strategies involve open-ended
problems that students need to solve by following a set of predefined steps [24].
Other defining characteristics of problem-based learning include collaborative
problem-solving and the flexible role of the tutor [26]. Similar to other inverted
classroom strategies, instructors guide small student teams during the problem-
solving process, while traditional methods, such as lectures, are limited. Problem-
based learning is the natural strategy for teaching problem-solving competencies
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[9]. However, it could also be used to develop teamwork competencies during
group work by guiding teams in defining their schedules, roles, and planning their
work and communication strategies [28]

Project-based learning is an educational strategy that reflects the principles of
social constructivism by emphasizing collaboration as a key component in knowledge
generation. Project-based learning involves students working on real-world, complex
projects over extended periods, culminating in tangible outcomes [29]. This approach
mirrors authentic engineering challenges and helps prepare students for their future
careers while simultaneously developing critical professional competencies.
Implementations of project-based learning across various engineering disciplines
have significantly improved students’ performance, technical skills, and the devel-
opment of problem-solving, collaboration, and leadership abilities [9,30]. Project-
based learning environments are student-centered [29]. In this context, instructors
assume diverse roles beyond traditional teaching, guiding students through the
learning process. This dynamic shift fosters a more authentic learning experience,
allowing learners to engage with projects as they would in professional settings [31].
Project-based learning offers several opportunities to teach teamwork skills, as it
naturally integrates collaborative work into the learning process.

Among the different strategies used by educators, project-based learning
emerges as the primary mechanism for developing teamwork-related skills in
engineering. Structuring project-driven courses provides an excellent opportunity
for individuals to experience first-hand collaborative work from start to end, as
classes are designed around teams. Furthermore, the benefits of team-based
implementations on teamwork skills, such as planning skills, can be strengthened
by providing support from the instructor, guided hands-on activities that facilitate
effective group transition processes, and supplementary tools that stimulate project
planning and management.

An important consideration in the design of strategies to foster planning skills
relates to the role of the instructors and what artifacts are implemented to guide the
learning process. Findings from past interventions have shown that instructors must
play a proactive role in facilitating the project work and assessing the skills learned;
it is not enough to simply require participants to complete a set of tasks in teams
[19]. Instructors can also incorporate additional elements to simulate real-world
teams to make the experience more authentic. For example, past implementations
of team-based learning have relied on web-based tools, project timelines, flow chart
forms, and team charters that enable accountability and support project-based
experiences. In the following sections, we summarize some promising examples of
how to enhance planning skills in engineering.

8.3.2 A couple of exemplary cases
8.3.2.1 Teaching teamwork in engineering and computer
science

An approach to enhance team collaboration skills in engineering and computer
science using team projects supported by freely available web-based collaboration
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tools showed promising results in improving participants’ abilities, including
planning skills [19]. This approach considers eight key factors that contribute to
successful team-based project implementations:

1) Adoption of agile principles. Teams are encouraged to follow the agile princi-
ples and take full responsibility for organizing and managing their work. This is
supported by a CASE tool, which simplifies the role of working code while
integrating essential work products and deliverables.

2) Guided definition of project objectives. Instructors use a set of assignments to
guide participants through developing project objectives. These assignments
include an analysis of the problem, a discussion of solutions and ideas, and a
team activity to establish the final project objectives under change control.

3) Team formation strategies. A web-based tool is used to form the project teams.
Participants are allowed to recruit members and join the team of their pre-
ference, which is expected to create cohesive teams.

4) Adoption of project asset libraries (PAL). Teams create their own PAL to store
their work products. Each team designates a PAL administrator, who is
responsible for approving the storage of team-approved products. In addition,
each member maintains a personal product library to store individual con-
tributions, which are peer-reviewed as needed.

5) Web-based communication platforms. In addition to external communication
methods (e.g., email and phone calls), freely accessible tools facilitate group
communication through messages.

6) Artifacts for project planning, execution, and tracking. Teams must develop
detailed plans and schedules, which include information about activities,
products, and responsibilities related to the project work. Furthermore,
teams evaluate their progress against the plan and take necessary actions as
needed.

7) Enabling accountability. Team members assume responsibility for completing
specific tasks and peer reviewing the contributions of other members. Individual
products are stored, and reviews are saved as comments.

8) Avoiding lengthy technical reports. Formal presentations and lengthy technical
reports are avoided. Instead, the CASE tool automatically generates reports
based on the working and final products.

The combination of artifacts and tools to facilitate group collaboration
encourages participation and provides valuable insights for instructors about team
progress and the level of collaboration within each team [19].

8.3.2.2 Developing critical collaboration skills in engineering
students

Another example involved a project-based program that integrated web-based

collaborative tools and instructional scaffolding tasks and artifacts to develop vir-

tual collaboration skills among engineers [32]. The scaffolds targeted key cognitive

and behavioral team processes to guide teams through the different phases of their

projects. These included:
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e A team charter artifact, a project plan artifact, and a team identity-building task
to support mission analysis, goal formulation, and planning.

e A communication strategy artifact and a project plan artifact to support strat-
egy formulation.

o Freely accessible tools to track work document progress, update task status,
and conduct web conferencing for progress monitoring. Additionally, the
teams completed a mid-project evaluation activity.

e A project plan evaluation and adjustment task to enhance team coordination.

Using a quasi-experimental design, the researchers examined the impact of the
tools, tasks, and artifacts on developing engineering students’ teamwork compe-
tencies. The results indicated that using the scaffolds positively influenced parti-
cipants’ self-managing skills, including goal setting and performance management
competencies, as well as planning and task coordination abilities [32].

8.3.3 Challenges and opportunities

It is clear that engineers require not only technical knowledge within their field of
expertise but also the skills to work effectively in teams [20]. Providing team-based
experiences that allow students to develop these skills is not easy, as it requires
structure and proactive guidance from faculty [19]. In addition to the lessons
learned from past implementations of active pedagogical methods to incorporate
teamwork skills discussed in the literature, there are also challenges and opportu-
nities to consider. The most common challenges include:

e Assuming a proactive role in facilitating team-based experiences. Despite the
growing interest in developing teamwork skills in engineering using active
learning approaches (e.g., project-based learning), many programs are often
implemented with minimal guidance on critical aspects of group collaboration,
including team development, conflict management, and leadership [20]. Thus,
instructors must adopt a proactive approach to assist in developing teamwork
competencies [19].

e Time and effort are needed to guide effective teamwork. A significant chal-
lenge for instructors using active learning strategies is the time and effort
needed to guide teams and assess teamwork skills development [19]. Learning
from best practices and using empirically tested tools and artifacts might help
optimize instructors’ resources.

e A standard criterion for framing and assessing teamwork skills. Several con-
ceptualizations and categorizations of teamwork skills complicate the estab-
lishment of an integrated framework to guide researchers and practitioners
[33]. This issue also presents challenges in assessing teamwork skills devel-
opment, as the methods employed vary between contexts. An opportunity
exists regarding the use of theoretically driven and validated assessment
techniques to measure skills development effectively [20,34].

Providing team-based learning experiences for engineering students is essen-
tial but challenging. It demands considerable time and effort because instructors
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must take a proactive role in facilitating group collaboration and the development
of teamwork skills. It also requires a well-structured program supported by tools
and artifacts to guide participants through the process of collaboration. To address
the challenges, instructors can draw on evidence-based approaches when designing
and implementing programs aimed at developing planning skills in engineering.
Furthermore, there is an opportunity to establish a standardized framework for
defining and assessing teamwork-related competencies.

8.4 Conclusions

Planning is essential for success in today’s fast-paced, digitalized, and
sustainability-focused world. Planning is a critical process that helps individuals
and teams to align resources, develop strategies, and adapt to changing circum-
stances. It is essential for engineers, who often work on complex and inter-
disciplinary projects that require strong teamwork and project management skills.
Engineering education is an ideal environment for cultivating the abilities outlined
in the EU’s Skills Agenda among future engineers. By teaching students to gather
and evaluate relevant information, establish team goals, and contribute to strategy
development, engineering programs can foster the essential soft skills for success.
One effective approach to achieving this is by incorporating evidence-based, active
learning methods that provide students with opportunities to practice and enhance
their planning competencies. A structured focus on these skills not only prepares
future engineers to excel in their careers but also equips them to address complex
global challenges, driving innovation and sustainability in an increasingly
interconnected world.
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Chapter 9
Digital skills

Fadtima M Garcia Doval' and Enrique Costa-Montenegro®

9.1 Introduction

What we commonly know as “digital skills” has raised deep interest in various
institutions worldwide because of their crucial role in driving the digital trans-
formation of different areas of expertise and society in general. These digital
skills, along with their corresponding knowledge and attitudes, constitute what is
known as “digital competence.” Recognizing its importance, the European Union
has developed — and recently updated — the Digital Competence Framework for
Citizens (called DigComp 2.2). Additionally, given the relevance of digital
competences in education, a specific framework for educational sector (known
by the name of DigComEdu) has been created for students, teachers, and edu-
cational organizations. Both frameworks include detailed guidelines for asses-
sing and progressively developing digital expertise in different professional
fields. Along this chapter, we will examine the key elements of this digital
competence (including knowledge, skills and abilities, as well as ethical issues
and attitudes toward digital technologies and their use). We will explore the
theoretical foundations of this approach and outline effective pedagogical stra-
tegies for developing digital competence in both formal and non-formal higher
education contexts. Practical tips and examples will also be provided to illustrate
these concepts.

9.1.1 Necessity of digital competences

In May 2018, the Council of the European Union updated the Recommendation on
Key competences for Lifelong Learning (2006/962/EC) [1]. These recommenda-
tions initially identified eight essential competences for citizens, including those
necessary for personal fulfillment, a healthy and sustainable lifestyle, employ-
ability, active citizenship, social inclusion, and digital competence. Although some
competences were revised in the 2018 update, digital competence remained rele-
vant and consistent, highlighting its central role in today’s world.
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So, digital competence was included in this group of eight essential com-
petences, along with literacy; multilingual; science, technology, engineering,
and mathematics (STEM); personal, social and learning to learn; citizenship;
entrepreneurship; and cultural awareness and expression competence. For each
of these eight competences, essential knowledge, skills, and attitudes were
defined.

Digital competence is described as involving “the confident, critical and
responsible use of, and engagement with, digital technologies for learning, at work,
and for participation in society. It includes information and data literacy, commu-
nication and collaboration, media literacy, digital content creation (including pro-
gramming), safety (including digital well-being and competences related to
cybersecurity), intellectual property related questions, problem solving and critical
thinking.”

As shown in Figure 9.1, in 2023, 56% of European citizens aged 16—74 had
at least basic overall digital skills [2]. According to “Europe’s Digital Decade:
Digital Targets for 2030” [3], the objective is to have, at least, 80% of all adults
with basic digital skills by 2030. Referring to Figure 9.1, in 2023, we were 24%
points below the target, with significant differences between European coun-
tries. The highest proportions were found in the Netherlands (83%) and Finland
(82%), while the lowest were in Romania (28%) and Bulgaria (36%).
Additionally, in most countries, men reported slightly higher levels of digital
skills than women.

This information was obtained using the digital skills indicator (DSI), a com-
prehensive composite indicator that covers the five key areas of the DigComp
framework: information and data literacy skills, communication and collaboration
skills, digital content creation skills, safety skills, and problem-solving skills. The
DSI has played a crucial role in providing reliable and comprehensive data on the
digital skills landscape across Europe.

As we can see, a significant portion of the European population still needs to
acquire at least basic digital skills, meaning there is still a long way to reach the
target of 80% by 2030. It might be assumed that those lacking basic digital skills
are primarily elderly individuals, but this is a misconception. Many young people
also lack basic digital skills, even though the common belief that younger genera-
tions are inherently digital natives. The fast and massive spread of this idea “digital
natives,” originally proposed by Marc Prenski with a different perspective, has
often been misunderstood. The oversimplification and rapid dissemination of this
concept have contributed to many ineffective approaches to developing digital
competence among young people [4].

9.1.2 Knowledge and skills in digital competences

According to the Council of the European Union recommendation on key compe-
tences for lifelong learning [1], all competences integrate the three types of learning
content: knowledge, skills, and attitudes. In our case, digital competence, the
basic knowledge is related to “understanding how digital technologies can support
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communication, creativity and innovation, and be aware of their opportunities,
limitations, effects and risks.” This also includes “knowing the basic function and
use of different devices, software, and networks” without forgetting “a critical
approach to the validity, reliability and impact of information and data made
available by digital means.” Regarding skills, digital competences emphasizes the
ability to “use of digital technologies to support their active citizenship and social
inclusion, collaboration with others, etc.,” as well as “the ability to use, access,
filter, evaluate, create, program and share digital content” and “be able to manage
and protect information, content, data, and digital identities, as well as recognize
and effectively engage with software, devices, artificial intelligence or robots” are
remarked. Finally, the identified attitudes promote “a reflective and critical, yet
curious, open-minded and forward-looking attitude to the evolution of digital
technologies.” Additionally, it “also requires an ethical, safe and responsible
approach to the use of these tools.”

It is important to note that digital competence is a specific domain that, while
relevant to a vast majority of human activities, is displayed within a particular
context. Therefore, the knowledge, skills, and attitudes needed to develop it require
a focused and intentional learning process. Transferability from other areas of
competence is not as immediate and easy as we often assume. For example, critical
thinking is not restricted to the digital world. However, the sheer volume of mis-
information, disinformation, and fake news online makes it significantly more
challenging to exercise this ability in digital contexts compared to traditional ones.
The same applies to other ethical areas, where potential risks and dangers might be
underestimated or even completely ignored.

Another important example is data protection. The capabilities of digital
computing in processing, analyzing, and cross-referring vast amounts of data are
difficult for regular citizens to comprehend. So, although most individuals are
pretty cautious about their personal image and information in real, analogue world,
they tend to be far more careless online.

Behavior is contextual, and digital environments often lead individuals to
minimize the consequences of certain decisions. Therefore, developing digital
competence involves more than transmitting valuable concepts, training specific
skills, or promoting core ethical attitudes. It is also, and maybe more important,
understanding the particularities and determinants of a global, fast-changing con-
text that is, in essence, overwhelming on a human scale.

9.2 Selected digital skills

As it exceeds the scope of this chapter, we will not analyze all the skills outlined in
the European Digital Framework in depth. Doing so would be unnecessary, given
the existence of comprehensive manuals that already fulfill this task excellently.
Instead, to provide a helpful starting point, we have selected a series of digital skills
from the DigComp 2.2 document, which we consider fundamental to approaching
digital competence in today’s world.



Digital skills 125

9.2.1 Accessing information: how to browse, search, and
filter it

The internet has revolutionized how we access and consume information, trans-
forming it into a vast and universal digital library. With the rise of the internet,
thanks to its digital repositories, primarily in the form of web pages, a staggering
amount of knowledge is now at our fingertips in just a moment. According to
Statista [5], as of July 2024, there are 5.45 billion internet users worldwide,
representing approximately 67.1% of the global population of nearly 8 billion.

However, what software do we use to find information on the internet? The
most common and widely used tool is the web browser. And what online tools
helps us locate specific information? Normally, search engines. It is important to
note that these two concepts are not always clear, as they are often used inter-
changeably. Understanding the distinction between them can significantly enhance
digital literacy.

A web browser and a search engine are two distinct tools that serve different
purposes. A web browser is a software application that allows users to access and
view websites on the internet. Web browsers can be used on different devices, like
computers, laptops, smartphones, tablets, and smart TVs. Popular examples of web
browsers include Mozilla Firefox*, Google ChromeT, and Safarii, to cite some of
the more popular ones.

However, a search engine is a specialized online tool that searches for and
retrieves information from the internet based on user queries. Search engines such
as Google®, Bing”, and Yahoo", among the most popular examples, use complex
algorithms to index and rank web pages, providing users with relevant results
according to the set queries.

The key difference lies in their functionality: a browser is used to access and
view websites, allowing us to navigate and display them, whereas a search engine is
used to find websites with specific information or content across the vast expanse
of the internet.

So, to access the information available on the internet, we need a web browser
to view it. If we do not know the exact location (we do not know the specific
webpage), a search engine may help us search for and find the desired information.

Usually, both web browsers and search engines are free to use, but there is
often a hidden cost. We must be aware that the online content available to us at no
monetary charge is often funded through advertising or by selling user data. For
instance, when using search engines, the first results displayed after a search are
usually marked as “sponsored.” This means that these results may not necessarily
be the most relevant to our queries but are instead the ones advertisers have paid to

*https://www.mozilla.org/en-US/firefox
Thttps://www.google.com/intl/en_en/chrome/
*https://www.apple.com/safari/
Shttps://www.google.com/
Ihttps://www.bing.com/
Thttps://search.yahoo.com
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appear first. The goal is to maximize the chances that the users click on them,
thereby promoting the sales of the advertised products.

Additionally, all queries made by a user are stored to create what is called a
user profile. Not only are the search records tracked, but also the web pages we
visit. Cookies (a small data file in our web browser) can track our browsing
behavior, impacting both our privacy and security. Using this information, the
owners of search engines can learn about our preferences, interests, and tastes. This
information is often sold by the companies owning the search engines to advertisers
who highly appreciate knowing which personalized publicity to offer in order to
maximize product sales.

Another important aspect to understand is the personalization of search engine
results. Search engines use artificial intelligence (Al) algorithms to generate
responses tailored to individual users based on their user profile. However, these
results are also influenced by various factors, such as context (e.g., geographical
location), the device being used (e.g., computer or a smartphone), region local
regulations (which can dictate what type of content can be shown), and the beha-
vior of other users (e.g., trending topics at that moment). All of these factors
influence the response to our queries. This can be observed when comparing the
results for two people making the same query or when using the private browsing
features of a web browser.

Finally, we must recognize that not all the information on the internet is
accessible. Some of it is private, while other may require a fee or registration for
access.

Given all the above, one crucial skill we must develop when accessing infor-
mation on the internet is recognizing that the results of our queries are usually
influenced by a series of opaque factors, especially our user profile as interpreted
by unknown algorithms. Moreover, this profiling process is typically carried out by
complex, non-explicative Al systems. As a result, even the enterprises behind
search engines may not fully understand why certain decisions are made or which
relevant factors (and their relative weights) influence the tailored results. What is
particularly concerning is that most users are unaware that the results they trust
might be mediated by the hidden agendas of search engine companies or by some
random algorithmic biases.

The quintessential version of this Al powered search is the use of generative Al
to provide specific answers. Tools like Perplexity** or Copilot'™ are examples of
this technology, capable of providing elaborate answers to complex questions,
sometimes even referencing scientific papers. Setting aside the possibility that
some of this research evidence might be completely made up, the risks are clear.
When using a traditional search engine, the selection of which results to explore is
on the human side. This highlights the importance of human judgment and
responsibility in the search process. Sure, this selection might be influenced by
availability or a perceived sense of relevance, but there is still some margin for the

**https://www.perplexity.ai/
https://copilot.microsoft.com/
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user to contrast and verify information. In contrast, when we ask a generative Al
system to provide an answer to a complex question, the Al itself selects the relevant
sources and, within them, the important pieces of information. The human role is
only limited to the very end of the process, when a coherent answer has been
generated. We will come back to this challenge further in this chapter.

If we want to obtain more neutral search results (without influences), we may
choose some of the following options:

e Use the private (incognito) mode of our web browser: In this mode, the
browser does not use information from existing cookies, and the search is not
linked to a specific account, so the results should not be adjusted to our profile.
Additionally, any cookies generated during the session in private mode are not
stored, so they do not affect future browsing.

e Use private browsers: For even more objective results, we can use a browser
that operates exclusively in private mode. These browsers keep your privacy
by automatically blocking tracking mechanisms and do not save any browsing
history or website data. An example of this technology is Firefox Focus.**

e Use private search engines: These search engines are designed for users who
value privacy and do not want to be tracked online. They do not monitor our
activities or store our search history. A well-known example is DuckDuckGo. ™

Another useful related skill is improving our searches efficiency by utilizing
advanced features available in most search engines:

e Use quotes: When searching for an exact word or phrase, enclosing it in quotes
(““...”) ensures that the results include the exact phrase in the same order.

o Exclude words: By using a minus sign (—) or the operator “NOT” before a
word, you can exclude results that contain that specific term.

e Combine multiple terms: Using the “AND” operator between words, the
search engine will return results containing all of them. (Note: Modern search
engines like Google often imply AND by default.)

e Site-specific search: Using the “site:” operator followed by a website domain
restricts the results to that particular website (e.g., “site:wikipedia.org [search
term]”).

e Filetype search: Using the “filetype:” operator followed by a file extension
(e.g., “filetype: pdf”) filters the results to show only files of that specific type.

5

Last but not least, it is essential to mention that this tailored selection, designed
to fit our needs and preferences, can be manipulated or biased by different groups
of interest, lobbies, and other influential entities. This is not a new phenomenon.
The same mechanism has long existed in traditional media, where newspapers or
magazines choose certain stories to feature prominently on the front covers.
However, within the digital world, such biases are often less obvious to general
public, making them harder to identify and scrutinize.

Hhttps://www.mozilla.org/en-US/firefox/browsers/mobile/focus/
$¥https:/html.duckduckgo.com/html/
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9.2.2  Evaluating information

As discussed in the previous section, the results of a search engine query are
influenced by a series of factors, and it is crucial to understand this process. More
importantly, we need to realize that not all the information on the internet is
accurate, and we must fight against misinformation, disinformation, and fake news.
Therefore, we need to critically analyze, compare, and evaluate the credibility and
reliability of the information we find on the internet. Learning to distinguish
trustworthy sources from unreliable ones is a key skill in navigating the digital
landscape effectively.

According to the European Commission [6], “The spread of both disinforma-
tion and misinformation can have a range of harmful consequences, such as
threatening our democracies, polarizing debates, and putting the health, security
and environment of EU citizens at risk.”

For this reason, we, as concerned citizens, must:

e Be skeptical about the information we read online.

e Understand that current Al technologies can generate or alter images, videos,
and audio.

e Check several sources to contrast any information to assess its reliability.

o Fact-checking before dissemination. We must ensure the accuracy of any
information, especially if it is from an untrusted source like social media. This
responsible approach helps prevent the spread of misinformation.

By following these simple steps, we can help and protect ourselves — and
others — against manipulation in the form of misinformation, disinformation, and
fake news. These terms are often used interchangeably, but understanding their
distinct definitions is crucial to recognizing the nature of these corrupted pieces of
information and the intentions behind them [7]:

e Misinformation: False information that is disseminated, regardless of any
intent to mislead. Although there is no harmful intent, the effects can still be
harmful.

e Disinformation: Misinformation that is deliberately disseminated to mislead. It
is spread with the intention to deceive or secure economic or political gain. It
may cause public harm.

e Fake news: False information, often of a sensational nature, that mimics news
media content.

Even though there is a component of intention behind distinguishing them,
both misinformation and disinformation can lead to harmful consequences. The
other term “fake news,” often used when facing fact-checking discussions, refers to
information that is deliberately manipulated to deceive the public. As we know, this
is an increasingly visible global phenomenon. It is not just a problem in one
country, but rather represents a challenge that affects us all. Around 85% of
Europeans find disinformation a problem in their own country, and 83% see it a
threat to democracy. However, we also play a role in the spread of fake news, as



Digital skills 129

60% of news items shared on social media were never read first by the user who
shared them.

Most of the time, there is a well-engineered strategy behind the rapid, uncon-
scious spread of false information. At other times, lies just run like prairie fires. In
both cases, the way we emotionally process information is at the root of the issue.
Those infuriating new pieces tend to be shared rapidly, boosted by our confirmation
bias, that is, our natural tendency to believe anything confirming our existing
beliefs and ideas. Taking a moment to think critically is always necessary.
However, when the information we are about to trust and share is outrageous and
appeals to our deepest values or strongly reinforces our vision of the world, seeking
counter-information becomes not just important, but urgent. We must actively seek
out information that challenges our beliefs to ensure we are not contributing to the
spread of misinformation.

But how can we determine whether a given piece of contents is disinformation
or misinformation? Even if the content aligns with our beliefs and values (parti-
cularly in such case), we need to approach it critically and learn how to recognize
misinformation patterns. Here are some helpful guidelines for identifying when a
piece of news may be fake, false, or otherwise fabricated:

e  Check the content: We must look for biased information, verify whether the
facts and figures presented are accurate, and establish whether the information
has a known source or comes from a credible source.

o  Check the source: We must verify whether we are familiar with the source and,
if not, investigate it is reliability. Ideally, we should also find who is behind it
or funding it.

e  Check the author: Identify if the piece has an author, if it comes from a jour-
nalist or an unknown individual, or if it is attributed to an anonymous source.
In the latter cases, there is a higher likelihood that the information is fake.

e  Check the data: Make sure the information is based on data from trustworthy
entities or comes from renowned experts in the topic.

e  Check the picture: With Al, we know that media can be easily manipulated,
but that is not the only way a picture can mislead us. So, check if the image is
original or run a reverse image search to see if it comes from another source
such as a different event in another country or at a different time (ensuring it
matches the time and place).

e  Think twice before sharing: if you are unsure if the information is fake news, it
is better not to share it, as it can deceive others. Moreover, most fake news
appeals to our deepest feelings, like fear or anger, triggering a hasty reaction
that usually leads to sharing without careful fact-checking. Break this tendency
by holding back. After a while, the small details that reveal the piece as false or
fake will likely become clear. Most doubts about the trustworthiness of a piece
of news will disappear by simply leaving it on the back burner.

e Fight against fake news: If you know a piece of information is fake news,
inform the person who shared it with you. Maybe this person will think twice
before sharing it again, helping to stop the spread of misinformation. But, most
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importantly, never share a link to false information, even to report it as
fake news.

As it is clear, it is impossible to verify every single piece of information we
receive daily. That is why societies have promoted entities in charge of fact-
checking, which is the process of verifying if a piece of news is accurate by
questioning the statements in that information. For example, we have the European
Digital Media Observatory (EDMO)”“. On its website, we can find information
about recent fact-checks and a list of fact-checkers across different European
countries. 1Y

As mentioned before, much of the disinformation and fake news we receive
owes its legitimate appearance to advances in Al. This is why we must promote the
ethical use of this technology. The rapid development of Al, especially generative
Al since the release of ChatGPT in November 2022, has welcomed a new era of
innovation and efficiency, completely transforming fields like education, industry,
and research. We now have systems that use this technology to create long texts,
images, and even videos using a simple prompt: a command containing just a few
words describing what the user wants. However, these intelligent technologies
present various ethical challenges, such as privacy, safety, security, fairness, non-
discrimination, and sustainability. Next, we will address some of these issues.

Al algorithms are typically trained using vast amounts of data, and their per-
formance is closely tied to both the fairness of the algorithm and the quality of the
data. It is often said that Al algorithms are only as good as the data they are trained
on. This underscores the critical role of unbiased data in Al training, a key factor
that influences algorithm’s performance.

Consider this: if the data used to train an algorithm are biased, Al will learn
from and operate based on these biased data, producing results according to the
information it has received, thus perpetuating or even amplifying this bias.

But what kind of bias are we talking about? Mainly, social inequalities. Some
examples could be the use of different amounts of data for different genders, giving
better results to one gender above the other, or using unbalanced data from racial or
ethnic groups that could lead, for example, to biased facial recognition, mis-
identifying certain groups more frequently, and so on.

So, the solution lies in introducing fairness into our Al systems. Furthermore,
this can be achieved by implementing, among others things, some of the following
ideas:

e Enhance the diversity and representativeness of the data used to train an Al
system. This ensure that it caters to a wide range of users, including gender,
ethnic groups, religion, culture, ideology, perspectives, and diversity in cap-
abilities. The potential benefits of this approach are vast, offering a more
inclusive and fair Al landscape.

Mhttps://edmo.eu/
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o Use techniques to detect and mitigate bias like fairness metrics and bias audits.
Regularly employing these methods can help us identify biased situations and
address them effectively.

o Regulations and standards play a crucial role in the development of Al. By
adhering to these norms throughout the process, we can detect and mitigate
bias more effectively, providing a sense of control and reassurance in the Al
landscape.

One key issue with Al systems is their capability to process vast amounts of
information, including personal data, which can create privacy issues. Examples of
this include the risk of surveillance or misuse of personal information. Data pro-
tection regulations require the owners of these systems to clearly explain the
intended use of the data we provide, and if it can be used to retrain the system,
creating a possible leakage of information.

Another critical issue with Al systems is the lack of transparency. Many of the
algorithms used, such as those based on deep learning neural networks, are con-
sidered “black boxes.” We know the input data and the output results, but we do not
know what happens in between, the processes that lead to a specific decision,
conclusion, or recommendation. Therefore, explainability must be added to the
design of Al systems; that is, the system must be able to provide explanations for its
decisions based on the input data. This allows users to better understand them and
trust in their decisions, as they can be scrutinized for potential biases.

Although in the beginning, Al-generated images, videos, and audio were
obviously fake and even disturbing, the technology in this field has improved
rapidly. “Deepfakes,” false audiovisual pieces created to mimic real ones, are now
almost impossible to distinguish from authentic, legitimate content. Some “deep-
fakes” may be innocent jokes never intended to deceive anybody, while others
might have an artistic purpose. However, some are created with a misleading intent,
or even to harm, undermining the reputation of public figures or anonymous citi-
zens. We must be aware of this risk. If something seems too good or too bad to be
true, it probably is.

Finally, it is essential to talk about what is now called “echo chambers” or
“filter bubbles.” As algorithms and machine learning systems (systems which are
capable of learning from experience) tend to suit our ideology, values, and prin-
ciples, we are more likely to see news, results, and options that align primarily (or
exclusively) with our personal preferences. This can lead to a false consensus
effect, where we overestimate the prevalence of our own thoughts and beliefs
within society. This biased effect poses a challenge for pluralistic societies,
counting against diversity and progressively reducing the variety of viewpoints that
contribute to healthy democracies.

9.2.3  Protecting our devices

Much has changed in the world with the arrival of “information technologies” and
the way we interact with each other. Mobile devices have become widely used by
the global population and are used continuously, sometimes excessively. This
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creates a series of problems. One of these is the need to understand the risks and
threats in digital environments in order to protect both our devices and our digital
content. To address this, we must implement safety and security measures and learn
to care for our information and its privacy online.

The first way to protect our devices is by implementing strong authentication
methods to prevent unauthorized access. The access methods we use can vary
depending on the device. We will focus on two main types: mobile devices (mainly
smartphones and tablets) and computers (either laptops or desktops).

Regarding mobile authentication methods, we have two main categories:

e knowledge-based: something we know such as a password, PIN, or pattern.
e biometric-based: using or scanning something that is part of us such as our
fingerprint or face.

None of these methods is perfect, but both provide sufficient security as long as we
follow other complementary precautions. For example, we need to ensure that no
one is watching us while we enter our PIN or pattern.

Regarding computers, the most typical method is the use of passwords.
Another option is the use of USB keys. However, we must keep in mind that not
all passwords are secure. Many lists on the internet contain commonly used
passwords, so when selecting a password, we must check that it is not in one of
those lists.

It is also advisable to use a strong password that is at least 11 characters long,
includes capital letters, symbols, and numbers, and does not contain actual words.
As a security measure, we suggest using different strong passwords for each online
service, just modifying them slightly by adding two letters depending on the site we
visit. There are different methods to create strong and memorable passwords, and
we suggest the following one:

o Take the first letter of each word in a sentence that is easy to remember for
you. For example, the beginning of the sentence “All those moments will be
lost in time, like tears in rain” from the movie Blade Runner.

o  All those moments will be lost in time — Atmwblit

e  Swaps letters for numbers, typical ones are: A — 4, E — 3,1 — 1,and O — 0
o Atmwblit — 4tmwbl1t

e Enter some symbol in a known position, like the middle
o  4tmwbllt — 4tmw-bllt

e Modify the current password depending on the site we want to access, using,
for example, the first two letters of the site:

o Gmail: Gm4tmw-bl1t
o  TikTok: Ti4tmw-bl1t

As we can see on the news, sometimes there are security breaches in companies,
and our information, such as our passwords, may be compromised. If we have used
different passwords for different sites, we can mitigate the negative effects of an
account being compromised or hacked, as the stolen password will not work on
other sites. There are websites that allow us to check whether our personal data has
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been compromised by data breaches like Have I Been Pwned?*** By entering our
email address, we can see if it was involved in a data breach.

Another way to protect our devices is using encryption techniques, but what
does this mean? Encrypting means saving your content in a modified format using
an encryption key. Without that key, an outsider who gains access to our device
will be unable to see its content such as our photos and documents.

Most mobile devices and computers already offer encryption by default, and
the decryption key is usually the PIN, password, or pattern we use to unlock them.
Without that key, an outsider who gains access to your mobile device or computer
cannot view its content, either by connecting the mobile device to another computer
or by removing your computer’s hard drive.

We can make our devices extra secure by installing and configuring protection
software. This type of software is designed to protect our devices (desktops, lap-
tops, and mobile devices) and all the information and data they host from unau-
thorized access, intrusions, viruses, and other threats.

At the user level, the most important types of protection software are:

e Antivirus: This comprehensive program is designed to prevent, detect, and
remove computer viruses and other types of malware, providing a robust shield
for our devices. These products can also include protection from malicious
URLs, spam, and phishing, offering a complete security solution. Most current
operating systems come with it already installed, like Play Protect in Android
or Microsoft Defender in Windows.

o Firewall: A network security program or hardware that monitors and controls
incoming and outgoing network traffic based on predetermined security rules.
It creates a wall or barrier between the network we are connected to and an
untrusted network such as the internet.

e  Virtual private network (VPN): A VPN is a powerful tool that allows our devices
to access private content in a different network in a secure way, giving us the
freedom to work or browse from remote locations with confidence. This can be
used to remotely access our work or home network, minimizing the associated
risks. Also, many companies offer access to VPNs, allowing us to access the
internet without revealing our connection location, IP address, or identity.

Apart from the ways to protect our devices mentioned above, there are also some
good practices we should consider to effectively protect them such as being cau-
tious with untrusted Wi-Fi connections, always keeping our device updated,
backing up our data, restricting app permissions, updating to the latest versions of
our software, using multi-factor authentication, being aware of phishing scams, etc.

9.2.4  Protecting our personal data and privacy

As we have seen in the previous section, there is a lot of information on our per-
sonal devices, so it is necessary to use the appropriate security mechanisms to

***https://haveibeenpwned.com/
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protect it. However, sometimes, we are unaware of the sheer amount of information
we make available to everyone on the internet. Once it is uploaded, we lose any
control over it whatsoever, and we must realize that sometimes this information
may be used against us. This is the main reason why we must protect our personal
data and our privacy in digital environments.

Some applicable definitions on this matter, according to the European
Commission [8], are:

e Personal data: any information that relates to an identified or identifiable living
individual. Different pieces of information, when collected together, can lead to
the identification of a particular person, also therefore constitute personal data.

e Personal data that has been rendered anonymous in such a way that the indi-
vidual is no longer identifiable is not considered personal data. For data to be
truly anonymized, the anonymization must be irreversible.

e Examples of personal data include a name and surname; a home address; an
email address; an identification card number; location data (e.g., the location
data function on a mobile phone); an Internet Protocol address; a cookie ID;
the advertising identifier of your phone; data held by a hospital or doctor such
as a symbol that uniquely identifies a person.

e Data privacy: the ability of an individual to determine when, how, and to what
extent their personal data is shared with or communicated to others. As indi-
viduals, we are entitled to have our personal data kept private.

On the internet, websites, applications, and social media platforms often col-
lect and store personal data from their users to provide services. But sometimes,
they may exceed the scope of necessary data collection and usage, leaving users
with less privacy than they realize. Additionally, inadequate security measures
around this data can lead to a data breach, compromising personal information.

The lack of data privacy can result in personal information being misused in
various ways such as being used by criminals for blackmail, fraud, or harassment,
or being sold by companies without our consent. It can also lead to profiling based
on our online activities. These risks underscore the critical importance of safe-
guarding our online privacy. Just like the right to free speech, privacy is a funda-
mental human right essential to a free society.

As mentioned in the previous section, the best way to secure our online accounts
is by using a strong password. If the website supports it, it is also highly recom-
mended to use two-factor authentication. But securing alone is not enough; we must
also actively manage our privacy settings. Most devices and websites we interact with
have their own privacy policies that allow us to adjust the default settings. This
empowers us to take control of our data privacy, especially on social networks.

We suggest the following tips containing relevant information to manage your
privacy settings:

e Review your current privacy settings on the different websites. Since these
settings may differ from one side to another, take the time to adjust the options
that are adequate for you.
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e  Check who can see the information you share on social networks such as posts,
pictures, shares, likes, dislikes, and comments. Typically, most platforms allow
us to choose between a public and private profile. It is recommended that this
information is visible only to known friends.

o Review what others can see on your profiles, avoiding share personal details
that could reveal your location, interests, or social circle, making it easier for
someone to identify or locate you.

o Create a friend list to limit who can view your posts and exchanges on social
networks. Be cautious adding people “as friends” you have not met in real life.
You cannot be sure of who is behind an online account.

e Check if you are sharing location data, like the current position or photo
metadata including where the pictures were taken. This information can be
used to track your movements.

o Think carefully about the information in your profile. Consider who you share
it with and if you really need to share all this information. Taking a moment to
review this can help protect your privacy.

Sometimes, it is difficult to locate the privacy settings on the different web-
sites. To make this easier, you can visit, Stay Safe Online,"™" which provides
shortcuts to directly access the privacy settings for major websites.

Another important way to protect our data is by using data backups and
knowing how to recover them in case of need. Data backup is the process of
creating a copy of your data to safeguard it in case of loss. This includes storing
copies of files from your different devices and making them accessible in case of
data corruption or deletion.

Fortunately, most operating systems already come with built-in tools to help
with these tasks. Additionally, different programs allow you to back up your data,
and in many cases, these backups can be made automatically and stored online for
added security.

However, what we should do if we have many data to back up or, for privacy
reasons, prefer not to share our data with online companies? In these cases, we must
make our own off-line backups, and for this, we suggest following the golden
standard of backups, the 3-2-1 rule:

e 3 copies of data: You should have the primary copy of your data, along with at
least two additional copies. This ensures you have multiple options for
recovery in case of failure.

e 2 different media: Your primary data and backup copies should be stored on at
least two different types of storage media, like two different hard drives. The
key is that the backups should not be on the same device (e.g., do not use two
hard drives within the same computer).

e | copy offsite: Avoid keeping all backups in the same place, as they could be
completely wiped out in the event of a natural disaster or emergency, like a

T https:/staysafeonline.org/resources/manage-your-privacy-settings/
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fire. It is recommended to store one or more backup copies in a different
location such as one at home and another at work.

By following the 3-2-1 principle, you ensure that your data is safely backed up
and can be recovered when needed.

9.2.5 Protecting our health and well-being

We understand that protecting health and well-being in digital environments
involves taking proactive actions to avoid health risks and threats to both our
physical and psychological well-being. For these actions, we need to establish clear
routines to protect ourselves from potential dangers in these environments and use
adequate digital tools that promote social well-being and inclusion.

However, the objective is not only to protect our own physical, emotional, and
mental health but also to ensure the health and well-being of others while we
navigate and interact within digital spaces.

When discussing protection, we often focus on the “physical and real” world,
forgetting the fact that protection is also as important in digital realm. So, how can
we protect ourselves in the digital world? We will explore this in more detail during
this section, but we can start by considering ways to protect ourselves from harmful
behaviors, like cyberbullying, or how to mitigate the negative impacts of
social media.

The first step in protecting yourself is understanding whether you are safe in
digital environments. You must be aware of your personal situation, which is
known as digital health risks awareness. Several risks associated with using digital
environments have already been discussed in this chapter:

e Accepting friend requests from unknown users can compromise your safety
and expose you to potential threats.

e Posting personal photos frequently increases your visibility and can elevate the
risk of your information being misused.

e Using public Wi-Fi is risky, as it can make your data vulnerable to breaches
and cyberattacks.

e Checking in on social media can expose your location to strangers, putting
your privacy at risk.

o Reusing passwords across multiple accounts makes them more vulnerable to
hacking.

Additionally, there are other risks that you should consider. One important
question to ask yourself is: Have you searched yourself on the internet? The answer
to this question can help you realize how much of your personal information is
exposed and how it might contribute to potential risks in digital environments.

Another problem that is very difficult to solve, especially in the case of chil-
dren and teenagers, is controlling screen time. Screens are an integral part of our
daily lives right now, whether at schools, home, work, for entertainment, or while
traveling. Nevertheless, it is important to find a balance between screen usage and
our overall health and well-being. This balance can be very difficult to strike, as
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many applications are specifically designed to keep us engaged. For instance,
infinite scrolling on platforms like TikTok or by continuously earning rewards in
online games are examples of how these technologies keep us hooked. Many
techniques such as clickbait, gamification are designed to manipulate our behavior,
weakening our ability to control how much time we spend online. These strategies
are tailored and implemented based on psychological principles aimed at modify-
ing human behavior, encouraging excessive screen time, consumerism, and more.
These methods are highly effective because they are carefully designed to exploit
human psychology, making it even harder to resist the urge to engage with digital
content for extended periods.

So, the amount of time we spend in front of a screen can be excessive, and it is
important to recognize the impact this can have on our physical and mental health.
Physically, excessive screen time can contribute to issues like eye strain and sleep
deprivation. Mentally, some studies suggest a link between too much screen time
and anxiety, depression, and disruptions to sleep patterns. While there is no uni-
versal agreement on the extent of these effects, it is essential to consider the
opportunity cost. We only have a limited amount of time each day, and the minutes
and hours spend in front of a screen could be better spent satisfying other activities
that would improve our health and overall well-being.

How can you fight against this? The most important effective strategy we can
do is to set boundaries:

o Create tech-free zones: Establish places, such as the dining table or bedroom,
where the use of technology is prohibited. This increases face-to-face inter-
action with family or friends and helps promote better sleep hygiene by
removing screens before bedtime.

e Create a schedule: Set clear limits on screen time. It can be defined through
specific time blocks or an amount of time per day. There are several applica-
tions to use, like Google Family, that can inform you of the amount of time you
have been using a device or even restrict its use.

e  Take breaks: Stop from time to time from your device to stretch, move around,
or focus on something other than a screen. This helps relieve eye strain, acti-
vates your body, relax your eyes, and can reduce mental fatigue. Short breaks
every 30—60 min can significantly improve your focus and well-being.

We must be vigilant to detect known signs of problematic digital use such as
loss of control, withdrawal symptoms, and dysfunctional mood regulation. We
must also realize that problematic digital use can be the root of some serious pro-
blems, even causing both psychological and physical harm.

To conclude this section, we suggest some actions that we should all follow to
prioritize our self-care:

e Recognize the potential negative impacts of excessive screen time and constant
connectivity.

o Excessive time on social media platforms might lead to feelings of loneliness,
anxiety, and depression.
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e Set boundaries around how much time we spend on digital devices and loca-
tions where we use them.

o Establish a work-life balance, avoiding access to work-related matters outside
of work hours, and keeping personal lives separate.

e Avoid comparing yourself to others on social media, as it can lead to decreased
self-esteem and feelings of inadequacy. Not all that we see on social media is
real or accurate.

e Be aware of your online presence, try to disclose as little information as pos-
sible, and avoid engaging with harmful content.

9.3 Conclusions

As we have already seen, digital competence is a key factor in our increasingly
digitized world. To achieve the adequate level of competence, it is necessary to
acquire not only the required skills but also specific knowledge, and what is often
bypassed, the right set of attitudes and values needed to use digital resources from a
secure and ethical point of view.

There are many aspects within this competence, all of them of the utmost
importance. In this discussion, we have just focused on a group of them:

e Accessing information: Learning how to browse, search, and filter information
effectively to improve the objectivity and relevance of results and data
retrieved from various digital sources, while minimizing incidental biases.

e Evaluating information: Detecting and combating intentional biases and dif-
ferent forms of manipulation, as well as controlling for the harmful effects of
disinformation, misinformation and fake news.

e Protecting our devices: Safeguarding against unauthorized access, fraudulent
data retrieval, and other cybersecurity threats.

e Protecting our personal data and privacy: Managing our data, proactively, to
avoid sharing more than is necessary or advisable, mainly due to an excess of
confidence or digital ingenuity.

e Protecting our health and well-being: Prioritizing our health to lead a fulfilling
and satisfying digital life, acting as responsible citizens while taking care of
ourselves and others.

It is important to consistently apply these competencies, particularly given the
blurred boundaries between personal and professional life in the digital realm.
These competencies are not restricted to professional life and, like the other soft
skills discussed in this book, contribute to all aspects of our personal lives.
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Chapter 10

Teamwork
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10.1 Introduction

The European Commission WG-MHE [1] framework on soft skills and the
Occupational Information Network (O*NET) [2] define the social soft skill
“teamwork™ as “the skills required to work well as part of a team”. While this
definition seems to be obvious, after a closer analysis reveals several underlying
concepts. The first one, it refers to “skills”, meaning that there are many elements
taking place when working as a team. In the second one, the skill is described as
necessary to “work well”, which suggests that it is also possible to work poorly in a
team. And, finally, the term “team” is repeated to emphasize the various ways
people can be grouped, and not all of these groupings qualify as teams. The defi-
nition of teamwork gives us some tips into the elements to be trained for acquiring
good performance when dealing with teams: having a clear understanding of what a
team is, being conscious that a team is not always working well as it is, and
knowing the abilities related to a good team worker. These elements will be the
core of this chapter, providing additional theoretical support and some practical
activities to improve how we work within a team.

A team can be defined as a set of interdependent people who, voluntarily, work
together to achieve a common objective. In other words, a team is a group of
individuals, united by a shared purpose. The individuals comprising a team ideally
should have common goals, common objectives, and a similar mindset.

There are some differences between a team and a group, as summarized in
Table 10.1.

A group is not necessarily a team: a team is a step forward; it is something
more than a group. A group can have individuals with varied interests, attitudes, as
well as thought processes. It is not necessary that the group members have a
common objective or a common goal to achieve. Thus, a set of people is not a team,
and a team is not the sum of its members.

'"Departamento de Enxefiaria Telematica, Universidade de Vigo, atlanTTic, Spain
Departamento de Teoria do Sinal e Comunicaciéns, Universidade de Vigo, atlanTTic, Spain
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Table 10.1 A group and a team

In a GROUP, its members ... In a TEAM, its members ...

are focused on their individuality work in a cooperative environment

work on the same subject, but without have a sense of belonging

any coordination

respond individually all respond for the final result, not
independently

can have a particular way of working work in a cohesive way and with

close collaboration

This means that a team has specific characteristics. Here are some qualities of

a successful team [3]:

Team members communicate effectively with each other. They openly share
their thoughts, opinions, and ideas with members of their team and take into
consideration what others have to say.

Team members focus on common goals and results. They set and agree on
team goals based on outcomes and results, rather than just on the amount of
work completed.

Everyone contributes their fair share. Each member feels a sense of belonging
to the team, is committed to their work, and really cares about the success of
the project.

Team members offer each other support. Teams tends to be more productive
when they received support from the organization, and access to the required
resources.

Team members bring diverse perspectives. Diversity ensures that all required
skills are covered by somebody on the team, allowing each individual to play a
role based on their strengths. A variety of personalities, age groups, cultures, and
experiences can also bring creativity and introduce a wide range of ideas.
Teams are organized. Though everyone should be responsible for organizing their
own workload, management should ensure that everything is running to plan and
each member of the team is getting their tasks completed efficiently. Holding
regular meetings can help everyone aligned and ensure deadlines are met.
Teams have fun. It should not be all work and no play! This can lead to burnout
and lack of productivity, so it is important to inject a bit of enjoyment into
working life.

In summary, a team is not simply the sum of individual contributions; its

members work in a coordinated way to execute a project. They act in harmony,
performing different functions and activities, and responsibilities are shared by all
its members. Under these assumptions, this chapter is divided into sections focused
on explaining different aspects of teamwork: the characteristics of a team, the
stages of team development, the emotions in the relationships among team mem-
bers, the different roles adopted by team members. and, finally, the enemies of
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understanding of teamwork.

A group or a team?
A collection of photos can be presented to the students to help them reflect on
the differences between a group and a team.

Photos should reproduce various situations in which several people are
participating in different activities. Examples may include players during a
football match, people attending a church service, a symphonic orchestra
performing a concert, students attending a lesson, villagers working together
to build a wooden barn, healthcare workers in an operating theatre during
surgery, participants at a demonstration, or technicians changing the wheels
to a Formula One car during a race.

Students should answer the question “group or team?” and provide
arguments to support their choice.

The key difference is that in a team, everyone works to achieve a com-
mon goal, while in a group, each member is usually focused on their
individual goals.

10.2 Characteristics of a team

The characteristics of a team can be summarized by the five C’s, as defined by [4]:
complementarity, coordination, communication, confidence, and commitment. Let
us comment these concepts:

Complementarity: Each member is a specialist in a specific area and applies
their knowledge and abilities to the objective of the team. Diverse and het-
erogeneous capacities and attitudes lead to more innovative and creative
solutions.

Coordination: It is necessary to understand both the common and individual
objectives, establish a schedule, and implement a monitoring system that takes
into account the needs of the different members. A decision-making and
consensus-building system is also crucial. Additionally, it is important to set
goals, organize work, and manage relationships. Finally, efforts should be
oriented toward both the task and the maintenance of the team.
Communication: It must be constant, open, and bidirectional. Everyone must
be able to express their views freely, and no member should be excluded.
Confidence: Each member must be able to trust in the competence of others
and prioritize the team’s success over personal recognition.

Commitment: Each member is engaged, not just involved, in being part of the
team and contributing their best efforts.

Other works identify different sets of 5 C’s, but the concepts are in general coin-
cident [5]. Some examples include common purpose, connection, communication,
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collaboration, and celebration [6], or communication, cooperation, contribution,
compromise, and commitment [7]. A new “Five C” framework has been proposed
by [8] focusing on the core aspects of team building: context, composition, com-
petencies, change, and collaborative leadership.

Cooperative ball

The objective of this activity is to demonstrate how a coordinated team
can perform better when they are well organized and follow some
established rules.

Participants are divided into groups of four or five. Each team receives a
ball. The challenge is to pass the ball through all participants’ hands as
quickly as possible. There is just one restriction: no one can pass the ball
from his left to his right hand, or vice versa, without another person touching
the ball in between. Once they complete the task in one minute, additional
rounds can be proposed with progressively less time. How many rounds are
your team able to complete?

How do you coordinate? How do you feel? Have you acted as a team?

10.3 Team building

Following the model proposed by Tuckman [9], during the life span of a team it is
possible to identify five phases: forming, storming, norming, performing, and
adjourning. These stages are typically experienced by any group of people who
begin to work as a team until they evolve into a cohesive team. All stages are
important, as teams need to go through each of them. It is valuable to understand
that these stages exist, and to be aware of the implications of each, as this knowl-
edge allows teams to be better supported and oriented toward next stages.

The following subsections will focus on each of these phases, as summarized
in Figure 10.1.

10.3.1 Forming

The first stage when a group begins to work as a team is known as forming. At this
point, members are usually highly motivated, but they do not know how to proceed.
They are organizing themselves and defining procedures and standards, whether
implicitly or explicitly. It is recommended to do this explicitly and involve all the
members. A good practice is to share personal stories, motivations, and goals among
team members to begin building strong team commitment. An effective exercise for
team members is to write about their hobbies, future goals, aspirations, and so on in
order to get a better knowledge of all the team members and feel more confident.
Some of the characteristics of this first phase of team building are:

e Team processes are proposed and accepted, performance standards and meet-
ings are established, and information is exchanged.
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Figure 10.1 The five phases of team building

Team awareness is generated, and goals are established.

This is a period of some restlessness and insecurity.

It is time for exploration, when each team member evaluates others: measuring

their skills and aptitudes. The focus is on understanding and learning about the

motivations and expectations of team members, rather than on the work itself.
o The members are usually motivated, but roles and responsibilities are not yet

fully clear.

The members are considered strangers.

The performance is commonly low.

10.3.2 Storming

The second stage is characterized by conflict. During the forming stage, we tried to

know each other and establish some procedures and rules. Now, we begin to work as a

team, we discover problems. These problems need to be solved, and each team

member of the team can have a different view about how to approach them. This is a

normal issue. The key is to discuss the problems and possible solutions all together,

giving the opportunity to participate all members and trying to achieve a consensus.
The main characteristics of this second phase of team building are:

e Problems begin to appear; doubts arise, and many members do not feel inte-
grated into the group. Impatience due to the lack of progress.

e Each member struggles to influence, lead, and adopt roles. Rivalries appear
among the members.
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There is defensiveness, with confrontations, tension, and hostility.

The team fights to establish its objectives, set expectations, define roles and
responsibilities of team members, and establish agreements on how to work
together.

Productivity remains low.

10.3.3 Norming

The conflict stage may last for a longer or shorter time, but after it, the team begins
to define protocols and standards. The team is growing, and the benefits of working
together are becoming clearer.

Its characteristics can be listed as follows:

Clashes are replaced by agreements and consensus.

Roles and responsibilities are clearly defined, and an internal structure
appears.

Operating standards are established (whether explicit or not), including
decision-making processes, tools and methods of work and interaction.
Communication becomes more open, and confidence increases. Team mem-
bers adjust their behavior toward each other. As a member of the team, you
want to solve problems and aspire to harmony.

The team starts to cooperate instead of competing. Sense of belonging,
union, commitment, and the development of a team identity, arise during
this stage.

Motivation increases among team members.

10.3.4 Performing

At this point, the team achieves a stage where it is able to be very productive
without conflicts or problems. Performance is optimal.

We can identify this phase by the following conditions:

The team knows what it does, why it does it, and for what purpose. Team
members create and use structured procedures to communicate, resolve con-
flicts, distribute resources, and interact with others.

Conflict is channeled productively, and creative solutions are reached.
Energy is focused on work, and everyone is involved in achieving their
objectives.

This is the most productive phase: the team exchanges knowledge, carries out
projects, solves problems, takes risks, makes group decisions, and achieves the
designated goals.

10.3.5 Adjourning

Finally, we need assess the work and to decide what to do with the team:

Have the roles of the team been effectively completed?
Has the goal of the project been achieved?
Can the team be permanent?
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o Perhaps some members of the team will move to other projects, with other
mates, and return to the first stage. Other may remain in the team, which grows
with new members and tasks. Or perhaps some may lead other teams or other
projects.

Where are you as a team?
This is a reflection activity. The goal is to identify the current stage of team
building.

Taking into account the stages of team construction (forming, storming,
norming, performing, and adjourning), ask participants to think about on
which stage they are as a team and provide some evidence to support their
position. Join people in teams according to their previous relationships. First,
each participant works individually, and then shares their ideas with the rest
of the team members.

e Does everyone agree on the team’s development stage?
e What evidence is proposed?

In case of new teams, members could be asked about a previous positive
team experience, moving them to reflect on the factors that contributed to
that success or the reasons why they remember that specific experience.

10.4 The emotions within a team

Another important aspect of teamwork is the management of emotions. At this
stage, it is important to recognize the existence of different emotions: happiness,
anger, sadness, fear, and disgust. Emotions are significant, and we need to manage
emotions while working in teams. Thus, it is crucial to understand that emotions
can be contagious. Therefore, when you working in a team, it is positive to create a
positive atmosphere doing some activities that are enjoyable for everyone, after all,
emotions are contagious!

It is said that “30% of team’s results can be altered depending on their col-
lective emotional state” [10], which reinforces the importance of understanding
these concepts. Working in a team, having a good management of empathy, self-
esteem and assertiveness can resolve many difficulties. These three emotions
should be trained for assuring good team performance.

o Empathy can be defined as the ability to recognize and understand the emo-
tions of others. “Putting yourself in someone else’s shoes” is the descriptive
concept of empathy. When you place yourself in the position of the other, you
are able to understand their feelings and, probably, the reasons that move them
to act as they do.

e Assertiveness is the ability to express feelings, ideas and opinions in a free,
clear, and simple way. This concept can be introduced confronting it, against
passiveness and aggressiveness. When we work in a team, our behavior should
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neither be passive nor aggressive. A passive person accepts everything without
complain, while an aggressive person always imposes their position. The key is
to be assertive, to be able to share your ideas and defend them without
imposing them on, while also being understanding and sensitive to other’s
point of view. A good example of an assertive sentence might be “I understand
your point, but under these circumstances I think ...”.

e Self-esteem is the capacity of a person to value, respect, and accept them-
selves. Having positive self-esteem greatly contributes to being assertive and
empathic, and in helps individuals interact freely and confidently with the rest
of the team.

Empathy: are you feeling as a king?
This is an ice-breaking activity. The goal is to realize that how you interact
with others has consequences on how they perceive themselves.

The lecturer deals each of the participants a card from the deck (having
previously made sure to have some figures — king, queen, knight — and sev-
eral number cards).

Each participant, without seeing the card, places it on his forehead so
that the others can see what card it is, but they cannot. In this arrangement,
all participants move freely around the room, greeting each other every
time they pass someone. The greeting should be more or less ceremonious
depending on the category of the card of the person holds: reverence
for the king, a cordial greeting for high numbers, contempt for low
numbers, etc.

After a while of greetings, the lecturer asks the participants to arrange
themselves based on which card they think they have, based on how impor-
tant they felt during the process.

Are you feeling important or well considered?

The final reflection is about how we can make others feel, whether good
or bad, as a result of how we treat them.

10.5 Roles within a team

Belbin’s team roles [11] are an effective way to assess the relative strengths
and weaknesses of a team. The balance and compatibility between the roles of
the members of the team are key to success. Thus, studying the roles developed
by each member supports the analysis of the performance of teams. For
example, certain teams that are expected to achieve excellent results (due to
the high capacity of their members) may experience a disappointing perfor-
mance, which can be often be related to the dominant roles within teams. Then,
understanding the different roles helps the team to identify ways to improve its
performance.
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How to make assertive phrases?
We divide the participants into groups of three after they have understood
assertiveness as the way to defend one’s own rights without violating the
rights of others.

We will present a series of hypothetical scenarios:

e A friend asks you to take care of her child while she goes to

the movie.

The boss of the company gives you supplementary work for today.

The neighbor asks you to do her shopping at the same time you are

doing yours.

Your parents try to convince you to go visit them.

Someone asks you to drive them home.

Someone asks you to make a fake phone call.

You are playing football, and someone tells you: you do not hit one!

You are carrying a new backpack, and your friend tells you: what a

ridiculous backpack!

Someone in your family asks you to lend them money.

A friend asks you to borrow something that you do not want to share.

You meet with your friends and wear a very nice t-shirt that leaves your

belly button in the air. One tells you that you look ridiculous.

e A colleague asks you to share unpleasant news with your group of
friends.

e A friend is trying to convince you to go out tonight.

The facilitator will read each scenarios aloud one by one. After each scenario,
there will be 30 s for each participant to write their assertive response to a
situation with which they disagree. Each group of three has 1.5 min to read
each other’s answers and decide which one seems most appropriate. This will
be done for all the scenarios. Afterward, there will be a sharing with the
large group.

Are you able to create sentences that express your true opinion respect-
ing the others’ interests?

The final reflection will focus on how to be trained in assertive behavior.

Belbin defines a team role as “a tendency to behave, contribute, and interrelate
with others in a particular way”, and classifies them into three orientations: mental,
action, and social roles. Let us take a closer look at each of these to understand
them better.

e  Mental-oriented roles:
o The plant is creative, intelligent, and introverted. In general, they do not
communicate effectively with other roles. They are good solving complex
problems but do not distinguish what is truly important.
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The monitor evaluator is intelligent, introverted, insightful, and objective.
They can evaluate large amounts of information and make judgments,
which are rarely wrong. However, their behavior is skeptical, they do not
inspire others. Besides, they may appear serious or uninteresting.

The specialist is smart and highly knowledgeable in a specific area.
However, their interests are often narrow and focused primarily on their
profession. This specialization allows them to bring deep expertise to the
team, but at times, they may concentrate too much on details that are not
essential to the team’s goals.

e Action-oriented roles:

O

The shaper is competitive, oriented to results, entrepreneurial, dominant,
and outgoing. They do not avoid conflicts, as they prefer action over ideas
and works well under pressure. This role injects vitality to the group, but
there should be no more than one shaper per team to maintain efficiency.
The implementer is organized, disciplined, and highly efficient. They are
more concerned with the interests of the project than their own. However,
they may be slow to recognize new possibilities and usually compete to
raise their status.

The completer finisher is introverted, anxious, and concerned with
ensuring that nothing fails. They are very good detecting errors and
handling details. On the positive side, they meet set deadlines. On the
negative side, they do not like to delegate, and their intolerance for
informality can create tension among team members.

e Social-oriented roles

O

The coordinator is dominant and extroverted. They promote team
decision-making, and are focused on achieving objectives. A natural
planner, they are good at detecting talent within the team.

The team worker is outgoing and cooperative. They avoid confrontation
and are sensitive to the emotions of the rest of the team. Thus, people with
this profile are usually popular, as they listen attentively to others.
However, as they are very diplomatic, they rarely make decisions.

The resource investigator is very sociable, communicative, and pleasant.
They are always on search for new opportunities, with a strong entrepre-
neur mindset. Although they are good sellers, they are less effective at
completing tasks.

Role knowledge provides insight into the complexity of building efficient
teams: simply putting together several people and expecting them to work as a
cohesive team is not enough! Belbin’s tool helps describe an individual’s “pre-
ferred” team roles and is designed to indicate how they would ideally operate in a
team environment. Strength in one team role is often at the expense of what might
be considered a weakness in another context.

It is interesting to recognize that each role has its own weaknesses, which are
tolerated in the context of teamwork. Plant may be unorthodox or forgetful.
Resource investigators may forget to follow up on initiatives. Monitor evaluators
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may be too critical and slow. Coordinators may delegate excessively, leaving little
work for themselves. Implementers may find it difficult to give up their plans in
favor of positive changes. Completer finishers may be accused of taking their
perfectionism to the extreme. Team workers may be undecided when it is necessary
to make unpopular decisions. Shapers are at risk of becoming aggressive or bad-
tempered in their desire to get things done. Specialists may tend to focus almost
exclusively on their chosen area of expertise.

A team should ideally have a healthy balance of all nine team roles. Strong
teams normally have a strong coordinator, a plant, a monitor evaluator, and one or
more implementers, team workers, resource investigators or completer finishers. A
shaper should serve as an alternative to a coordinator, rather than having both roles.
In practice, the ideal is rarely achieved: thus, it can be beneficial for a team to
identify which of the team roles are either overrepresented or absent, and to
understand individual’s secondary roles.

As we stated at the beginning of this chapter, a team is not simply a group of
people assigned to specific tasks, but a collective of individuals where each person
plays a role that is understood by the other members. Thus, the members of a team
should negotiate the distribution of roles among themselves and then perform more
those that feel more natural to them more effectively

Team roles tend to develop and mature over time and may change with
experience and conscious effort. If a role is absent from the team, then it is often
filled by someone who has not recognized this role as a dominant one. The team
should share their team roles to increase understanding and enable that mutual
expectations are met.

Anyway, Belbin’s team roles are used to classify the behavior of people in a
work environment, not their personalities. They indicate our particular tendencies
to behave, contribute, and interact socially.

Belbin’s team roles?
This is a reflection activity. The goal is to identify your Belbin’s team roles,
or the team role you adopted in a natural way.

Taking into account the Belbin’s team role definitions, each participant
should try to identify their own roles. Then, ask for some volunteers to share
their findings.

If participants have a good knowledge of each other, you can ask them to
identify the roles of their partners. In this case, divide the participants into
groups of four or five, and ask each person to identify the roles of the persons
sitting to their left and right. After 3 min, they should share and discuss their
observations.

Have you learned something new about yourself? And ... what about
your colleagues? What about the role other people have assigned to you?
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10.6 Enemies of teamwork

Even Belbin’s team roles seem to cover all possible personalities within a team; in
fact they are focused on those that allow the team to be productive and to work
effectively. However, there are some additional profiles that could be identified as
enemies of teamwork. These individuals are well known for their specific way of
interacting with the rest of the members (or perhaps their way of non-interacting!).
The main roles for such persons are hitchhikers and couch potatoes [12], and they
deserve some paragraphs explaining their characteristics and the way the team can
deal with them.

10.6.1 Hitchhikers

We can easily identify a hitchhiker. He is always busy when trying to set up meetings,
even at the beginning of the semester, when everybody has almost free schedules.
And, when the meeting is finally set, he misses it. He difficultly finishes his part of the
tasks on time, and often those tasks are incorrect. He never answers phone calls,
messages, or e-mails, claiming that “he is too busy” all the time. Apparently, he
appears to have good writing skills, but he commonly makes grammar mistakes,
template inaccuracies, or misses deadline. He is always complaining about the tasks,
the lecturers, the teaching materials, the proposed activities, the short deadline. .. to
the point that the rest of the team feels sorry for him and is moved to help him.

Most groups have the same attitude toward hitchhikers: the rest of the members
absorb the tasks and activities that are supposed to be done by this person, in order
to meet the project deadlines. Ultimately, the whole team ends up doing the work of
this member. Hitchhikers rely on others to act self-sacrificially [12]. As a result,
they reinforce this attitude and apply it along their lives: at university, in the
workplace, and through his life. They finally believe it is acceptable to take credit
for the work of others.

Instead of tolerating this situation, the team should mirror the poor perfor-
mance by reflecting the behavior of the hitchhiker and never accepting blame,
criticism, or accusations from them. It is important to establish red lines for beha-
vior that will not be tolerated, and to communicate these limits effectively. For
example, being unable to set up meetings is not acceptable; the hitchhiker must
understand this, and perhaps the professor or the team leader should be made aware
as well. In case of no improvements, the name of this person should be removed
from the final work. If the individual is being abusive, the team could show the
lecturer their poor contributions to the task. If there is no responses to messages,
add the lecturer in copy of all communication; perhaps this passive behavior will
change or, at least, the lecturer will be informed about the situation.

Anyway, only the hitchhiker can handle their own problems. The task for the
rest of the team is to complete the project on time, not to rescue this person from
their situation. You cannot allow such individuals to use your time and efforts.
However, identifying this person is the first step to keep the health of the team,
even if the individual is not part of it but the lecturer themselves.
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10.6.2 Couch potatoes

This type of people is irritating. They are nice, but they never put in the effort to
do a good job. They prefer to watch TV or surf the social media instead of doing
the work. They are lazy people, even they have good social skills and manage to
be sympathetic with the rest of the team. They are less manipulative than hitch-
hikers, but for sure they will explore the limits of the team for taking advantages
of them.

How to deal with a couch potato? Again, setting firm expectations and clearly
explaining the limits are effective approaches. Generally, couch potatoes are
benign and may be guided toward reasonably good work.

Working with a couch potato (and with a hitchhiker) can be an experience that
helps you to grow as a person and learn the importance of firmness.

10.7 Concluding remarks

Nowadays, working in teams is one of the most demanded soft skills. It is diffi-
cult to find an institution, a company, or an organization that promotes individual
work as the only approach. Thus, gaining some training in teamwork and
understanding its characteristics and stages have become a must have in our soft
skills toolkit.

In addition to the theoretical content and exercises proposed along this chapter,
organization is crucial. A good tip is to set a weekly work agenda for the teamwork
progress and to identify at least three roles: a spokesperson, a coordinator, and a
secretary, to ensure continuity in the task.

It is also important to highlight that teamwork does not always mean being
together; in fact, it often means the opposite. Typically, 80% or 90% of the time,
team members should work independently, with the remaining 10% or 20% spent
working together, sharing individual results, discussing them, planning tasks, and
making decisions. In case team members need to joint meetings for specific col-
laborations, they can schedule ad hoc sessions, but most of the time, they should
work individually.
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Chapter 11

Interpersonal communication

Vitor Braga’

11.1 Introduction

Interpersonal communication is crucial for engineers and other professionals to
collaborate effectively, manage projects, and advance their careers. This chapter
examines the various aspects of interpersonal communication, offering techniques
to improve personal and professional capacity to engage with other individuals.

Exchanging information is only one aspect of effective interpersonal commu-
nication [1]. In addition to comprehending the motivations and feelings that
underline the exchange of information, interpersonal communication includes
empathy, clear communication, active listening, and the capacity to adapt messages
for various audiences [2]. These abilities are particularly important for profes-
sionals working on projects with a significant social impact and in interdisciplinary
teams [3].

Effective communication with stakeholders, clients, and coworkers can make
the difference between a project’s success and failure. Engineers must be able to
work with various teams and explain technical ideas to individuals unfamiliar with
technical jargon. Therefore, interpersonal communication abilities are just as
important as technical knowledge.

Interpersonal communication is important in engineering for a range of tasks,
from attending team meetings and interacting with clients to settling disputes and
establishing business partnerships. While the communication skills needed for each
activity vary, they all attempt to make interactions constructive. These are some
examples of different contexts where communication can occur.

e Teamwork: Coordinating activities, exchanging ideas, and achieving shared
objectives depend on effective interpersonal communication. To finalize pro-
jects, engineers frequently collaborate in groups.

e Engineers must interact with clients to learn about their demands, clarify
technical aspects, and provide progress reports on their projects—sympathetic
and transparent communication facilitates building trust and satisfaction.

'School of Technology and Management School of Felgueiras, Instituto Politécnicao de Porto, Portugal
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e Resolution of conflicts: Disagreements are unavoidable in a cooperative con-
text. Resolving conflicts and preserving a cordial work environment require
interpersonal communication skills such as active listening and negotiating.

e Networking: Developing a professional network is crucial to career advance-
ment. Professionals with interpersonal communication skills can better interact
with mentors, peers, and business executives.

In engineering, interpersonal communication can be difficult. Effective communication
can be obstructed by several obstacles that engineers frequently encounter, such as:

e Technical jargon: The language and terms used in engineering are highly
sophisticated. Technical jargon can be a barrier when speaking with non-
technical audiences, even though it is helpful for accurate communication
among peers.

o Complexity of information: Engineering projects frequently include intricate data
and concepts that can be challenging to communicate concisely and clearly.

e Cultural differences: Engineers in multinational teams may encounter cultural
differences that impact expectations and communication efficiency.

o Time restrictions: Because engineering projects are frequently time-sensitive,
there is little opportunity for in-depth talks or prolonged explanations.

Therefore, engineers must acquire various interpersonal communication tech-
niques and skills to overcome these obstacles. This chapter will offer suggestions
and methods for improving communication in a variety of contexts, such as:

e Active listening: Methods for increasing listening to comprehension and
ensuring that the team feels heard and understood.

e Empathy: Techniques for understanding and experiencing others’ emotions
that promote affinity and trust.

o Clear expression: Strategies for expressing ideas and thoughts concisely and
clearly so that the message is understood.

e Conflict resolution: Methods for resolving disputes harmoniously while pre-
serving good working ties.

e Cultural sensitivity: Techniques to interact with clients and coworkers from
different cultural backgrounds.

Gaining practical interpersonal communication skills is an ongoing process that
requires reflection and practice. Engineering students should actively seek extra-
curricular activities, internships, and coursework that help develop their communica-
tion skills. In addition to improving professional performance, good communication
skills help students to grow and improve the engineering sector personally.

11.2 The basis of communication

11.2.1 Interpersonal communication types and definition

Interpersonal communication refers to sharing thoughts, feelings, ideas, and infor-
mation. It is a complex process in which individuals communicate verbally and
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nonverbally to transfer meanings, emotions, and information [4]. Face-to-face
communication is naturally dynamic and interactive, allowing participants to watch
and read each other’s body language and verbal signs. Thus, it depends on rela-
tionship construction and maintenance, direct communication of thoughts and
feelings, and developing understanding and connection [5].

One of the primary forms of interpersonal communication is verbal commu-
nication, which involves exchanging written or spoken messages. This commu-
nication style is perceptible by directness and clarity, enabling people to express
their thoughts and feelings clearly [6]. Verbal communication includes written
correspondence such as emails or letters, and spoken activities such as speeches,
presentations, and conversations. The consistency of the content, the clarity of
the message, and the communicator’s capacity for attentive listening and
suitable response affect the effectiveness of verbal communication.

Another fundamental type of communication is nonverbal, encompassing
various actions and signs that convey meaning without words. This includes pos-
ture, eye contact, facial expressions, gestures, and body language. Nonverbal sig-
nals often provide context and emotions to spoken words or can contradict them.
For example, a smile can express warmth and openness, while crossed arms might
suggest defensiveness or discomfort. Because nonverbal signals frequently reveal
underlying attitudes and feelings that words alone may not convey, understanding
and interpreting them are vital for successful interpersonal connections [7].

A key element of interpersonal communication is listening, more than simply
hearing others say. To engage in active listening, one must give the speaker one’s
whole attention, attempt to comprehend what they are saying, respond thoughtfully,
and retain the information or knowledge transmitted. Effective listening techniques
show respect and empathy for the speaker and are essential for establishing con-
nection and trust. People can create more meaningful and fruitful interactions by
actively participating in the listening process.

Written communication differs from spoken communication because it uses
written symbols to deliver messages despite overlaps. Examples of this type of
communication include emails, texts, reports, and social media posts. Given its
significant role in documenting and sharing information, written communication is
essential in both personal and professional contexts. Its permanence and clarity
promote thorough deliberation and editing, accurately conveying the intended
message [8].

Visual communication utilizes visual aids such as charts, graphs, images, and
videos to enhance information delivery [9]. By providing complex material with a
visual context, this form of communication becomes easier to understand and more
accessible. Visual aids reinforce and complement written and spoken commu-
nications, boosting their significance and engagement.

Therefore, successful interaction in various contexts requires awareness of the
different forms of interpersonal communication and how to use them. Each type of
communication—spoken words, nonverbal cues, written text, active listening, and
visual aids—is essential for understanding and fostering connections between
people.
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11.2.2  The process of communication

Information, ideas, and feelings are exchanged through a complex and dynamic
series of events known as the communication process. This process includes several
elements and steps to ensure that the intended message is effectively conveyed and
understood. Understanding the communication process is essential for improving
interpersonal relationships and reducing misunderstandings.

The sender initiates the communication process as the original creator of the
message. The goal is to share facts or ideas with another individual or group. In this
initial step, the sender transforms ideas and emotions into a format that can be
transmitted by converting the message [10]. This coding process may involve
selecting appropriate words, tone, and nonverbal cues to convey the intended
meaning.

After being encoded, a message is sent over a channel, which is the vehicle
through which it passes from sender to recipient. Channels can be nonverbal, such
as body language and facial expressions, or verbal, such as written or spoken
words. Since different channels are appropriate for different messages and situa-
tions, channel choice can significantly impact communication effectiveness [11].

The recipient, the person or group to whom the communication is addressed,
plays a role in the subsequent step. The receiver is responsible for decoding the
communication—analyzing and deriving meaning from the information received
[12]. The receiver’s background, experiences, and perceptions influence the
decoding process, which affects how the message is interpreted. Accurately inter-
preting the sender’s intended meaning is essential for effective communication.

Feedback is essential to communication because it informs the sender whether
the message was received and understood as intended. Feedback can be provided
verbally or nonverbally, allowing the recipient to respond, clarify, or ask questions
[13]. This interactive dialogue ensures that everyone is on the same page and that
any misunderstandings can be quickly resolved.

Another important factor to consider in the communication process is noise.
Any internal or external elements that obstruct the transmission or reception of a
message are known as noise. Physical distractions, such as background noise or
poor lighting, serve as examples of external noise, while psychological factors, like
emotional states or preconceived notions, comprise internal noise. To ensure
effective communication, minimizing noise is essential, as it can distort the mes-
sage and result in misunderstandings [14].

Another crucial factor in the process is the environment in which communica-
tion occurs. Context encompasses social dynamics, cultural background, and physical
surroundings that affect how messages are transmitted, received, and understood. By
fully grasping the context, communicators can more effectively adapt their messages
and identify potential barriers to successful communication [15].

The communication process involves a complex series of steps, including the
sender encoding a message, sending it across a selected channel, the recipient
decoding it, and the recipient responding. Context and noise are two other elements
that may affect how effectively people communicate. By comprehending and
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controlling these elements, people can improve their interpersonal communication
abilities and create meaningful and fruitful interactions.

11.2.3 Obstacles to successful interpersonal exchanges

Building and maintaining relationships requires effective interpersonal commu-
nication, but many obstacles can lead to miscommunication and conflict. These
barriers impact communication differently and can be broadly categorized into
cultural, psychological, and physical [3].

External factors that can complicate message transmission are known as phy-
sical barriers. These include environmental noises that hinder hearing and under-
standing such as loud or disruptive sounds. Physical distance can also be a barrier,
especially when technology becomes necessary and in-person communication is
not possible [16]. Uncomfortable seating arrangements, dim lighting, and other
environmental aspects can also obstruct communication.

Internal psychological barriers also affect signal transmission, reception, and
interpretation. These barriers include mental states, attitudes, and emotions that
influence communication. For example, anger, worry, or stress can impair judg-
ment and lead to misunderstandings of signals. Stereotypes and preconceived
beliefs may also be obstacles, causing individuals to judge others based on limited
information [17]. Furthermore, some individuals may struggle to express them-
selves honestly and freely due to a lack of confidence or fear of being judged.

Cultural barriers result from disparities in cultural backgrounds, values, and
customs [18]. Because people may have different communication standards and
expectations, these discrepancies may result in miscommunication and mis-
interpretations. A significant cultural barrier is language disparity, which can lead
to misunderstandings and misperceptions [19]. Differences in accents, dialects,
and colloquial expressions can also cause problems when people speak the same
language. Body language and other nonverbal cues, like gestures, can differ sig-
nificantly across cultures, which can also be the cause of misunderstandings [20].
This creates a perceptual barrier when individuals interpret the same situation dif-
ferently based on their experiences, values, and beliefs. Each person may under-
stand the message in a way that aligns with their viewpoint, and these differences
in perception can lead to misunderstandings. For instance, depending on the reci-
pient’s perspective and past experiences, a comment meant as constructive criti-
cism may be taken as a personal attack.

Jargon, technical terms, and complex vocabulary that some people may not
comprehend serve as examples of language barriers that extend beyond variations
in spoken language. Using overly technical language or industry-specific jargon
can lead to confusion and misunderstanding, distancing those unfamiliar with these
terms [21]. Simplifying language and avoiding jargon helps ensure that messages
remain clear and accessible to everyone.

Emotional barriers refer to how emotions affect communication. Feelings such
as excitement, anger, or frustration can impact how messages are sent and received
[22]. For example, an angry individual might escalate conflicts and hinder clear
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communication by adopting a harsh tone or displaying hostile body language.
However, by managing emotions and maintaining a calm demeanor, individuals
can promote more productive interactions [23].

Attitudes and actions that hinder open and effective communication contribute
to attitude barriers [4]. These barriers include insensitivity, defensiveness, and
arrogance. It can be difficult for others to express themselves in a hostile commu-
nication environment created by someone who is condescending or dismissive.
However, these obstacles can be overcome, and communication can be enhanced
by treating people respectfully and positively.

Physical, psychological, cultural, perceptual, linguistic, emotional, and attitu-
dinal factors can obstruct successful interpersonal communication [4,18].
Recognizing and eliminating these barriers are crucial for fostering greater under-
standing, cooperation, and communication among individuals.

11.3 Oral communication

11.3.1 Active listening

A key component of verbal communication is active listening, which involves
giving the speaker full attention to understand what they are saying, providing a
thoughtful response, and remembering what has been discussed [20]. Active lis-
tening requires a conscious effort to be present and engaged during the conversa-
tion, unlike passive listening, where the listener may hear the words but not fully
understand or engage with them [21]. This skill is essential for effective inter-
personal communication because it fosters understanding among individuals,
enhances trust, and solidifies relationships.

The initial active listening stage requires dedicating focus to the speaker. This
means setting aside electronics and other distractions to ensure the speaker has your
undivided attention [22]. Individuals can demonstrate engagement by nodding,
maintaining eye contact, and employing other nonverbal cues. By giving full
attention, individuals foster a supportive environment that encourages honest and
open dialogue [19].

A crucial element of active listening is grasping the message. This requires
hearing the words and interpreting the underlying emotions and significance
[16,24]. Listeners must observe the speaker’s body language, tone, and facial
expressions, as these nonverbal cues often add crucial context and insight into their
intentions and feelings. One can better understand the overall message by reflecting
on the speaker’s words and mentally summarizing the key points.

An additional crucial aspect of attentive listening is providing a thoughtful
response [25]. This involves offering comments demonstrating an understanding
of the speaker’s viewpoint and showing interest in the conversation. To confirm
comprehension of the message, verbal affirmations such as “I see,” “I under-
stand,” or “That makes sense” can be employed, along with asking clarifying
questions. Summarizing or paraphrasing the speaker’s remarks can also reflect
attentiveness and deepen understanding of their message. For example, one
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might say, “So what you’re saying is...” followed by a summary of the speaker’s
key points.

The final aspect of active listening is knowledge retention. This requires the
ability to recall the main points of the discussion later. Taking physical or mental
notes can help retain during lengthy or complex conversations [17]. Remembering the
speaker’s information can show commitment to the conversation and appreciation for
their contributions. Over time, this can strengthen connection and build trust [16].

Patience and empathy are also essential elements of active listening. Even
when disagreeing with the speaker, empathy allows them to understand their per-
spective and see things from their point of view [1]. This compassionate approach
fosters a more supportive and encouraging communication environment. Patience
is equally important, enabling the speaker to finish their thoughts without feeling
rushed or interrupted. By allowing for pauses and silences, the speaker can gather
their thoughts and continue the conversation at their own pace [4].

Active listening is an essential verbal communication ability that requires
complete focus, comprehension, deliberate answers, and information memory. By
practicing active listening, people can improve their interpersonal communication.

11.3.2  Unambiguous expression

Effective verbal communication requires precise language for the recipient to grasp
the message quickly. It involves expressing ideas and concepts clearly, succinctly,
and cohesively to minimize miscommunication and enhance overall communica-
tion. Gaining proficiency in clear communication is vital for both professional and
personal interactions, as it fosters improved understanding and collaboration.

Clear ideas are essential for effective communication. It is important to arrange
thoughts and identify the key concepts to be expressed before speaking. This pro-
cess involves identifying the main idea and supporting information to ensure the
message is clear [19]. By organizing thoughts, messages can be more effective and
reduce the risk of misunderstandings.

Simplicity is another essential element of effective communication. Clear
language enables a wider audience to understand the message. Avoiding jargon,
technical terms, and complex vocabulary improves comprehension, particularly
when addressing individuals who may not be familiar with the subject matter [26].
When technical terms are unavoidable, providing clear definitions and explanations
can help bridge any gaps in understanding.

Another essential aspect of clear expression is conciseness. Succinct means using
the fewest words to convey ideas without sacrificing completeness or clarity [10,27].
This eliminates unnecessary words, phrases, and repetition, making the main point
more prominent. In professional settings, where time is often limited and effective
communication is vital, concise communication is highly advantageous.

A coherent message is organized logically and flows smoothly from one idea
to another. This involves structuring thoughts, using transitions to connect con-
cepts, and ensuring each part supports the main objective. When a message is clear
and easy for the recipient to follow, misunderstandings are less likely.
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Tone and delivery also greatly influence precise expression. Speech rate, tone
of voice, and focus on essential details can all affect how the message is understood
[6]. Speaking moderately, using a confident and clear tone, and highlighting
important topics can help convey the message. Furthermore, paying attention to
nonverbal signs—such as gestures and facial expressions—can support and provide
context for what is said.

Feedback is vital in effective communication, indicating whether the message
has been understood [23]. Encouraging the recipient to ask questions and seek
clarification helps identify any misunderstandings and clarify the message. By
proactively seeking and being open to criticism, you can enhance the effectiveness
of your communication and ensure a proper understanding of your message.

In summary, a clear presentation relies on effective tone and delivery,
coherence, simplicity, conciseness, and clarity of thought. By mastering these
aspects, individuals can enhance their verbal communication skills, ensuring
their messages are clear and reducing the risk of misunderstandings. Accurate
expression promotes effective interpersonal communication and builds strong,
collaborative relationships.

11.4 Nonverbal communication

A key aspect of interpersonal relationships is nonverbal communication, which
involves expressing oneself without words. This includes body language, posture,
gestures, eye contact, facial expressions, and other physical actions [12,15,24].
Nonverbal cues often provide context and emotional nuance to verbal messages,
reinforcing or contrasting them. Understanding and effectively utilizing nonverbal
communication can greatly enhance the impact and clarity of interpersonal
interactions.

Body language is a potent form of nonverbal communication that expresses
ideas through physical actions. It includes elements like body orientation, posture,
movements, and gestures. Body language can convey a wide array of emotions and
attitudes, often signifying more than spoken words [24].

Hand gestures emphasize ideas, provide instructions, or convey specific
meanings. For example, a wave can be used to greet or say goodbye, while a
thumb-up indicates agreement or acceptance. How individuals use their hands and
arms can also reflect their level of engagement and openness. In contrast, closed
postures, like crossing one’s arms, may suggest defensiveness or discomfort;
meanwhile, open gestures, such as extending one’s arms or displaying palms, often
show receptiveness and honesty [15].

Another key element of body language is posture. Standing or sitting can show
confidence, focus, and curiosity. Unlike slouching or leaning away, which can
indicate insecurity or disinterest, an upright position with retracted shoulders
and a held-high head often communicates assertiveness and self-assurance [12].
Additionally, mirroring someone else’s posture can build rapport and a sense of
connection while demonstrating understanding and empathy.
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Body position and movements can further enhance communication. While
turning away or creating physical distance may indicate disinterest or discomfort,
leaning toward the speaker can convey interest and attentiveness [15,24]. The
fluidity and pace of movements can also convey various emotions; for example,
slow, deliberate movements might signify tranquility and control, while rapid,
jerky movements may reflect agitation or anxiety.

11.4.1 Eye contact and face expressions

Facial expressions play a pivotal role in nonverbal communication, as the human
face possesses remarkable expressiveness capable of conveying a wide array of
emotions. Countless expressions can manifest on the human face, symbolizing a
distinct emotion or reaction [16]. Notable examples of fundamental facial expres-
sions encompass smiles, frowns, elevated eyebrows, and various movements of the
eyes, lips, and forehead. For instance, a smile is a universal symbol of approach-
ability, joy, and friendliness. It can create an atmosphere of positiveness and
encourage open dialogue. Conversely, a frown or furrowed brow might indicate
uncertainty, annoyance, or worry, suggesting something wrong. A person’s emo-
tional state and reactions during the conversation can also be inferred from subtle
changes in their facial expressions.

Eye contact is another essential aspect of nonverbal communication [1]. It is
crucial in guiding interactions, indicating interest and focus, and nurturing con-
nections between people. Proper eye contact demonstrates engagement, self-
assurance, and genuineness. It helps establish rapport and trust, thereby increasing
the overall effectiveness of communication.

However, various cultures may hold differing perspectives regarding the
appropriateness and nature of eye contact. Direct eye contact may be perceived
as confrontational or impolite, depending on the cultural context. In certain
cultures, it signifies respect and attentiveness. Understanding these cultural dis-
tinctions is essential to facilitating effective communication across diverse
contexts.

Nonverbal signs, including body language, facial expressions, and eye contact,
are essential for expressing emotions and messages. By being conscious of and
skillfully utilizing these nonverbal clues, people can improve their interpersonal
communication abilities, forge closer bonds with others, and promote greater
understanding.

11.5 Written exchange of information

Written communication is a vital component of both personal and professional
relationships, necessitating the transfer of messages through written symbols. This
form of communication depends on clarity, accurate documentation of information,
and the capacity to review and reference communications later [28]. Effective
written communication requires clarity, a thorough understanding of the audience,
and meticulous attention to detail.
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11.5.1 Business-related emails

Professional emails are a commonly used method of written communication in the
workplace. They are mainly used for sharing information, making requests, and
maintaining professional relationships. Several essential components contribute to
the effectiveness of a successful business email. The subject line should be clear
and concise, providing a brief overview of the email’s contents. This approach
helps the recipient quickly understand the email’s intent.

A courteous greeting and an introduction outlining the email’s purpose should
come first in the well-structured body of the message. The main information should
be organized into concise, clear paragraphs, each focusing on a different topic.
Complex information can be easily understandable using numbered lists or bullet
points. Avoid overly informal language or jargon that the recipient might not grasp,
and instead, opt for a polite and professional tone.

To ensure that the recipient understands their expectations, it is advisable to
end the email with a polite closing and, if necessary, a call to action. Including your
name, title, contact information, and a professional signature boosts the message’s
credibility and makes follow-up easier for the recipient [6].

11.5.2 Memoranda and reports

Reports and memoranda are formal written documents that share information,
present updates, and offer organizational recommendations [4]. These documents
require a clear structure and a logical flow of information to ensure that the mes-
sage is understood and actionable [1].

Typically, the introduction outlines the report’s goals and scope, followed by
the main body containing the results, analysis, and supporting data. Headings and
subheadings enhance content organization and help readers navigate the document.
Additionally, charts and graphs serve as visual aids that improve data presentation
and clarify complex concepts.

In contrast, memoranda [21] are concise documents designed primarily for
internal communication. They often provide updates on ongoing initiatives or address
specific issues. The core content of a memo should be organized into clear, succinct
paragraphs that follow a well-defined purpose [13]. The tone should be direct and
professional to ensure the message is both comprehensible and actionable.

11.6 Visual interaction

Visual communication involves using visual aids to improve comprehension and
transmit information. This form of communication can complement both written and
spoken messages by making complex information more accessible and engaging.

11.6.1 Visual aid utilization

Visual aids are effective communication tools that significantly enhance the impact
and clarity of a message. They include various components such as charts, graphs,
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images, videos, and infographics, each serving a specific purpose in making
information more accessible and engaging [4]. By transforming complex infor-
mation into visually understandable formats, visual aids promote improved infor-
mation retention and comprehension [19].

Graphs and charts are invaluable when presenting numerical data and illus-
trating patterns. They highlight essential details and simplify intricate information,
helping the audience grasp the main message. Pie charts depict proportions, line
graphs illustrate trends over time, and bar charts facilitate comparisons among
different data sets. The choice of graph or chart depends on the type of data and the
aim one wishes to convey. It is vital to ensure that these visuals remain uncluttered
and use clear labels and legends to enhance understanding.

Videos and images enrich presentations by engaging the audience and pro-
viding visual illustrations. High-quality images can evoke emotions, clarify con-
cepts, and increase the relatability of the information. Videos can captivate
audiences with dynamic content, demonstrate procedures, and provide real-world
examples. To maintain professionalism in the use of images and videos, it is crucial
to ensure that this media is of high quality and relevant to the subject matter.

By integrating text, images, and data, infographics convey information in a
visually attractive and easily understandable way. They are especially effective for
emphasizing key points and summarizing information.

11.6.2 Creating powerful images

Imagination, clarity, and a deep understanding of the target audience are essential
for creating visually striking content. The main goal is to produce images that
improve the message’s communication while also being aesthetically pleasing.
This effort includes several fundamental design principles such as relevance, con-
sistency, and simplicity [28].

Simplicity is vital in visual design. Overly complex visuals can confuse
viewers and obscure the main point. Effective imagery emphasizes the central ideas
and presents them clearly and directly [29]. This entails eliminating unnecessary
elements, using straightforward lines and shapes, and maintaining a clutter-free
image. Separating different components using white or negative space can enhance
the clarity of a visual presentation [23].

Consistency in design significantly contributes to a cohesive and polished
appearance. This entails maintaining uniformity in layout, font style, and color scheme
throughout the image. The consistent use of color can guide the viewer’s eye as it
navigates the image [30] and helps differentiate between various types of information.
Headings, subheadings, and body text should use easily readable fonts, while a logical
structure must underpin the layout, ensuring components are evenly spaced and aligned.

Relevance is another crucial principle. The images must reinforce the main
points and create a direct connection to the accompanying text [28]. This requires
choosing pictures, charts, and other materials that are relevant to the topic and
support the arguments presented. Decorative or unrelated elements can undermine
the primary message and reduce the visual’s effectiveness.
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In addition to adhering to these principles, it is essential to consider the audi-
ence during the image creation process [6]. Understanding the audience’s needs,
preferences, and comprehension level can boost the graphics’ effectiveness. A
general audience may benefit from clearer visuals and illustrative language, while a
specialized audience may value intricate graphs and detailed data.

Finally, two crucial stages in the design process are testing and feedback.
Sharing the images with colleagues or a representative segment of the target
audience can yield valuable insights into their effectiveness and possible areas for
improvement. This iterative process guarantees that the final images are clear and
engaging, effectively conveying the intended message.

Understanding the audience, ensuring relevance, maintaining simplicity, and
upholding consistency are crucial aspects to consider when creating visually striking
content. By adhering to these guidelines and embracing feedback, we can create images
that enhance communication and make complex content more accessible and enjoyable.

11.7 Interaction in groups

11.7.1 Team meetings

Team meetings are a fundamental communication tool in the workplace. They
promote decision-making, solve problems, and allow team members to share
updates. Thoughtful preparation and facilitation are essential to ensure these
meetings are both productive and inclusive [4].

It is essential that the organized agenda clearly distributes itself in advance to
participants [1]. This helps maintain the meeting’s focus. Additionally, allocating
specific time slots for each item on the agenda is beneficial for effectively mana-
ging meeting time.

Encouraging open communication and active participation from all members is
essential during the meeting [21]. Fostering a welcoming atmosphere where indi-
viduals feel empowered to share their thoughts and opinions will significantly
enhance this process. The facilitator should guide the discussion, ensuring every
voice is heard and the conversation remains focused.

After the meeting, summarizing the key concepts and outcomes ensures that all
participants are aligned and aware of their next steps. Distributing meeting minutes
that cover the topics discussed, decisions made, and action items identified is an
essential next step. Accurate documentation also keeps accountability and offers a
reference for future meetings.

11.7.2 Resolving conflicts

Conflict resolution is an essential aspect of team communication. Differing view-
points, misunderstandings, and conflicting interests can cause conflicts [2]. To ensure
effective conflict resolution, it is important to address these issues honestly and con-
structively while seeking solutions that meet the needs of all parties involved.
Conflict resolution requires active listening, empathy, and a willingness to
compromise. Creating a respectful and safe environment where team members can
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voice their concerns and collaborate toward a resolution is also essential [13]. This
process involves acknowledging the feelings and viewpoints of all individuals and
understanding the underlying issues at play.

Additionally, establishing guidelines for civil discourse and encouraging
problem-solving techniques are crucial aspects of conflict mediation. This method
prioritizes addressing the issue instead of resorting to personal attacks while pro-
moting collaboration to achieve a mutually beneficial solution [31]. In certain cir-
cumstances, the participation of an impartial third party, like a manager or a human
resources representative, can help facilitate the resolution process.

Effective team communication involves transparent and open dialogue, active
listening, and the ability to resolve conflicts amicably [1,4]. Fostering a colla-
borative and supportive environment enhances interpersonal relationships, crea-
tivity, and overall productivity.

11.8 Intercultural interaction

Interacting with people from diverse cultural origins is a component of cross-
cultural communication. Effective communication in various contexts requires
understanding and respecting cultural diversity. Cultural conventions, attitudes, and
communication styles must be understood, as must the flexibility and adaptability
to change course. This is analyzed in depth in Chapter 13, on intercultural
understanding.

11.8.1 Recognizing cultural disparities

Cultural variations influence communication through linguistic elements, non-
verbal cues, and various communication styles. A thorough understanding of cul-
tural norms and expectations and awareness of these variations can help build
deeper relationships and reduce misunderstandings [32].

One of the foremost challenges in cross-cultural communication is the limita-
tions presented by language. To enhance the likelihood of mutual comprehension, it
is advisable to use plain language, eschew jargon, and exercise patience.
Additionally, it is advantageous to be aware of idioms and cultural references that
may be unfamiliar to individuals from different backgrounds.

Nonverbal indicators, such as gestures and eye contact, also vary significantly
across cultures and should be assessed within their cultural contexts [15]. For
instance, in particular cultures, direct eye contact signifies respect and attentive-
ness; conversely, in others, it may be interpreted as aggressive or disrespectful.
Acknowledging these cultural distinctions can help minimize misinterpretations
and promote effective communication.

11.8.2 Working in global teams

Multinational teams require effective communication and collaboration across
various time zones, languages, and cultural backgrounds. Building trust and
understanding among team members is essential for achieving success [1].
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Consistent communication, using technology to bridge geographical gaps, and
acknowledging cultural differences can promote a cohesive and effective team [1].
This involves scheduling meetings at convenient times for all team members, uti-
lizing video conferencing to improve face-to-face interactions, and being conscious
of time zone differences.

Encouraging open communication and creating opportunities for team mem-
bers to share their viewpoints can enhance collaboration and innovation. This
method involves fostering an inclusive environment where all team members feel
valued and respected, regardless of their cultural background. Providing cultural
awareness training and resources can further support team members in under-
standing and appreciating the diverse perspectives within the team.

Cross-cultural communication requires recognizing and respecting cultural
differences, adapting communication styles, and fostering an inclusive environ-
ment. Organizations can enhance collaboration, innovation, and overall success by
cultivating trust and understanding within multinational teams [30].

11.9 Digital communication

Digital communication involves using technological devices and platforms to
transmit information. In today’s interconnected society, this type of communication
is increasingly crucial, requiring careful attention to etiquette and online presence
[23]. Effective digital communication necessitates adopting suitable tools, main-
taining professionalism, and being aware of the impact of one’s online interactions.

11.9.1 Email etiquette

Email etiquette is crucial for professional communication. This includes using a
clear and concise subject line, appropriately addressing the recipient, and main-
taining a formal tone throughout the correspondence. A well-crafted subject line
offers a brief overview of the email’s content, allowing the recipient to understand
the purpose briefly [28]. It should be specific and relevant, steering clear of vague
or overly generic terms.

The body of the email should begin with a polite greeting, addressing the
recipient by their name and title, if applicable. This creates a respectful tone and
recognizes the recipient’s status. The introduction should clearly and briefly state
the email’s purpose, providing essential context for the following content. The
main information should be organized into concise, understandable paragraphs,
each focused on a specific topic. Complex information can be made clearer by
using numbered lists or bullet points.

It is essential to maintain a professional tone while avoiding overly casual
language or slang. The language should convey respect and courtesy, especially
when addressing challenges or making requests [30]. Being mindful of the reci-
pient’s time and presenting necessary information in an organized manner are vital
elements. This may include attaching relevant documents or providing links to
additional resources as needed.
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The email should conclude with a polite closing and, if necessary, a clear
call to action to ensure that the recipient understands the expected actions. A
professional signature that contains one’s name, title, and contact information
boosts credibility and facilitates follow-up communication from the recipient
[6,23]. Furthermore, proofreading the email for errors and clarity before
sending it is essential to maintaining professionalism and preventing
misunderstandings.

11.9.2 Social media and online presence

Social media and online presence are vital in personal and professional commu-
nication in today’s digital world. Social media sites such as LinkedIn, X (formerly
Twitter), Facebook, Instagram, and others offer unique chances to connect with a
worldwide audience, share knowledge, and establish a personal brand. A good
online presence can increase your professional reputation, broaden your network,
and open new prospects [23,28]. However, it also demands careful management to
ensure that your online activities reflect positively on you and your firm.

11.9.2.1 Building a professional profile

A carefully crafted professional profile is the foundation of a successful online
presence. This involves developing profiles on appropriate social networking
platforms that highlight your skills, experiences, and accomplishments [6]. For
example, LinkedIn is specifically designed for professional networking. A strong
LinkedIn profile should feature a professional photograph, an engaging headline, a
detailed overview of your work history, and a list of your skills and endorsements.
Additionally, including references from colleagues and supervisors can boost the
credibility of your profile.

Your biography should clearly convey your identity and professional pursuits
on platforms like Twitter and Instagram. Using industry-specific keywords can help
others find you and understand your professional focus. Consistency across dif-
ferent platforms is essential, as it aids in building a cohesive and recognizable
personal brand.

11.9.2.2 Content sharing and engagement
Sharing relevant material is crucial for maintaining an active and engaging online
presence. This includes posting articles, blog posts, industry news, and other content
related to your field [30]. Expressing your thoughts and opinions on these topics can
position you as a thought leader and encourage audience engagement. Finding a
balance between sharing and curating content from various sources is essential, as it
reflects your depth of knowledge and commitment to the broader industry.
Engagement is equally essential, involving linking, commenting on, and
sharing posts within your network. Actively interacting with others’ content nur-
tures relationships and broadens your reach. Participating in forums, joining rele-
vant groups, and attending virtual events can strengthen your online presence and
create networking and collaboration opportunities [23].
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11.9.2.3 Professionalism and etiquette

Maintaining professionalism in your online interactions is crucial. This requires
using respectful and considerate language and tone, even when discussing con-
tentious or sensitive topics. Avoiding slang, overly informal language, and inap-
propriate content is essential for upholding a professional image [6]. Moreover, it is
important to be aware of the potential impact of your posts, as they can be seen by a
wide audience, including current and prospective employers, colleagues, and
clients.

Responding swiftly and carefully to comments and messages suggests you are
active and approachable. Acknowledging and praising people for their contribu-
tions and support is also crucial. Building a positive and polite online presence can
enhance your reputation and develop stronger professional ties.

Managing an online presence also requires awareness of privacy and security
threats. This includes adjusting privacy settings on social media accounts to control
who can see posts and personal information. Regularly reviewing and updating
these settings will help maintain privacy and ensure that online activities are visible
only to the intended audience [23].

It is also vital to be cautious with the information you provide online. Avoid
revealing essential or personal information that could be used maliciously. Using
strong, unique passwords for your accounts and enabling two-factor authentication
will help safeguard them from unauthorized access.

Personal branding is the practice of marketing yourself and your profession as
a brand. It involves creating a unique value proposition, identifying your target
audience, and consistently communicating your brand message across all your
online activities. A strong personal brand can set you apart from others in your field
and make you more appealing to potential employers, clients, and partners.

To establish a personal brand, start by defining your qualities, abilities, and
areas of expertise. Consider what makes you unique and how you can provide value
to your audience. Craft a clear, compelling brand statement that reflects your pro-
fessional identity and ambitions. Utilize social media profiles, content sharing, and
interactions to spread this message consistently. Social media offers valuable
opportunities for collaboration and networking. You can build a strong professional
network by engaging with professionals in your field, joining trade associations,
and participating in online forums. Networking with influential individuals and
opinion leaders can enhance your credibility and visibility.

Another significant advantage of social media is collaboration. Connecting
with people on social media sites like LinkedIn and Twitter lets you find people
who share your interests and objectives. This opens possibilities for cooperation on
projects, studies, and other endeavors. Online conferences, webinars, and virtual
events also offer more chances to connect with and work with professionals
worldwide.

Analyzing social media activity and vigilantly observing one’s online presence
can yield critical insights regarding individual impact and efficacy. Most social
networking platforms offer analytical tools for monitoring data, such as follower
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growth, engagement levels, and reach metrics. By methodically examining these
indicators, one may discern the types of content that resonate with the audience and
identify strategies to enhance online visibility.

Employing tools such as Google Alerts enables individuals to remain informed
about discussions related to their names or enterprises on the internet. This proac-
tive approach can be pivotal in maintaining a positive online reputation and
enabling timely responses to criticism or misinformation.

The digital landscape is constantly evolving, with new features, platforms, and
trends emerging daily. To remain relevant, one must stay abreast of these devel-
opments and adapt one’s online presence accordingly. This adaptability includes
following influential figures and thought leaders, remaining informed about
industry developments, and embracing new strategies and technologies.

To stay ahead of the curve and capitalize on social media opportunities, one
must be receptive to constructive criticism and continually refine one’s online
presence. This involves learning from past mistakes, adjusting one’s strategies as
needed, and being open to experimenting with various platforms, formats, and
types of content.

Finding the right balance between personal and professional information is
essential for creating an authentic and approachable online presence. While pro-
fessionalism is important, sharing personal stories can humanize a brand and
strengthen connections with the audience. This may include discussing personal
achievements, interests, or insights into daily life. However, it is crucial to consider
how such content might affect professional reputation, ensuring that each post stays
relevant and aligns with the overall brand messaging.

In modern communication, a strong online presence and effective use of
social media are vital. Creating professional profiles, sharing relevant content,
interacting with others, and maintaining privacy and professionalism are key
components in building a successful online identity. The primary advantages of
using social media include networking, collaboration, and personal branding.
These platforms offer opportunities to connect with a global audience and
advance one’s career. Ultimately, sustaining a significant and effective online
presence necessitates staying updated with trends and changes, making necessary
adjustments, and balancing personal and professional content. By engaging with
social media mindfully, individuals can enhance their communication skills,
cultivate a robust professional network, and attain their personal and professional
objectives.

11.10 Case studies and practical illustrations

11.10.1 Effective interaction in technical projects

Successful engineering project case studies demonstrate that good communication
is important to reaching project objectives. These illustrations offer helpful per-
spectives and takeaways. The following are some instances of effective commu-
nication in engineering projects:
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11.10.1.1 Project A: development of smart cities
This project aims to develop smart city infrastructure in a medium-sized metro-
politan area. The initiative integrates data analytics, Internet of Things (IoT) sen-
sors, and sustainable technology to improve urban living conditions.

Techniques for communication:

e Frequent team meetings: Weekly meetings were held to plan future work,
discuss progress, and resolve issues. Representatives from each department
involved attended these sessions to ensure consensus. Facilitation techniques
allowed all team members to participate. Online collaboration technologies,
including project management platforms and video conferencing, made com-
munication among team members in different locations easier.

e Clear documentation: All stakeholders received current, comprehensive pro-
ject plans, schedules, and progress updates. This documentation facilitated the
monitoring of developments and the early identification of potential issues.
User and procedure manuals were also created to ensure that all team members
could easily and quickly access essential information.

e Stakeholder engagement: Through public forums, publications, and social media,
citizens, community leaders, and city officials receive regular updates. This
interaction addressed various issues and helped build the community’s trust.
Feedback meetings were scheduled to gather residents’ opinions and make any
necessary adjustments to the project. Establishing trust and ensuring community
support for the initiative required open communication and transparency.

e Results: Stakeholder satisfaction was high, and the project was completed on
schedule and within budget. Effective communication was attributed to effi-
cient collaboration and problem-solving throughout the project. The smart city
infrastructure enhanced public safety, energy efficiency, and traffic control.
Due to improved surveillance and emergency response, effective deployment
increased public safety while also significantly reducing energy consumption
and traffic congestion.

11.10.1.2 Project B: utilizing renewable energy

The primary goal of this project was to install solar panels and wind turbines to
provide the community with sustainable energy, emphasizing the development of
renewable energy solutions in a rural setting.

Communication challenges: The project team faced challenges in conveying the
benefits and details of the renewable energy systems because of the local commu-
nity’s limited technical knowledge and some skepticism toward the new technology.

Strategies implemented:

e Community meetings: To inform the community about the project, its benefits,
and its implementation, the project team organized regular community meet-
ings. These sessions allowed residents to express their concerns and ask
questions. Additionally, educational materials, including brochures and video
presentations, were utilized to clarify complex technical concepts.
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e Visual aids: To improve understanding of intricate technical subjects, the team
employed visual aids such as models and diagrams. This approach made the
content more accessible to non-technical audiences. Moreover, the renewable
energy systems were highlighted through guided tours of installation sites and
demonstration videos.

o Practical demonstrations: Practical demonstrations illustrated the operation
and advantages of solar panels and wind turbines. This hands-on approach
significantly increased community members’ acceptance and trust. To culti-
vate a sense of responsibility and ownership, workshops were organized to
instruct residents on the maintenance and operation of the systems.

e Outcomes: The project stimulated greater community involvement and sup-
port, leading to a sustainable and well-maintained energy system. Renewable
energy solutions improved residents’ quality of life by providing reliable and
affordable electricity. Long-term sustainability was ensured through ongoing
and effective system maintenance, supported by community acceptance and
collaboration.

11.10.1.3 Project C: healthcare software development
Develop healthcare management software to improve hospital operations and
manage patient data effectively. The software must comply with healthcare reg-
ulations and integrate seamlessly with the hospital’s existing systems.

Techniques for communication:

e Agile processes: To promote continuous communication and feedback, the
project team adopted agile methodologies, which featured daily stand-up
meetings, sprint reviews, and retrospectives. This iterative approach enabled
the swift identification and resolution of issues. Examples of agile project
management tools used include Kanban boards and task-tracking software,
which monitor progress and foster collaboration.

e User involvement: The development process incorporated the expertise of
medical professionals, including physicians, nurses, and administrative staff.
Their feedback was regularly sought to ensure that the software met their needs
and remained user-friendly. Usability testing sessions were held to identify and
address issues with the user interface, ensuring that the software was both
practical and accessible.

e Training sessions: Training sessions were organized to help hospital personnel
familiarize themselves with the new software. These workshops included
hands-on practice and question-and-answer segments to address any concerns.
User manuals and instructional videos were also made available to support
ongoing training and troubleshooting.

e Results: A high-quality software solution developed through an iterative
communication approach effectively met user needs. The program improved
hospital efficiency reduced administrative burdens, and enhanced patient data
management. Consequently, healthcare professionals could focus more on
patient care, as the successful implementation significantly decreased data
errors and the administrative workload.
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11.10.1.4 Project D: improvement of infrastructure
An infrastructure upgrade initiative, which encompasses installing new traffic
management systems and enhancing public transit, aims to modernize the city’s
transportation framework.

Techniques for communication:

e Public consultations: Public consultations were conducted to gather insights
into the needs and preferences of residents and stakeholders. This process
helped develop a transportation system addressing the community’s concerns.
During these discussions, surveys and focus groups were utilized to collect
comprehensive feedback and identify areas needing improvement.

e Collaborative technologies: The project team utilized collaborative technolo-
gies such as project management software and shared online platforms to
enhance communication and coordination among team members. Issues were
resolved, and all participants were quickly informed through real-time com-
munication tools, including video conferences and chat platforms.

e Frequent information: The public received consistent updates through com-
munity meetings, social media, and press releases. This transparency helped
foster trust by keeping the community informed about the project’s progress.
Newsletters and progress updates were distributed regularly to ensure that all
stakeholders were aware of the various phases and milestones of the project.

e Results: The project was completed successfully, significantly improving
public transportation and traffic flow. Effective communication ensured that
the project met the community’s needs and aspirations. Modernization has
resulted in greater satisfaction among public transit users, as commuting times
and traffic congestion have notably diminished.

11.10.1.5 Project E: development of products
The creation of a new consumer electronics product entails several critical stages,
including design, prototyping, and production.

Techniques for communication:

e Cross-functional teams: The established cross-functional teams included
engineers, marketers, and manufacturers. Regular meetings were held to
ensure collaboration and alignment across all functions. To encourage crea-
tivity and exchange of ideas, brainstorming sessions and group workshops
were arranged.

e Consumer input: Focus groups, surveys, and beta testing were used to gather
consumer feedback, which improved the product’s features and design.
Various data analysis techniques were used to analyze customer input and
identify trends and preferences.

e Accurate specifications: Every team member received a detailed copy of the
product requirements and specifications. This distribution fostered a mutual
understanding of the product’s objectives and specifications. The specifica-
tions were visualized and validated with prototypes and technical diagrams.
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o Results: The product was developed and launched successfully, receiving
positive customer reviews. Timely delivery and effective communication
across all departments enabled the product to meet market demands. The
successful launch resulted in strong sales and favorable reviews, highlighting
the importance of clear communication in product development.

11.10.1.6 Project F: global cooperation
This proposal outlines the research, development, and testing phases of a colla-
borative project involving teams from multiple nations. The objective is to create
innovative technology.

Techniques for communication:

e Team members participated in cultural sensitivity training to understand and
appreciate cultural differences. The training sessions encompassed cultural
conventions, communication styles, and conflict-resolution strategies, result-
ing in a more cohesive and collaborative team environment.

o Timetables for flexible communication: Flexible communication schedules
were created to accommodate different time zones. Regular virtual meetings
were conducted to discuss progress and tackle any challenges that arose.
Despite the time zone differences, asynchronous communication methods,
such as email and project management software, facilitated ongoing coopera-
tion among team members.

e Clear documentation: Every team member had access to thorough doc-
umentation of project plans, progress reports, and technical specifications. This
accessibility ensured clarity and consistency across the project. The doc-
umentation was regularly updated and available through a centralized online
platform.

o Results: The project was completed successfully, resulting in the development
of new technology that aligned with the project’s objectives. Effective com-
munication and cultural sensitivity helped overcome challenges and ensured
smooth collaboration among multinational teams. This fruitful partnership
produced groundbreaking technology that gained industry recognition and
opened the door for future international initiatives.

11.10.2 Learning from communication errors

Ineffective communication can have serious consequences in both personal and
professional settings. Its shortcomings may lead to misunderstandings, conflicts,
decreased productivity, and strained relationships. However, these challenges also
offer valuable learning opportunities. By examining and understanding the factors
that cause communication breakdowns, individuals and organizations can develop
strategies to improve their communication skills and avoid recurring issues.

One of the key lessons from communication failures is the necessity of preci-
sion and clarity in delivering messages. Ambiguous or unclear communication can
result in misunderstandings and misinterpretations. For example, if a manager gives
confusing instructions, team members may interpret expectations differently,
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potentially leading to inconsistent results. Therefore, it is vital to communicate
clearly and precisely to prevent such situations. This involves articulating thoughts
clearly, providing thorough explanations, and ensuring that the message is appro-
priate for the audience’s understanding level.

Another critical lesson is the importance of active listening. Communication is
a two-way process that involves both speaking and listening. When individuals do
not engage in active listening, they often miss essential information, leading to
misunderstandings. Active listening requires giving the speaker one’s full attention,
understanding the conveyed message, and responding appropriately. It involves
avoiding interruptions, seeking clarification, and summarizing the information
presented to ensure comprehension. Practicing active listening improves under-
standing of others and enhances the overall effectiveness of communication.

Nonverbal communication also plays a significant role in determining the
success or failure of interactions. Cues such as body language, facial expressions,
and eye contact can either reinforce or undermine spoken words. Misinterpretation
of nonverbal signals can lead to communication breakdowns. For instance, a lack of
eye contact, even when accompanied by a positive verbal message, may be per-
ceived as dishonesty or disinterest. Awareness of and skill in nonverbal commu-
nication is essential for accurately conveying and understanding the intended
message.

Cultural differences can complicate communication breakdowns, especially in
multicultural and international settings. Misunderstandings may arise if various
cultures’ conventions, values, and communication styles are not properly under-
stood and respected. For instance, while some cultures prefer a more indirect form
of communication, others favor directness. Effective cross-cultural communication
requires understanding these cultural differences and the ability to adapt accord-
ingly. This involves keeping an open mind, appreciating diverse perspectives, and
honoring cultural practices.

Emotional intelligence is crucial in preventing communication breakdowns.
Emotions significantly impact how messages are conveyed and received. High
levels of stress, anger, or frustration can cloud judgment and lead to ineffective
communication. Cultivating emotional intelligence involves being aware of one’s
own emotions and those of others, managing these emotions effectively, and
showing empathy to understand and respond to others’ emotional states. Enhancing
emotional intelligence enables individuals to communicate more clearly and build
deeper connections with others.

Feedback plays a crucial role in effective communication and serves as a
valuable tool for learning from mistakes. Both giving and receiving feedback
promote constructive communication practices and help identify areas for
improvement. Constructive feedback should be delivered in a kind and supportive
manner, detailed, and focused on actions rather than personal traits. Individuals and
organizations can continually enhance their communication strategies by fostering
an environment that values open and honest feedback.

Technological barriers may also lead to communication breakdowns, particu-
larly in remote or virtual environments. Challenges such as technical issues,
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inconsistent internet connectivity, and limited familiarity with communication
technologies can impede effective communication. To address these challenges, it
is crucial that all participants have access to reliable technology and receive
training on using communication platforms. Establishing clear virtual commu-
nication protocols, including email etiquette and video conferencing guidelines,
can further reduce technological barriers.

Lastly, biases and assumptions can distort our interpretation of communica-
tion, resulting in ineffective exchanges. For instance, assuming that others share the
same knowledge or perspective may lead to unclear or insufficient communication.
Effective communication demands awareness of and engagement with one’s pre-
conceived notions and biases. This involves actively seeking diverse perspectives,
staying open to feedback, and asking questions for better understanding.

Communication breakdowns offer valuable lessons for improving commu-
nication practices among individuals and organizations. Important aspects include
clarity and precision, active listening, effective nonverbal communication, cultural
sensitivity, developing emotional intelligence, giving and receiving feedback,
tackling technological challenges, and recognizing biases and assumptions. By
learning from these experiences and applying strategies to address them, indivi-
duals can greatly enhance communication effectiveness and foster stronger, more
productive relationships.

11.11 Conclusion

Effective communication is a multifaceted skill that includes written, spoken,
nonverbal, visual, and digital forms. Throughout this chapter, we have examined
the key elements and methods necessary for achieving proficiency in each mode of
communication, highlighting its importance in both personal and professional
contexts. As we are near the conclusion, it is crucial to emphasize the key lessons
learned and offer practical recommendations for further development.

11.11.1 Principal concepts

Verbal communication refers to the exchange of messages conveyed through spo-
ken or written language. Key components include clarity, attentive listening, and
precise communication. Expressing ideas and actively listening are essential for
successful verbal communication.

Nonverbal communication includes various forms such as body language,
facial expressions, and eye contact. These nonverbal cues enhance understanding
by providing additional information and emotional nuances that can either support
or contradict spoken messages. Successful interactions can be more effective and
transparent when nonverbal communication is recognized and used appropriately.

Written communication involves sharing information through written formats
such as memoranda, reports, and emails. Key components of effective written com-
munication include coherence, conciseness, and clarity. Understanding the audience
and paying close attention to details is vital for optimal written communication.
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Visual communication involves conveying information through visual aids
such as charts, graphs, images, and videos. Effective visual communication
requires the creation of engaging, relevant, and clear visuals that support the main
messages.

Digital communication involves sharing information through electronic plat-
forms and devices. Key elements include email etiquette, social media presence,
and online professionalism. Maintaining a professional image and being mindful of
privacy and security is essential for effective digital communication.

11.11.2 Recommendations for future development

Continuous learning: Communication skills can always be improved. Engage in
continuous development by attending workshops, reading relevant literature, and
seeking feedback from peers and mentors. Stay up to date with the latest trends and
advancements in communication technologies.

Practice active listening: Aim to listen actively in every interaction. This
means giving your full attention to the speaker, avoiding interruptions, and pro-
viding thoughtful responses. Active listening can strengthen relationships and
improve mutual understanding.

Enhance nonverbal skills: Pay attention to your body language, facial
expressions, and eye contact. Practice using nonverbal cues to strengthen your
verbal messages and stay aware of how others might interpret your nonverbal
signals.

Enhance writing skills: Strive to craft clear, concise, and coherent messages.
Concentrate on organizing your thoughts logically and employing straightforward
language. Carefully proofread your written communications to reduce errors and
guarantee clarity.

Leverage visual aids: Visual aids can greatly enhance your presentations and
written communications. Practice creating engaging and relevant visuals. Use tools
like PowerPoint or Canva to develop professional-quality visuals.

Maintain a professional online presence: Be mindful of your online activities
and their potential impact on you and your organization. Use social media strate-
gically to build your professional network and share relevant content. Maintain
professionalism in all online interactions.

Adapt to cultural differences: Develop an understanding of cultural differ-
ences in communication styles and norms. Adjust your communication strategies to
show respect and accommodate these variations, especially in global and diverse
environments.

Seek feedback: Regularly ask for feedback from peers, mentors, and super-
visors about your communication skills. Use this feedback to pinpoint areas need-
ing improvement and create a plan for enhancing your skills.

11.11.3 Roadmap for interpersonal communication

Figure 11.1 graphically summarizes the roadmap for interpersonal communication,
explained in this chapter.
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Chapter 12
Conflict management and negotiation

Pilar Pazos’

Engineering programmes and companies need to foster the development of non-
technical and professional skills as part of preparing current and future engineers to
succeed in the workplace. Accreditation agencies also expect academic pro-
grammes to provide students with opportunities to cultivate these skills. These
nontechnical professional skills are considered critical to project success in tech-
nical settings. This chapter will explore conflict management and negotiation
during the execution of technical projects and present approaches to promote the
development of these skills.

We introduce the topics of conflict management and negotiation within project
management environments, focusing on skill development. The first part of this
chapter explores conflict at the team or project level by providing an operational
definition and identifying different types of conflict that emerge in teams, as well as
the impact that conflict can have on team outcomes. We will explore the most
common management strategies that can be used to prevent conflict from emerging
and to effectively address existing conflicts.

The second part discusses negotiation in project management settings,
including approaches and best practices used in negotiation tasks.

12.1 Conflict in project-based settings

Conlflict is a natural aspect of social interactions in organisations. It is a complex
phenomenon occurring at multiple levels, including organisational, unit/depart-
mental, team and individual levels [1]. At the organisational level, factors such as
company policy changes, resource allocation or managerial decisions can trigger
conflicts between employees or departments. Within teams, a lack of trust can
create conflict in project teams. At the individual level, differences in work styles,
work-life balance priorities or personality traits can also influence the emergence
of conflict. Conflict emerging at different levels often requires different skills and
approaches to manage them effectively. Organisational level factors are beyond the
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scope of this chapter as they originate at the top levels of management, and their
impact usually goes further the project team. This chapter will focus on conflict at
the project team and individual levels.

Team conflict: Conflict in a team setting is a disagreement between team mem-
bers, typically arising from differences in goals, values, perspectives or work styles
[2]. Conflict can take various forms; some types can be beneficial, whereas others
can undermine team processes and performance.

Conflict in project teams has powerful implications for team processes, out-
comes and viability [3]. Different types of conflict have different impacts on team
effectiveness. Some types of conflict can harm the team’s performance, while
others can benefit the team and their outcomes. Understanding the different types
of conflict, including the drivers and consequences, is a crucial aspect of effective
project management.

12.1.1 Types of conflict

Relationship conflict (RC) arises from personality differences or disagreements
among group members about interpersonal issues, norms or values [4,5]. This type
of conflict involves opposing relationships and interpersonal tension. When facing
this type of conflict, members are likely to approach the situation as a win-lose, and
they become less concerned about collective goals and more concerned about their
personal gain or status.

Task conflict (TC) is a disagreement between people on ideas and opinions
about the task such as disagreement regarding the content of a specific report or the
approach to analysing data. Some research has shown that moderate levels of TC
can be beneficial to team outcomes under certain conditions such as nonroutine [4]
or innovative tasks [5]. TC focuses on the approach to executing the task, so it tends
to be more tangible, more impersonal and less emotional charged than interpersonal
conflict [4]. Some studies suggest that moderate levels of TC can make teams more
effective by broadening their perspectives. Constructive criticism when addressing
TC can help teams evaluate the quality of alternatives [6,7]. RC is linked to
decreases in group performance and member satisfaction [5]. Simons and Peterson
[8] noted that building trust is crucial in gaining the potential benefits of TC
without suffering the downsides of RC in the context of top management teams.

Process conflict (PC) is a disagreement about the logistics and delegation
aspects when managing a project team, including task assignments, sequencing
of activities and delegation of activities. PC is considered a separate category
from task and RC with differentiated effects on outcomes. Issues related to PC
include planning and task delegation, while task-conflict issues relate to the
execution and approach used to accomplish the task. For instance, in a task
related to software testing and development, if developers disagree about the
interpretation of testing data, they are experiencing TC. If they disagree about
who is responsible for specific aspects of the coding or the description of user
cases, that is an example of PC.
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Team conflict and its types
Team conflict is a disagreement between team members, typically arising
from differences in goals, values, perspectives or work styles.

Relationship conflict emerges from personality differences or disagree-
ments among group members about values, norms or interpersonal interactions.

Task conflict is a disagreement among team members on ideas and opi-
nions related to the task, such as disagreement regarding the content of a
specific report or the approach to analysing data.

Process conflict involves disagreements about the logistics and delega-
tion aspects when managing a project team, including task assignments,
sequencing of activities and delegation of responsibilities.

12.1.2  Conflict profiles

The different types of conflict do not emerge independently in work teams. Instead,
they present patterns or profiles, with specific combinations of conflict levels that
replicate across teams and contexts [9,10]. These conflict profiles offer a more
realistic approach to understanding the nature of team conflict than looking at each
type of conflict separately. Team conflict profiles reflect a combination of different
types and levels of conflict (relationship, task and process) that coexist and emerge
as a result of team members’ interaction.

Recent research has investigated the relationship between team conflict pro-
files and team outcomes. It has been found that some profiles lead to higher team
functioning and performance levels, whereas others can lead to team dysfunction
and dissolution [10,11]. Conflict profiles represent a novel and holistic approach to
examining and managing conflict by helping us characterise different types of
teams and design targeted approaches that collectively address the combined levels
of conflict. These profiles demonstrate distinct team behaviours that can be
addressed using conflict management strategies aligned with the issues at hand.

O’Neill’s work on team conflict profiles [9,10] identified three conflict profile
categories that showed differences in team outcomes: TC dominant, minor/mid-
range overall conflict and dysfunctional conflict. The 7C dominant profile had
almost negligible levels of interpersonal and PC, and moderate to high levels of TC.
Teams with this profile focused on evaluating inputs and ideas from others and did
not experience interpersonal tension between team members. The minor/midrange
conflict profile had small to medium levels of interpersonal and PC and high levels
of TC. The dysfunctional conflict profile had lower levels of TC than the other
profiles, but high levels of RC and PC.

An evaluation of these teams’ conflict profiles [10] suggests that teams can
experience high TC and maintain low RC and PC. They provide evidence that the TC-
dominant profile represents an ideal pattern of productive or constructive team con-
flict. This important discovery offers new and unique empirical evidence that TC can
favour teams in certain conditions, beyond what prior research has found.
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Cima and Pazos [11] successfully used team building and scaffolding activities
for team training to manage the emergence of RC and PC. Their approach included
a kick-off meeting with a team building and alignment activity, developing a team
charter and a project plan. This study also identified three categories of team
conflict profiles that differed in team effectiveness and outcomes. One profile had
almost negligible levels of RC and PC with a small level of TC. The second had
low levels of RC and PC and moderate TC. The third and last profile showed
similar characteristics as the dysfunctional profile identified by O’Neil, with
moderate to high levels of all the three conflict types. Teams with this high conflict
profile reported more negative team experiences and outcomes than the other two
profiles. In particular, they showed lower commitment to the task and lower
satisfaction compared to the other two profiles [29].

The conflict profile examination in teams incorporates a holistic perspective that
helps explore the relationship between team conflict and effectiveness. The empirical
evidence suggests that TC, occurring in the absence of both RC and PC, is the most
effective, efficient and healthy profile [9]. They showed that teams can thrive in a
beneficial conflict profile by applying constructive controversy approaches.

12.1.3 Conflict management approaches

Most experts agree that conflict management in contemporary organisations should
focus less on conflict resolution and more on conflict prevention [12]. Successful
conflict management involves using effective strategies to minimise the emergence of
dysfunctional conflict, deal with it when it arises and facilitate constructive conflict.
Conflict management should go beyond the avoidance, reduction or termination of
conflict. Best practices in conflict management involve using effective strategies to
minimise the emergence of dysfunctional conflict and facilitate the emergence of
constructive conflict to enhance learning and effectiveness in teams and organisations.

12.1.3.1 Preventing dysfunctional conflict

There is evidence of specific approaches and practices that can prevent the emergence
of dysfunctional conflict [11] by focusing on the team formation stage of Tuckman’s
development model (see Chapter 8 on Teamwork). Some of the intra-team PC that can
potentially emerge in teams can be prevented by focusing on preparation activities like
goal alignment during the early stages of team formation, as well as through the use of
collaborative project planning and team charters [11,13,14]. These preparation tasks
help create a shared vision for the team, setting up the team for success by clarifying
roles, establishing explicit team norms from the start and developing contingency plans
to deal with potential team problems. When teams work on building a shared vision
and collectively develop team norms and a project plan, they are less likely to face
interpersonal conflict, and they can focus on tasks and issues. The resulting team
environment is more conducive to cooperatively solving the differences in ideas. In
these conditions, there is often an increase in the number and quality of ideas, where
members are more likely to have an impartial exploration of differences in opinions.
Increased openness to diverse ideas is fundamental in decision-making tasks or those
requiring creativity and innovation such as new product development.
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There is empirical evidence indicating the positive impact that team building,
goal alignment and collaborative planning can have on preventing dysfunctional
conflict from emerging [11,13,14]. Academic programmes and on-the-job training
can support the development of conflict management and teamwork skills by
incorporating some of these proven scaffolding activities into team projects.

Conflict management under ideal conditions

Successful conflict management approaches create an environment that is open

to input from all members, with a focus on the benefit of the group and respect

for an idea’s originator. These conditions set the stage for developing conflict

management approaches that are more cooperative and less competitive.
Some of the conditions that facilitate effective conflict are:

e A clear understanding of team members’ preferences, constraints,
strengths and weaknesses.
A shared vision of the team and its purpose.
Open communication based on mutual respect, focused on discussions
around ideas and approaches to meet the team’s goal.

e Clear roles and responsibilities.

There are different approaches to addressing existing conflict. The two most
widely used are the competitive conflict management approach (e.g., individual
team members treat their goals as mutually exclusive) and the cooperative conflict
management approach (e.g., members have goals that align with those of their
teammates) [15]. Teams that use a cooperative management approach tend to see
their goals and motives as aligned with the goals and motives of their teammates;
they see benefits from team success and participate in mutual support processes
such as backing up others in the team when they face individual struggles [16,17].

Collaborative conflict management

There is strong empirical evidence that collaborative conflict management
processes have a positive impact on affective outcomes. These types of out-
comes are important for the long-term sustainability of teams.

When a team has developed a shared attitude of supportive cooperation,
the damaging effect of RC can be controlled by the team. Thus, having teams
participate in activities that promote the development of a shared vision and
supportive attitude, as well as understanding each other’s constrains, pre-
ferences, strengths and weaknesses, can be very effective in promoting a
cooperative approach to conflict management. It is also key to have clearly
defined roles and responsibilities so that accountability can be established
early during the team formation.
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There are essential tactics that a team lead or project manager can use to
prevent interpersonal conflict or to address some of its root causes:

e Build a team environment that welcomes objections or opinions framed around
ideas and approaches, objectively evaluating information from all parties and
using active listening. In new teams, the expected behaviours that create this
environment should be incorporated into the team’s charter.

e Work with the team to develop collective team norms or agreements that
prevent the use of language that is not task-related, or that can be perceived as
a personal attack.

12.1.4 Common barriers to conflict resolution

Some common problems prevent teams from resolving escalating conflict,
including cognitive bias, power dynamics and emotional barriers.

12.1.4.1 Cognitive biases

Biases can hinder successful negotiation by preventing the parties from objectively
evaluating the evidence. Confirmation bias is a common type of cognitive bias that
can have a negative impact on team conflict resolution. Individuals or teams that
display this kind of bias favour information that confirms their beliefs while
ignoring or downplaying opposing views of contradictory evidence. This type of
bias prevents teams from reaching integrative, collaborative solutions.

12.1.4.2 Power dynamics

Power imbalances can also interfere with conflict resolution. If a team member has
more authority or influence, others may feel reluctant to express their concerns,
fearing retaliation or dismissal [4]. This imbalance stifles open communication and
interferes with problem solving.

12.1.4.3 Emotional barriers

Emotional factors such as anger, fear or frustration can cloud judgement and
interfere with rational decision-making. Team members caught in emotional states
during conflict often focus on defending their perspective and winning the argu-
ment rather than finding a solution [18].

12.1.5 Skills and tools to support conflict resolution and
negotiation

12.1.5.1 Emotional intelligence

Emotional intelligence (EQ) is the ability to understand and manage one’s emo-

tions as well as recognise and influence other’s emotions [19]. In project teams,

negotiations are frequent, whether over resources, timelines, responsibilities or

differing perspectives. Emotional intelligence can help project managers and team

members constructively navigate these interactions. Self-awareness and empathy

are qualities of an individual’s emotional quotient that can help support successful

negotiation processes.
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12.1.5.2 Communication skills

Communication is vital to effective negotiation and conflict resolution in project
teams. Effective communication involves a transparent exchange of ideas, expec-
tations and concerns among team members. Good communication skills involve the
ability to articulate different parties’ needs, understand others’ perspectives and
build consensus. Another critical aspect of successful communication in project
teams is active listening.

Active listening involves giving full attention to the person communicating,
minimising interruptions to those that are strictly necessary. This skill helps
negotiators understand underlying concerns or motivations. Active listening
fosters a collaborative environment in project teams where members feel valued
and heard.

Another critical aspect of communication skills is using clear and precise
language so that all parties involved in the negotiation fully understand the
issues under discussion. Project teams often deal with complex tasks, and mis-
understandings can lead to confusion, misalignment and conflict. A negotiator must
have strong communication skills to present different viewpoints in a precise, clear
and structured way that reduces ambiguity.

12.2 Negotiation in engineering project teams

Companies operate in uncertain and rapidly changing environments involving
complex relationships. Some of these relationships are internal to the organisation
(within a department, across departments, interpersonal), whereas others involve
external stakeholders (suppliers, customers, government). Negotiation is an inher-
ent element in forming those relationships, and it is necessary to manage them over
time. Project-based organisations rely on teams at different levels to handle the
negotiations with internal and external stakeholders.
Some examples of negotiations that may involve project teams include:

Developing contracts to fulfil the requirements of a customer.

Developing marketing plans for different products or services.

Create product development contracts with external partners or subcontractors.
Negotiating budgets with clients.

There are very few business transactions that do not require some element of
negotiation between different parties. Possessing negotiation capabilities can help
support many business interactions and improve the bottom line. Although nego-
tiation skills are essential for engineers, they have historically received little
attention in academic programmes [20,21].

12.2.1 Negotiation tasks and negotiation skills

We propose Cohen’s definition of negotiation as a joint decision-making process of
two or more parties collaborating to reach a mutually acceptable agreement on one
or more issues [30].
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There are some common characteristics of a negotiation task:

It involves two or more parties.

There is an information exchange between the parties.

The parties can be creative and cooperate in arriving at a joint decision.

The payoff depends either on the consequences of the joint decision or vari-
ables external to the negotiations.

L=

In engineering settings, most transactions involve negotiations around qual-
ity, schedule and other project or product requirements. Cost and delivery time
are the common elements in project negotiations, especially in project-based
organisations such as construction companies or consulting firms. When project
teams work on price negotiations, they must find a balance between the highest
price the customer is willing to pay and the lowest price the offering company
can accept. The range between these two prices is called zone of possible
agreement (ZOPA).

Another approach used in negotiation strategies is best alternative to a nego-
tiated agreement (BATNA) [22]. It refers to a party’s most beneficial course of
action if the negotiation does not reach an agreement. Knowing one’s BATNA is
critical because it provides a baseline to measure against any agreement or final
decision. This approach reduces the chances that the negotiating party ends up with
unfavourable terms out of desperation or lack of understanding. This approach
requires comprehensive preparation, where negotiators generate and evaluate the
available alternatives. The process must be informed by a thorough analysis of the
conditions. BATNA can also be used as a walk-away argument. If the negotiated
terms are worse than the BATNA, the rational choice is to abandon negotiations.
This approach prevents negotiators from accepting unfavourable deals out of fear
or pressure [23]. BATNA can be a valuable tool in negotiation. However, a rigid
focus on one’s BATNA might lead to missed opportunities for creative problem-
solving or integrative solutions, where both parties could achieve better outcomes
than their alternatives [24].

The importance of conflict prevention in negotiation: Effective negotiation skills
are not necessarily associated with mastering confrontational tactics. It is also not
only about solving an unfolding crisis. Many crucial skills are linked to the pre-
vention of the crisis in the first place. Providing students with the opportunity to
participate in activities where they can tackle the problem at its root is a critical
and necessary skill to prevent the initial conflict from arising.

Approaches to developing negotiation skills in engineering students

The role-playing method is widely used to support the development of negotiation
skills and is considered superior to the lecture method. This approach asks students
to interact with others and assume roles in a hypothetical engineering negotiation.
They receive some common information about the scenario and the issues to be
resolved or optimised (e.g., the price of a material), and some confidential infor-
mation unknown by others (e.g., their company negotiating position). Another
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successful approach is having authentic team projects embedded in the curricula
using team activities that model best practices. These practices include establishing
precise individual and collective goals, incorporating peer and expert evaluation of
processes and outcomes and creating a transparent approach to planning and
tracking team [11,13,14].

12.2.2 Negotiation strategies in project settings

There are different approaches to handling interpersonal team conflict based on two
primary dimensions: concern for self and concern for others. Concern for self
represents the degree to which individuals want to satisfy their own concerns or
interests. Concern for others represents the degree to which people want to satisfy
the concerns or interests of others. The combination of these two dimensions
characterises the motivational orientations of an individual who faces conflict in a
project team. This two-dimensional model is called the dual concern model, and it
is associated with five identifiable conflict-handling styles: integrating, obliging,
compromising, dominating and avoiding [12,25]. Figure 12.1 illustrates the five
approaches to conflict.

1. Integrating is an approach to conflict reflecting a high concern for both self
and others. This approach involves openness to new ideas, critical evaluation
of ideas and information, the examination of alternatives and the achieving of
solution acceptance. Integrating styles have been linked to a high commitment
to the solution and a more comprehensive and fair evaluation of alternatives
among the parties involved. It is considered suitable for dealing with complex
problems requiring a group of experts to reach a solution, as it supports the
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effective use of all project team members’ skills, information and resources.
Integrating has also been successful in addressing social conflict within teams.

2. Obliging is a style reflecting low concern for self and a high concern for others
by attempting to play down differences in order to satisfy the other party’s
concern. This approach is less appropriate when the individual has evidence to
support their concern or when the issue is essential to them. This approach can
result in groupthink if systemic pressure exists to agree with a decision without
the proper supporting evidence. However, this approach could be appropriate
when the individual does not have complete information or is in a position of
weakness. It may also be used when a party is willing to give up something
with the hope of getting some benefit from the other party when needed.

3. Dominating is a style with high concern for self and low concern for others.
This approach pushes the other party to agree with one’s position. A supervisor
may use this style if the issues involve routine matters or require a speedy
decision. A supervisor may have to use it to deal with subordinates who are
very assertive or do not have the expertise to make technical decisions. This
style is also effective in dealing with the implementation of unpopular courses
of action. In these scenarios, some pushback can be expected in the project
team if the courses of action are not justified or understood.

4. Avoiding is a style characterised by low concern for self and others. This
approach is associated with withdrawal or detachment from the issue or the
task. Although it is considered one of the less effective approaches, it can be
used to deal with trivial or minor issues, or when a cooling-off period is needed
before complex problems can be effectively addressed. However, this style is
not recommended when issues are critical to one of the negotiating parties
involved or when a quick resolution is required [12].

5. Compromising is a style that sits at the centre of all four remaining styles. It
requires all parties to make concessions in order to reach a mutually
acceptable decision. This style can be helpful when the goals of the different
members are mutually exclusive, when both parties have similar negotiating
power (e.g., workers and management) and have reached an impasse in their
negotiation process or when other styles are ineffective.

A style is considered appropriate if its use leads to the effective formulation of a
solution to the problem. In this respect, the predominant view is that the integrating
style is generally appropriate for managing conflict in most situations [26]. In
general, integrating and, to some extent, compromising styles are the most appro-
priate for dealing with strategic issues. The remaining styles can be useful for
handling tactical or day-to-day problems, and the approach should consider the
context and stakeholders [12]. Some recent studies suggested that the situation’s
context and characteristics are essential considerations when selecting a conflict
management approach. Evidence suggests that effective negotiators adopt this
contingency approach to conflict management. The approach considers the context
and stakeholders when addressing conflict in a team situation and selects the most
appropriate style based on those conditions.
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12.2.3  Groupthink and the absence of group conflict

Groupthink is a psychological phenomenon that can occur when the desire for
consensus, harmony or conformity overrides the group’s ability to critically eval-
uate alternative ideas, options or courses of action as part of decision-making [27].
Groupthink leads members to suppress dissenting opinions and overlook potential
risks, resulting in flawed decision-making. In environments characterised by
groupthink, little to no conflict occurs. Historical failures such as the Challenger
disaster and the Bay of Pigs invasion have been cited as examples of groupthink in
action [28]. Groupthink creates conditions where the priority becomes maintaining
group unity rather than making well-informed, rational decisions.

Proposed group activity: case study analysis (group work or
individual)
Instructions:

1. Form teams: Students will be divided into groups of 4-5 members.
2. Review case study: Each group will be given a case study based on a
real-world team conflict scenario.
3. Identify conflict types:
o As a team, discuss the case and identify and describe the different
types of conflict involved (TC, PC, RC).
o Analyse the causes of the conflicts and how they impact the team’s
dynamics and project success.

4. Propose solutions:
o Discuss and propose specific strategies for resolving each type of
conflict.
o Include negotiation techniques (e.g., compromise, collaboration)
and communication strategies (e.g., active listening, reframing) to
develop practical solutions.

Deliverables:
A brief (23 pages) written report summarising your case study analysis, the
identified conflicts and your proposed solutions.
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Chapter 13

Intercultural understanding

1
Morgane Lamoureux

This chapter focuses on the perception of intercultural understanding as a challenge
in international communication. The key question explored is “Why is intercultural
communication important?” Under this main idea, various aspects will be devel-
oped, including barriers to intercultural communication, cultural shock, cultural
identity, strategies for working effectively at an international level, and the sig-
nificance of this essential soft skill in today’s globalized context.

13.1 Intercultural understanding: communicating from
our own culture

13.1.1 What is intercultural communication?

In intercultural communication, the central focus is culture, a concept with
numerous definitions. Generally, culture is defined as the distinctive traits — spiri-
tual, material, and emotional — that characterize a society or social group. It also
encompasses elements such as literature, music, and art. However, in the context of
intercultural communication, scholars like Geert Hofstede [1] and Erin Meyer [2]
emphasize shared values, and behaviors as key components of culture.

One of the most widely used models of understanding culture is Edward T.
Hall’s Iceberg Model [3]. This model shows that we typically only perceive about
20% of another person’s culture, which would be the visible portion. This visible
part provides information about aspects of verbal and nonverbal communication
such as opinions and behaviors. It represents the conscious elements of culture
which are often mistakenly interpreted as encompassing the entirety of an indivi-
dual’s or group’s cultural identity. Figure 13.1 depicts this model.

However, the remaining 80% of culture lies beneath the surface, comprising
deeper and less visible aspects. These include values, beliefs, thought patterns, and
underlying concepts. This “hidden” part of culture takes time and effort to uncover
and understand.

The iceberg can be compared to the infamous iceberg that sank the Titanic: if
approached without preparation, awareness, or understanding, it can lead to
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Figure 13.1 The cultural iceberg (in white, the surface culture, over the sea level,;
in dark, the deep culture, under the sea) [3]

miscommunication and conflict. Proper preparation and a willingness to explore
the deeper layers of culture are essential to avoid “crashing” into cultural
misunderstandings.

13.1.2  Why is intercultural communication important?

Understanding one another is a fundamental priority, especially in communication.
To communicate effectively, it is essential to comprehend the communication
process and be aware of our own communication style, as well as the impact it may
have on relationships with others.

Even within the same culture, communication can be challenging; between
individuals from different cultures, it becomes significantly more complex.
Intercultural communication involves exchanging messages between people of
distinct cultural backgrounds. In today’s interconnected world, this type of com-
munication is more frequent than ever, facilitated by various factors such as the rise
of the internet, the proliferation of low-cost airlines, the growing job opportunities
abroad, the reception of refugees, and the movement of workforces across borders.
These developments underscore the importance of understanding and navigating
intercultural communication effectively.

One of the main challenges in intercultural communication is navigating dif-
ferences in language, but the obstacles extend beyond that. Cultural barriers, such
as differing ideological constructs, also play a significant role. Unfortunately,
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cultural differences are not limited to surface-level customs, such as politeness or
initial contact behaviors what might be referred to as “first impression customs”.

These differences influence much deeper aspects of interaction, including
communicate styles, perception of agreements, the role of family, and broader
group dynamics in business context. When these deeper cultural perceptions are
overlooked, misunderstandings can persist or even intensify over time. This is
especially true during negotiations, where differing cultural interpretations and
values may lead to increasing friction, even as the parties become more familiar
with one another on a personal level. Recognizing and addressing these cultural
nuances is essential for fostering mutual understanding and effective collaboration
in intercultural settings.

Having the ability to communicate effectively across cultural boundaries is
essential for the success of any intercultural or multinational endeavor. It not only
ensures smoother collaboration but also fosters mutual understanding and respect
among individuals from diverse cultural backgrounds.

Moreover, this ability significantly enhances relationships by facilitating open and
constructive conversations, breaking down barriers, and building trust. By bridging
cultural gaps, it helps create more inclusive environments where people can work
together harmoniously, leveraging their differences as strengths. Some tips could be:

o To know each other: understanding and appreciating different cultural perspec-
tives foster mutual respect and awareness.

e To increase insurance: developing confidence in navigating cultural differ-
ences enhances communication and collaboration.

e To break down the barriers: removing cultural misunderstandings and pre-
judices helps establish stronger connections.

e To build trust: establishing reliable and respectful communication builds
confidence among individuals and groups.

e To open new horizons: engaging in intercultural communication broadens
perspectives and encourages innovative ideas.

e To develop interpersonal skills: enhancing communication skills improves
empathy, adaptability, and emotional intelligence.

e To find common ground: identifying shared values and goals strengthens
collaboration and unity.

To successfully enter a new market, companies and their representatives must
be ready to adapt to the local habits, customs, and mindset of the population. This
requires not only an understanding of cultural norms but also the ability to interpret
and navigate them effectively.

For exporters, having intercultural decoding tools is crucial to ensure smooth
communication and establish trust with partners and customers in the target market.
It is equally important to recognize that culture exists in various forms and influ-
ences interactions on multiple levels. These include:

e Corporate culture: the unique values, practices, and behaviors within
organizations.
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e Professional culture: the shared norms and expectations within specific pro-
fessions or industries.

e Religious culture: beliefs and practices rooted in religious traditions.

e Regional culture: the customs and values specific to geographic areas.

Understanding and respecting these cultural layers can significantly enhance a
company’s ability to succeed in international markets.

13.1.3 Barriers to intercultural communication

There are several barriers to effective intercultural communication. These can arise
from language difficulties, misinterpretations of the verbal or nonverbal message,
or stress. Barriers stemming from negative attitude include stereotypes, prejudice,
xenophobia, ethnocentrism, discrimination, and racism. Let us analyze some
of them.

13.1.3.1 Stereotypes
We all use simple (but convenient) descriptions of national cultures and behaviors:
stereotypes. These are generalizations, clichés, that allow us to summarize complex
traits in a way that is both useful and dangerous at the same time. For example,
Belgians are said when they speak that “they eat French Fries”. This expression
refers to a humorous stereotype that reflects how the French perceive the Belgian
accent or way of speaking. It is often said that Belgians “speak as if they have
French fries in their mouth”. This saying stems from the friendly rivalry and jokes
between the French and Belgians, particularly regarding the pronunciation and the
Belgian accent when speaking French, which sometimes sounds different due to
regional variations. Moreover, Belgium is famous for its French fries (frites), which
reinforces the metaphor.

The stereotype is a simplified understanding of another culture, as we often
synthesize information too quickly and oversimplify what we receive from it.

13.1.3.2 Discrimination

Unia is a Belgian independent public institution that fights against discrimination
and defends equality. It defends the equal and inclusive participation of all in all
sectors of society and ensures respect for human rights. Unia [4] lists 19 dis-
crimination criteria:

1-5. The five so-called “racial” criteria: race, skin color, nationality, ancestry (e.g.,
Jewish), and national or ethnic origin;

Disability;

Philosophical or religious convictions;

Sexual orientation;

9. Age;

10. Wealth (in other words, financial resources);

11. Civil status;

12. Political beliefs;

13. Trade union membership;

Sl B
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14. Health status;

15. Physical or genetic characteristics;
16. Birth;

17. Social origin;

18. Sex;

19. Language.

Discrimination constitutes an action. When the attitude of rejecting or denying
another culture turns into an action, this is called “discrimination”, which refers to
treating an individual unfairly based on factors such as nationality, gender, age, or
profession. The most terrible form of discrimination is that which occurs between
one group and another.

13.1.3.3 Xenophobia

Xenophobia can lead to discrimination, exclusion, and even violence against people
of different nationalities, ethnic origins, or cultures. It hinders social cohesion,
intercultural dialogue, and the promotion of diversity.

13.1.4 Cultural shock

Cultural shock “refers to feelings of uncertainty, confusion, or anxiety that people
experience when they are transplanted into a society different from their own.
Culture shock occurs when people vacation, do business, attend school, or move to
another city or country. The syndrome arises from an individual’s unfamiliarity
with local customs, language, and acceptable behavior” [5].

Culture shock refers to the reactions people have when living in a new culture.
Some common symptoms include strain, a sense of loss, feeling rejected, confusion,
anxiety, helplessness, and obsession with hygiene. There may also be physical symp-
toms like headaches, sleeplessness, overeating, or excessive consumption of alcohol.

The first anthropologist who has analyzed these reactions was the Canadian
Kalervo Oberg (Figure 13.2). He has identified different stages of culture shock [6].

The first stage is the honeymoon period. Everything looks exciting and feels
fascinating. There is a sense of euphoria about new things and discovering for-
eigner people and customs.

Honeymoon Adjustment

Recovery

Crisis

Figure 13.2  The stages of culture shock
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Then, in the second stage, the reaction changes. It is called “crisis”: habits are
coming and enters in a period of disappointment. Negative aspects of the new
culture appear. Misunderstanding with local people occurs, and everything
becomes difficult to endure. It is the crisis stage.

In the third stage, recovery stage, individuals accept that there is a gap between
expectations and reality. They begin to find a balance, increasing their sense of
control and feeling less lost in this new culture.

The last stage, adjustment stage, allows individuals to achieve their goals.
They learn to appreciate both the positive and negative aspects of the new culture,
integrate into the new environment, and begin to see its positive aspects.

Some authors have analyzed reverse culture shock [7] which occurs when
individuals return home after spending time abroad. They have determined that
people must reacclimatize to their own culture upon returning. They may encounter
difficulties in resuming their routines and feel sadness about leaving behind new
friends. While abroad, individuals often experience a sense of freedom, and they
may feel a sense of loss upon leaving it behind. They also often feel misunderstood
by people who have not had the same experiences. Common problems associated
with reverse culture shock include social withdrawal, depression, anxiety, stress,
and anger.

13.1.5 Cultural identity

Cultural identity is the sign of recognition for a human community, which can be
social, political, corporate, national, religious, or otherwise. It includes shared
values, ideas, languages, traditions, beliefs, and common experiences. Identity
provides a secure refuge from the social disorders and insecurities of life, but it can
be adaptable to other communities. Traveling and interacting with people from
different cultures allow us to engage with new perspectives, lifestyles, traditions,
and languages. These interactions can influence our own identity allowing us to
adopt new practices, modify existing ones, revive forgotten traditions, and become
more open-minded.

13.2 Culture map by Erin Meyer

Erin Meyer is an American author and professor in intercultural management. She
has developed an eight-scale model that represents the extremes of cultures to
which managers must pay attention [8].

The theory suggests that when working with multicultural teams, one must
analyze these eight dimensions:

Communicating: low context versus high context

Evaluating: direct negative feedback versus indirect negative feedback
Persuading: principle first versus applications first

Leading: egalitarian versus hierarchical

Deciding: consensual versus top-down
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Trusting: task-based versus relationship-based
Disagreeing: confrontational versus avoid confrontation
Scheduling: linear time versus flexible time

Analyzing these axes helps to improve effectiveness in managing others.

13.2.1 Communicating: low context versus high context

In certain cultures, communication is based on low-context, explicit messages. There
is a classification of countries between low-context communication and high-context
communication. In low-context communication, the characteristics are that commu-
nication is direct, explicit, and relies heavily on verbal messages. Messages are clear
and unambiguous, with little reliance on nonverbal cues or shared context. Countries
like the US, Australia, Germany, and the UK are placed in this category.

In high-context communication, the characteristics are that communication is
indirect, nuanced, and relies heavily on nonverbal cues, shared context, and rela-
tionships. Messages are often implied and require interpretation based on the social
and cultural context. Countries like Japan, China, Korea, and Saudi Arabia are
placed in this category.

For example, a direct and explicit communication style, typical of low-context
cultures, may be perceived as rude or insensitive in high-context cultures where
indirect communication is more common. Conversely, a more indirect and nuanced
communication style, common in high-context cultures, may be seen as evasive or
unclear in low-context cultures.

Among the cultures with explicit communication and low context are North
American cultures (the US and Canada), along with Germanic cultures (Germany,
Switzerland, and Austria), and cultures of Scandinavian countries, Australia, and
New Zealand.

At the opposite end of the scale, we find Japan, where context plays a sig-
nificant role. For example, rules of politeness govern speech, with the manner of
speaking shifting across more than 20 subtly different registers depending on the
age, gender, and social position of the conversation partner, as well as the relative
social positions of the speaker and listener. The word “no” is almost absent from
the Japanese vocabulary: a “yes” in certain circumstances can, in fact, mean “no”.

13.2.2  Evaluating: direct negative feedback versus indirect
negative feedback

This suggests how different cultures approach evaluation or feedback, specifically
negative feedback. There is a two-end axe:

o Direct negative feedback: This end of the spectrum represents cultures where
negative feedback is given bluntly, honestly, and without softening or positive
wrapping.

o Indirect negative feedback: This end signifies cultures where negative feed-
back is delivered more subtly, diplomatically, and often cushioned with posi-
tive messages.
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The countries are positioned along this axis based on their perceived preference
for direct or indirect negative feedback. Direct negative feedback: countries like
Russia, Israel, and Germany are closer to this end, implying a more direct approach to
giving negative feedback. Indirect negative feedback: countries like China, Japan, and
Indonesia are closer to this end, suggesting a preference for indirect feedback.

Some cultures, typically low context and explicit, may deliver criticism indirectly
and in a coded manner. Conversely, high-context and implicit cultures can express
criticism in an explicit and direct way. On the right side of the spectrum, we find
Asian countries, including India and Thailand, which are among the most critical.

Concept of context and (in)direct feedback can be crossed. Cultural commu-
nication styles can significantly impact how negative feedback is delivered and
received across different countries. In low-context, direct cultures like the US,
Canada, and Australia, individuals tend to be straightforward and assertive when
providing feedback, often using explicit verbal messages. Conversely, low-context,
indirect cultures such as Germany, Denmark, and the Netherlands appreciate direct-
ness but prefer a subtler approach, incorporating nonverbal cues and implied mean-
ings. In high-context, indirect cultures like Japan, Thailand, and China, the emphasis
is on maintaining harmony; thus, feedback is often communicated in a subtle manner
to avoid confrontation. Meanwhile, high-context, direct cultures, though less com-
mon, include countries such as Brazil and Israel, where context and shared under-
standing are crucial, and feedback may still be direct. It is important to note that these
categorizations are generalizations, and individual communication styles can vary
widely within each country. Additionally, as cultural norms evolve, understanding
these differences can enhance cross-cultural communication and help prevent mis-
understandings, particularly when delivering or receiving negative feedback.

13.2.3 Persuading: principle first versus applications first

Under this dimension, countries are located on an axis with two extreme points:

e Applications first: Individuals from cultures in this category tend to begin with
facts, statement, or opinion. They prefer to start with a practical, concrete
approach, often using executive summaries or bullet points. Theoretical or phi-
losophical discussions are generally avoided in business settings. Countries listed
in this category include Italy, Russia, Germany, Argentina, Sweden, Netherlands,
Australia, France, Spain, Brazil, Mexico, Denmark, UK, Canada, and the US.

e Principles first: Individuals from these cultures tend to prioritize the develop-
ment of a theory or complex concept before presenting a fact, statement, or
opinion. They prefer to build a theoretical argument before reaching a con-
clusion. Conceptual principles underlying each situation are highly valued.

It could have some implications like misunderstandings: differences in commu-
nication styles can easily lead to misunderstandings between individuals from these
two categories. Someone from an applications-first culture might perceive someone
from a principles-first culture as being overly theoretical or impractical. Conversely,
someone from a principles-first culture might find someone from an applications-first
culture to be too focused on details and not considering the broader context.
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Adapting communication by understanding these cultural differences is crucial
for effective communication. When interacting with someone from a different
cultural background, it is helpful to adapt your communication style to align with
their preferences. For example, if you are from a principles-first culture, you might
want to start a conversation by explaining the underlying theory or concept before
sharing specific examples. Similarly, if you are from an applications-first culture,
you might want to begin with a concrete example or fact before delving into the
theoretical implications.

The left part of the axis at persuading dimension represents cultures that are
more principles first compared to those on the right. However, it is important to
consider the concept of cultural relativity.

According to this theory, Asian cultures fall outside the persuading scale and
do not appear on it. Their worldview is so distinct from that of Europe that they
operate within an entirely different frame of reference.

Asians tend to have more holistic thought patterns, while Westerners adopt
more specific approaches. For example, Chinese individuals often think from
macro to micro, whereas Westerners typically think from micro to macro.

13.2.4  Leading: egalitarian versus hierarchical

This dimension provides leadership styles across different cultures. It categorizes
countries into two main groups based on their preferred leadership approach: ega-
litarian and hierarchical. This concept refers to the extent to which a society accepts
power inequalities.

In egalitarian cultures, the ideal distance between a boss and a subordinate is
low and the best boss is a facilitator who works alongside their team members. The
organizational structure is flat and flexible, with communication often bypassing
hierarchical lines. It can be quoted countries like Denmark, Canada, and Finland.

In hierarchical cultures, the ideal distance between a boss and a subordinate is
high and the best boss is a strong, directive leader who takes charge. The organi-
zational structure is multi-layered and rigid, with communication following strict
hierarchical lines. It can be quoted countries like France, Poland, and Japan.

13.2.5 Deciding: consensual versus top-down

Deciding dimension presents the concept of decision-making styles, which can be
broadly categorized into two main types: consensual decision-making and top-
down decision-making.

In consensual decision-making countries, like Japan, Sweden, Netherlands,
Germany, or the UK, the decisions are made collectively within a group, and
everyone involved needs to reach a unanimous agreement. This style emphasizes
collaboration, inclusivity, and building consensus among all stakeholders.

In top-down decision-making countries, like the US, France, Brazil, Italy,
Russia, India, China, or Nigeria, the decisions are made by individuals, typically
those in positions of authority or leadership. This style is often associated with
hierarchical structures, where decisions flow from the top down.
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The positioning of countries on the scale reflects cultural norms and pre-
ferences regarding decision-making. It is important to note that countries do not
strictly adhere to one style or the other. Many organizations and situations may
involve a mix of both approaches. The choice of decision-making style can be
influenced by various factors such as the urgency of the decision, the complexity of
the issue, and the level of expertise required.

There are two different ways to make decisions that impact in project chron-
ology. In a consensual culture, decision-making takes time because all stakeholders
are consulted. However, once the decision is made, execution is very fast. In a top-
down culture, the decision is delegated to one person, usually the boss. But all
decisions are subject to revision.

To avoid cultural shock when making decisions, the best solution is to organize
dialogue and find a solution that works for everyone.

13.2.6 Trusting: task-based versus relationship-based

Countries could be categorized along a spectrum ranging from “task-based” to
“relationship-based” trust, taking into account how trust is built in different cultures.
In task-based trust countries, like US, Denmark, Germany, UK, Poland,
Netherlands, or Finland, the trust is built through business-related activities and per-
formance. Work relationships are formed and dissolved based on practicality and the
situation. Reliability and consistent good work are key factors in building trust.

In relationship-based trust countries, like France, Italy, Mexico, or Brazil, the
trust is built through shared experiences, social interactions, and personal connec-
tions. Work relationships develop slowly over time and are often based on deep-
level understanding and shared personal moments. Trust is often reinforced by
knowing others who trust the individual.

Task-based cultures prioritize performance and reliability, while relationship-
based cultures prioritize social interactions and personal connections.

13.2.7 Disagreeing: confrontational versus avoid
confrontation

This seventh dimension compares how different cultures approach disagreement
and debate. It proposes two-end axes:

e Confrontational: as in countries like Israel, Germany, and the US. This indicates
that people from these cultures tend to be more direct and open about expressing
disagreement, even if it might lead to some tension. They believe that debate and
disagreement can be healthy and even beneficial for the group or organization.
Open confrontation is considered appropriate and not harmful to relationships.

e Avoids confrontation: as in countries like Sweden, India, and Indonesia.
People from these cultures generally prefer to avoid direct confrontation and
disagreement. They believe that harmony and maintaining positive relation-
ships are more important than expressing differing opinions openly. Open
confrontation is considered inappropriate and could damage relationships or
group harmony.
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To understand how your own culture navigates disagreement, consider this
question: “If someone in my culture strongly disagrees with my idea, does that
suggest they are disapproving of me personally or just the idea?” In confrontational
culture, it is natural to challenge the idea, not the person who expresses it. In
avoiding cultures, the two are often perceived as interlinked, with disagreement
sometimes interpreted as personal disapproval.

13.2.8 Scheduling: linear time versus flexible time

Countries can be classified into cultural dimension related to scheduling, specifi-
cally focusing on linear-time and flexible-time orientations. Let us examine what
each means:

e In linear-time orientation cultures, tasks are approached sequentially, one at a
time, and in a step-by-step manner. Interruptions are minimized, as there is a
strong focus on completing one task before starting another. Meeting deadlines
and adhering to a strict schedule are of utmost importance. Punctuality and
meticulous planning are highly valued.

e In contrast, flexible-time orientation cultures adopt a more adaptable approach
to tasks, with less emphasis on strict sequencing. Interruptions are more readily
accepted, and it is common to switch between tasks as needed. This orientation
places a greater value on adaptability and spontaneity over rigid scheduling.

For example, countries like Germany, Switzerland, Denmark, and the
Netherlands typically align with linear-time orientation, when punctuality, dead-
lines, and structured planning are cultural priorities. However, countries such as
Italy, Brazil, and India are often associated with flexible-time orientation, empha-
sizing adaptability, flexibility, and spontaneity, while placing less importance on
adhering to fixed schedules.

The way time is managed is deeply rooted in cultural norms. While some
cultures view delays as unacceptable, others find them more tolerable. Time man-
agement in a cultural context is often analogous to how queuing is organized in
different countries, revealing distinct approaches and values.

13.3 Keys to work at an international level

When working at an international level, it is important to be open-minded about
others and their culture. It is essential not to assume that our way of thinking is the
best. It is also crucial to be aware of our own culture in order to better understand
others: “How are we reacting?” [9].

Listen to others and try to communicate as clearly as possible. Do not hesitate
to ask if you were understood clearly. The ability to embrace change, adjust to new
situations, and work in different time zones and work environments is essential for
success in international roles.

Do not be afraid to make mistakes, everyone makes them. Do not hesitate to
ask for help, advice, or explanations.
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It is important to learn about the culture before meeting people and to respect
local practices.

How would you go about giving a business presentation to an international
audience? It is recommended to have a cultural checklist:

What kind of language should you use? Formal or informal?
What kind of structure should you use? Explicit or implicit?
What kind of content should you use? Detailed or general?
What kind of delivery is expected? Text reading or improvised?
Do you need to respect timing? Fixed or flexible?

What kind of dress code should you use? Formal or informal?
What kind of behavior is expected? Serious or relaxed?

So, it is important to take the time you need to adapt and try not to make value
judgments about the culture of others. Doing so could prevent you from appre-
ciating all the richness of their culture.

To avoid misunderstandings, try to establish friendly relationships with the
local population and ask them to enlighten you about some of their practices that
may seem shocking or incomprehensible to you.

The conclusion of this chapter could be the traveling quote by Henry Miller, an
American novelist: “One’s destination is never a place, but a new way of seeing things”.

References

[1] Geert Hofstede web page, https://geerthofstede.com/ [Accessed 17 Dec
2024].

[2] Erin Meyer —web page, https://erinmeyer.com/ [Accessed 17 Dec 2024].

[3] Edward T. Hall, “The Cultural Iceberg”, https://bccie.be.ca/wp-content/
uploads/2020/09/cultural-iceberg.pdf [Accessed 26 Feb 2024].

[4] Unia, “List of 19 Discrimination Criteria”, https://www.unia.be/en [Accessed
26 Feb 2024].

[5] Troy Segal, “Culture Shock Meaning, Stages, and How to Overcome”,
https://www.investopedia.com/terms/c/culture-shock.asp, 2024 [Accessed
17 Dec 2024].

[6] Kalervo Oberg, “Culture Shock”, https://citeseerx.ist.psu.edu/document?
repid=rep 1 &type=pdf&doi=c787fddd7e1557f100b9703a41f6f5ac2dac0412
[Accessed 26 Feb 2024].

[7] Kevin F. Gaw, “Reverse culture shock in students returning from overseas”,
International Journal of Intercultural Relations, 2000;24(1):83—104. https://
doi.org/10.1016/S0147-1767(99)00024-3.

[8] Erin Meyer, The Culture Map: Decoding How People Think, Lead, and Get
Things Done Across Cultures, Public Affairs, 2016.

[91 Robert Gibson, Intercultural Business Communication, Oxford University
Press, 2002.


https://geerthofstede.com/
https://erinmeyer.com/
https://bccie.bc.ca/wp-content/uploads/2020/09/cultural-iceberg.pdf
https://bccie.bc.ca/wp-content/uploads/2020/09/cultural-iceberg.pdf
https://www.unia.be/en
https://www.investopedia.com/terms/c/culture-shock.asp
https://citeseerx.ist.psu.edu/document?
https://doi.org/10.1016/S0147-1767(99)00024-3
https://doi.org/10.1016/S0147-1767(99)00024-3

Part IV
Cognitive skills



This page intentionally left blank



Chapter 14
Analytical thinking

Karolina Szturo’

Analytical thinking in scientific literature is defined as the ability to break down
complex problems into smaller, more comprehensible components to facilitate
detailed analysis, understanding, and resolution [1]. It is characterized by a sys-
tematic approach to information analysis, which includes data collection, pattern
identification, and the formulation of conclusions based on logical examination of
evidence. Analytical thinking is a cognitive process that enables the evaluation of
situations through the application of logical methods such as deduction, induction,
and other problem-solving techniques.

The literature emphasizes that analytical thinking requires intellectual discipline,
precise planning, and objectivity, distinguishing it from critical thinking, which
focuses more on evaluating and questioning information. In educational and profes-
sional contexts, analytical thinking is essential for data-driven decision-making as
well as in scientific and engineering processes, where precise analysis of technical
and systemic problems is required. Analytical thinking—devoid of emotions and
based on data—facilitates well-reasoned decision-making, particularly in contexts
that demand meticulous calculations and a structured approach to details.

Analytical thinking serves as a foundation for other cognitive processes,
including critical thinking, aesthetic thinking, decision-making, creative thinking,
problem-solving, scientific reasoning, and coordination-based thinking. It is a
complex competency that develops over time through life experiences and con-
scious decision-making. The more deliberately we approach problem-solving, the
more factors—both advantageous and detrimental—can be identified and con-
sidered when seeking the optimal decision. The key to analytical thinking lies in
avoiding stereotypical reasoning and automatic responses.

The process of analytical thinking can be divided into several stages, beginning
with defining the objective of the analysis and identifying key issues, followed by
determining possible explanations for the problem, gathering information from
various sources and analyzing it, and ultimately selecting the most effective solu-
tion, as summarized in Table 14.1.

"Department of Safety Engineering, Faculty of Technical Sciences, University of Warmia and Mazury in
Olsztyn, Poland
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Table 14.1 Stages of analytical thinking

Stage

Description

Methods

Problem identification

Defining the essence of the problem,
its scope, and context.

Root cause analysis, comparative
studies/benchmarks

Formulating hypotheses

Developing preliminary assumptions
and potential solutions based on
available information.

SWI1H Technique (Who, What,
When, Where, Why, How),
brainstorming, Ishikawa diagram
(cause-and-effect analysis)

Data
collection

Gathering information, facts, and
evidence to confirm or refute the
proposed hypotheses.

Research, statistical analysis,
surveys, observations, case studies,
document analysis

Conducting analysis

Detailed examination of collected
data to identify patterns, relation-
ships, and anomalies.

SWOT analysis, trend analysis,
comparative analysis, regression
analysis, data mining algorithms,
mathematical models

Testing
hypotheses

Verifying assumptions by examining
whether the data supports the
hypotheses.

Experiments, modeling, statistical
tests, scenario analysis, computer
simulations, correlation analysis

Drawing conclusions

Final interpretation of analytical
results and their application in
decision-making.

Deductive and inductive reasoning,
reporting findings, data visualization,
developing recommendations

Employers seek employees with analytical skills to examine key company

challenges or successes—this analysis serves as the basis for taking concrete
actions to eliminate factors contributing to problems or to continue those that drive
success. Analytical thinking is crucial for gaining a deeper understanding of and
improving a company’s operations.

Individuals with an analytical mindset prioritize facts and logic over emotions,
favor rationality and structured approaches, and make well-considered decisions
that they systematically oversee. They are independent and non-aggressive, care-
fully weighing all alternatives while remaining steadfast in their pursuit of goals.
Their distinguishing traits include emotional detachment, a business-oriented
approach, and perseverance. Additionally, they demonstrate discipline and allow
others to take the initiative in group settings.

Conversely, individuals with a low level of analytical competence tend to make
impulsive decisions based on emotions, intuition, and a limited scope of information.
As a result, they may overlook critical factors, fail to consider key data, and ulti-
mately arrive at decisions that are unsatisfactory for all stakeholders. Furthermore, the
inability to identify alternative options and assess their advantages and disadvantages
can lead to significantly unfavorable or even detrimental outcomes.

14.1 Characteristics of analytical thinking

Analytical thinking is a method of processing information that relies on evidence,
logical structure, and a systematic approach to problem-solving. It is a conscious
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process that requires precise organization of thought, enabling a thorough under-
standing of situations and the ability to make optimal decisions. Its key character-
istics make it indispensable for solving complex problems. It also plays a vital role
in supporting rational, fact-based decision-making.

One of the most important traits of analytical thinking is its reliance on evi-
dence rather than emotions or intuition. The analytical process involves questioning
assumptions and continuously seeking answers to the question “Why?” This
approach fosters a deeper understanding of a given situation, leading to more
informed decision-making while minimizing biases and cognitive errors. Basing
analysis on facts also requires a critical evaluation of information sources, which
further enhances the reliability of conclusions.

Another essential characteristic of analytical thinking is methodical precision
and attention to detail. The analytical process is not chaotic; it demands a sys-
tematic approach and a logically structured thought process. It involves a meticu-
lous examination of every aspect of a problem, allowing for better comprehension
and identification of the most significant factors influencing the situation. Such an
approach helps eliminate errors resulting from hasty conclusions and enables the
creation of a comprehensive picture of the issue under analysis.

Sequential reasoning and decisiveness are also key aspects of analytical think-
ing. Information analysis follows a structured sequence, preventing disorder and
ensuring a systematic progression toward a solution. This method ensures clarity in
the thought process and reduces the tendency to become distracted by irrelevant
details or alternative scenarios that might introduce unnecessary complications. As a
result, analytical thinking becomes more efficient and goal-oriented.

An inherent feature of this thinking style is breaking problems down into their
constituent parts. Complex issues are rarely solvable through intuition alone, making
it essential to deconstruct them into smaller, more comprehensible components. This
approach facilitates the identification of relationships between various factors and
enables a detailed examination of their influence on the overall situation. Such
structural analysis not only helps pinpoint the root causes of a problem but also
allows for the discovery of effective solutions.

Thus, analytical thinking is a systematic, evidence-based process characterized
by a methodical approach, logical sequencing, and the ability to decompose pro-
blems into smaller elements. These attributes make it highly effective in analyzing
complex situations, making rational decisions, and avoiding errors resulting from
emotional influences or hasty conclusions. It is an indispensable tool in any field
that requires logical and precise reasoning.

14.2 Pitfalls of analytical thinking

Contrary to popular belief, analytical thinking is not an innate ability; its effective
application requires the right approach and awareness of potential errors. One of
the key challenges is the confirmation bias—the tendency to interpret information
in a way that uncritically confirms pre-existing assumptions. To counteract this
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bias, it is advisable to apply the principle of falsification, which involves actively
seeking evidence that could refute a hypothesis, as well as counterfactual analysis,
which considers what would happen if the accepted assumptions were incorrect. A
useful technique in this regard is the Devil’s Advocate approach, where one
deliberately argues against their own assumptions, as well as the inclusion of
alternative hypotheses, enabling a more comprehensive and objective assessment
of the situation.

Another cognitive flaw in analytical thinking is the first-impression syndrome,
which refers to the difficulty of modifying initial beliefs when confronted with new
data. An effective countermeasure is iterative analysis, which involves repeatedly
reviewing data and updating conclusions accordingly. Another useful strategy is the
“blank slate” technique, where analysis is periodically restarted from scratch
without previous assumptions, preventing first impressions from unduly influen-
cing subsequent reasoning. Additionally, critical evaluation of sources and team-
based discussions—where diverse viewpoints are confronted and subjected to
objective scrutiny—can help mitigate this issue.

A common mistake in analytical thinking is premature closure, where conclu-
sions are drawn too quickly without gathering sufficient information. To avoid this, it
is beneficial to adopt a gradual inference approach, where hypotheses are formulated
in stages rather than based on initial intuitions. Another effective strategy is multi-
criteria analysis, which evaluates the problem from multiple perspectives, thereby
reducing the risk of one-sided conclusions. Using standard analytical procedures,
such as decision checklists or Ishikawa diagrams, enhances the precision of analysis.
Additionally, the “5 Why’s” technique, which involves asking “why?” five times to
identify the root cause of a problem, is a valuable tool for deeper investigation.

The limited capacity of working memory poses another significant constraint
in analytical thinking, making it difficult to process multiple alternative explana-
tions simultaneously. To address this limitation, data visualization tools—such as
diagrams, mind maps, and tables—help organize information and identify patterns.
Another effective approach is to divide analysis into stages, enabling a step-by-step
evaluation of hypotheses rather than attempting to process all information at once.
Analytical tools such as Excel, Power BI, R, and Python can further enhance the
efficiency of data analysis. Additionally, the scenario method, which considers
multiple possible future outcomes instead of a single reasoning pathway, provides a
more comprehensive approach to problem-solving.

Analytical thinking can be more reliable and resistant to cognitive biases when
conscious error-avoidance strategies, a systematic approach that considers alter-
native hypotheses, and tools supporting analysis are applied. Team collaboration
and debates also play a crucial role, as confronting different perspectives helps
eliminate individual cognitive errors. Through these rigorous procedures, analytical
thinking becomes more efficient, reliable, and objective.

One of the key aspects of analytical thinking is hypothesis formulation, which
involves developing provisional explanations for a given situation and subse-
quently verifying them through an analysis of available data. There are several
ways to formulate hypotheses—one may rely on situational logic, base the analysis
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on theoretical assumptions, refer to similar past cases, or delve into a detailed data
analysis. After formulating various hypotheses, selecting the most justified one is
necessary. Different approaches can be adopted in this regard. A commonly used
method is selecting the first hypothesis that seems sufficiently convincing and then
adjusting the further analysis process to fit it. While this strategy allows for quickly
reaching conclusions, it may lead to ignoring information that could challenge the
adopted assumption, as well as overlooking alternative explanations. Another
approach is creating a hypothesis that combines several similar concepts, allowing
for a broader context. Sometimes, hypothesis selection is guided by sociotechnical
considerations, consisting of finding a solution that gains acceptance from all
participants in the analysis. Another possible strategy is basing the hypothesis on
experience and analogy to previous cases, assuming that solutions that have worked
in the past may also be effective in a new situation.

Different ways of handling information are also essential in analytical think-
ing. Three primary approaches can be distinguished: the data-driven approach, the
theory-based approach, and the mosaic theory.

The data-driven approach involves applying a specific explanatory model,
which is then used to analyze the available information. Its advantage lies in its
clarity and predictability since the necessary conditions for decision-making are
clearly defined. However, problems arise when there is too little available data,
which limits the effectiveness of this method and restricts the areas in which it can
be applied.

In the theory-based approach, when sufficient information is lacking, the
analyst uses a selected theoretical concept to interpret the problem. This solution
provides significant flexibility and allows for the analysis of even highly unusual
situations. However, it carries the risk of subjectivity, as different analysts, relying
on different premises, may arrive at completely different conclusions.

The mosaic theory assumes that analytical thinking resembles the process of
reconstructing an image based on its fragments. In principle, individual pieces of
information contribute to a larger whole that the analyst should be able to recreate.
Although this concept appears attractive, in practice, cognitive psychology shows
that different people, even when given the same data, may arrive at different
conclusions.

To make analytical thinking as effective as possible, it is necessary to apply
tools and procedures that reduce the risk of errors and help maintain the objectivity
of analysis. A key element of this process is the continuous verification of
assumptions. Many analytical errors do not result from inaccuracies in the data
itself but from its misinterpretation. Therefore, at every stage of the analytical
process, it is crucial to reflect on both the applied methods and the conclusions
drawn from them, which helps avoid one-sided thinking and remain open to
alternative solutions.

A common cognitive error is the mirror syndrome—the tendency to attribute
one’s way of thinking and evaluating reality to others. As a result, an analyst may
fail to recognize significant differences in approaches to certain issues, leading to
incorrect predictions and conclusions. To avoid this, it is advisable to consider
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alternative explanations for a given situation and take different perspectives into
account.

One of the greatest challenges in analysis is recognizing the moment when a
complete change of approach is necessary. New information can entirely under-
mine previous conclusions, which is why flexibility and a willingness to reconsider
the problem are extremely important. Equally crucial is creative thinking, which
helps uncover unconventional solutions and detect hidden relationships that might
be overlooked in standard analysis.

14.3 Theories of the analytical thinking process

Formal methods supporting analytical thinking play a crucial role in information
processing, knowledge modeling, and decision-making. One of the fundamental
approaches is ontological theory, which utilizes logical structures to organize and
model knowledge. This allows for hierarchical and interconnected information
structuring, facilitating the analysis of relationships between different elements and
enabling more effective reasoning. This method is commonly used in artificial
intelligence, databases, and knowledge management systems.

Another significant method is contextual logic, which incorporates context into
analytical processes. Traditional data analysis approaches often overlook the
environment in which information is interpreted. Contextual logic enables a more
precise understanding of problems by considering the variable conditions under
which relationships occur. This is particularly useful in natural language proces-
sing, expert systems, and business analytics, where context plays a key role in
decision-making.

The third important approach supporting analytical thinking is statistical
semantics, which focuses on the numerical analysis of message content. It employs
statistical methods to examine content, identify patterns, and assess the significance
of conveyed information. It is widely used in natural language processing, big data
analysis, and machine learning, where large volumes of data require a quantitative
approach to interpretation.

These methods serve as invaluable tools supporting analytical thinking across
various fields of science, technology, and business. Their application enables more
precise, logical, and effective information analysis, leading to better decision-
making and a deeper understanding of complex problems.

Formal methods applied in analytical thinking are primarily based on the
principles of formal logic, mathematics, and, to a lesser extent, linguistics.
Computer science has also significantly influenced their development, playing a
crucial role in shaping these approaches. The application of computational tech-
nologies is one of the most important aspects of formal theories, as it allows for
the rapid and precise processing of vast datasets—a task that would be extremely
difficult to accomplish even with large teams of analysts. Some methods, such as
the ontological approach, emerged directly from advancements in programming
and artificial intelligence research.
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The development of a formal approach to analytical thinking arose from the
need to efficiently integrate data from various sources and techniques. Another key
objective was to create an analytical tool that provides a clear insight into the
analysis process and ensures a consistent understanding of results across different
individuals.

14.3.1 Ontological theory

The ontological theory does not merely aim to describe the practice of analytical
thinking but strives to establish a new, more precise analytical approach. Its pur-
pose is to ensure a uniform understanding of analytical results for both the author
and recipients, eliminating potential interpretational ambiguities.

In this context, the term ontology differs from its classical philosophical
meaning. The primary function of ontology is to model a specific domain of
knowledge or the structure of discourse language. Its key components typically
include classes, which define categories of objects; attributes, which describe their
characteristics; and relationships, which specify the connections between elements
within a given class. Each of these components has a precise definition that
determines its meaning and establishes constraints to ensure logical consistency in
its application [2].

Ontology provides an agreed-upon set of concepts that can be used to model
a given domain, encompassing object types, their properties, and inter-
dependencies. In this sense, ontology serves as a tool—a structured language—
supporting the development of information systems, databases, and software.
Due to its abstract nature, ontology can be applied in various contexts without
direct association with specific implementations, enabling flexible knowledge
modeling and structuring.

The development of ontologies plays a crucial role in enhancing analytical
thinking, as they support the systematic organization of knowledge, problem ana-
lysis, and informed decision-making. By leveraging ontologies, it becomes possible
to navigate the stages of the analytical process more precisely and efficiently,
significantly improving the quality of results obtained.

One of the most important aspects of supporting analytical thinking is problem
identification, meaning a precise diagnosis of the issue. An analytical approach
requires the ability to grasp the core of the problem and its context, allowing a
focus on actual challenges rather than superficial symptoms. Ontologies facilitate
logical and structured organization of information, making it easier to identify gaps
in knowledge and areas requiring further analysis. In practice, this leads to greater
accuracy in problem definition, resulting in more effective solutions.

Another essential element of analytical thinking is identifying the causes of
problems through cause-and-effect analysis. Ontologies aid in tracking relation-
ships and influences between various factors, enabling an accurate determination of
root causes. The application of causal analysis methods, such as Ishikawa diagrams
or root cause analysis, helps in identifying the mechanisms behind problems and
formulating effective countermeasures.
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An inseparable component of analytical thinking is also the presentation
of alternative solutions, which allows for exploring different possible courses of
action. By systematically structuring knowledge, ontologies support the design of
alternative scenarios, the evaluation of their consequences, and the selection of the
most optimal solution. In decision-making environments, where anticipating the
effects of various actions is essential, such an approach reduces the risk of erro-
neous assumptions and enhances decision-making efficiency.

Another crucial factor supporting analytical thinking is consensus building and
teamwork. Effective analysis often requires collaboration among individuals with
diverse expertise and specializations. Ontologies provide standardized terminology
and a unified knowledge model, minimizing the risk of misinterpretation and
improving communication within analytical teams. As a result, team members can
exchange information more efficiently, work with shared datasets, and reach more
accurate conclusions.

One of the most significant advantages of applying ontologies in analytical
thinking is knowledge sharing and reuse. Analytical thinking relies on past
experiences, learning from previous analyses, and applying proven methodologies.
Ontologies enable systematic knowledge storage and organization, ensuring that it
can be accessed and applied in new contexts. This prevents analysts from repeating
the same mistakes, accelerates pattern recognition, and allows for the imple-
mentation of best practices in future projects.

The aforementioned benefits of ontology stem primarily from replacing natural
language with a structured artificial language and unifying terminology. In prac-
tice, this enhances information management and improves data analysis processes.

Ontologies serve as a powerful tool supporting analytical thinking by facil-
itating problem diagnosis, cause analysis, exploration of alternative solutions, team
collaboration, and knowledge management. Their implementation significantly
enhances the precision of analyses, improves decision quality, and enables efficient
utilization of informational resources.

In today’s dynamic world, where the volume of available data is rapidly
increasing, the ability to systematically organize and utilize knowledge is becoming
crucial for effective analysis and decision-making.

14.3.2 Contextual logic

Analytical thinking is a process that involves systematically analyzing problems,
gathering data, and drawing logical conclusions. However, no data or facts exist in
isolation—their interpretation is closely linked to the context in which they appear.
This is why contextual logic plays a crucial role in effective analytical thinking,
enabling the consideration of various conditions and the dynamic nature of situa-
tions in the decision-making process [3].

Contextual logic assumes that the meaning of information and the validity of
conclusions depend on the context in which they are analyzed. Unlike classical
formal logic, which operates based on fixed, immutable rules, contextual logic
allows for the variability of conditions and their influence on the thinking process.
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In analytical thinking, this means that conclusions should be drawn not only based
on hard data but also by taking into account variable factors such as social, eco-
nomic, cultural, or technological circumstances.

A practical example of the application of contextual logic in analytical think-
ing is market trend analysis. Sales data for a given product may indicate a decline in
interest, but without considering the context—such as changes in consumer pre-
ferences, economic conditions, or competitor actions—it would be impossible to
draw accurate conclusions. Only by analyzing the broader background can one
understand whether the decline in sales results from a temporary crisis, a flawed
marketing strategy, or the emergence of innovative solutions in the market.

Contextual logic is also useful in solving organizational problems. Suppose
there is a drop in productivity within a company’s department. An analytical
approach allows for examining data related to employee performance, but only by
considering the context—such as changes in company policies, team conflicts, or
excessive workload—can the true cause of the issue be understood. Without fac-
toring in these additional elements, decisions may be superficial and ineffective.

Contextual logic is crucial in data interpretation and presentation. Analytical
thinking often involves statistics and mathematical models, but numbers alone do
not provide a complete picture of a situation. The same indicator may have dif-
ferent meanings under different circumstances. For example, if the unemployment
rate increases by 2%, it might be interpreted as a negative economic signal.
However, in the context of increasing automation and labor market restructuring,
this could be a natural consequence of long-term technological shifts.

In practice, contextual logic also helps avoid cognitive biases. In data analysis,
considering different perspectives of stakeholders is key to avoiding mis-
interpretation of their intentions and decisions.

Today’s world is characterized by high dynamics of change and a large
number of variables affecting decision-making processes. Contextual logic
allows for a more flexible approach to analysis and the adaptation of strategies to
evolving conditions. In business, politics, or organizational decision-making,
this means continuously updating assumptions and adjusting strategies to new
circumstances.

For example, in crisis management, it is crucial not only to analyze available
data but also to dynamically respond to new information, forecast possible sce-
narios, and adjust action plans to changing conditions. In this context, contextual
logic becomes an essential tool for effective risk management and adaptation to
unpredictable situations.

Thus, contextual logic is an inseparable element of effective analytical think-
ing. It enables the consideration of changing conditions, better interpretation of
data, and avoidance of incorrect assumptions resulting from a lack of broader
perspective. Thanks to contextual logic, it is possible to formulate more accurate
conclusions, make more effective decisions, and avoid pitfalls stemming from
superficial analysis. In a rapidly changing world, the ability to incorporate context
into problem analysis and decision-making becomes an indispensable tool for
anyone seeking to function effectively in a complex informational environment.
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14.3.3  Statistical semantics

Analytical thinking is based on the systematic analysis of data and the ability to
draw accurate conclusions from available information. In an era of massive data
volumes and rapidly evolving technologies, language analysis and meaning inter-
pretation have become key aspects of this process. Statistical semantics is a method
that supports analytical thinking through a quantitative approach to content analy-
sis, enabling the discovery of hidden patterns and relationships in language.

The foundation of statistical semantics lies in identifying patterns in the occur-
rence of specific concepts and analyzing their meaning within the overall content [4].
Once this analysis is conducted, it is verified by another analyst or an entire analy-
tical team using the same methodological framework. This process enhances objec-
tivity and reduces potential errors arising from individual interpretations.

To fully understand the essence of statistical semantics, it is important to
consider two key aspects of its application:

1. Statistical content analysis is used to draw conclusions about non-verbal
aspects of communication. The text itself is not the primary focus of study but
serves as an intermediary carrier of information, allowing for an understanding
of social, psychological, or cultural contexts.

2. The frequency of words alone is insufficient for accurate conclusions. It is
crucial to combine at least two streams of information: verbal and non-verbal.
This means that the analyzed text must be examined not only in relation to the
words it contains but also in the situational context, communicative intent,
tone, and purpose of the message. Only such a multifaceted analysis allows for
a comprehensive understanding of content and its meaning.

In the context of analytical thinking, statistical semantics plays a crucial role in
objectifying text data interpretation. Traditional language analysis methods can be
subjective and prone to cognitive biases, whereas a statistical approach enables
precise measurement and structured comparison of content.

Statistical semantics is a powerful tool that supports analytical thinking by
enabling objective, quantitative research on communication content and the dis-
covery of hidden patterns in textual data. By analyzing the frequency of specific
concepts and their relationships, it becomes possible to gain deeper insights into
social, political, and psychological contexts of statements.

Modern analyses require consideration of both verbal and non-verbal aspects,
which is why the effective application of statistical semantics demands a multi-
dimensional approach and the integration of various data sources. As a result, this
method facilitates more accurate reasoning, reduces cognitive biases, and enhances
data-driven decision-making.

14.4 Developing analytical thinking skills

Analytical thinking is a skill that can be systematically developed through con-
scious actions and daily practice. It requires not only knowledge of analytical tools
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but also openness to new information, a critical approach to data, and a willingness
to explore alternative solutions. There are many ways to enhance this competency,
and applying them regularly leads to more effective problem-solving and better
decision-making.

One of the most effective ways to develop analytical thinking is engaging in
intellectual challenges regularly. Exercises such as puzzles, Sudoku, logic games,
or chess stimulate the mind by requiring analysis, pattern recognition, and antici-
pating the consequences of decisions. Additionally, engaging in case study analysis
helps examine real-world problems and find optimal solutions.

Problem-solving can be practiced both individually and in groups. Teamwork
allows for diverse perspectives, enriching the analytical process and fostering skills
in argumentation and communication. Discussions and exchanging viewpoints
often lead to the discovery of new aspects of a problem that might be overlooked in
an individual analysis.

Analyzing real-life situations, whether from daily life or professional settings,
helps translate theory into practical skills. It is crucial to draw lessons from each
situation, whether a success or failure. After making a decision, it is useful to
reflect: What worked well? What could have been done differently? Reviewing
personal experiences allows for refining thinking processes and recognizing pat-
terns that can be helpful in the future.

Developing analytical thinking also requires regular reflection on one’s
decision-making process. Allocating time for reviewing conclusions, analyzing
mistakes, and seeking improvement opportunities are essential.

One effective method is keeping a journal to record thoughts, analyses, and
insights from past decisions. This helps track personal progress and identify
thinking patterns that may need adjustment. Regular self-evaluation enhances
cognitive processes and prevents the repetition of past mistakes.

A good practice is also asking reflective questions, such as:

What information did I consider in my analysis?
Were my assumptions valid?

Did I take alternative perspectives into account?
What other possible solutions existed?

Knowledge is the foundation of effective analytical thinking. Reading books,
scientific articles, and market analyses strengthens data interpretation and ana-
lytical skills. Particularly valuable are materials on logic, research methods,
critical thinking, and data analysis, as they provide essential tools for daily
analytical work.

Additionally, participating in courses and training helps acquire practical
skills and learn new analytical techniques. Online courses and in-person work-
shops often provide hands-on experience working with real-world data and case
studies.

Exploring different perspectives and approaches to problems is also essential.
Reading materials that present various viewpoints helps avoid one-dimensional
thinking traps and broadens analytical horizons.
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Improving analytical thinking requires deliberate engagement and practice.
Training the mind through solving logic puzzles, analyzing case studies, learning
from experiences, and reflecting on decisions gradually strengthen this skill.

Likewise, it is important to continually seek out information, participate in
training, and explore different perspectives. These activities not only enhance
analytical skills but also contribute to more effective and informed decision-
making in both professional and everyday life. Analytical thinking is a lifelong
competency that can and should be nurtured continuously to improve problem-
solving abilities and make better, data-driven decisions.

14.5 Conclusions

Analytical thinking is a fundamental cognitive process that enables the systematic
analysis of information, the decomposition of complex problems, and the for-
mulation of logical conclusions. This chapter explores its importance in scientific,
professional, and decision-making contexts and distinguishes it from other cogni-
tive processes.

A key feature of analytical thinking is its structured nature, with an emphasis
on logical reasoning, objective evaluation of data, and deductive and inductive
analysis. Essential characteristics such as reliance on empirical evidence, metho-
dological precision, sequential reasoning, and problem decomposition enhance its
role in decision-making and problem-solving.

The limitations of analytical thinking, including cognitive biases and pre-
mature conclusions, are outlined in this chapter, along with strategies for mitigating
them, such as iterative analysis, hypothesis falsification, and the use of analytical
tools, including data visualization and statistical modeling.

In addition, formal approaches—ontological theory, contextual logic, and
statistical semantics—support structured knowledge organization, efficient rela-
tionship modeling, and improved decision accuracy.

Developing analytical skills requires ongoing intellectual engagement, case
study analysis, and critical reflection. Effective enhancement involves applying
cognitive tools, critically evaluating information and considering multiple
perspectives.

In an increasingly complex world, analytical thinking remains essential for
making rational decisions, optimizing cognitive processes and solving problems in
scientific, technological, and organizational domains.
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Chapter 15
Creative thinking

Manuel J. Ferndndez Iglesias’

In an ever-evolving world, the ability to think outside the box and find creative
solutions is increasingly valued, both at work and at home. Whether solving job-
related problems, seeking new perspectives in our personal relationships, or
exploring opportunities for personal or professional growth, creative thinking has
become an essential skill.

In this chapter, we explore the fundamentals of creative thinking and propose
practical tools and effective strategies to stimulate creativity. We will begin by
laying the groundwork for creative thinking, exploring concepts such as the fluidity
of ideas, mental flexibility, and the ability to see things from different perspectives.
As we progress, we will discuss specific techniques to expand our ability to gen-
erate original ideas, overcome obstacles, and challenge pre-established biases and
assumptions. Our goal is to pave the way toward a creative mindset that will allows
us to improve our ability to solve problems, promote collaboration, lead with
creativity, and maximize our creative potential.

15.1 Myths and facts of creative thinking

Exploring preconceived ideas and misconceptions about creativity is critical to
overcoming biases and fostering a broader and more accurate understanding of this
ability. Many people believe that creativity is an innate gift or is limited to certain
areas, which in turn limits their creative potential. By challenging myths such as
these, self-imposed barriers can be broken down, enabling individuals to develop
and apply their creativity across different aspects of their lives and professions.
Understanding that creativity is not exclusive to certain people or disciplines fosters
confidence in our own creative ability. This encourages a willingness to approach
problems from multiple perspectives, empowering innovative solutions.
Demystifying the belief that creativity is chaotic or unpredictable helps us recog-
nize and use structured methodologies that foster innovation, some of which will be
explored in this manual. Understanding that creativity is a developable skill, rather
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than an innate talent, facilitates the application of specific and practical techniques
to enhance creative thinking.

15.1.1 Creativity is innate and cannot be learned

Contrary to the belief that creativity is innate and cannot be learned, creativity is an
ability that can be developed and improved. Creativity involves various skills, such
as divergent thinking, problem reformulation and ideation, which are techniques
that can be learned and trained.

In fact, history offers numerous examples demonstrating that creativity can be
cultivated. Thomas Edison, the inventor of the electric light bulb and other devices
like the phonograph, worked tirelessly to develop and refine his inventions
throughout his life. Leonardo da Vinci, recognized as one of the most creative
geniuses in history, was an artist, inventor, scientist, and visionary. The evolution
of his creative abilities is reflected in the evolution of his artistic production, in his
studies of anatomy, or in his machine designs. Maria Sklodowska-Curie, the first
woman to receive a Nobel Prize in two different scientific fields (Physics and
Chemistry) for her pioneering research on radioactivity, developed creativity
through her innovative thinking and applications. Her creativity was reflected not
only in her fundamental discoveries but also in her ability to see beyond the state of
the art and to explore the possibilities of radioactivity in various scientific and
medical domains.

15.1.2 Creativity is just for artists and design professionals

Contrary to the myth that creativity is exclusive to artists and designers, reality
shows us that it is applicable in virtually any field and is fundamental for innova-
tion across discipline. In the case of engineering, we have examples such as 3D
printing technology, which revolutionized product design and manufacturing. The
ability to create three-dimensional objects by layering material has enabled sig-
nificant advancements in customized manufacturing, medicine (like printing pros-
theses), and the aerospace industry. Engineering innovation has also driven
progress in renewable energy technologies, including solar, wind, and tidal power.
Creative design improvements in more efficient solar panels and more powerful
wind turbines have expanded the capacity and viability of these energy sources.
Similarly, creativity in the field of biomedical engineering has led to the develop-
ment of advanced prosthetics, sophisticated medical diagnostic equipment like
MRI scanners, and precision medical therapies that were unimaginable just a few
decades ago.

In the case of economics and finance, creativity in applying technology has
transformed how business transactions are conducted. The creation of e-commerce
platforms, such as Amazon, eBay, and Alibaba, revolutionized the way in which we
buy and sell goods and services, generating new business models and global mar-
kets. Creativity in the financial sector has also led to innovations like decentralized
storage technologies based on blockchain and cryptocurrencies such as Bitcoin and
Ethereum. These technologies are now being applied in many other areas and are
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transforming financial systems by enabling secure, decentralized transactions,
introducing new forms of investment and financing.

15.1.3 Creativity is unpredictable and cannot be
systematized

Creativity can be systematized and structured. In fact, there is evidence of several
techniques and methodologies that foster creativity and innovation, some of which
will be discussed in this chapter.

Structured processes and methodologies are key to fostering creativity in
engineering, and many examples illustrate this. For instance, the Panama Canal
expansion project aimed to accommodate larger ships and increase efficiency.
Engineering professionals adopted a systematic approach to innovation, integrating
advanced technologies such as modern lock systems, hydraulic gates, and compu-
terized control systems. This approach enabled them to develop a constructive
solution that expanded the canal without disrupting its normal operation. High-
speed rail systems, such as the Japanese Shinkansen, the French TGV, and the
Spanish AVE, are another example of systematic engineering creativity. Engineers
combined aerodynamic designs, advanced propulsion systems, and track technol-
ogies to develop high-speed trains. Using innovative solutions, such as new electric
traction motors and optimized aerodynamic designs, increased the speed and effi-
ciency of transportation. Similarly, the design and construction of the Burj Khalifa
building in Dubai required meticulous planning and systematic construction
approaches. Engineers used innovative materials, advanced structural systems, and
wind-resistant designs to overcome challenges such as horizontal loads at extreme
heights. These challenges, exacerbated by sandstorms in desert areas, demanded a
combination of creative problem-solving and systematic planning to achieve a
structure unique in its field.

15.2 Toward creative thinking: convergent and
divergent thinking

The creative process is a dance between two complementary ways of thinking, both
essential for innovation and idea generation: convergent thinking and divergent
thinking.

Convergent thinking focuses on finding a single, optimal solution to a problem.
It requires us to analyze diverse ideas in depth, and challenges us to select, refine,
and integrate concepts. This process transforms a diversity of ideas into a tangible
solution, moving from the abstract to the practical using logic, experience, critical
evaluation, and informed decision-making.

Convergent thinking is applied, for example, in situations where there is a right
or wrong answer such as exams or scientific problem-solving. It is an important
skill for success in studies, work, and in everyday life. Convergent thinking helps
us solve problems, make decisions, and learn from mistakes by allowing us to
weigh the pros and cons of the different options to eventually choose the best one.
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This skill can be trained and improved with practice such as by solving puzzles,
playing logic games, or engaging in activities that require problem-solving.

Divergent thinking, however, invites us to explore multiple paths, expand
limits, and seek new possibilities. It encourages us to challenge existing rules,
observe from unusual angles, and embrace uncertainty as a creative ally. Diverge
thinking focuses on generating multiple solutions to a problem, relying on crea-
tivity, imagination, and the ability to think outside the box.

It is often used in situations where there is no right or wrong answer such as
brainstorming or problem-solving. This type of thinking requires the ability to
improvise, generate ideas quickly and fluidly, see the world in different ways, and
think creatively to generate new solutions.

Like convergent thinking, divergent thinking is also useful in studies, profes-
sional activity, and in everyday life, as it can help us to be more creative, innova-
tive, and effectively in problem-solving. For example, we use divergent thinking to
paint a picture, write a story, design a new product, or innovate in various ways.
Like convergent thinking, divergent thinking can be improved with practice by
engaging in creativity-related activities such as free writing, seeking analogies or
metaphors, role-playing or dramatization, or solving puzzles or riddles.

Between these two types of thinking emerges critical thinking. Like con-
vergent thinking, critical thinking involves a deep and systematic analysis to solve
problems or evaluate situations. Both convergent and critical thinking require
evaluating information, data, or arguments to reach a conclusion, and both are
based on logical reasoning and rationality to reach a solution or develop a plan.
While both are essential in decision-making and problem-solving, they differ in
focus and primary objective.

Convergent thinking focuses on finding a single optimal solution or conclu-
sion, while critical thinking is more directed toward in-depth analysis and the
objective evaluation of arguments, information, or situations. In other words, con-
vergent thinking tends to be more structured and focused on finding specific
answers, while critical thinking is more open to exploring diverse perspectives and
considering multiple solutions. Critical thinking centers on evaluating and analyz-
ing existing information, while convergent thinking seeks to bring together infor-
mation and data to arrive at a defined solution.

Creative thinking is a metacognitive process that generates new or useful
associations to develop solutions, models, patterns, or products previously uncon-
sidered. From this perspective, it is common to find in the literature that creative
thinking is presented as synonymous with divergent thinking [1,2]. In any case,
creative thinking should be supported by convergent thinking to increase the ability
to refine creative ideas and refine solutions through motivated decision-making and
problem-solving, as appropriate [3].

In short, we can say that these two thinking approaches provide the founda-
tions for the creative process. Divergent thinking nurtures imagination, expands
horizons, and unleashes originality, while convergent thinking shapes, structures,
and brings ideas to life.
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15.3 The four stages of creative thinking

We can define creative thinking as a way of thinking that involves the generation of
original, novel, and valuable ideas, characterized by the ability to find innovative
solutions to problems, develop new perspectives, connect seemingly unrelated
concepts, and produce exceptional results. Creative thinking thus involves thinking
unconventionally, challenging established assumptions, and exploring new
approaches based on mental flexibility, fluency of ideas, and openness to new
possibilities. Moreover, creative thinking is not limited to a specific area but can be
applied both personally and professionally, in many different fields such as the arts,
science, technology, or business.

Creative thinking is original in the sense that it allows us to generate novel and
unique ideas that have not been previously explored. It also allows us to adapt and
change our perspective, exploring different approaches and possible solutions using
skills such as the ability to generate a large number of ideas in a short period of
time, without worrying about their initial quality or feasibility; the ability to con-
nect seemingly unrelated concepts or ideas to create new associations; the ability to
generate multiple solutions or answers to a problem instead of settling for a single
solution; and the ability to evaluate and analyze the ideas generated, selecting the
most promising ones and refining them.

In 1926, British psychologist and sociologist Graham Wallas postulated that
creative thinking could be organized into four stages. In his book, Wallas named
the stages of creative thinking as preparation, incubation, illumination, and ver-
ification [4] (cf. Figure 15.1), thus establishing a conceptual structure for under-
standing how creativity develops and evolves in people. Since then, these stages
have been widely analyzed and studied.

The preparation stage lays the groundwork for creative thinking and involves
information gathering, research, and immersion in the topic or problem at hand. In
this phase, an open mind is required, along with curiosity and a willingness to
explore different perspectives and sources of inspiration. Preparation also involves
identifying existing challenges or roadblocks and establishing an environment
conducive to fostering creativity.

During the incubation stage, the creative thinker consciously steps back from the
problem or challenge being addressed. They allow the information and ideas gath-
ered in the preparation stage to combine and connect. Incubation involves a period of
reflection, rest, and detachment from the problem, with the goal of allowing diver-
gent thinking and unexpected associations to emerge naturally. It is common for
creative solutions to appear suddenly, when least expected, during this stage.

Figure 15.1 The four stages of creative thinking (pictures by Austin Distel, Jeffrey
Erhunse, Tool Inc. and Warren in Unsplash)



232 Soft skills for engineering

[llumination is the stage where the famous “eureka” moment or sudden crea-
tive idea occurs, as the subconscious connections and associations generated during
the incubation stage emerge into consciousness clearly and suddenly. They may
present themselves as a flash of inspiration, a seemingly obvious solution, or a new
perspective that was previously overlooked. Enlightenment may result from com-
bining seemingly disparate ideas or reevaluating previous assumptions.

The verification stage consists of developing and evaluating the creative idea
that emerged in the illumination stage by critically analyzing it and assessing its
feasibility. Tests, additional research, or prototypes may be conducted to verify the
validity and applicability of the creative solution. Verification also involves over-
coming possible obstacles, adjusting and improving the initial idea, and finally
putting it into practice in the relevant context.

Note that these stages do not always occur in a linear and sequential manner, as
creative thinking is a fluid and flexible process where the stages may overlap or
repeat at different times. However, understanding these stages can help structure
and enhance the overall creative process.

15.3.1 Preparation

The preparation phase in creative thinking can be seen as the initial stage of the
creative process, where the foundations are laid to generate innovative ideas and
solutions. During this phase, information is gathered, research is conducted, the
problem or challenge to be addressed is reflected upon, and an environment con-
ducive to fostering creativity is created. The preparation phase is key because it
provides the knowledge and resources needed to tackle the creative challenge in an
informed and effective manner. During this phase, we gain a thorough under-
standing of the problem, identify objectives, and define limits and constraints.

Research is the fundamental element at this stage. To do research, we may use
the usual resources, such as books, articles, studies, interviews, and online sources,
to obtain information on the issue or problem addressed. Gathering different per-
spectives, background information, and knowledge will provide us with a solid
basis for generating creative ideas. In this sense, we may also explore fields that are
not directly related to our problem or challenge. Combining ideas from different
fields can lead to new connections and creative approaches.

We may also use analogies and metaphors to explore the problem from dif-
ferent angles, looking for similarities among seemingly unrelated situations or
concepts. Analogies and metaphors can open new avenues of thought and trigger
creative ideas. However, exposing ourselves to visual and sensory stimuli may also
help foster creativity. We can do this by enjoying works of art, listening to music,
interacting with nature, or visiting inspiring places. Like analogies and metaphors,
these stimuli can trigger new ideas and creative approaches.

In addition to the above techniques for stimulating idea generation and
exploring different perspectives, a variety of tools can be used during the pre-
paration stage in creative thinking. For example, empathic interviewing [5] is a
type of interaction in which the interviewer actively engages in understanding and
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emotionally connecting with the interviewee’s experience and perspective. It is
about putting oneself in the other person’s shoes, showing empathy and generating
an atmosphere of trust and openness so that our interlocutor feels heard and
understood. During an empathic interview, the interviewer seeks to understand not
only the words and content of what the other person is expressing but also the
underlying emotions, needs, and experiences. Attention is paid to nonverbal cues,
open-ended questions are asked to invite the person to share more details, and
judgment and interruptions are avoided.

Initially proposed by Tony Buzan [6], mind or concept maps are diagrams
widely used in both education and business to represent ideas or concepts related to
each other through a keyword or central idea. They are built around a key idea
represented by a word, phrase, or short text. This idea is placed in the center of a
sheet of paper or a board. Taking this central idea as a reference, we add other
related ideas around it, clockwise, and connected them to the central idea with lines
(cf. Figure 15.2). The purpose of a mind map is to stimulate creativity and facilitate
the generation and development of ideas. They are used to capture and organize
concepts, keywords, images, and other visual elements in a non-linear way. The
structure of the mind map is very flexible and allows for free and fluid exploration
of information.

A mood board is a visual tool that allows the association of images, colors,
textures, typographies, and other visual elements related to a specific project or
concept. They are created by gathering images, clippings, color swatches, text, and
any other inspirational visual elements related to the creative project. These ele-
ments can be obtained from magazines and other printed material, websites, videos,
social media, and many other sources of visual inspiration (cf. Figure 15.3). The

Figure 15.2 Mind map for a new drink
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Figure 15.3 A mood board for T-shirt design (photo: June Lui at Unsplash)

collected elements are reviewed, and those that best represent the mood, style,
aesthetics, and message to be conveyed are selected and organized into categories
or groups according to their subject matter and characteristics. Like mind maps,
their use was popularized by psychologist and writer Tony Buzan [7]. Although he
is not exclusively credited with the creation of this technique, Buzan was a leading
figure in the dissemination and promotion of inspiration boards as an effective tool
in the creative process.

Brainstorming is an idea generation technique that encourages creativity and
free, unrestricted thinking. It is conducted in a collaborative environment,
where participants propose ideas spontancously and without judgment, with the
goal of generating as many ideas as possible, even those that may initially seem
unconventional or impractical. It is commonly attributed to Alex Osborn, an
American publicist and writer, and co-founder of the advertising agency Batten,
Barton, Durstine & Osborn (BBDO). Osborn formally introduced the brain-
storming technique as a structured approach to generating ideas creatively and
collaboratively [8].

Affinity diagrams, also known as KJ diagrams or KJ-method diagrams, help
visualize and group related concepts or ideas, allowing for the identification of
patterns, connections, and common themes. They were proposed by Jiro Kawakita,
a Japanese engineer and consultant, in the 1960s. Kawakita developed this tech-
nique as part of the KJ method, used for the organization and grouping of ideas in a
collaborative context [9]. To construct an affinity diagram, we start with the result
of a brainstorming session and write down each idea on a separate card or sticky
note. Next, we review all the ideas generated looking for similarities or connections
between them, grouping those that have affinity or that are related in terms of
theme, characteristics, or common concepts. Finally, cards or sticky notes with
related ideas are grouped together (cf. Figure 15.4).
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Figure 15.4 Example of an affinity map for a new information and booking system
at a mall

15.3.2 Incubation

Once the preparation phase has been completed, the creative thinker enters in a
process of incubation, which takes place mainly subconsciously. During this phase,
we try to divert our attention away from the problem or challenge that we are
addressing, allowing the subconscious mind to process the information gathered
during the previous stage. In other words, during incubation, the creative thinker
takes a mental break and actively detaches from the problem.

The reason for this conscious detachment is that it allows us to spend time in
other activities, temporarily removing us from the creative challenge. The goal is to
give the subconscious mind the space to work independently, making unexpected
connections between different ideas and concepts. During this incubation period,
the brain continues processing information in the background, even though we are
not consciously focused on it. Often, associations, connections, or creative ideas
occur spontaneously and suddenly, without conscious effort.

The incubation phase can be especially helpful when we face mental blocks,
prejudices, or other difficulties to finding creative solutions. By detaching our-
selves from the problem, we allow the mind to relax and open to new perspectives
and approaches. Incubation also encourages the release of restrictive thought
patterns, stimulating creativity and allowing divergent thinking to take
center stage.

The incubation phase has no fixed duration, as it can vary widely depending on
the individual and the project. It can last from a few minutes to several days,
depending on the complexity and nature of the creative challenge, as well as the
ability to abstract from the problem and allow the subconscious mind to work. As
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we return to the project in the next stage of enlightenment, new ideas, perspectives,
or unexpected solutions may emerge, leading to breakthroughs in creative thinking.

Given the nature of the incubation phase, no specific tools are used as in the
preparation stage, since the main objective is to relax and create space for ideas to
arise spontaneously. However, there are some strategies that can facilitate the
incubation process. For example, adequate rest and the ability to relax are essential
during this stage, as activities that reduce stress and promote relaxing such as
practicing meditation and other relaxation techniques [10]. This helps to relax the
conscious mind and separate us from convergent thinking, allowing the sub-
conscious mind work more effectively. Additionally, spending time without dis-
tractions, doing nothing in particular, can also be beneficial. This is often effective
during activities such as taking a shower, driving, or simply sitting quietly (cf.
Figure 15.5).

Moving to a different physical environment may also stimulate the mind and
facilitate the incubation process. Taking walks outside the workplace, visiting new
places, or simply changing location exposes us to different places, which can
trigger new associations and facilitate the generation of creative ideas. However,
engaging in creative activities unrelated to our project, such as drawing, painting,
playing a musical instrument, or making crafts, can help free the mind, allowing
ideas to emerge spontaneously.

Although the incubation phase is based on the subconscious process, it is
useful to have available a notebook or device to record ideas that may arise spon-
taneously. This allows us to capture flashes of inspiration during incubation,
without judgment or evaluation at that time, so they can be revisited in the
next stage.

In summary, the incubation stage is a time of rest and relaxation where the
objective is not to actively search for answers or solutions. The key is to enjoy this

Figure 15.5 During incubation, devote your time to activities that allow you to
disconnect from your project (photo: Etienne Girardet in Unsplash)
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time, and trust that creative ideas will emerge naturally, and be ready to engage in
conscious thinking when transitioning to the next phase.

15.3.3  Illumination

This stage, often referred to as the “moment of revelations” or “eureka moment”,
occurs when a sudden revelation or insight emerges during the creative process.
During the illumination phase, a sudden leap of understanding happens, offering a
new perspective or solution to the problem or challenge. Unlike other stages, illu-
mination cannot be forced or scheduled; it marks the end of the incubation stage,
signaling that the creative process has reached a breakthrough.

In this phase, the subconscious connections and associations that were being
built during the previous stages of preparation and incubation suddenly come to the
surface, becoming conscious. At this moment, the result is often a revelation, a
profound insight, an innovative solution, or original approach to addressing the
creative challenge. The “eureka” moment is typically experienced as a sense of
clarity, excitement, or surprise, and it may occur at any time, even when you are not
actively focusing on the problem.

This stage can lead to highly creative and effective ideas and solutions as result
of subconscious processing of information captured during the preparation phase
and the combination of seemingly unrelated concepts during the incubation phase.
In doing so, mental blocks, biases, and conventional assumptions are overcome,
allowing for the emergence of fresh and surprising ideas and innovation.

Once the illumination moment occurs, it is crucial to capture these ideas
immediately, as they often fade quickly from memory. The next step in the creative
process is the verification stage, where the feasibility and effectiveness of the
illuminating ideas will be evaluated and developed for practical application.

There are no specific tools that can be systematically applied during the illu-
mination phase, as this moment is characterized by the sudden emergence of
creative ideas and the unexpected connection between concepts. However, certain
techniques can help encourage and enhance these moments of revelation. For
example, as in the incubation phase, it is important to have a means to capture
creative ideas as they arise. Keeping the same notebook, note-taking application,
voice recorder, or any other medium used during incubation phase, we can ensure
that they are not lost or forgotten before the next phase of development.

We can also use techniques such as brainstorming, perspective shifting, or
creative evaluation techniques. Although brainstorming is usually associated
more with idea generation in the preparation stage, it can also be useful during
the illumination phase. We can brainstorm to develop inspirational ideas and
write down all ideas that come up to mind, no matter how far-fetched they may
seem. Similarly, adopting different perspectives or points of view can help to
unblock thinking and generate creative ideas. For example, we can put ourselves
in the shoes of a child, an extraterrestrial being, an expert from a different field,
or a person from the future. By doing so, we allow ourselves to observe the
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problem from previously unexplored points of view. Creative visualization
involves imagining scenarios, situations, or images related to the problem at
hand, visualizing different possible solutions, exploring mental scenes, or using
images or visual metaphors to stimulate generation of ideas during the
illumination phase.

Note that the illumination phase is an internal and subjective process, and not
all tools will work the same for everyone, as each person has their own of thinking
and creative response style. Therefore, it is essential to experiment with different
approaches and find the tools that work best for each individual, understanding that
there are no specific tools for this process.

15.3.4 Verification

In this stage, also known as evaluation or validation, the ideas generated during
the previous stages are analyzed and evaluated to determine their feasibility,
effectiveness, and relevance to the problem or challenge addressed. The main
objective of the verification phase is to ensure that the selected creative ideas are
feasible and have the potential to solve the problem or achieving the established
objectives.

During the verification phase, the generated ideas are evaluated to determine
whether they are directly related to the problem or challenge, and whether they
effectively address the issue or meet the established objectives. Additionally, their
potential impact is assessed in relation to the expected results, analyzing whether
the proposed solutions can generate significant improvements, positive changes, or
competitive advantages. This process ensures that the proposed solutions are rele-
vant and address the essential aspects of the problem.

We also assess whether the ideas can be practically implemented, considering
factors such as the availability of sufficient resources, the maturity of required
technologies, and any logistical constraints that could hinder their realization.
Along these, the potential risks associated with their implementation are considered
by identifying obstacles such as operational risks, financial limitations, or any other
challenges that could affect the successful execution of the creative ideas.

During the verification phase, feedback is gathered from other relevant indi-
viduals, such as colleagues, experts or potential users, to obtain alternative per-
spectives, generate additional ideas, or identify areas for improvement in the
creative proposals.

Based on the evaluation conducted during this phase, the most promising ideas
are selected to further implementation, keeping in mind that some ideas may
require adjustments or modifications before being fully accepted. Conversely, some
ideas may not pass the verification stage and should be discarded.

Several tools can support the verification process, with some of the most
relevant being strengths, weaknesses, opportunities, and threats (SWOT) analysis
[11], rapid prototyping techniques [12], the think-aloud panels [13], and the com-
ment capture box (cf. Figure 15.6).
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* I don't understand what
"repeat" means on the screen
with the three options.

The text is very small.

That repetitive sound is
annoying.

It would include a way to
remove the sound.

A functionality to chat with
other users could be included.
It would add the option to
choose between inches and

centimeters.

Figure 15.6 Comments capture grid to analyze a prototype of a mobile app

15.4 SCAMPER or posing the right questions to think
creatively

Substitute, Combine, Adapt, Modify, Purpose, Eliminate and Reorganize
(SCAMPER) [14] is a creative technique that prompts different questions to sti-
mulate the generation of innovative ideas by modifying, adapting, or combining
existing elements. Each letter in SCAMPER represents a key word in English
which suggests a specific question to guide the creative process: Substitute,
Combine, Adapt, Modify, Purpose or Purify, Eliminate, and Reverse or Rearrange
(cf. Figure 15.7).

The Substitute phase involves exploring the possibility of replacing, changing,
or substituting an element, material, process, or component with another that can
perform a similar function or improve the result. Some relevant questions for this
phase include:

Can we replace an element or part of the process with another?
What would happen if we changed a material, part, or process?
Can we substitute one technique or method with a more modern or advanced
alternative?

e What if we replace one component with another that works differently but
achieves the same result?

An example of this strategy could involve replacing packaging with biode-
gradable materials such as those made from corn starch.
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Figure 15.7 SCAMPER is the acronym of Substitute, Combine, Adapt, Modify,

Purpose or Purify, Eliminate, and Reverse or Readapt

The Combine stage focuses on merging existing elements, ideas, or concepts

to create something new or innovative. Some questions that might arise in this stage
include:

What happens if we combine two or more elements?

Can two different ideas or elements be merged to create something new?
Can we mix methodologies or approaches to address a problem from a dif-
ferent perspective?

Can different concepts be combined to create a more complete solution?

For example, consider the idea of combining a smartwatch with Bluetooth

headphones to create an all-in-one device that offers both health tracking and music
playback, eliminating the need for additional devices.

The Adapt stage involves exploring ways to adjust, change, or modify an

existing item to meet new needs or contexts. Some questions to consider during this
phase include:

How can something be adjusted or modified to work differently?

Can its form, function, or focus be changed?

Can this idea or product be adapted to serve a different demographic?

Can this item be reconfigured to meet new requirements or standards?

What changes are necessary to make it viable in a specific market or envir-
onment, different from the original?

What adjustments could improve the effectiveness of this process in a parti-
cular situation?

For example, consider how a language learning application could be adapted to

make it more accessible for visually impaired users.

The Modify phase focuses on examining how an existing element, process, or

idea can be changed, adjusted, or altered to create something new or improved.
Some relevant questions to consider during this stage include:
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What if we scale something up or down?
Can we change the shape, size, color, or structure to improve its functionality
or appeal?

e Can technological advancements or recent innovations be applied to modify
the product or process?

An example associated with this phase could be modifying the design of a
bicycle by integrating solar panels into the frame to charge electronic devices while
pedaling.

The Purpose stage involves exploring how an existing item, product, or idea
could be used in a different way or for an alternative task. Some key questions to
consider during this stage include:

Can this be used for a purpose different from the original?
Are there other ways to use this product, tool, or idea?
Are there other contexts or industries where this product or idea could be
applied?

e What happens if we use this resource in a completely different way than
intended?

For example, virtual reality systems originally designed for video games could
be assessed for therapeutic applications such as helping patients with anxiety
overcome their fears.

The Eliminate stage focuses on identifying elements, processes or parts that
can be removed or simplified to improve, innovate, or solve a problem. Some
useful questions for this stage include:

What happens if we eliminate something?

What happens if we simplify or remove unnecessary elements?

What happens if we expand or add more detail?

What happens if we reduce the size, complexity, or quantity of something?

For example, in a production process, evaluating which elements can be
removed could improve efficiency and reduce waste of resources.

The Reverse stage involves considering the reversal of a process or a specific
aspect of a product, idea or situation, starting at the end and working back to the
origin. Key questions to consider during this stage include:

What happens if the order of the steps is reversed?
Could this be done in reverse order?
What happens if we go in the opposite direction?

This strategy can also include rearranging, which involves changing the
arrangement, sequence, or structure of something to achieve a different result.
Questions to consider in this context include:

e Can parts be rearranged to improve efficiency or function?
o  What happens if we redesign or adjust the layout of components?
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A concrete example of this could be to assess what happens if we reverse the
order of the steps in a production process to improve efficiency and reduce the total
time required.

In short, SCAMPER is a flexible and versatile tool that can be applied to
different contexts, from problem-solving to generating ideas for new products or
services. It stimulates creativity by challenging traditionally perspectives and uses,
encouraging the exploration of new possibilities. In fact, its versatility lies in its
ability to enhance creative thinking, by providing a structured framework for
generating innovative ideas and solutions. By applying the strategies that make up
SCAMPER, every aspect of a concept can be systematically and provocatively
explored. This methodology fosters innovation by stimulating the imagination,
connecting seemingly unrelated concepts, and encouraging the reconfiguration,
alteration, and transformation of existing elements. SCAMPER challenges con-
ventional thinking, making it an essential tool for creativity and idea generation.

15.5 The six creative thinking hats

This technique, created by Edward de Bono [15], allows approaching a problem or
situation from different perspectives, metaphorically represented by six hats of
different colors. Each hat symbolizes a specific approach (cf. Figure 15.8):

e The White Hat (facts) represents objectivity and data. When wearing this hat,
the focus is on available information, facts, and objective data.

Facts

Creativity Feelings

Process

Benefits Caution

Figure 15.8 The six thinking hats. Each hat represents a different perspective to
face a challenge or problem.
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o The Red Hat (feelings) represents emotions, intuitions, and feelings. This hat
allows the expression of emotional reactions without the need for justification.

o The Black Hat (caution) represents critical thinking and caution. It is used to
identify risks, weaknesses, or potential problems.

e The Yellow Hat (benefits) represents positive, optimistic, and constructive
thinking. This hat is used to highlight benefits, strengths, and opportunities.

o The Green Hat (creativity) represents creativity and the generation of new
ideas. With this hat, alternative solutions, possibilities, and innovative propo-
sals are explored.

o The Blue Hat (process) represents control of the thinking process. The wearer
of this hat moderates and supervises the use of the other hats, managing the
flow of thought to ensure that the rules are respected, and progress is made
effectively.

By wearing these hats, we can explore a problem from multiple angles,
encouraging creativity, reflection, objective analysis, and the consideration of
emotions, which in turn enables more holistic and balanced decision-making.
This technique is particularly effective for teams seeking to approach a problem
from different perspectives and reach more comprehensive and robust solutions.
For example, imagine a team considering launching a new product to the market.
To assess this possibility, they use the six thinking hats. The moderator or team
leader wears the Blue Hat to ensure that time is properly allocated to each hat,
guides the flow of discussion, and helps synthesize the conclusions reached from
each perspective. To start, the team wears the White Hat of neutral thinking and
reviews objective data such as market analysis, production costs, sales projec-
tions, and feedback from potential customers regarding the product to be
launched.

Next, the team members wear the Red Hat of emotions. Each team member
expresses their feelings, intuitions, and emotions about the project. Some may be
delighted with the idea of seeing the new product for sale, while others may have
concerns or doubts about its feasibility.

After putting on the Black Hat of caution, the team critically examines the
potential risks of the product launch such as market competition, possible product
failures, or financial challenges.

Having expressed their critiques of the project, team members now wear the
Yellow Hat of benefits, to focus on the positive aspects of the product such as its
potential impact on the company’s customer base, the benefits it could bring to
shareholders, and its expected profitability.

Finally, with the Green Hat on creativity, the team generates creative ideas for
improving the product, exploring new features or marketing strategies that could
make it more attractive or differentiated in the marketplace.

By using these thinking hats sequentially, the team can approach decision-
making from multiple angles, considering objective data, emotions, pros, cons, and
different options. This allows for a more complete and balanced view of the pro-
duct launch, helping them make a more informed and well-rounded decision.
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Like SCAMPER, the thinking hats offer a structured and systematic approach
to creative thinking, where each hat represents a different mental stance: White for
objective data, Red for emotions, Black for criticism, Yellow for optimism, Green
for creativity, and Blue for process control. This allows the team to explore a
problem or idea from different perspectives. This methodology facilitates the
generation of broader and more varied ideas by encouraging the consideration of
emotional, analytical, creative, and optimistic aspects, and it provides a framework
for approaching a problem from multiple angles and triggering innovative
solutions.

15.6 Creative thinking and design thinking

The design thinking methodology [16] proposes a structure similar to Wallas’
creative thinking model described in this chapter, but with a more focused approach
to problem-solving and innovation. Design thinking is a methodology for solving
complex problems that brings an innovative and human-centered approach, fos-
tering creativity throughout the process of finding solutions. One of its distinctive
features is its holistic approach, which integrates empathy with user needs, multi-
disciplinary collaboration, and iterative experimentation. This methodology is
based on deeply understanding users, challenging conventional biases and seeking
solutions through co-creation and rapid prototyping. Flexibility in the problem-
solving process and openness to redefining the initial challenge are other key fea-
tures, facilitating adaptation as the process learns and evolves during the creative
journey. Design thinking focuses not only on the functionality of the product or
service but also on the overall experience of the real people who will use the new
product or service, seeking solutions that are not only effective but also meaningful
and emotionally impactful.

Design thinking is applicable across a wide range of fields, especially in the
design of innovative products and services. In business, it is used to address stra-
tegic challenges and improve customer experience, fostering customer loyalty and
satisfaction. In product design, it is applied to create people-centered solutions,
incorporating user needs and desires from the earliest stages of development. In the
technology sector, design thinking is essential for creating intuitive interfaces and
engaging user experiences. Furthermore, in education, it helps develop more
effective teaching methods, adapted to students’ needs and learning styles.
Likewise, in healthcare, it plays a key role in improving the accessibility and
efficiency of medical services by focusing on the patient experience. In summary,
design thinking has proven to be a versatile methodology, transcending productive
sectors and being successfully applied in problem-solving and the generation of
innovative solutions.

Design thinking is a process, a creative journey, typically organized into five
stages (cf. Figure 15.9). These stages are designed to empathize with users, define
the problem to be solved, generate solutions, prototype these solutions, and test
them with the users and other stakeholders involved in the project. While the stages
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Empathize Define Ideate Prototype Test

Figure 15.9 The design thinking stages

of creative thinking focus on the individual mental process and the internal flow of
ideas, design thinking emphasizes user-centered problem-solving and iteration
through collaboration and prototyping. Design thinking prioritizes empathy and a
deep understanding of user needs from the beginning, continuously integrating
feedback from user personas through prototyping and testing, while creative
thinking is more focused on idea generation by the individual.

In terms of their organization in stages, despite the differences in their number,
both models share some common elements. First, both models emphasize the
importance of preparation and research to thoroughly understand the challenge or
problem. Second, both models recognize that creative thinking often involves
moments of inspiration or epiphany. Third, both models include an evaluation or
verification phase to ensure that proposed solutions are feasible and effective.

The main differences between the two models lie in the incubation and illu-
mination phases of creative thinking and the prototyping and testing stages of
design thinking. As discussed, the Wallas model includes a specific incubation
stage, where the individual stops consciously thinking about the problem. Design
thinking does not include a specific incubation stage but assumes that creative
thinking often involves moments of inspiration or epiphany that occur sub-
consciously. The creative thinking model treats illumination as a unique and
unrepeatable stage, whereas the design thinking methodology views illumination as
a continuous process that can occur at any point throughout the creative journey.

In contrast, design thinking model dedicates two specific stages to the con-
struction and testing of prototypes. The Wallas model, however, does not include a
specific prototyping stage but recognize the importance of validating ideas through
feedback from users.

In summary, both creative thinking and design thinking are applicable to a
wide range of creative problems, including design, engineering, social issues, or
business problems. Both models are valuable for understanding the problem-
solving process through creativity and innovation, and both emphasize the impor-
tance of preparation, research, inspiration, and evaluation.

15.7 To learn more

Below, we enumerate a small selection of works related to creative thinking that
may offer new perspectives on this chapter, as well as extend the concepts
discussed.



246  Soft skills for engineering

In Creative and Critical Thinking Skills in Problem-based Learning
Environments, by Bengi Birgili [17], the impact of creative thinking on problem-
based learning is explored, including its philosophy, general characteristics, and its
uniqueness compared to other learning approaches, taking into account its advan-
tages and limitations.

In On the Path Toward the Science of Creative Thinking, by Giovanni Corazza
and Sergio Agnoli [18], the fundamental elements underpinning the science of
creative thinking are enunciated. The authors review the theoretical models of the
creative thinking process, the minimum number of stages, the concept of optimal
originality, and the most important existing models, outlining their characteristics
and limitations.

Creative Thinking and Problem Solving, by Michele Fisher [19], is an
inspirational presentation aimed at ARUP laboratory staff to introduce them to
different creative problem-solving skills and their application in the laboratory
environment. The presentation includes many interesting quotes and examples of
creativity throughout history.

Creative Thinking: A Field Guide to Build Your Strategic Core, by Angus
Fletcher [20], serves as a guide for U.S. Army officers and advanced enlisted
personnel, providing strategies and tools to become more creative. Creativity is
presented as a tool that emphasizes adopting different perspectives, situational
openness, and cooperative teamwork, making it an excellent resource for fostering
individual freedom and diversity in a controlled and disciplined way for the
public good.

Creative Thinking and Learning Project, by Anni McTavish [21], describes a
project conducted at Sheringham Nursery School in the London borough of
Newham, designed to inspire creativity within the educational community. The
project is focused on enhancing children’s learning opportunities in expressive arts
and design, as well as encouraging creative thinking and learning as core features
of effective education.

The articles by Michael D. Mumford and collaborators on the processes of
creative thinking [22,23] propose and discuss eight fundamental processes related
to creative thinking: (1) problem definition, (2) information gathering, (3) concept
selection, (4) conceptual combination, (5) idea generation, (6) idea evaluation, (7)
implementation planning, and (8) adaptive monitoring. These processes can be
mapped to the initial and final stages of Wallas’ methodology, introduced in this
chapter.

Mastering the Power of Creative Thinking, by Anshul Sonak [24], a regular
contributor to government agencies and educational institutions worldwide, dis-
cusses his experiences in promoting creative thinking and fostering creative
thinking skills in young people. Increasingly, youth are using digital technologies,
including generative artificial intelligence, to develop creative solutions to solve
everyday problems facing their communities. The author argues that anyone can
learn to think creatively.
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Chapter 16
Critical thinking

Daniela Firoiu' and George H. lonescu’

Critical thinking (CT) refers to the mental process of analyzing and evaluating
information, reflecting on the meaning of available information, examining the
evidence and reasoning provided, and forming judgments based on the facts. CT
triggers complex cognitive processes, starting with information gathering and
ending with decision-making.

This way of thinking does not develop automatically from birth, but requires
consistent practice to master. To develop it, we need to overcome certain innate
human characteristics such as egocentrism and sociocentrism. Through this chap-
ter, we aim to provide an overview of the whole process of CT while offering
students and others practical insights into the abilities underpinning CT.
Additionally, it presents tools and tips to improve their CT skills.

16.1 Ciritical thinking — definition and importance

CT is nowadays regarded as an essential skill in education, professional environ-
ments, and everyday life. It plays an important role in developing the ability to
analyze and evaluate information in a rational and objective way. This skill
involves not only the acquisition of knowledge and the ability to reflect on one’s
own ways of thinking but also the identification of reasoning errors and the ability
to make informed decisions based on sound arguments and relevant evidence.

Definitions of CT offer varied perspectives and reflect its importance in edu-
cational, professional, and personal contexts. These perspectives often depend on
the experiences and specialization of the experts. For instance, the philosophical
view of John Dewey (1910) defines CT as a continuous process of reflection and
analysis, while Richard Paul and Linda Elder (2014) describe CT as the process of
evaluating information necessary for making rational decisions.

Regardless of the perspective we adopt, CT reveals its multifaceted nature that
allows a deeper understanding of complex subjects. It fosters the development of
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autonomous and rational thought, equipping individuals to address the ongoing
challenges of the economic and social environment by generating innovative
solutions.

Moreover, to address the challenges of the 21st century, it is essential to adopt
learning methods that promote CT. Such methods not only improve academic
performance but also contribute to the development of active and autonomous
thinking, which is necessary in contemporary society [1,2].

CT stimulates curiosity and analytical thinking, as well as creates an inter-
active educational environment where students are actively involved in the learning
process. It contributes to the development of higher cognitive skills such as
problem-solving and argumentation, transforming learning into a collaborative
process that fosters the personal and professional growth necessary to meet the
challenges of an ever-changing world [3,4].

In order to cultivate a critical attitude and CT, the following fundamental
concepts can be addressed across various educational and professional contexts.

16.1.1 What is critical thinking?

Paul and Elder [5] emphasize that CT is a process of analyzing and evaluating
information and ideas in order to reach rational and objective conclusions. This
definition emphasizes the importance of the process of evaluating arguments and
assessing premises, which are essential for developing clear and logical thinking. In
this context, CT is viewed not only as the ability to understand information but also
as the competence to evaluate it and draw coherent and informed conclusions.

John Dewey defines CT as an active and continuous process of reflection on
experience, involving questions and the search for rational solutions. This approach
highlights the role of reflective thinking and learning from previous experiences.
Dewey underscores the importance of CT in education, especially in context where
learning is an active process of exploring and adjusting one’s perspective on the
world. Dewey’s definition promotes a way of thinking that does not stop at the first
solution but always seeks deeper understanding and continual improvement in
reasoning [6].

Paul and Elder promote the idea of “rational and coherent decisions” and the
careful evaluation of evidence. Their definition enhances our understanding of CT,
emphasizing that CT is a process in which not only arguments are analyzed but also
relevant information and evidence. This concept is essential in education and pro-
fessions where decisions are based on facts and evidence [7].

Facione analyzes CT from an educational perspective, and emphasizes the
importance of clear, logical, and rational thinking, as well as the ability to identify
reasoning errors. It is important to emphasize that, in education, CT is not only
about acquiring information but also about evaluating it. In this context, students
are encouraged not only to absorb external information but also to form their own
judgments and opinions. The ability to identify assumptions and errors in reasoning
is vital for the development of autonomous thinking [8].
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Halpern approaches CT from a psychological perspective, viewing it as a
process of self-reflection on one’s own thoughts and beliefs in order to adjust and
improve them. This definition emphasizes self-evaluation and the adjustment of
personal reasoning. It is a key concept for the development of self-CT which is
essential in personal decision-making and managing one’s own beliefs and biases.
Halpern emphasizes the idea that CT not only helps to improve decisions but also
allows continuous self-improvement [9].

Ennis defines CT as “reflective and rational thinking” which focuses on ana-
lyzing and evaluating information in order to reach reasonable conclusions. This
definition highlights the process of critically assessing ideas and arguments, which
is crucial in a world in which we are often exposed to vast amounts of information.
The definition is particularly useful in contexts where distinguishing between valid
and invalid arguments is essential [10].

From analyzing the above definitions, we highlight the fact that CT is a
complex process that involves not only understanding information but also evalu-
ating, analyzing, and making informed decisions based on sound logic and clear
evidence. Although there are a differences between the approaches, each definition
reflects the need for deep reflection and active engagement in evaluating ideas and
arguments. Thus, CT is not just a cognitive skill but also an attitude that involves
being open to new ideas, constantly evaluating one’s own thinking, and adapting
one’s reasoning in light of new information.

Analyzing the concept of CT involves different types of thinking, including
rational, objective, and self-reflective thinking, all of which are fundamental and
absolutely essential for processing information, formulating opinions, and making
decisions.

CT is also a process of formulating hypotheses about possible answers to
questions, with its rationality of this thinking is based on the fact that the hypothesis
is not random but justified in some sense. While thinking can be rational even when
we do not have a high degree of confidence in the truth of an idea, it must be
consistent with logical reasoning (e.g., thinking about “p” must involve thinking
about “q,” if “p” implies “q”). So CT does not depend directly on our beliefs or our
confidence in them; in many situations, what we think is an active choice, not a
pure reaction to evidence or beliefs [11].

This is because rational thinking refers to the use of logic and coherent rea-
soning to arrive at valid conclusions without being influenced by emotions, feel-
ings, or prejudices. Thus, rational thinking becomes essential in CT, as it allows the
identification and elimination of erroneous or illogical reasoning [10].

Objective thinking refers to approaching a situation from a balanced and
unbiased perspective and is based on clear evidence and verifiable facts, thus
eliminating different subjective viewpoints [5].

Self-reflective thinking refers to the ability of individuals to reflect on their
own thoughts and beliefs [9].

As observed, these three traits generate a solid foundation for effective CT that
is absolutely essential for solving complex problems and developing accurate, and
informed judgment.
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It is also important to note that a clear distinction must be made between CT
and other forms of thinking (e.g., creative, intuitive thinking), as CT relies exclu-
sively on reasoning, unbiased approaches, and objective analysis based on concrete
examples.

16.1.2  The importance of critical thinking

CT is essential in today’s world, which is undergoing a process of globalization,
technologization, and digitalization. Moreover, we live in a world where we are
exposed daily to vast amounts of information and also a diversity of viewpoints.

Therefore, in a society strongly influenced by technology, media, and social
networks, the ability to analyze, evaluate, and interpret information in a rational
and objective way becomes essential for facing daily and professional challenges.

Consequently, we can state that CT provides individuals with the ability to
distinguish between credible and dubious sources of information, identify valid
arguments, and reject manipulation or misinformation.

Another significant point is that CT plays an important role in the educational
process. By acquiring a CT attitude, individuals may be able to think indepen-
dently, ask informed questions, and objectively analyze different points of view.

Therefore, these skills not only improve academic performance but also pre-
pare individuals to make informed decisions in their careers and personal lives.

Equally important to emphasize is the fact that CT contributes to the devel-
opment of a democratic society, as it enables individuals to think critically, parti-
cipate actively and responsibly in the democratic process, understand the
implications of policy decisions, and contribute to the solution of complex social
problems.

In conclusion, CT is not just an intellectual skill but an active attitude that
influences all aspects of our lives. Developing this skill is essential to navigating
today’s complex world, making informed decisions, and contributing to a more
equitable and rational environment (Figure 16.1).

Problem
Solving

Effective Independent
Communication Thinking

Critical

Thinking

Logical Analysis

Decision
Making

Figure 16.1 The importance of critical thinking
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Moreover, the lack of CT skills is often linked to the technological and social
changes of the modern age. Many believe that modern technology has contributed
to this decline by encouraging immediate gratification and superficial engagement
at the expense of deep reflection and analysis. Additionally, current social norms
are seen as diminishing the importance of CT, emphasizing conformity, speed, and
pragmatism over the development of rigorous and independent thought.

Other factors, such as deficiencies in the educational system, suggest systemic
inadequacies in the teaching of CT. These may reflect an overemphasis on machine
learning or standardized testing at the expense of stimulating creativity and inde-
pendent thinking. Low parental involvement during childhood is also mentioned,
indicating the possibility that children may not receive sufficient guidance or
encouragement to develop CT at home. Historical factors are less frequently cited,
suggesting that respondents believe that the problem is predominantly caused by
contemporary challenges rather than long-standing patterns. Overall, the
figure underlines the perception that the structures and behaviors of modern society
play a significant role in diminishing CT skills.

16.2 The elements of critical thinking

In a world where society is constantly assaulted with messages and information
from various sources, it is important to develop the ability to analyze and correctly
judge what is being conveyed through these messages. Therefore, elements of CT,
such as clarity, analysis, evaluation of arguments, and logical reasoning, help to
pick out valid arguments and errors in reasoning, base beliefs on solid evidence,
and draw well-supported conclusions.

Not to be neglected to mention in this context is also the fact that we are
currently identifying a number of artificial intelligence (Al)-based applications that
have a positive impact on the development of CTs, contributing to increased self-
confidence, openness, and maturity. These applications not only help to improve
skills but also aid in developing essential 21st-century competencies [12].

It is thus evident that, regardless of the context, CT not only supports indivi-
duals in making rational decisions but also encourages them to be more open,
reflective, and attentive to their own thoughts and beliefs.

Among the specific elements of CT, we mainly identify logical and deductive
reasoning, which play an essential role in its development, as they help to formulate
clear, coherent, and well-grounded arguments.

These skills are fundamental to decision-making and active participation in
reasoned discussion. Equally important to emphasize are common errors in rea-
soning, which can be identified and avoided to maintain clear and rational thinking.

Therefore, we emphasize the following as essential to consider when defining
the specific elements of CT:

1. Logical and deductive reasoning are essential in CT, providing a framework
for reaching correct conclusions based on clear and correct premises. In
deductive reasoning, the conclusion must inevitably follow from the premises
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if they are true. For example, the syllogism “All humans are mortal. Socrates is
human. Therefore, Socrates is mortal” is correct deductive reasoning because
the conclusion follows directly from the premises [13]. However, deductive
reasoning can be erroneous if the premises are false or misinterpreted. For
example, “All cats are pets. Felix is a pet. Therefore, Felix is a cat” is faulty
deductive reasoning because the premises do not sufficiently support the con-
clusion [14].

In this context, we identify the Logic-Muse model as an example of a method
for applying logical and deductive reasoning. This is an intelligent tutoring
system that helps to improve deductive reasoning skills through an adaptive
approach. The system utilizes a Bayesian network (BN) to assess and predict
knowledge levels in real time. This allows accurate diagnosis of skills and
adjusts lessons according to progress, providing personalized feedback. The
BN analyzes the relationships between different variables, which makes it
possible to predict students’ responses to exercises and adapt learning dyna-
mically. Experimental studies have shown that Logic-Muse model can predict
with about 85% accuracy, how individuals will respond to various deductive
reasoning exercises. It helps tutors adjust instructions and support learners
more effectively based on continuous assessment of their abilities [15].
Argument analysis involves assessing the structure, reasoning, and validity of
the claims made to support a position or conclusion. For example, in an
argument in favor of online education, the premises might be that technology
allows access to education for students in remote areas and online courses are
more flexible. The conclusion in this case is that online education should
become a more widespread practice [16].

As demonstrated, analyzing arguments is not limited to evaluating the
logical coherence of reasoning, but also includes examining the evidence,
identifying unsupported assumptions, and testing the alternative. Therefore, a
well-constructed argument will have sound premises, clear reasoning, and
relevant and credible evidence to support them [17].

Another example in this context is the educational experiment with pre-
service teachers, which aimed to improve mathematical argumentation skills
by using Toulmin’s framework (1958/2003) to solve cryptarithmetic problems.
Participants moved from making unjustified assertions to constructing com-
plete deductive arguments with clear requirements, proofs, and explicit rea-
soning, demonstrating a significant development in their reasoning skills. The
results showed that structured activities, including case analysis and collective
argumentation, can support the development of CT and the ability to make
logical inferences. The study also recommends a sequence of activities that can
help mathematics educators strengthen the argumentation skills of future tea-
chers, thus preparing them to teach students to solve complex mathematical
problems through logical and deductive reasoning [18].

Identifying and avoiding reasoning errors is essential for developing clear
and CT. Reasoning errors, known as logical fallacies, can undermine the
validity of an argument and lead to incorrect conclusions. Fallacies are types of
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faulty reasoning that may seem valid at first glance, but upon closer analysis
turn out to be logically flawed. For example, instead of responding to a point
about climate change, we might say “We shouldn’t listen to X because he is not
an expert in climate science,” thereby ignoring the argument being made. This
fallacy does not attack the logic of the argument, but only targets the propo-
nent, which is not a valid way of refuting an opinion [14].

An example of this highlights the importance of CT and metacognition in
preventing diagnostic errors, a significant problem in the medical field, which
is responsible for up to 70% of errors in this field. One of the root causes of
these errors is the influence of cognitive biases, which can affect physicians’
clinical decisions. Therefore, recognizing and managing these cognitive biases
is essential to prevent errors. In this regard, medical education should include
training in metacognition, which helps professionals to reflect on their own
thinking and identify potential errors in reasoning. This process would lead to
greater accuracy in diagnostic formulation and improved patient safety.
Although studies on the effectiveness of training in CT and metacognition are
mixed and have methodological limitations, this educational approach has
significant potential for improving diagnostic accuracy. Training in metacog-
nition not only helps to combat cognitive biases but also contributes to the
development of self-assessment and self-corrective decision-making skills. By
adopting such an educational approach, physicians could learn to improve their
thinking, recognize errors in their reasoning, and make better informed deci-
sions. Thus, these strategies could significantly contribute to reduce diagnostic
errors and improve the quality of medical care, with a direct impact on patient
safety [19].

In conclusion, CT plays an essential role in developing the ability to analyze,
evaluate, and construct well-founded arguments. Elements such as logical and
deductive reasoning, argument analysis, and identifying errors in reasoning are
essential for reaching rational conclusions and avoiding cognitive pitfalls. By
applying these principles, individuals can recognize logical fallacies, formulate
clear arguments, and make more informed decisions. Thus, CT not only improves
the ability to analyze information but also contributes to a more rational and con-
structive dialog across various areas.

16.3 Ciritical thinking techniques

CT techniques are fundamental tools for analyzing information, evaluating argu-
ments, and making informed decisions. These techniques are essential in a variety
of contexts: in problem-solving, in academic and professional debate, and in
everyday life. They involve skills such as identifying the premises and conclusions
of an argument, checking its coherence, and recognizing errors in reasoning. By
applying CT techniques, individuals can avoid cognitive pitfalls, think more
clearly, and make better informed decisions.
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Basic critical thinking techniques

1. Analyzing arguments: Argument analysis involves identifying pre-
mises and conclusions to assess the coherence and validity of an argu-
ment. It helps to uncover possible contradictions or to check that
conclusions are adequately supported by premises.

2. Clarifying questions: Asking clarifying questions is an essential method to
better understand information and to determine the validity of an argument
or claim. These questions can help to clarify terms or to further an idea.

3. Evaluating sources of information: An important technique in critical
thinking is evaluating sources of information. It is essential to check the
credibility and reliability of the sources of information to prevent
manipulation or misinformation.

4. Recognizing errors in reasoning: Critical thinking involves identifying
and avoiding logical fallacies such as ad hominem arguments, false
dilemmas, or hasty generalizations. Recognizing these helps to con-
struct sound and correct reasoning.

5. Convergent and divergent thinking: Convergent thinking involves
applying logical reasoning to arrive at a single valid conclusion, while
divergent thinking involves exploring multiple possibilities. Both types
of thinking are essential for effective problem-solving.

6. Compare and contrast: Comparing different perspectives or solutions
allows you to assess the advantages and disadvantages of each option.
These techniques are useful when there are several alternatives and the
most appropriate has to be selected.

7. Looking for opposing arguments: Examining counterarguments helps
to test the validity of your own beliefs. This not only improves your
own arguments but also allows a deeper understanding of the topic
under discussion.

8. Checking assumptions: It is essential to identify and test the assump-
tions implicit in an argument or decision. Testing them helps reduce the
risk of error and ensures that the argument is based on facts and not
unfounded assumptions.

9. Clarifying terms: Clearly defining ambiguous or vaguely defined terms
in an argument is crucial to prevent confusion and to ensure a correct
understanding of the topic under discussion.

10. Breaking down complex issues: Breaking down a large problem into
smaller and more manageable parts helps for more effective under-
standing and resolution. This technique is essential for complex pro-
blems that require a structured.

Although the importance of developing this skill is widely recognized, current
educational approaches often prioritize subject content over developing CT. This
gap between educational goals and their actual implementation underlines the need
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to explore innovative methods and incorporate new technologies in teaching and
learning CT [20,21].

Today, there are numerous CT techniques that can be applied across different

contexts to support effective decision-making, regardless of the field.

16.3.1 Strategies for critical thinking development

One of the most effective ways to develop CT is by integrating metacognitive
strategies and problem-based learning (PBL). These techniques encourage indivi-
duals to develop a reflective and analytical approach, helping them to avoid the
uncritical acceptance of information. They challenge individuals to think more
deeply and evaluate sources of information from multiple angles.

1.

Problem-based learning is an active learning method that focuses on
authentic problem-solving. In this process, students are actively involved in
identifying and solving complex dilemmas, stimulating their CT and problem-
solving abilities. Through PBL, students are encouraged to ask questions,
develop hypotheses, analyze information, and propose reasoned solutions. A
successful example of the application of PBL is the ARDESOS-DIAPROVE
program, which uses this method to encourage students to develop CT skills
within a structured educational framework [22,23].

Debate and role-playing is another effective technique for developing CT.
These methods stimulate analytical thinking by actively involving students in
the process of presenting, arguing, and analyzing opposing points of view.
Participants are encouraged to adopt different perspectives, support their views
with evidence, and argue rationally. In this way, they learn not only to express
their opinions but also enhance their ability to communicate effectively and
analyze arguments in a logical and coherent way.

Integrating technology into learning can significantly amplify the effectiveness
of CT techniques. Digital platforms and online resources provide access to vast
amounts of information, making it easier to analyze and discuss arguments. For
example, data analytics has become a growing practice in education, particularly
in the context of Big Data and Al This allows students to critically examine
information and make decisions based on solid evidence.

Using Al to develop critical thinking. Using Al in education can improve
students’ language skills and stimulate CT through intelligent interactions. For
example, Al-based learning platforms can adapt content according to the needs
and level of each student, facilitating personalized and deep learning. Al can
also help increase self-confidence, open-mindedness, and cognitive maturity,
helping students become more aware of their own thoughts and more deeply
analyze their thought process [24,25].

Collaborative learning is another important aspect in developing CT.
Working in small groups, such as through PBL or debate, allows individuals to
share ideas, receive feedback, and refine their thinking in constructive dialog.
This process not only helps to strengthen CT skills but also develops commu-
nication and negotiation skills, which are essential in professional settings [26].
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However, there are challenges in implementing CT techniques in education.
Although many educational institutions are beginning to adopt these methods, their
systematic integration into curriculum is not yet universal. Some institutions focus
more on the transmission of knowledge over the development of CT skills, and this
may limit the potential of students to become independent thinkers capable of
analyzing information from multiple perspectives.

From another perspective, we also identify the importance of an integrated
approach to CT in higher education that recognizes the influence of affectivity on
cognitive processes. This more nuanced perspective suggests that CT is not limited
to logical reasoning alone; it also includes an emotional dimension, which can
profoundly influence how students interact with complex and sensitive topics.

Encouraging open and reflective dialog that combines reasoning with empathy
can facilitate a deeper understanding of social and political issues. Thus, integrating
affectivity into CT has the potential to transform higher education by stimulating
both intellectual and emotional growth. This holistic approach is essential for cul-
tivating constructive dialog and managing diversity of perspectives in educational
settings [27,28].

In conclusion, CT techniques are a fundamental element of modern education,
having a significant impact not only on academic performance but also on the
ability of individuals to navigate the challenges of professional and personal life.
The effective implementation of these techniques into educational curricula, in
particular through interactive methods and educational technologies, can contribute
to the development of a society better prepare to address the rapid changes and
complexities of the contemporary world.

16.4 Applications of critical thinking

16.4.1 Critical thinking in education

CT is an essential element of education, contributing significantly to the develop-
ment of pupils’ and students’ cognitive skills. It helps them to understand subjects
in a deeper way and to approach information not only from the perspective of
memorizing but also of analyzing and evaluating it.

In an educational context, CT involves the ability to identify, analyze, and
evaluate arguments and ideas, as well as to make well-informed decisions based on
the information available.

Educational activities that develop CT include debates, case studies, analysis
of complex texts, and interdisciplinary projects, all of which stimulate reflection,
creativity, and innovative problem-solving. Project-based learning, in particular,
contributes not only to the acquisition of knowledge but also to the development of
essential skills for academic and professional success [29,30].

The benefits of CT in education are manifold, having a direct impact on aca-
demic success. It equips students to become not only receptive to information but
also able to interpret, question, and apply it in different contexts. This preparation
empowers them to navigate future challenges in both their careers and personal life.
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Examples of activities to stimulate critical thinking in
education:

1. Risk analysis and impact assessment: An example of an activity to
develop critical thinking could be to organize a workshop in which the
team identifies and analyzes the possible risks of a large project such as
launching a new product on the market. Each team member will have to
assess the risks and propose solutions to address them. Critical thinking is
essential in accurately assessing possible risks and developing effective
strategies to mitigate them.

2. Case study on change management: Another example could be the
analysis of a case study in which a large company is going through sig-
nificant changes such as digitizing processes or restructuring teams. They
would identify how the changes affect different parts of the project,
anticipate possible resistance to change, and develop plans to support the
implementation of change efficiently and with minimal risk.

3. Creating a stakeholder interest management plan: In a construction
project, the project team may be asked to analyze and create a detailed
stakeholder interest management plan. Critical thinking is necessary to
assess their needs and expectations and to find compromise solutions
between parties that may have divergent interests. The team will need to
assess the impact of decisions on the different groups and create a
balanced plan to manage relationships and interests. effectively.

4. Crisis simulation and team decision-making: As part of a project man-
agement course, the team may be challenged to participate in a simula-
tion where a crisis occurs (e.g., a major delivery delay or product quality
problem). Each team member adopts a critical approach to identify
solutions and assess the impact of their decisions on the success of the
project. In this activity, critical thinking helps team to analyze different
options and make informed decisions, even under time pressure.

5. Evaluating the performance and learning process in a project: After
completing a project, the project team evaluates the process and its per-
formance, using feedback and self-assessment techniques. Each member
analyzes successes, identifies challenges, and suggests improvements for
future projects. Critical thinking is essential to make an objective ana-
lysis of the whole process and to learn from mistakes, thus having a
direct impact on long-term success.

6. Resource planning in a complex project: Another example of an activity
that promotes critical thinking is simulating resource planning for a large-
scale project involving multiple teams and departments. Participants ana-
lyze resource requirements (e.g., time, budget, staff) and establish prio-
rities, taking into account resource constraints and the long-term impact of
their decisions. In this process, critical thinking helps participants to make
informed decisions and optimize the use of available resources.
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16.4.2  Critical thinking in professional careers

CT plays a fundamental role in professional careers, facilitating effective decision-
making, tackling complex problems, and generating innovative solutions. In a
dynamic and constantly evolving professional environment, CT becomes essential
for both individual success and the collective performance of teams. CT enables
professionals to analyze situations in a logical and objective way, thus preventing

impulsive or biased decisions.

Examples of activities to stimulate critical thinking in
professional careers:

1.

10.

Financial risk assessment: A financial analyst evaluates investment
options by analyzing financial data and market trends to make well-
informed decisions about capital investments.

Lead multinational teams: A manager working with teams from dif-
ferent cultures backgrounds analyzes communication styles and team
preferences to create effective collaboration strategies.

Evaluating a business partnership: An entrepreneur assesses potential
business partners by analyzing their backgrounds, values, and goals to
decide whether a long-term partnership is beneficial.

Managing work-life balance: A professional effectively plans their
time, identifying key activities that contribute to career success and
maintaining a healthy lifestyle.

Work process optimization: A production manager analyzes workflows
and manufacturing processes to identify inefficiencies and propose
solutions to increase productivity.

Selecting the most suitable candidates for a job: A recruiter reviews
resumes and interviews candidates, asking questions that highlight their
critical skills and ability to solve complex problems.

Managing an organizational change project: A consultant helps a
company adopt new technology or implement restructuring, analyzing the
impact on employees and proposing solutions for smooth transitions.
Monitoring teams’ performance: A manager monitors the progress of
teams and analyzes the results to identify any bottlenecks, and imple-
ment adjustments to achieve the set objectives.

Negotiation strategy in a competitive environment:A sales manager
negotiates prices and payment terms with large customers, analyzing their
position and identifying win-win solutions that benefit both parties.
Critical thinking in communicating with customers

A customer support agent resolves complaints by carefully analyzing
customer concerns and offering appropriate solutions, while maintain-
ing positive long-term relationships.



Through this approach, individuals can evaluate multiple alternatives and
select the optimal option, based on well-reasoned judgment. Additionally, CT helps
professionals to identify risks and opportunities, enabling them to develop coherent
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and well-argued strategies [31].

16.4.3  Critical thinking in daily life

Today, both online and offline life seem to be linked to the democratization of
information. While this brings clear benefits, it raises the question: does fast and
free access to vast amounts of information necessarily result in individuals being
better informed, more rational, and better equipped to make decisions or solve
problems? In an era dominated by fraudulent actors, outdated media, fake news,
and chaotic streams of information, the ability to think critically is more important

than ever.

Examples of activities to stimulate critical thinking in
daily life:

1.

10.

Evaluating a news story: Read a news story and check the sources,
analyze if the information is supported by facts or if there are possible
errors or biases.

Logic games: Engage in logic games as Sudoku or chess to develop
analytical thinking and strategic planning.

Argued discussion: Participate in a discussion on topical issues,
arguing a logical and reasoned point of view.

Planning a budget: Create a monthly financial plan, identifying
necessary expenses and setting priorities.

Personal Reflection: After making an important decision, analyze what
factors influenced you and how you could improve your thought pro-
cess in the future.

Product comparison: Analyze two similar products or services and
compare prices, quality, and user reviews to make an informed choice.
Socratic Questions: Ask clarifying questions during a conversation,
such as “Why do you think that?” or “What evidence support this opi-
nion?” to encourage deeper thinking.

Conflict resolution: When conflict arises, identify the points of view of
both sides and seek solutions that satisfy everyone’s needs.

Reading a book critically: Read a book on a topic you are unfamiliar
with and reflect on new concepts, considering how they apply to
your life.

Food Decisions: Choose a balanced diet, analyzing the nutritional
value of food and understanding their long-term health benefits.
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CT is vital not only in education but also in professional and personal spheres,
as well as in fulfilling social roles. However, CT is neither innate nor effortless; it
must be deliberately cultivated and systematically developed [32].

In essence, CT is more than an intellectual skill; it is a mindset and a way of
life that positively influences decisions, relationships, and success in everyday life.
It is a vital tool for navigating the complexities of the modern world, helping
individuals to actively engage in their professional and personal lives, make
informed decisions, and contribute to building a more knowledgeable and respon-
sible society [33].

So we identify the need to promote CT in everyday life by implementing
simple and effective strategies. For instance, debates can be organized on current
issues, where individuals can defend their points of view and argue rationally. In
the workplace, brainstorming meetings can be used to analyze different solutions to
problems, stimulating CT within team. In personal life, adopting habits such as
checking sources of information before making important decisions, whether for
online shopping or job selection, can enhance CT. Additionally, reflecting on past
decisions and evaluating their results can help develop a more analytical and con-
scious thought process.

16.5 The role of educational technologies in supporting
critical thinking

Educational technologies play an essential role in developing CT by integrating
resources and tools that support analysis, evaluation, and argumentation. In today’s
rapidly expanding digital age, where information is readily accessible to everyone,
it is essential for students learn not only to acquire information but also to analyze
and interpret it critically. CT is a key skill in education, and it can be cultivated
through educational technologies.

Digital technologies are essential in supporting the development of CT, as they
allow quick access to information, facilitate interaction between students and tea-
chers, and encourage analytical thinking through interactive applications and
simulations. Additionally, the use of educational technologies aligns with the goals
of the 2030 Agenda for Sustainable Development, which promotes quality, inclu-
sive, and equitable education for all [34].

16.5.1 Online platforms for interactive and collaborative
learning

Online educational platforms are fundamental tools that support active, collabora-
tive, and interactive learning, making them highly effective for developing CT.
Popular platforms such as Moodle, Google Classroom, and edX allow students to
participate in interactive activities, collaborate in groups, and express their per-
spectives. In this way, educational technologies foster a learning environment
based on CT and the exchange of ideas:
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1. Online discussions and forums — these are excellent platforms for debating
complex topics and presenting rational arguments. Active participation in
online discussions stimulates reflective thinking and helps students develop
skills in argumentation and critically evaluating information.

2. Collaborative projects and activities — online platforms allow the creation of
team projects and activities, where students apply theoretical knowledge to
real-world contexts. Through collaboration, they learn to analyze and synthe-
size information from various sources, thus developing CT and problem-
solving skills.

3. Reflective questions and self-assessment — online platforms often include
open-ended questions that challenge students to critically analyze their own
learning and reconsider their approaches. This is an effective way to encourage
self-reflection, which is essential to developing CT skills.

16.5.2  Simulation and educational games

Simulations and educational games are valuable tools for stimulating CT, providing
a safe and controlled environment where students can experiment different sce-
narios and make informed decisions. These methods are widely used across various
fields, including engineering, business management, medicine, and financial
education:

1. Business simulations — educational games such as “SimCity” or financial
education apps challenge users to make long-term strategic decisions and
analyze their impact on the business environment. These activities stimulate
CT by evaluating various options and anticipating their potential effects.

2. Medical simulations — in the medical field, surgical or diagnostic simulations
allow students to choose treatment options and analyze their outcomes. These
simulations help develop CT and complex reasoning skills that are essential in
medical decision-making.

16.5.3 Educational applications for logical thinking and
argumentation

Educational apps for mobile devices are another important tool for developing CT,
offering interactive activities that challenge users to solve problems, argue and
develop logical reasoning:

1. Logic and problem-solving apps — apps like Lumosity or Elevate are
designed to improve cognitive skills, including logical reasoning and problem-
solving. These apps help users analyze information, make logical inferences,
and approach complex problems in a structured way.

2. Argumentation apps — apps like “Argument Wars” challenge users to con-
struct strong arguments and support logical points of view, thus developing
essential CT skills such as formulating coherent reasoning and justifying their
conclusions.
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16.5.4 Automated evaluation and feedback

Another key aspect of educational technologies is continuous assessment and
automated feedback. These tools allow students to receive immediate feedback on
the quality of their arguments and solutions, contributing to self-reflection and
continuous improvement of CT skills.

Educational platforms can provide instant feedback on student responses,
allowing students to quickly review their reasoning and adjust their approaches,
thereby stimulating active and continuous learning [35].

Educational technologies are essential tools for developing CT, offering mul-
tiple opportunities for active, collaborative, and interactive learning. Online plat-
forms, educational simulations, and apps for logical thinking all contribute to the
development of analytical and argumentative skills, which are essential for aca-
demic and professional success. While the integration of educational technologies
presents challenges, such as unequal access to technology and the risks of depen-
dency, their benefits are clear. When used appropriately, these tools can make
education more efficient and accessible.
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Chapter 17
Reflective thinking
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Reflective thinking is recognized as a powerful tool for the successful learning
process, allowing students to deepen what they have already learned, relate
existing knowledge to newly acquired information, and identify gaps in their
knowledge and abilities. Reflective practice plays an essential role in enabling
students to develop their professional and individual capabilities. Reflection
allows students to evaluate their experience of the design and/or learning process
more deeply, answering the questions of what was done well and what could be
improved next time. This way, students identify areas for improvement and
rethink their actions. Reflection can help them to avoid potential mistakes in the
future when making innovative decisions that should be sustainable in the long
term. Incorporating reflection enables students to focus not only on the end result
but also on the value created throughout the entire learning journey. This is
especially significant since the disciplines of engineering require deep knowledge
of fundamental subjects, which students often perceive as purely theoretical and
detached from their practical skills which they usually acquire in the later years of
their studies. Even subjects directly related to their specialties contain broad
theoretical components that support the narrower practical abilities that students
gain. The perception of certain parts of their studies as theoretical or detached
from their personal goals hinders students’ involvement in deep learning by
diminishing their intrinsic motivation. The usual method for presenting the
importance of the knowledge to be learned is through lectures, which are deliv-
ered from the tutor’s perspective without necessarily changing the student’s
viewpoint.
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Properly conducted reflection practices help students construct their own personal
knowledge systems, engage in deeper learning, and increase their intrinsic moti-
vation rather than merely trying to meet the minimal requirements for passing the
course. Reflection not only helps students in the context of their studies but also
enables them to view their work as professionals with impact to the real-world
problem-solving, and to evaluate the consequences of their decisions across dif-
ferent dimensions.

However, it must be acknowledged that the practice of reflection is not com-
monly observed among engineering students, as they often lack a clear under-
standing of their own thinking processes. This is where design-based thinking
methodology offers an excellent opportunity to encourage student reflection.
Nonetheless, the choice of a reflection tool becomes a pertinent question. It is
crucial to select reflection tools that facilitate a multi-perspective approach to
engineering studies, fostering critical thinking and problem-solving skills. This
chapter aims to analyze different reflection tools and their value for engineering
students. The authors present descriptions of reflection tools, assess their effec-
tiveness, and provide student feedback, aiming to offer the most effective reflection
tools for engineering students utilizing a design thinking approach in their study
process.

17.1 Definitions of reflection

There are several definitions of reflection in the context of higher education, and
its practices also vary. Generally, reflection is understood as a thinking process
that aids understanding, requires active engagement from the participant, and can
be applied both to the current situation and in a broader social context [1].
Reflection plays an important role in bringing about quality change in the learn-
ing process. The power of reflective thinking in achieving learning outcomes has
been demonstrated in the works of many scholars [2]. Research emphasizes that
the learning process and reflection are closely interlinked, as students today are
often confronted with unfamiliar, uncontrollable situations during the learning
experiences [3]. Moreover, it can be argued that reflection is a necessary pre-
requisite for deep learning which is particularly relevant in the context of engi-
neering studies.

Although engineering specialties and their studies are usually associated with
deep expertise, hard skills, and methodologies, the elements and experiences of
reflective learning could significantly enrich the social competencies, critical
thinking, and creative thinking of modern engineers’ skills. These skills are sorely
needed for the rapidly changing labor market and the complex challenges of
today’s world [4]. Typically, engineering education programs are dominated by the
view that the most important aspect of training students is to educate them as
specialized experts with sufficient technical knowledge to solve the questions and
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problems of their field. Much less is said about the complexity, ambiguity, and
uncertainty of engineering tasks that engineers face in real-life situations [5].
“Engineering students have to learn that people, policies, environmental aspects,
politics, economics or cultural values often override disciplinary expertise” [6]. In
this sense, reflection, as a set of activities aimed at reviewing, reflecting on, sum-
marizing and evaluating the results and process of the actions carried out, and
formulating conclusions and insights for the future from this information can serve
different purposes:

Get to better know your opportunities and potential;

Gain additional motivation for activities and decisions;

Evaluate the efficiency and success of the task performance process;

Manage and summarize the new competencies and skills acquired during the
process;

Pursue new, more efficient results for the future;

Recognize failures, analyze their causes and learn from them;

Use reflection as a means of understanding the professional context and
identity, and of forming a system of value principles [7,8].

In the study process of engineering fields, reflective learning is still applied
rather reservedly and often receives mixed reactions and discussions from tea-
chers and students, it has not yet received much empirical attention [8,9].
Resistance to learning “soft skills” has many causes, the most common being a
lack of time, motivation, and perceived benefits. Pre-developed and structured
reflection tools and forms that are more acceptable to engineering students
could help in this situation. Structured reflection is considered to be a regular
and systematic purposeful activity that contributes to the achievement of
reflective learning goals [10]. In addition, reflection opens up avenues for
understanding the effectiveness of the learning and teaching process and enables
preventive solutions to problematic situations, as well as timely feedback and
support. For example, a common element of engineering curricula is practical
work in the laboratory, where students are expected to deepen their under-
standing of the subject by engaging in hands-on activities, which are commonly
structured as following a set of instructions provided by the lecturer. These
activities intend to promote the construction of student knowledge, but without
adequate opportunities for self-learning, they become mindless and dis-
connected from the goals of the course. Integrating reflection is one of the ways
to remedy this situation [11].

Reflection activities could be graded or ungraded, depending on the time
allocated to the activity, the goals of the course, and other factors. While
ungraded activities might be perceived by students as more authentic, grades
provide them an additional incentive to complete the reflection activity.
Figure 17.1 illustrates the structure and components of reflective thinking, high-
lighting the interplay between knowledge, skills, and attitudes over time [12].
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Figure 17.1 Structure of reflective thinking (based on [13])

17.2 Fundamentals of design thinking approach

Pedagogical approaches should focus on the ability to adapt learning to real-life
scenarios and challenges, creating the conditions for developing new ways of
thinking and mindset [14]. With the recent rethinking of teaching and learning
strategies in engineering studies to focus as much as possible on student engage-
ment and active involvement, the design thinking approach is emerging as one that
meets this objective [15-17]. Design thinking has entered engineering studies as a
result of the search for a new pedagogical approach that allows the development of
original and innovative solutions that meet the needs of users. The design thinking
approach enables students to deepen their knowledge of their discipline and, at the
same time, acquire skills in solving multi-dimensional challenges and integrating
cross-disciplinary experiences, developing effective problem-solving and empathy
skills, becoming effective collaborators, and gaining intrinsic motivation for
learning — all based on hands-on work, activity, and sharing of experiences.

The design thinking approach typically consists of six phases: understanding,
observation, synthesis, ideation, prototyping, and testing [18]. The understanding
phase focuses on considering the challenge within the team. The main objective of
this phase is to operationalize the concepts and comprehend the challenge. The
observation phase involves exploring the challenge. Its primary objective is to
analyze the challenge from different perspectives, get to know the user, identify
their needs, and gain empathy. Once a significant amount of data has been gath-
ered, the synthesis phase begins, where students need to organize the data, highlight
what is important, and draw inspiration for solving the challenge. The ideation
phase is about generating original ideas to address the challenge. The prototyping
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phase involves turning the solution into something tangible that the user can see
and use. Finally, the testing phase consists of evaluating the developed solution in a
real environment and gathering feedback to improve the solution to meet the
user’s needs.

It should be emphasized that reflection plays a crucial role in design thinking.
Since this is experiential learning, students need to be given the opportunity to
reflect on their experiences both individually and in teams.

Why design thinking in engineering studies?
The application of the design thinking approach in the study process helps not
only to deepen student’s knowledge of the discipline but also to develop their
creativity, problem-solving, analytical thinking, teamwork, process manage-
ment, entrepreneurship, openness to change, and innovation. This method
allows theoretical knowledge to align more closely with real-world chal-
lenges and practical results, creating clear connections between existing and
newly acquired knowledge. One of the key components of this approach is
empathy (the ability to understand and relate to others, a clear grasp of the
context, and the recognition of user’s needs), which is interwoven with out-
of-the-box thinking.

Before applying this method in the study process, the teacher must
clearly answer one key question: Does this method help achieve the course’s
learning outcomes and if so, how?

17.3 Reflection practices in the teaching and learning
process

The process of reflective learning and the tools used can be described and identified
both by their content and by the form of information collection and presentation.
Reflective learning tools are instrumental in helping students critically evaluate
their experiences, identifying areas for improvement, and developing a deeper
understanding of the subject matter. In the context of design thinking, these tools
are essential for ensuring continuous learning, improvement, and alignment with
user expectations.
Reflective learning tools can focus on various aspects, including:

o Content analysis: Reflecting on the material learned, its relevance, and how it
can be applied in different contexts.

e Process reflection: Evaluating the steps taken during a project or activity,
identifying what worked well and what did not.

o Personal reflection: Considering one’s own experiences, feelings, and growth
throughout the learning or project process.

o Collaborative reflection: Engaging with peers to discuss insights, challenges,
and solutions, enhancing collective understanding.
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The design of teaching and learning activities needs to explicitly consider the
role of reflective learning. Reflective learning should not be employed merely for
the sake of using it; reflections must have a clear purpose and create significant
value for students. Typically, educators need to think about first, providing a
unique experience for students to reflect on later in the process and second, meth-
ods, identifying the strengths and areas for improvement of that experience, and
considering how it can be applied in subsequent activities.

Given the specificity of engineering studies, several models can be identified
before implementing reflective learning in theoretical lectures, hands-on classes,
and project-based activities.

The example in Figure 17.2 shows how reflection can be integrated into the-
oretical lectures. It should be noted that theoretical lectures in engineering sciences
are characterized by a substantial amount of conceptual knowledge, making
reflection an important tool for students to connect their previous experiences with
new knowledge and skills. Figure 17.2 presents an example of a reflection fol-
lowing a theoretical input. During this reflection, students are invited to consider
what new knowledge they have acquired and how they can relate it to their existing
knowledge and other experiences.

The second example (see Figure 17.3) is similar to the first, but it adds an
element of reflection at the beginning of the lecture regarding what the students
have learned in previous meetings and how this relates to the material from earlier
lectures.

The third example (Figure 17.4) illustrates the use of reflection in laboratory
work. It should be noted that laboratory work poses challenges for engineering
students, and educators face the issue of ensuring that students arrive at the hands-
on sessions prepared. This is where reflection is particularly important, as it

Ending of Beginning of

lecture lecture
Wrap up
Theoretical input 1
Reflection 1
Reflection 2 What new things have you

What new things have you heard?

heard? How does it add to the

How does it add to the knowledge you already had?

knowledge you already had?

Theoretical input 2

Figure 17.2  Example 1 of reflective learning in a theoretical lecture
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Ending of Beginning of
lecture lecture
Reflection 1
Wrap up What do you already know about
subject?
How is it related with previous lecture?
. Theoretical input 1
Reflection 3
What new things have you
heard? .
How does it add to the ReﬂeCtllon 2
knowledge you already had? What new things have you
heard?
Theoretical input 2 How does it add to the

knowledge you already had?

Figure 17.3  Example 2 of reflective learning in a theoretical lecture

Ending of Beginning of
lecture hands-on class
After hands-on activities Before hands-on activities
Reflection 2 Reflection 1
What new things have you What is the muddiest point for you in
learn? preparing for this hands-on class?

How does it add to the

knowledge you already had?

How could you apply what

you have learned to your

project? Hands-on activities

Figure 17.4 Example of reflective learning in hands-on classes

encourages students to reflect on their experience, ask themselves questions about
the process, and consider areas for improvement.

The example in Figure 17.4 proposes two reflections with very clear, but dis-
tinct objectives:

o Before hands-on activities: The purpose of this reflection is to encourage
students to think about their preparation for this meeting, including what they
did not understand, or what was difficult for them.

e After hands-on activities: The purpose of this reflection is to evaluate the
experience that has just taken place by asking questions such as: what new
things they have learned, what they understood, how this relates to the
knowledge they already possess, and how they can use the knowledge they
have gained to develop their projects.

Reflection tools provide structured methods to analyze work, gather insights,
and make informed decisions both for individual students and teams. These tools



274 Soft skills for engineering

Understand Observe Synthesis Ideate Prototype Test

Reflection 1 Reflection 2 Reflection 3 Reflection 4 Reflection 5 Reflection 6

Figure 17.5 Reflections during design thinking process

help bridge the gap between theory and practice, enabling teams to refine their
ideas and approaches based on empirical evidence and user feedback. By inte-
grating reflection tools, teams can:

o Enhance learning: Facilitates deeper understanding and retention of knowl-
edge by encouraging critical thinking about experiences and outcomes.

o Improve solutions: Allows teams to identify and address issues early, leading
to more robust and user-centered solutions.

o Foster collaboration: Promotes open communication and shared under-
standing among team members, enhancing collaboration and collective
problem-solving.

Figure 17.5 illustrates the use of reflection in applying the design thinking
approach. Since this method involves experiential learning, it is logical to hold
reflection sessions after each phase or to integrate reflection tools into each phase
of the design thinking process.

If reflection is used as a tool after each phase of the design thinking process, it
could encourage students to discuss a set of questions:

What activities did you carry out during this phase?

What challenges did you face, and how did you overcome them?
What new insights have you gained during this phase?

What is the most important outcome of this phase?

Are you satisfied with the results you achieved?

What have you learned so far from your work as a team?

If reflection is used as a tool during each phase of the design thinking process,
teachers could utilize some of the reflection tools employed at different stages to
support various objectives.

17.3.1 Understand phase

Mind maps: A visual tool that helps teams to organize complex information
around a central theme and explore relationships between different aspects of a
problem. Write the main problem in the center, create branches for major cate-
gories, add detailed information as sub-branches, use short phrases and visuals [19].

Concept maps: A visual tool that represents relationships between different
concepts, helping teams understand and organize knowledge about a problem.
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Write the main problem or topic at the top, list related key concepts below the
central concept, draw lines to connect related concepts, labeling the lines to explain
the relationships, and arrange concepts in a hierarchical structure from general to
specific [20].

17.3.2 Observe phase

Empathy maps: A visual tool that helps teams understand the user’s needs and
experiences. Divide a sheet into four quadrants labeled “Says,” “Thinks,” “Does,”
and “Feels.” Fill in each section based on user research and observations [21].

Journey mapping: A visual representation of the user’s journey, highlighting
pain points and opportunities. Plot the user’s experience from start to finish, noting
their actions, thoughts, and emotions at each step [22].

User persona reflection: Detailed profiles of different types of users.
Regularly update and review personas based on new insights, discussing how these
insights impact design decisions [23].

17.3.3  Synthesis phase

Problem statement analysis: A critical examination of the problem statement
to ensure it accurately reflects the user’s needs. Ask questions such as “Does
this problem statement address the root cause?” and “Is it specific and action-
able?” [24].

SWOT analysis tool: A tool to identify Strengths, Weaknesses, Opportunities,
and Threats related to the problem. Fill out each quadrant with insights from user
research and team discussions [25].

17.3.4 Ideation phase

Brainstorming reflection: A review and evaluation of brainstorming sessions.
After a brainstorming session, categorize ideas, discuss the most promising ones,
and reflect on the effectiveness of the ideation process [26].

SCAMPER technique: A creative thinking tool that prompts reflection
through questions about Substituting, Combining, Adapting, Modifying, Putting to
another use, Eliminating, and Rearranging. Use SCAMPER questions to reflect on
existing ideas and generate new ones [27].

Dot voting: A method to prioritize ideas democratically. Team members use
dots to vote on their favorite ideas. Reflect on why certain ideas received more
votes and discuss their potential impact [28].

17.3.5 Prototype phase

Prototype feedback grid: A structured method to collect and reflect on feedback.
Create a grid with sections for positives, negatives, questions, and ideas. Gather
feedback from users and team members and reflect on how to iterate the
prototype [29].
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Storyboarding: A visual tool to outline how users will interact with the pro-
totype. Create a storyboard of the user’s interaction with the prototype, then reflect
on potential improvements and overlooked details [30].

17.3.6 Test phase

Usability testing reflection: An evaluation of the prototype based on user testing
sessions. Conduct usability tests, record observations, and discuss what worked and
what did not. Reflect on changes needed before the next iteration [31].

Feedback loop analysis: A continuous process of collecting and reflecting on
user feedback. Implement regular feedback loops with users, reflect on the insights
gained, and integrate them into the design process [32].

This structured approach to reflection in design thinking not only enhances the
effectiveness of the methodology but also fosters a culture of continuous
improvement and innovation in engineering studies and practice.

17.4 Research methodology

To evaluate the effectiveness of reflection tools, a study was conducted in the
engineering study programs of Kaunas University of Technology, which integrated
the design thinking method. In this study, 35 programs were selected that use
design thinking in at least one study module. During the selection stage, study
modules incorporating reflection tools within the design thinking framework were
analyzed. From the selected study programs, the design thinking approach utilizing
reflection tools was applied in the following study modules: Construction Logistics
and Management, Sustainable Development, Basics of Fashion Design, Fashion
Collections, Basics of Design, Experimental Mechanics, Innovations in Fashion
Design, Building Information Modeling and Model Management, Low Energy and
Modernized Buildings, Circular Economy and Sustainable Use of Resources in
Construction, Dynamics of Nonlinear Systems, Mathematical Materials Science,
Product Development Project, Fundamentals of Business Management, Movement
of Biomechanical Systems, Technical Creation and Intellectual Property, Sketching
Technique, Image Design and Communication, Prototyping Methods, Technologies
for Industrial for Design, Bionics and Biomimicry in Design, Technical Creativity
and Intellectual Property, Product Design, Creative Design Workshops, Basics of
Mobile App Development, User Experience Design, Thermodynamics and
Statistical Physics, Physics of Surfaces and Surface Phenomena. In total, 27 study
modules were included from a pool of 109 study modules. Some study modules
were taught in different study programs. All study modules were divided into
semesters and taught from the first year to the last year of undergraduate studies.
Study modules of the 2022/2023 academic year were analyzed during the research.

The research utilized secondary data sources to conduct the study. The analysis
involved examining the syllabus outlined in official course descriptions, as well as
the study module descriptions within the Moodle system, to identify the reflection
tools applied in the design thinking approach throughout the course. Additionally,
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feedback from students collected post-semester served as another secondary data
source for analyzing the effectiveness of the reflection tools utilized during the
design thinking process.

17.5 Findings and discussion

The research study revealed variations in the tasks and reflection requirements across
different study modules (see Table 17.1). These differences were attributed to the
diverse adaptation of design thinking approach to reflection tools within each module.

A variety of reflection tools were utilized across engineering study modules,
each customized for a specific phase of the design thinking process. Not all the
tools were necessarily labeled exactly as they were selected from the literature
analysis. All reflection tools identified in the study modules were analyzed to
determine which phase they corresponded to and to identify similarities with the
proposed tools. Examples of student feedback are provided in italic font, separated
by quote marks and brackets.

17.5.1 Understanding phase

Analysis has shown that there are several reflection tools useful in the under-
standing phase such as mind and concept maps. It should be noted that in the
understanding phase, there is a lot of information and disconnected facts about the
object of study and its context. These tools can significantly help students to
reflect on what they already know and combine newly found information,
knowledge, and context.

Mind maps can be characterized as a user-friendly tool that are especially
suitable for handling complex engineering issues by breaking them down into
manageable pieces. Students emphasize the importance of this tool in seeking

Table 17.1 Reflection tools used in the study modules

Design thinking phase Reflection tool Number of study modules
that use the tool
Understand phase Mind maps 7
Concept maps 20
Observe phase Empathy maps 6
Journey mapping 13
User persona reflection 9
Synthesis phase Problem statement analysis 24
SWOT analysis 4
Ideation phase Brainstorming reflection, 19
SCAMPER technique 4
Dot voting 5
Prototype phase Prototype feedback grid 23
Storyboarding 3
Test phase Usability testing reflection 11

Feedback loop analysis 10
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deep learning (“The mind maps have strong relevance to my learning context”
and “The use of mind maps helped me studying the course content”).
Furthermore, students see it as important to incorporate additional features like
notes, resource links, and graphics (“Mind maps could have been more effective
if they had additional features enabling in-depth analysis within challenge”).
Mind maps offer a well-defined framework for integrating feedback and refining
ideas, thereby enhancing the overall quality of design thinking projects. They are
particularly effective for iterative learning. Integrating a pre-existing feature that
allows peers or instructors to provide comments directly improves the effec-
tiveness of feedback (“It would be beneficial to have constant feedback from
teachers when creating mind maps”).

In cases where a more hierarchical structure is needed or where more inter-
relationships occur, concept maps can be used. Concept maps serve as a reflec-
tive tool that enables students to precisely identify and establish connections
between different project components (“The use of concept maps helped me to
think critically about the interconnections among various team members’ ideas”
and “The concept map helped me understand the relationships between the dif-
ferent parts of the challenge, which at first glance seemed completely unre-
lated”). Concept maps offer a graphical framework that aids understanding of
interconnections between concepts and the overarching objectives of the course
(“Concept maps aided me in precisely defining and linking diverse design
thinking elements”). This technique aids in maintaining project alignment with
course learning objectives (“It ensured that our design thinking project remained
aligned with the course outcomes”).

What needs to be taken into account?

These tools effectively help learners to immerse themselves in the broader
context of the topic and develop the ability to assess the impact of external
factors on the issue at hand. However, it is important to note that the optimal
balance between this phase and the time allocated to the task must be main-
tained to keep students’ attention and focus on the core topic. Additionally, it
is essential to assess:

— In what way do students prefer to express their thoughts?
— Is there a need for the development of new skills and techniques in the
course?

17.5.2 Observation phase

In the observation phase, it is very important to get to know your user well and
understand his/her perception of the world. For this reason, several reflective tools
can be used such as empathy map, journey map, and user persona picture.
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Empathy maps are used in the observation phase. This tool encourages stu-
dents to empathize with users and their experiences, helping them gain a deep
understanding of the user’s needs and perspectives. This is also evidenced by
the students’ statements (“Empathy maps helped me understand the user’s
needs and perspectives” and “Empathy maps helped me think about what I
know about my user, and it also made me reflect on what I still need to know
about him in order to meet the challenge”). Furthermore, empathy maps helped
students organize user insights, facilitating a clear and manageable process of
comprehending user experiences.

Journey maps are another reflection tool which can be efficiently used in the
observation phase. They are a valuable technique in engineering projects, as
they help identify user interactions and pinpoint areas of difficulty in engi-
neering solutions (“Journey mapping helped me see the user’s experience”).
The sequential arrangement of journey maps documents the user’s journey. It
is important to note that journey maps improve social competencies, critical
thinking, and creative thinking by fostering collaboration and thorough
examination of the user’s experiences (“It helped me to collaborate with my
team and conduct an in-depth examination of the user’s journey”). Students
emphasize the importance of having clear instructions on how to use this tool
(“I needed more elaborate instructions and illustrations throughout the process
of journey mapping”).

User persona reflection is another tool for aligning solutions with user needs,
aiding in the achievement of learning objectives (“The creation of user per-
sonas helped us to create solutions understanding concrete user needs’). This
tool can be very useful for comprehending target users in engineering projects,
offering important insights into user behavior and preferences (“I found it
highly relevant for understanding users in engineering projects”; “Creating a
persona helped me to empathize with my user, allowing me to understand not
only their needs but also the reasons behind them”; ‘“Persona description
helped me invent solutions focusing on individual user needs”). To enhance
the clarity and ease of use for this tool, it is beneficial to provide additional
templates and examples for developing comprehensive personas (“Teacher
could offer more templates and examples for personas analysis™).

What is important

This phase requires close, direct contact with the user, which can sometimes
present practical challenges in organizing the process. It is also important to
assess the following:

e How and in what way will the contact between the learner and the user
occur? Will it be direct or indirect?
e How will personal data protection issues be managed?
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Students’ comments indicate that mixed forms of reflection are highly useful
during this phase (“It is very beneficial to incorporate different tools, such as
journey map and user personas”; “Using different tools seemed less useful at the
beginning, but in a later phase, I realized that it allowed me to dig deeper into my
user’s needs and understand them better to propose the best engineering
solution™).

17.5.3 Synthesis phase

In the synthesis phase, students continue to analyze the problem, but it becomes
essential for them to organize and interpret the available information. Various tools
can be used for reflection during this phase such as problem statement analysis and
SWOT analysis:

e During the synthesis phase, analyzing the problem statement serves as a
reflective tool, helping students accurately describe the problem. Providing
more explicit instructions and illustrative examples for constructing problem
statements can be beneficial (“The teacher could assist by providing clearer
guidelines and examples for formulating problem statements”). To increase the
tool’s relevance, it is advisable to focus solely on engineering-specific issues
(“It would be ideal to concentrate on engineering-specific issues”).

e SWOT analysis is another tool for reflection in this phase. It helps students
thoroughly review projects and ensure alignment with design thinking chal-
lenge statement. This analysis evaluates both internal and external factors
(“SWOT analysis helped me reflect on the solution from different points of
view”).

17.5.4 lIdeation phase

In the ideation phase, students advance to the process of developing a solution,
making various reflection tools valuable in this stage such as reflection on brain-
storming sessions, SCAMPER, and Dot voting.

e Reflecting on brainstorming sessions serves as a tool to ensure that generated
ideas align with the learning objectives (‘“Brainstorming sessions helped met
generate ideas”; “The tool helped gather ideas from each team member”). This
tool enables students to explore a broad range of possibilities (“At the begin-
ning, [ didn’t know where to start. The tool and the guidelines encourage us to
talk and share”). It is beneficial to provide methods specifically designed for
capturing and organizing brainstorming ideas. Using engineering-specific
brainstorming approaches can enhance the relevance of this tool (“It would be
interesting to learn and experience engineering-specific brainstorming techni-
ques if available™).
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How to implement it?
Synthesis is a crucial point in the process that determines the direction of the
future solution, and therefore requires special attention and sufficient time.
Key considerations include:

e Do students have enough material to summarize?

e How do they justify their choices?

o How does the outcome of the students’ summaries align with the overall
context of the topic defined in the previous phases of the process?

o SCAMPER reflection tool is used to systematically innovate and improve
existing ideas (“SCAMPER was very useful in my engineering project as it
provides a clear structure for modifying and improving solutions™).
SCAMPER also fosters the development of social skills (“SCAMPER facili-
tated teamwork and creative thinking by helping us collectively explore dif-
ferent solution possibilities™).

o Dot voting is another reflection tool used in ideation phase to evaluate ideas,
prioritize them, and make decisions. It is particularly useful for achieving
learning objectives related to efficient problem-solving. The dot voting process
is highly effective in quickly identifying the most popular ideas (“It helped us
easily vote on the ideas”).

What is important?

In this phase, it is essential to strike a balance between convergent and
divergent thinking by prioritizing the quantity of ideas and subsequently
evaluating their quality and relevance. Key considerations include:

How can creativity be boosted?
How do students justify their choices?
How do the selected ideas address the topic?

17.5.5 Prototype phase

In the prototyping phase, students have an initial idea of the solution and further
develop it to meet the user’s needs. Reflection tools such as prototype feedback
grid and storyboard are used during this stage

e The prototype feedback grid serves as a systematic tool for gathering feedback.
This tool is essential for engineering projects that require prototyping and user
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input, making it practically applicable in engineering contexts (“This tool has
helped me gain a deeper understanding of what my user is expressing”; “In my
opinion, the prototype feedback grid is essential in the prototyping phase
because it allowed me to anticipate what I could improve in the next phase”).
The prototype feedback grid improves social skills by organizing the process
of collecting and analyzing feedback. However, students note that this tool
could be more technology-enriched (“We used it in a rather traditional way.
Teachers could consider providing digital templates™).

Storyboarding is another reflection tool used in the prototyping phase.
Storyboarding enhances social skills and imaginative problem-solving through
the visual representation of concepts and solutions (“Visual tools have helped
us understand complex problems more clearly and generate innovative
solutions”).

What could be relevant?

As this is one of the most complex phases of the process and involves the risk
of errors, reflective skills require significant attention. Questions to consider
include:

o In what way do students prefer to express their thoughts?
e Do we have enough time for this?
What are the pros and cons of paper versus digital tools?

17.5.6 Test phase

The testing phase is crucial in engineering projects because it allows the
improvement of provided solutions. Several tools can be used at this phase such as
feedback loop analysis and usability testing reflection.

Feedback loop analysis is a vital tool for reflection during the testing phase. It
helps in comprehending iterative improvement processes and aligns well with
learning objectives that emphasize continuous enhancement (“It was useful to
have the possibility to test and repeat steps of the process and achieve better
result”; “It would be beneficial to have more time for testing solutions™).
Usability testing reflection aids students in assessing the usability of engi-
neering solutions, ensuring that they fulfill user requirements and function as
intended. Reflecting on usability testing not only improves social compe-
tencies but also fosters critical and creative thinking through the collective
examination of user feedback and design enhancements (“Improving our cri-
tical thinking and teamwork skills by working together helped us to make
solution improvements”).
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What is important?
This phase serves as a summary of the entire process, providing an overview
of the road ahead. Important questions to consider include:

e What are the testing parameters and the criteria for their selection?
What alternative methods can be employed?

17.6 Conclusions

Recent educational research shows the unquestionable importance of reflection in
the teaching and learning process. When used appropriately, reflection can help
learners to understand theoretical knowledge, to combine theoretical knowledge
with practical approach, to acquire skills relevant to their professional life, and to
anticipate future improvement steps. Knowing the pros and cons of reflection tools
and their application challenges, teachers can select the necessary reflection tools
that are relevant to the desired outcome and help learners to fill learning gaps.
When designing a learning strategy, the place of reflection, which can vary in the
teaching and learning process, must also be considered in relation to the learning
outcomes.

In order to assess the effectiveness of reflection tools, a study was carried out
in the engineering courses at the Kaunas University of Technology, which apply the
design thinking method. The empirical research findings highlighted the sig-
nificance of aligning reflective practices with learning outcomes to achieve success
in engineering education. Students emphasized various favorable features, obser-
ving that theoretical knowledge, engaging design thinking assignments, and
reflection tools greatly contribute to attaining tangible educational results. The
inclusion of a well-defined design thinking plan and the provision of opportunities
for teamwork, as indicated in the feedback forms, are highly valued.

Reorganizing study process of the design thinking process curriculum in the
course materials is another crucial factor. Students expressed their desire for more
comprehensive and organized explanations within the learning management sys-
tem. Restructuring the study modules to establish a more logical framework can
improve students’ understanding of the significance and applicability of reflecting
on their studies.

When it comes to design thinking in engineering education, clarity and ease of
use are essential factors to consider for effective reflection. The students’ positive
feedback suggested that the materials and instructions were generally perceived as
valuable and comprehensible. The students appreciated the clear work assignments
and chances for collaboration, as well as the teacher’s feedback on their reflections,
which demonstrated a high level of user-friendliness.

Students proposed that the study modules should commence with explicit
indications of the objectives, significance, and assignment descriptions. They also
emphasized the lack of clarity in the reflection procedure. Difficulties arose due to
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a dearth of examples and real-world relevance. Moreover, students expressed a
desire for a more cohesive framework within the study modules. Observers notes
discrepancies in the topics addressed during the lectures, such as transitioning from
presentations to design thinking and subsequently to scientific readings and com-
ments, without a discernible link or coherence.

The importance of context in engineering education cannot be overstated. It is
crucial that instructional techniques and materials are closely aligned with the
current needs and realities of the profession. The successful incorporation of
engineering projects utilizing the design thinking technique in the curriculum was
underscored by positive feedback. Students valued the clear work plans and
opportunities for collaboration, which demonstrated organized instruction and
effective task coordination.

Several students expressed the opinion that the reflection methods, such as
mind mapping or persona analysis, were not well-suited for course subjects like
data analytics and visualization. There were also concerns regarding the applic-
ability of reflection activities to real-world engineering applications. Students
suggested improving the reflection forms by including more precise information
and minimizing broad interpretations. Students require more explicit instructions
on how to effectively compose reflection reports and stressed the importance of
receiving prompt and clear feedback from their lecturers.

Facilitating comprehension is vital in engineering education to guarantee that
students not only acquire fundamental principles but also proficiently apply them in
practical situations. The students’ positive feedback emphasized the importance of
reflecting on teamwork and collaboration. The presence of teamwork opportunities
was highly valued, as these enabled effective participation in practical tasks that
improve social skills and critical thinking.
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Chapter 18

A course sheet for training soft skills

Iiigo Cuifias’ and loannis Tsampoulatidis®
g p

This course proposal outlines the contents of a core course on soft skills, which can
be implemented as an independent program or integrated into a broader curriculum
covering related topics such as project management, ethics, or leadership. The
primary aim of this course sheet is to assist lecturers in incorporating soft skills into
university curricula, thereby equipping students with essential non-technical com-
petencies required for both professional and personal development.

The course is designed for undergraduate students from diverse disciplinary
backgrounds. While these students may possess foundational technical knowledge in
their respective fields, they often lack critical soft skills. This diverse and generalized
definition of the student body is not viewed as a limitation; rather, it presents an
opportunity for lecturers to customize lessons and activities to meet the specific needs
of their audience. Flexibility is a key feature of the course design, allowing instructors
to select from a selection of soft skills highlighted in this proposal and adapt the
content to align with the specific backgrounds and career aspirations of the students.

The central objective of the course is to raise students’ awareness of the
importance of holistic development in their professional and personal lives,
emphasizing the interplay between technical skills relevant to their fields and soft
skills that govern interpersonal interactions. This objective is underpinned by two
fundamental ideas:

1. Societal Problem-Solving: Society, composed of the individuals who constitute
it, faces various challenges that professionals can address using their technical
expertise. However, the ability to identify and respond effectively to these
challenges relies heavily on soft skills such as communication, empathy, and
critical thinking.

2. Ethical Responsibility: The professional activities carried out by individuals
have a direct impact on society, influencing how people live and interact. This
impact underscores the need for a strong ethical foundation, ensuring that
professionals are not only technically competent but also morally responsible
in their decisions and actions.
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The course proposes an experiential learning approach, immersing students in
scenarios that simulate real-world challenges. These scenarios are designed to
enhance students’ psychological resilience and provide them with methodological
tools to navigate complex situations effectively. Each scenario is carefully aligned
with one or more soft skills as defined in the European Training 2020 Peer
Learning Activity (ET 2020 PLA) report on “Developing Future Skills in
Education,” published by the Directorate-General for Education and Culture in
February 2016 [1].

The selection of specific soft skills to be included in the course may be
informed by several sources. These include the comprehensive international survey
of employers and university students detailed in Chapter 3 of this book, which
identifies the most valued skills in the contemporary job market, as well as the
practical insights of lecturers, who may tailor the course content to address the
specific needs of their students. This adaptability ensures that the course remains
both relevant and effective in equipping students with the skills essential for their
future professional roles.

18.1 Course structure and credit allocation

The European Credit Transfer and Accumulation System (ECTS) credits allocated
to this course may vary depending on the specific university where it is imple-
mented. While the course is designed with a foundational structure equivalent to 5
ECTS, it can be expanded by incorporating more ambitious projects and additional
learning activities. This flexibility allows the course to be adapted to institutional
requirements and student needs.

For the standard 5 ECTS configuration, which corresponds to approximately
125 total hours of student engagement, the following time distribution is proposed:

1. Face-to-Face Instruction (20 h): These hours are dedicated to direct inter-
action between students and instructors, focusing on lectures, workshops, and
in-class activities that introduce and practice key soft skills. This component is
essential for fostering an interactive learning environment where students can
receive immediate feedback and participate in collaborative exercises.

2. E-Learning (36 h): A significant portion of the course is designed to be
delivered through e-learning platforms. This mode of delivery allows for a
flexible and self-paced learning experience, where students can engage with
multimedia content, participate in online discussions, and complete assign-
ments that reinforce the concepts introduced in face-to-face sessions.

3. Autonomous Work (69 h): The remaining hours are allocated to autonomous
work, which includes individual study but emphasizes teamwork. This auton-
omous work component is particularly conducive to the application of the soft
skills developed during the course. It is recommended that students engage in
case study analyses during these hours, as this method provides a practical
framework for applying soft skills such as problem-solving, communication,
and teamwork in real-world scenarios.



A course sheet for training soft skills 291

The integration of case studies into autonomous work not only reinforces the
theoretical knowledge acquired during the course but also enables students to practice
and refine their soft skills in contexts that reflect real-world professional challenges.
This approach ensures that students can translate classroom learning into practical
competencies, thereby enhancing their preparedness for future professional roles.

18.2 Mode of delivering

The course is designed to be delivered using a blended learning approach, com-
bining face-to-face instruction, e-learning, and autonomous work. This hybrid
delivery method leverages the strengths of each mode to provide a comprehensive
learning experience. However, if the course is adapted for a fully online format, it is
strongly recommended to utilize e-learning platforms that support collaborative
work. Such platforms are essential for facilitating interaction among participants
and enabling the development of essential teamwork skills.

In a fully online environment, the use of digital tools that allow real-time
collaboration, group discussions, and interactive project management is crucial.
These platforms should offer features such as virtual breakout rooms, shared
workspaces, and communication channels to simulate the collaborative dynamics
of face-to-face learning. This ensures that students can effectively engage with one
another, even without physical classroom interactions.

By employing these technologies, the course can maintain its emphasis on soft
skills development, particularly in areas like communication, collaboration, and
teamwork. The collaborative work fostered through these platforms allows students
to practice these skills in a digital environment, which is increasingly relevant in
today’s remote and hybrid work contexts. Thus, whether delivered in a traditional
classroom, online, or through a combination of both, the course remains aligned
with its core objectives of enhancing students’ soft skills to prepare them for pro-
fessional careers.

18.3 Objectives of the course unit

The course unit is designed with three primary objectives, each aimed at enhancing
students’ professional competencies and preparing them for successful integration
into the workforce and broader society:

1. Transfer of Foundational Knowledge on Soft Skills: The first objective is to
equip students with essential knowledge about a range of soft skills, high-
lighting their importance as vital tools for improving students’ professional
performance and societal engagement. At this stage, it is critical for students
not only to recognize and define each soft skill but also to engage in activities
and utilize tools that foster the integration of these skills into their personal and
professional identities. This foundational understanding serves as the bedrock
upon which students can build their soft skills throughout their careers.
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2. Application and Testing of Soft Skills in Team Settings: The second
objective focuses on familiarizing students with the practical effects of soft
skills by encouraging their application in small, collaborative teams. While the
training of soft skills is inherently valuable, students are more likely to commit
to personal development when they observe the tangible benefits these skills
offer to both personal and professional contexts. By participating in team-
based exercises, students can experience firsthand the utility and impact of
soft skills, thereby enhancing their motivation to further cultivate these
competencies.

3. Cross-Disciplinary Collaboration and Problem-Solving: The third objective
challenge students to work outside their primary areas of expertise, collaborate
in diverse teams, and develop strategies to overcome various difficulties. In
these team settings, students are expected to actively apply their soft skills
while simultaneously working on specific tasks assigned by the lecturers. This
objective not only reinforces the importance of teamwork but also highlights
the relevance of soft skills in addressing complex, interdisciplinary challenges.

Lecturers are encouraged to incorporate additional objectives tailored to the
specific workshop or course design they implement. These supplementary goals
should align with the overall aim of soft skills development, allowing instructors to
adapt the course content to better meet the needs of their students and the unique
demands of their academic or professional environment.

18.4 SKkills or competencies to be acquired

The following list comprises a selection of key skills and competencies identified
from the comprehensive analysis presented in this book. These skills represent the
core soft skills that students are expected to develop through participation in the
course. While this set of skills serves as a foundational framework, it is crucial that
lecturers tailor the emphasis on specific skills according to the context of the pro-
gram in which the course is integrated. The selection and prioritization of these
competencies should be aligned with the unique goals and needs of the student
body and the academic environment.

For this proposal, eight core soft skills have been identified as universally
essential, forming the baseline competencies that all students should acquire through
the course. These skills were selected based on the results of the survey discussed in
Chapter 3, which highlighted their critical importance in both professional and aca-
demic contexts. The core soft skills proposed for the basic course are

e Teamwork: The ability to collaborate effectively with others, contributing to
group objectives while valuing diverse perspectives.

e Time Management: The capacity to plan and organize tasks efficiently,
ensuring the timely completion of responsibilities.

e Problem-Solving: The aptitude for identifying issues and implementing
effective solutions through a systematic approach.
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Analytical Thinking: The skill to assess information critically, breaking down
complex problems into manageable components.

Critical Thinking: The ability to evaluate arguments, identify biases, and make
reasoned judgments based on evidence.

Decision Making: The competence to make informed choices by weighing
alternatives and considering potential outcomes.

Creative Thinking: The capacity to generate innovative ideas and approaches,
fostering originality and adaptability.

Interpersonal Communication: The skill to convey information clearly and effec-
tively, while also listening and responding appropriately in social interactions.

In addition to these core skills, lecturers are encouraged to incorporate addi-

tional competencies that align with the specific objectives of their local programs.
This customization allows the course to more effectively address the particular
needs and goals of the student population, ensuring that the training provided is
both relevant and impactful.

18.5 Learning outcomes

The following collection of learning outcomes is designed to be adaptable to the
specific program in which the course is implemented. Upon successful completion
of the course, students should be able to:

Apply Teamwork Principles: Demonstrate the ability to collaborate effectively
with others, contributing to group objectives while fostering a cooperative and
inclusive working environment.

Manage Time Effectively: Organize and allocate time efficiently to perform
various tasks within a project, ensuring timely completion and adherence to
deadlines.

Implement Problem-Solving Techniques: Utilize appropriate strategies and
techniques to identify, analyze, and resolve problems in a systematic and
effective manner.

Conduct Methodical Analysis: Employ structured, methodical approaches to
dissect and understand complex problems, leading to well-founded solutions.
Engage in Critical Reflection: Critically evaluate situations by considering
multiple perspectives, questioning underlying assumptions, and assessing the
validity of various approaches.

Make Informed Decisions: Make well-reasoned decisions by weighing the
advantages and disadvantages of different options, considering both short-term
and long-term consequences.

Generate Creative Solutions: Produce innovative ideas and solutions by
applying creative thinking techniques, demonstrating adaptability and origin-
ality in problem-solving.

Communicate Effectively: Engage in clear and effective communication with
others, facilitating productive group meetings and ensuring that ideas are
conveyed and understood efficiently.
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18.6 Contents

The basic course is organized into four modules, each focused on developing a
specific set of soft skills categorized under cognitive, methodological, and social
competencies as classified by the ET 2020 PLA report on “Developing Future
Skills in Education,” released by the Directorate-General for Education and Culture
in February 2016 [1]. The configuration of these modules is as follows:

e Module 1: Organizational Skills

o  Teamwork: Developing the ability to collaborate effectively within a
group, contributing to collective goals while respecting diverse
perspectives.

o Time Management: Equipping students with strategies to manage their
time efficiently, ensuring that tasks are completed within set deadlines.

e  Module 2: Creativity Skills

o Interpersonal Communication: Enhancing students’ capacity to commu-
nicate clearly and effectively, facilitating productive interactions in both
personal and professional settings.

o  Creative Thinking: Encouraging the generation of innovative ideas and
solutions, fostering adaptability and originality in problem-solving.

e Module 3: Problem Analysis Skills

o Critical Thinking: Training students to critically assess situations, identify
underlying assumptions, and evaluate arguments based on logical
reasoning.

o Analytical Thinking: Focusing on the ability to systematically break down
complex problems and understand their components through structured
analysis.

e  Module 4: Solution Skills

o Decision Making: Teaching students to make informed and effective
decisions by evaluating different options and considering potential
outcomes.

o  Problem-Solving: Providing students with practical tools and methodol-
ogies to identify problems, explore solutions, and implement effective
strategies.

Each module combines two skills from different categories, ensuring a
balanced development of cognitive (three skills), methodological (three skills), and
social (two skills) competencies across the four basic modules. This integrative
approach allows students to apply and reinforce their skills in diverse contexts,
preparing them for real-world challenges.

Additional modules can be incorporated into the course based on the specific
needs of the local program or the expertise of the lecturers. This flexibility enables
the course to be tailored to the unique goals and academic environments of dif-
ferent institutions, ensuring that students receive the most relevant and impactful
training.
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The course will be structured around the following key activities, designed to

enhance the students’ understanding and application of selected soft skills:

1.

Case-Forum Discussions:

Each module will begin with a case forum centered on a specific situation
related to the targeted soft skills. The primary objective of this activity is to
immerse students in real-world scenarios — preferably drawn from their own
experiences — that challenge them to develop solutions, suggestions, or pro-
posals. This approach aims to make students aware of the relevance and
application of soft skills even before they formally recognize or understand
them as such. The process encourages experiential learning, where the recog-
nition and importance of these skills emerge organically through problem-
solving. Pre-prepared examples of cases will be provided to guide the imple-
mentation of this activity.

Theoretical Framework for Soft Skills:

This section of the course will deliver foundational theoretical knowledge
on each of the selected soft skills. Students will explore historical contexts,
key theories, and various conceptual frameworks related to the skills under
study. These theoretical insights will be disseminated primarily through e-
learning platforms, allowing students to engage with the material at their
own pace while ensuring a comprehensive understanding of the underlying
principles.

Team Formation:

Effective team construction is crucial for the collaborative activities in this
course. Lecturers will organize students into groups of four to seven members.
Several methods for group formation may be employed, including:

Allowing students to self-select their groups based on personal preference.

Randomly assigning students to groups to encourage diverse interactions.

Using the results of a psychological assessment administered during the
first session to create balanced teams, ensuring a mix of personalities and
strengths.

Any other suitable method that aligns with the course objectives and
student needs.

Team-Based Autonomous Work:

The teamwork component will be conducted as autonomous work, where each
group is tasked with preparing an essay or an oral presentation that proposes a
solution to a given case. This task will require students to identify the soft skills
necessary for addressing the problem and to articulate the significance of these
skills in their proposed solutions. A collection of case study ideas, provided at
the end of this chapter and also in Chapter 19, will serve as a resource for
initiating this work.

To facilitate collaboration, especially for groups unable to meet in person, an
online platform will be provided. This platform will function as a repository for
resources, a meeting space for sharing ideas, and a tool for collaboratively
creating documents. Each group will document their findings and process
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through reports or contributions to an online forum or wiki. Additionally, they
will prepare and deliver a presentation to the entire class. The outcomes of
these activities will be assessed using agreed-upon rubrics that evaluate both
content and collaboration.

Interaction with lecturers will occur both face-to-face and online. Forums
will be available for ongoing discussions during the research phase, while
email will be used for the exchange of ideas. Scheduled meetings will be
arranged to monitor progress and provide guidance. Additionally, students will
have the option to request short calls or video meetings with lecturers to
address specific questions or challenges, ensuring timely and effective support
throughout the course.

18.7 Planning

The course is generally designed to be worth 5 ECTS credits. However, depending
on the specific requirements of local programs, additional ECTS credits may be
assigned. This flexibility allows for the expansion of the course content and
methodology, enabling a deeper exploration of the material or more ambitious
project work.

The basic course structure would be as follows:

In-Class Instruction: Students will engage with lecturers for a total of 20 h of
face-to-face instruction. This time will be dedicated to interactive lectures,
workshops, and seminars where foundational concepts and practical applica-
tions of soft skills are introduced and discussed.

Theoretical Content: The theoretical component of the course will be delivered
through 32 h of e-learning activities. This includes the study of core concepts,
historical contexts, and theoretical frameworks related to the soft skills covered
in the course.

Autonomous Work: The remaining course hours will be allocated to autono-
mous work, which encompasses individual study and team-based projects
outside of formal classroom sessions. The total hours dedicated to autonomous
work will vary depending on the local program’s total credit load. Students are
expected to invest additional time in completing these tasks, which will
involve analyzing cases, developing solutions, and preparing presentations.
The depth and quality of the solutions are anticipated to correspond with the
number of hours dedicated to this component.

In summary, the total time commitment for the course includes 20 h of direct

instruction, 32 h of e-learning, and additional autonomous work hours as spe-
cified by the local program (as summarized in Table 18.1). The flexibility in
credit allocation and time commitment ensures that the course can be tailored to
meet diverse academic requirements, providing students with a comprehensive
and adaptable learning experience.
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Table 18.1 Planning

Activity Face to face e-learning Autonomous
work

Introductory activities 2 - -

Classroom work: cases related to 16 - -

soft skills (2 h each skill)

Tutorials on soft skills: history, - 32 -

theories,

applications (4 h each skill)

Team projects - - L.P. (min. 73)

Project presentations 2 - -

Total hours 20 32 73+

*L.P. indicates that the number or hours depends on local programs.

18.8 Methodologies

To facilitate the acquisition of the proposed competencies, the course will employ a
variety of methodologies designed to actively engage students actively and deepen
their understanding of the soft skills covered. The key methodologies are outlined
as follows:

Introductory Activities:

Lecturers will commence the course by outlining the objectives and providing
practical insights into soft skills and teamwork. This initial phase will also
involve the formation of student teams, setting the stage for collaborative work
throughout the course.

Classroom Sessions:

These sessions will combine lectures with interactive components, such as
group work and debates, to explore and understand each soft skill in depth. The
course will consist of eight two-hour sessions, each dedicated to a specific soft
skill included in the program. The pedagogical approach will emphasize active
learning, encouraging students to engage in various activities rather than pas-
sively receiving information.

Soft Skills Training:

Students will receive targeted training on the soft skills addressed in the
course. This training will involve detailed explanations provided by the lec-
turers, including content from specialized authors, precise definitions, histor-
ical applications, and contemporary case studies. The training will be delivered
through e-learning methods, allowing for flexible and comprehensive
engagement with the material.

Projects and Meetings with Tutors:

A central component of the course is a major project undertaken by small stu-
dents’ team. This project will require students to apply their acquired knowledge
to a practical case study, which may be proposed either by the students themselves
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or by faculty members. Throughout the course, teams will work closely together to
meet project objectives, with regular supervision provided through weekly meet-
ings via email, forums, or face-to-face interactions with lecturers. At the conclu-
sion of the course, each team will present their project in oral and/or poster
sessions. Alternatively, students may be required to record a video presentation of
their project, which will be assessed by lecturers and potentially by their peers.
e Presentations and Exhibitions:

Teams will present their projects to their peers, with presentations potentially
supplemented by video recordings. The oral presentations can be delivered by
one or more team members and must include evidence demonstrating the work
completed and the results achieved. Following the presentations, all team
members must be available for questions and assessment. Whenever possible,
these presentations could be organized as part of a workshop or trade show,
with invitations extended to industry professionals and members of the uni-
versity community to provide feedback and insights on the projects.

18.9 Assessment

Although Chapter 20 of this book is dedicated to the assessment of soft skills, this
section outlines the specific methods for evaluating student performance based on
the course structure described herein. The assessment will ideally involve both
lecturers and peers, with a proposed distribution of 50% of the grade assigned by
lecturers and 50% by peers. In cases where local regulations preclude peer
assessment, the entire evaluation will be conducted by the lecturers, constituting
100% of the final grade.

As part of their autonomous work, students will collaboratively develop a
solution to a case study. Each team will be required to record a short video pre-
senting their insights and proposed solutions. This video will serve as a medium for
both lecturers and peers to evaluate the team’s performance.

The evaluation of the project will be based on pre-published rubrics, which
will detail the criteria for assessing the application of soft skills in solving the case
study. These rubrics will be introduced to students within the first two months of
the course to provide clear expectations for their work. Both lecturers and, where
permitted, peers will use these rubrics to assess the video presentations. The dual
assessment approach ensures a comprehensive evaluation of the students’ perfor-
mance, incorporating diverse perspectives on their application of soft skills.

The rubrics for evaluating the project will be detailed and made available to
students at the outset of the course. These rubrics will provide specific criteria for
assessing various aspects of the project, including the effectiveness of the proposed
solutions and the integration of soft skills. The use of standardized rubrics aims to
ensure consistency and fairness in the evaluation process.

In addition to the project evaluation, students will be asked to complete a
satisfaction survey regarding the course content and its delivery. This feedback will
help assess the effectiveness of the course and identify areas for improvement.



A course sheet for training soft skills 299

18.9.1 Evaluation rubric

Each lecturer and student will evaluate the solutions presented by the participants
based on the integration and demonstration of the various soft skills emphasized
throughout the course. The evaluation will focus on how effectively each soft skill
has been incorporated into the proposed solution to the case study.

Each soft skill will be assessed on a scale of three levels, as outlined below:

1 Point: The soft skill is not demonstrated or evident in the proposed solution.
2 Points: The soft skill is partially demonstrated but lacks depth or clear
application within the solution.

e 3 Points: The soft skill is adequately demonstrated with clear application and
relevance to the solution.

The rubrics for each soft skill will be detailed and will describe the criteria for
awarding points at each level. These rubrics will ensure that the assessment is
objective, consistent, and aligned with the course objectives. They will be provided
to students at the beginning of the course to guide their understanding of the
expectations and criteria for each soft skill. The assessment will follow a two-step
process:

1. Lecturer Assessment: Lecturers will assess each solution based on the
rubric, assigning points for each soft skill demonstrated in the proposed
solution. The total score for each solution will reflect the combined effec-
tiveness of all assessed soft skills. This assessment will provide a compre-
hensive evaluation of how well students have integrated the various
competencies into their solution, ensuring alignment with the learning
objectives of the course.

2. Peer Assessment: Where peer assessment is permitted, students will also
evaluate their peers’ solutions using the same rubric. This approach provides
additional perspectives and enhances the evaluation process by promoting
collaborative learning. Peer feedback encourages students to critically assess
the work of others, strengthening their understanding of soft skills and how to
apply them effectively in diverse contexts.

A proposal for an assessment rubric is deployed in Table 18.2. This rubric will
guide both lecturer and peer assessments, ensuring consistency and clarity in
evaluating the demonstration of each soft skill.

18.9.2 Satisfaction survey

In addition to peer assessment, which plays a crucial role in evaluating student
performance, a satisfaction survey will be administered to measure the overall
experience and satisfaction of each participant in the course. The survey will pro-
vide valuable insights into the effectiveness of the course content, delivery, and
overall structure. The satisfaction survey will serve as an important tool for con-
tinuous improvement and ensuring the course aligns with the needs and expecta-
tions of the students.
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Table 18.2 Assessment rubric

Soft skill Acquisition level

1 2

3

la. Team working  Students were able to  Students constructed a
work together in a team and coordinated
group the different roles of

the individuals

1b. Time Students were able to  Students were able to
management analyse the way they  identify the different
use their time tools that can help them
to manage their time
2a. Interpersonal Students are able Students can define the
communication to identify the characteristics of
different types of communication and to
communication understand the
importance of effective
communication
2b. Creative Students are able to Students are able to
thinking understand the appropriate the spirit
importance of group and the method of the
work in a spirit of creativity techniques

openness and tolerance
to the most diverse and
original ideas

3a. Critical Students were able to  Students were able to

thinking define and understand  identify and use critical
the concept of critical  thinking skills,
thinking processes, and

techniques that will
assist them in their
personal lives and

careers

3b. Analytical Students were able to  Students correctly

thinking think in an orderly and identified the issue of

analytical way the given task requiring

a solution and
hypothesized

4a. Decision Students were able to  Students were able to

making define and understand  define and understand

the sources of the most the action of factors

common difficulties in affecting the decision-

the decision-making making process

process

4b. Problem-solving Students were able to  Students give a solution

solve a problem giving based on following the

a reasonable solution  steps given. They have
specified some of the
steps followed

Students worked in a
team, coordinating
roles, and they realized
the usefulness of this
way of working
Students were able to
use classic tools and
digital tools to manage
their time

Students are able to
communicate in an
effective way

Students are able to use
creativity techniques,
with confidence within
a group, to provide
original solutions to a
given problem

Students develop their
ability to investigate
and evaluate thinking
from different
viewpoints; also,
identifying, analyzing,
and formulating
solutions to problems
as they arise

Students collected
information necessary
to solve a task,
analyzed it and drew
logical conclusions
Students were able to
use techniques that
facilitate decision-
making process

A whole definition of
the problem-solving
resolution is given by the
student team. They give
a good description of
every approach followed
in the different steps of
the problem-solving
process
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The survey has several purposes:

e Assess Course Effectiveness: The survey will gauge participants’ perceptions
of how well the course met its objectives and how effectively the soft skills
were taught and integrated into their learning experience.

o Identify Strengths and Areas for Improvement: Through the survey, feedback
collected will help identify strengths in the course design and delivery, as well
as areas that may require adjustments or enhancements. This feedback will be
crucial for fine-tuning specific elements such as the course structure, instruc-
tional methods, and assessment approaches.

e Enhance Future Offerings: Insights gained from the survey will be used to
refine and improve the course for future iterations, ensuring that it remains
relevant, engaging, and effective, and aligned with contemporary educa-
tional needs. Adjustments may include modifications to the course con-
tent, changes in delivery methods, or enhancements to activities that
strengthen the application of soft skills. By collecting and analyzing this
feedback, instructors and program coordinators can ensure the course’s
continued success and relevance. The satisfaction survey will be admi-
nistered at the end of the course to allow participants to reflect on their full
experience.

The proposed survey questions cover a comprehensive range of aspects related
to the course and will help gather valuable insights into the students’ experience
and satisfaction. It could be as follows:

Demographic questions: Please, answer the following questions for statistics
analysis purposes:

Age

Gender: male/female/other/prefer not to answer
Program you are currently following

Employment situation: employed/unemployed/other
5. Country of residence/work

bl ol e

Training quality questionnaire: Rate the following aspects of the course using a
score scale from 1 to 5 (1 lowest score and 5 highest score).
Course organization
6. The course has been well organized (information, meeting dates and times,
material delivery)
7. The number of students in the group has been adequate for the development
of the course
Course Contents
8. The contents of the course have responded to my training needs
9. There has been an adequate combination of theory and practical application
Duration and schedule
10. The duration of the course has been sufficient according to its objectives and
contents
11. The schedule has favored course attendance
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Trainers/Tutors

12.  The way of teaching or tutoring the course has facilitated learning

13. The trainers/tutors know the topics taught in depth

Didactic means (guides, manuals, files, ...)

14. The documentation and materials delivered are compressible and adequate

15. The didactic methodology is updated

Facilities and technical means (whiteboard, screen, projector, TV, video, compu-

ter, programs, machines, tools, ...)

16. The classroom, workshop, or facilities have been appropriate for the devel-
opment of the course

17. The technical means have been adequate to develop the course content
(computers, whiteboard, projector, TV, machines)

Only when the course has been carried out in the distance, e-learning or mixed

mode

18. Tutorial guides and teaching materials have made it easy to complete the
printed course (e-learning applications, printed materials, etc.)

19. There has been sufficient support (individual tutorials, mail and distribution
lists, teleconference, virtual library, search engines, etc.)

Mechanisms for learning assessment

20. Evaluation and self-assessment tests have been available that allow me to
know the level of learning achieved (the answer is yes or no)

Course overall rating

21. The course can contribute to my incorporation into the labor market

22. The course has allowed me to acquire new skills/abilities that I can apply to a
job position

23. The course has improved my possibilities to change jobs in or outside the
company

24. The course has expanded knowledge to progress in my professional career

25. The course has favoured my personal development

26. Degree of overall satisfaction with the course

Optional: Open-Ended Feedback

27. 1If you wish to make any suggestion or observation, please use the space
reserved below

18.10 Examples of use cases

Soft skills play a pivotal role in fostering a productive work environment, ensuring
interpersonal relationships, and enhancing employee performance. Below, there are
several key scenarios illustrating the importance of soft skills in addressing com-
mon workplace challenges and driving positive outcomes for individuals and
organizations.

Soft skills such as communication, time management, conflict resolution, and
leadership are essential for addressing a range of challenges within the workplace.
By equipping employees and managers with these skills, organizations can create a
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more productive, positive, and resilient work environment. Understanding these use
cases emphasizes the importance of ongoing training and development programs to
ensure these skills are continuously fostered and applied effectively.

18.10.1 Low motivation and job satisfaction

Employees generally strive to perform well and contribute positively to their
organization. Their motivation often stems from a desire to be valued by both
managers and colleagues. However, when managers fail to acknowledge employ-
ees’ contributions, whether intentionally or unintentionally, it can lead to disen-
gagement and dissatisfaction. A lack of recognition may leave employees feeling
underappreciated, ultimately reducing their enthusiasm for their work.

Roles Involved

o Employees
e  Managers

Requirements

To combat low motivation, it is crucial to implement strategies that enhance
employee morale and recognition systems are needed.

Solution

Employees can take proactive steps to keep their supervisors informed of their
contributions through interpersonal communication. For instance, an employee
who successfully created an ad campaign that pleased a key client might remind
their manager of this achievement, using verbal communication to highlight how it
benefited the team and the organization. Such communication fosters a transparent
relationship, enabling managers to be more aware of individual contributions.

Alternatives

Managers may consider implementing new teamwork guidelines or recognition
programs to promote a more positive and engaging environment.

Issues

Employees should balance the need for recognition with a realistic under-
standing of their role, avoiding expectations of acknowledgment for routine tasks
(e.g., submitting reports on time).

Soft Skills Involved

e Interpersonal communication
e Verbal communication
o Teamwork

18.10.2 Interpersonal conflict

Despite best efforts, conflicts with colleagues, superiors, or subordinates are
sometimes unavoidable. Differences in professional opinions or communication
styles can cause friction, hindering productivity and collaboration.

Roles Involved

o Employees
e Teams
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Requirements

For teams to function effectively, collaboration and mutual respect are critical,
even during disagreements.

Solution

To address interpersonal conflict, individuals should adopt a neutral, non-
confrontational approach. Using positive attitude, employees can start by
acknowledging the hard work of their counterpart and suggest a constructive con-
versation to resolve differences. This process can include accepting feedback and
working together to find common ground that supports productivity.

Alternatives

In unresolved cases, managers may need to step in with formal conflict man-
agement strategies.

Issues

Effective teamwork requires negotiation, an appreciation of diverse perspec-
tives, and the ability to both give and receive feedback constructively.

Soft Skills Involved

o Positive attitude
o Accepting feedback
o Conflict management

18.10.3 Time management

Modern workplaces often impose heavy workloads and tight deadlines, which can

overwhelm employees. The 2018 Employee Experience Report by Udemy high-

lighted that many employees and managers struggle with time management, often

exacerbated by productivity tools that are not always as helpful as intended.
Roles Involved

¢ Employees
e Managers

Requirements

Both employees and managers need effective strategies to improve time
management and reduce work-related stress.

Solution

Organizations can provide training on time management through Massive Open
Online Courses (MOOCs) such as “Productivity and Time Management for the
Overwhelmed.” These courses teach employees to identify factors that lead to pro-
crastination, develop productive habits, and use productivity-enhancing tricks. Such
structured approaches help employees manage their workload more efficiently.

Alternatives

Self-driven learning, where employees seek out additional resources indepen-
dently, can also be effective.

Issues

The broad scope of time management issues requires ongoing training and
reinforcement, often necessitating a series of courses or workshops.
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Soft Skills Involved

e  Productivity
o Time management
Self-driven decision-making

18.10.4 Lack of training

In some cases, employees feel underprepared for their roles due to insufficient or
inadequate training. This gap in preparation can hinder their performance and
overall confidence in their work.

Roles Involved

o Employees
e Training Department

Requirements

There is a clear need for systematic and continuous training programs to equip
employees with the necessary skills for their roles.

Solution

Employees should take initiative by communicating with their managers
about their training needs. Communication skills are essential here, as
employees must articulate the specific areas where they require additional
instruction. Additionally, critical thinking and design learning skills can help
them evaluate which training options would be most beneficial for their career
development.

Alternatives

Employees may also choose to pursue self-driven learning opportunities, such
as online courses or professional certifications, if formal training programs are
unavailable.

Issues

Organizations need to establish life-long learning programs that continually
address the evolving skills required in the workplace.

Soft Skills Involved

e Communication skills
e Design learning
e Critical thinking

18.10.5 Lack of leadership

Leadership skills, including conflict resolution, are valuable in various job sectors
because unresolved conflicts can harm productivity, morale, and employee reten-
tion. Leaders with strong conflict resolution abilities can mediate disputes effec-
tively, ensuring a positive work environment.

Roles Involved

e  Managers
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Requirements

Successful collaboration between group members often depends on strong
leadership that encourages open communication and swift problem-solving.

Solution

While not every role requires formal leadership, most employers expect their
staff to demonstrate decision-making abilities during challenging situations.
Employees who can step up during conflicts, mediate, and manage situations will
stand out. Managers need to cultivate these skills within their teams, fostering
leadership and delegation methods.

Alternatives

In some cases, delegation of leadership tasks to specific team members or
creating leadership development programs can help address this gap.

Issues

It takes time for employees and managers to adapt to new leadership methods
and strategies, particularly in high-pressure situations.

Soft Skills Involved

Conflict resolution

]

o Leadership

¢ Managing situations

e Delegation methods
Reference
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Chapter 19

A collection of cases of use for
understanding soft skills

Susana Pimentel’

The engineering profession demands a distinct set of skills for a successful career.
While technical proficiency is crucial, engineers often underestimate the impor-
tance of “soft skills,” such as communication, leadership, adaptability, and team-
work. These skills are equally vital in a continually evolving field.

The World Economic Forum’s Future of the Jobs Report 2023 [1], identifies
key skills required by today’s workforce. Analytical thinking is commonly chosen
as a core skill, with creative thinking, resilience, flexibility, agility, empathy, life-
long learning, leadership, and influencing skills also emphasized.

This chapter explores the practical applications of key soft skills, offering
valuable tools for training students and professionals. It highlights real-world use
cases that demonstrate the significance of these skills. Additionally, it provides
strategies to develop soft skills both on an individual and team level. By empha-
sizing the importance of these skills and providing actionable approaches, this
chapter aims to equip readers with the knowledge and resources needed to enhance
their soft skills effectively.

19.1 Methodological skill — time management

Time management skills give us the ability to use our time wisely. Effective time
management helps us accomplish more, feel less stressed, and maintain a healthier
balance of free time.

Some examples of time management skills include prioritizing tasks and set-
ting deadlines. Managing time effectively is considered a soft skill because it
cannot be taught in a formal classroom setting; instead, it requires practice and
experience to develop. Here is a dynamic activity that will help educators teach this
skill to their students in the classroom.

!Associagdo Empresarial de Portugal, Portugal
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19.1.1 Eisenhower Matrix [2]

Eisenhower Matrix helps individuals differentiate between the urgent and the impor-
tant, allowing them to prioritize in both business and daily routine. The Eisenhower
Matrix was named in honor of the 34th president of the USA (1953—-1961), Dwight D.
Eisenhower. As president, general in the US Army, and in other leadership positions,
Eisenhower developed a system that helped him prioritize his list of daily tasks,
categorizing them into urgent and important. This effective prioritization made him a
better decision-maker in both military and governmental contexts.

The matrix divides tasks into four quadrants. In this sense, he categorized each
demand according to how urgent and important it was, and assigned it to one of the
four quadrants:

Do: important and urgent.

Schedule: important, but not urgent.
Delegate: not important, but urgent.
Delete: neither important nor urgent.

Use this in the classroom

Provide the group a list of pending tasks and ask them to divide them into the
four quadrants, creating different combinations between them. This visuali-
zation, shown in Figure 19.1, helps participants better understand how to
prioritize tasks based on their urgency and importance.

19.1.2 Benefits of using the Eisenhower Matrix in
companies

Using the Eisenhower Matrix offers several benefits for companies, including the
following [3]:

1. Helps you prioritize your tasks
By considering the importance and urgency of tasks, you can prioritize your
to-do list focusing on what truly matters.

Very urgent Not urgent

Very important

Delete

Not important

Figure 19.1 FEisenhower Matrix: four quadrants
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2. Helps you to be more efficient
By focusing on the tasks in the top left quadrant, you can tackle the most
important and urgent tasks first, rather than wasting time on tasks that are less
important or can be put off.
3. Helps you delegate or postpone tasks
By identifying tasks that are either urgent, but not important or pressing, you
can delegate them to someone else or postponed.
4. Helps you eliminate unnecessary tasks
By identifying tasks that are neither important nor urgent, you can remove
them from your to-do list, freeing up time and energy for higher-priority tasks.

19.2 Methodological skill — decision making

Decision-making skills encompass the ability to select between two or more
alternatives, effectively solving problems and determining the most suitable course
of action. These skills are fundamental to cognitive and social development, as they
allow individuals to navigate the complexities of daily life and interpersonal
relationships.

While decision-making is an unavoidable part of everyday life, it can often be
challenging. We tend to think that there are only a few difficult decisions in life,
such as “should I take this job or that job?” or “should I buy a house or rent?”
Although these are significant decisions, their difficulty often lies in the perceived
similarity of the available options. When choices appear equally viable, making a
decision becomes more complex. However, there are ways to make the decision
less difficult by weighing up the options, analyzing potential long-term results, and
reflecting on the decisions made.

So, for good decision making, you must answer those key questions:

What are the different types of decisions?
What is a decision-making model?
What factors contribute to making a decision difficult?

Decision-making games in the classroom

Interactive activities such as mock trials, stock market simulations, or role-
playing scenarios provide students with opportunities to analyze information,
anticipate outcomes, and make decisions within a controlled but dynamic
environment. These games hone analytical skills and prepare students for
real-world challenges [4].

19.2.1 Decision-making model in rugby

A complex system in nature is composed of many different interacting components.
Sport teams, as examples of complex systems, are highly integrated and composed
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of multiple components (e.g., individual players). This integration affords the
emergence of rich behavioral patterns within dynamically changing environments.
During competitive games, the decisions and actions of each player are constrained
by multiple factors that produce multiple effects [5].

The context-dependent constraints applied by the neighboring components of the
system lead to an interdependency of decisions and actions. This context dependence
of behavior leads to non-linearity that characterizes actions in team sports, i.e., out-
puts of the interactions are not deterministic (entirely predictable), nor are they
completely random (entirely variable). This dynamic relationship between perception
and action, known as circular causality, is illustrated in Figure 19.2.

To understand the practical implications of these key concepts from the com-
plexity sciences in team games, let us consider an example of emergent behavior in
rugby during the situation of two attackers against one defender. For the attacker
who carries the ball, the decision of when and where to perform a pass is con-
strained by several factors, such as the position of teammates and the nearest
opponents, the approaching speed of adjacent opponents, the running line speed,
the proximity of their nearest teammate, and key boundary markers, such as the try
line and the sideline. In turn, the relative position of each player (i.e., teammate and
opponent) also depends on the ball carrier’s behavior. From this viewpoint, the
neighboring components of the team game as a complex system are constraints that
shape the interdependence of players’ decisions and actions. This interdependence
leads to the emergence of each player’s behavior. The decisions and actions per-
formed by each component of the subsystem (i.e., players) are no longer indepen-
dent; they are now context-dependent.

Clearly, this theoretical description of decision making and action involves
developing an understanding of the concept of constraints. Perhaps the most
insightful categorization of constraints is Newell’s (1986) model, which explains
how coordination and control in human motor behavior emerge. According to
Newell (1986), players’ decisions and actions are bounded by the interactions of

(i) their own individual characteristics such as feelings, emotions, thoughts
(i.e., psychological states); physiological responses, technical and tactical
skills;

Dynamical System

Led to Emergence Control

Players Behavior

Figure 19.2 Circular causality of perception and action
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(i1) the characteristics of the specific task, such as the rules, the specific goals
to be achieved, boundary lines, the length of the performance field, the
number of opponents involved, the number of teammates involved, situa-
tional characteristics of opponents (e.g., relative position; approach speed);

(iii) the characteristics of the environment, including physical characteristics
such as the weather, surface conditions, and altitude, as well as social factors
like societal expectations, the presence of the media, and the presence and
characteristics of an audience.

The constraints that bind players’ decisions and actions at every moment of a
Rugby Union match are the multiple causes that shape the behavior of the whole
dynamical system (i.e., the game) created by the interactions of adjacent players
and the multiple outcomes from those ongoing interactions (e.g., a ruck, a tackle, a
grubber kick).

19.3 Methodological skill — problem-solving

Surprisingly, some individuals who are excellent at solving problems in their per-
sonal lives may not necessarily be expert problem solvers in the workplace. Those
with strong problem-solving skills, in professional settings, can handle challenges
and adapt effectively to unforeseen circumstances by calmly evaluating situations.
These skills not only enhance team performance and morale but also help compa-
nies stay on track during uncertain times, making expert problem solvers highly
sought after by employers [6].

However, problem-solving is not just a single skill. Like many soft skills,
problem-solving is a broad competency created by several smaller skills, including

Active listening

Analytical mindset

Strong research abilities

Creative problem-solving approaches

Effective communication

Capacity to make quick and effective decisions

19.3.1 The goat in the living room

The parable of the goat in the living room emerges as an old folk tale, symbolizing
the way we deal with complex problems in our lives [7].

At the heart of this story is a farmer, overwhelmed by family and professional
problems, who receives an unusual piece of advice from a priest: to introduce a
goat into his living room. Following the advice, the farmer puts the goat in the
room, creating an uncomfortable situation that is impossible to ignore.

The goat’s unpleasant presence symbolizes unresolved problems that, although
uncomfortable, need attention. The physical presence of the goat forces the farmer
and his family to confront the difficulties, transforming their perception of the
existing problems.
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Take the goat into the classroom

Start the dynamic by telling the parable of the goat in the room, emphasizing
how the story symbolizes the importance of facing problems directly. This
introduction is crucial for contextualizing the problem-solving dynamic,
creating a parallel between the parable and the challenges faced in the busi-
ness environment. Reinforce the idea that recognizing and addressing pro-
blems directly is essential to finding effective solutions.

Divide the participants into multidisciplinary groups, considering the

diversity of experiences and skills. This diversity enriches the process by
bringing different perspectives and ideas, which are fundamental to a com-
prehensive analysis of the problems. Encourage the inclusion and active
collaboration of all group members to maximize the effectiveness of the
dynamic.

Conduct a brainstorming session where each group uses post-its to

record their certainties, assumptions, and doubts about the problems identi-
fied. This stage of the problem-solving dynamic encourages active partici-
pation and the expression of thoughts and ideas, providing a solid basis for
identifying both common and unique problems within the organization.

At this stage of the problem-solving dynamic, organize the post-its into

categories of “Certainties,” “Assumptions,” and “Doubts,” making it easier to
see and understand the different perspectives on the problems. This cate-
gorization process allows for a more structured and focused discussion,
helping the group to better understand the challenges they face and devise
viable solutions.

After the discussion, guide the groups in creating an action plan that is

SMART (i.e., specific, measurable, achievable, relevant, and time-bound),
addressing the problems identified in a concrete and realistic way.

Finally, assign responsibility for each objective in the action plan and set

up a regular monitoring system. This follow-up is essential to ensure the
effective implementation of solutions and to prevent problems, or the “goat,”
from returning to the classroom.

The problem-solving dynamic of the goat in the room transcends simple

problem-solving, acting as a catalyst for the development of a more inte-
grated and innovative work environment. By promoting active individual
participation, this approach strengthens critical thinking and creativity, key
elements of innovation. Intense collaboration during the problem-solving
dynamic not only solves problems, but also consolidates interpersonal rela-
tionships, creating a solid foundation for effective internal communication
and a stronger team spirit.

During the week with the goat in the living room, the farmer’s family begins to

reflect on the issues that plague them. The metaphor of the goat helps them realize
that problems, no matter how unpleasant, do not go away on their own.
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This moment of introspection is crucial, highlighting the importance of
actively recognizing problems before seeking solutions within the problem-solving
dynamic.

After a week, the farmer removes the goat from the room. This act symbo-
lizes the resolution of problems and subsequent relief. The family realizes that
although the goat was a disturbing presence, it was the key to raising awareness
and a stimulus for change. Removing the goat brings a new sense of harmony and
understanding, reflecting the idea that confronting problems directly can restore
balance.

The story encourages a proactive approach to problem-solving, promoting the
idea that transparency, open communication, and collaboration are key to creating a
healthy and productive working environment. By tackling challenges head-on,
teams can overcome obstacles together, strengthening the collaborative spirit and
organizational efficiency.

19.3.2 Rever use-case

Rever is an easy-to-use platform that helps companies expose hidden losses, acti-
vate the right people to solve them, and amplify the impact across organizations. In
most organizations today, problems are addressed in an inconsistent, superficial
way that manages symptoms without resolving the root causes [§].

The Rever platform allows all company employees to drive a consistent
DMAIC process to contain symptoms and address the root causes of problems.
This structured approach is visually represented in Figure 19.3, which outlines
the five key phases of the DMAIC cycle: Define, Measure, Analyze, Improve,
and Control.

DEFINE IMPROVE CONTROL
« Launch Team * Generate Solutions « Control the
« Establish Charter * Evaluate Solutions Process
« Plan Project * Optimize Solutions « Validate project
* Gather the Voice of « Pilot benefits
the Customer «Plan and
«Plan for Change implement

Figure 19.3 DMAIC process model by Six Sigma Development Solutions
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1

Document the
Problem and
Create a Virtual
Team

Start by documenting
the problem and
assigning a virtual team
to the problem solving
initiative.

Soft skills for engineering

2

Follow Guided
DMAIC Flow

Go through the DMAIC
steps as a team to
define, address, and
resolve the root causes
of the problem.
Collaborate across the
virtual team.

3

Resolve
and Share

Once the problem is
resolved, share the
learning across the

organization.

4

Track, Report,
and Recognize

Maintain visibility into
problems being
addressed and report
on their performance
impact. Recognize
those individuals
solving problems.

Figure 19.4 How Rever helps

With this method, Rever provides a set of results, including the following:

e A standardized process, available to everyone, to address problems in an
effective manner.

e The ability to build virtual teams to ensure the right skills and expertise are
included as a part of the team to solve the problem.

e A system to maintaining and sharing learnings to eliminate the need to solve
the same problem multiple times.

e Dashboards for visibility into the activity and performance impact of solving
operational problems.

e Recognition of individuals’ driving performance.

Figure 19.4 illustrates how the platform guides users through each step—from
documenting the problem and forming a virtual team to resolving the issue and
tracking results—ensuring a collaborative and transparent problem-solving process.

19.4 Social skill — teamwork

Teamwork skills are essential for success in any workplace, regardless of job title
or industry. Working well with colleagues, management, and clients creates an
enjoyable work environment and helps complete tasks quickly and efficiently.
Employers value employees who are team players that can help the organization
reach its goals.

Teamwork skills refer to a range of interrelated abilities that help you to
cooperate with others in different situations, meetings, and projects, while being
organized and empathic. Individuals who are mature and possess people skills tend
to have good teamwork abilities, as these qualities allow them to work effectively
with team members to achieve the organization’s goals.

How can you improve your teamwork skills?

e Ask for and give constructive feedback
Foster mutual trust
Resolve conflict quickly
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Be a team player

Define roles and responsibilities clearly

Learn from others with strong teamwork skills
Define clear goals for the team

Conduct regular meetings

Create an office space that promotes teamwork

Improve your class teamwork with a balloon

Inflate a balloon and explain that all participants must touch it. Naturally,
each person will take the balloon and pass it to the person next to them until
everyone has had a turn. Next, issue the challenge: they must all touch the
balloon again, but this time in only 10% of the time it took initially.

The first reaction will likely be say that it is impossible. However, after
some time, the participants will organize themselves in one of two ways:
either everyone lines up in a row and holds out their hand, while one person
runs around, touching the balloon in the hands of all the others, or they form a
circle and each person simultaneously places their hand on the balloon at the
center.

19.4.1 Badger maps cross-training

Sharing experience with your peers is important, but recognizing where they can
best help you improve is even more crucial [9].

According to Steven Benson, founder, and CEO of Badger Maps, his company
has benefited from one self-initiated cross-training session which resulted in an
increase both teamwork and productivity.

“An example of successful teamwork at our company was when the customer
relation department put together an initiative of cross-training and specializing
team members for different roles. After deciding who will focus on what, the group
sat down and taught one another what they would need to become the expert in
their respective area.

Because people were cross-trained, they had a broader set of skills they could
use to handle customer interaction - which resulted in fewer hand-offs. This not
only enhanced teamwork and productivity, but also improved customer satisfac-
tion. Everyone worked as a team and covered for one another, which made
everything move smoothly and quickly.”

19.5 Social skill — conflict resolution

Conflict resolution can be defined as the informal or formal process through which

two or more parties work together to find a peaceful solution to their dispute [10].
Several common cognitive and emotional traps, many of which are uncon-

scious, can exacerbate conflict and contribute to the need for conflict resolution:
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Self-serving fairness interpretations
Overconfidence

Escalation of commitment

Conflict avoidance

Negotiation

Mediation

Arbitration

Litigation

The Orange Negotiation
The “Orange Negotiation” is a conflict resolution activity designed for
groups.

The group should be divided into two teams, with the facilitator acting as
the keeper of a rare orange. The teams must understand that the orange is unique
and the last of its kind. Both teams are supposed to buy the fruit, but they need to
convince the facilitator that they are the right team that deserves the fruit.

At the beginning of the activity, Team A will be informed that the rind of
the rare orange can be used to invent a new element, while Team B will be
told that the pulp of the orange can cure a disease. The first speaker of Team
A will present their argument in favor of their team’s needs, followed by the
first speaker of Team B, and so on, alternating turns.

The objective of the game is to encourage the two teams to negotiate and
collaborate. Both teams need different parts of the fruit, so through discussion and
negotiation, they will find a way to break the deadlock and resolve the conflict.

In general, it makes sense to start with less-expensive, less-formal conflict
resolution procedures, before committing significant time and resources to more
formal processes like arbitration and litigation. Conflict resolution training can
further enhance your ability to negotiate satisfactory resolutions for your disputes.

19.5.1 Case study of conflict management

In the book “Difficult Conversations: How to Discuss What Matters Most,” the
authors explore how to engage in uncomfortable conversations, whether in our
professional or personal lives, by examining a case study of conflict management.
However, honest conversations are critical for managers, whether they need to
change team culture, manage internal conflicts, deliver negative performance
evaluation, disagree with others, or offer an apology [11].

To set the stage for a productive discussion, start a difficult conversation with
the Third Story, an impartial observer’s perspective, similar to that of a mediator.
This approach presents a version of events that both sides can agree on, helping to
facilitate open communication.

Suppose two regional sales reps share responsibility for sending weekly
updates to their manager. Brad always submits them on time, but Frank often turns
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them in late. Saying, “Frank, you’ve turned in the sales reports late again” would
only put Frank on the defensive. Instead, Brad opens the conversation this: “Frank,
you and I seem to place different values on deadlines. I want to explain why
meeting them is important to me, and then I’d like to hear your perspective.”

Brad learns that when faced with the choice of possibly making a sale or
compiling the report, Frank believes he should focus on the sale. With this insight,
Brad proposes an alternative way to share responsibilities: Brad will complete the
report when it is Frank’s turn, as long as Frank gives Brad two hours’ notice and
shares a portion of any commission he earns from the sale, allowing him to con-
tinue pursuing the lead.

Conflict often triggers strong emotions and can lead to hurt feelings, dis-
appointment, and discomfort. When handled in an unhealthy manner, it can cause
irreparable rifts, resentments, and breakups. However, when conflict is resolved in
a healthy wayi, it increases your understanding of the other person, builds trust, and
strengthens your relationships.

19.6 Cognitive skill — analytical thinking

Analytical thinking involves breaking down complex information into smaller
components and understanding their connections. It requires in-depth research, data
analysis, problem-solving, and decision-making.

This higher-order thinking skill is important in problem-solving and decision-
making by allowing individuals to systematically process information and identify
key patterns, trends, and relationships.

To apply analytical thinking skills, you must develop proficiency in five key
areas [12]:

Data analysis
Logical thinking
Research
Creativity
Communication

You can assess and record your current level of analytical thinking by

Evaluating your ability to break down complex information
Identifying in-depth connections

Analyzing data

Solving problems

Making decisions

To foster the development of analytical thinking skill, you can

e Network and engage in conversations with individuals from diverse
backgrounds,
Seek out mentors, and
Attend workshops and seminars focused on enhancing analytical thinking.
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Integrating analytical thinking into the curriculum

Developing analytical thinking skills should not be limited to specific subjects or
activities. It is important to integrate analytical thinking across the curriculum,
providing students with consistent opportunities to practice and apply these skills.
Here are some ways to incorporate analytical thinking into different subjects [13]:

1. Language Arts: Analyzing characters and plotlines
In language arts, encourage students to analyze characters’ motivations,
actions, and relationships in the literature. Discuss the development of
plotlines and encourage students to make predictions and draw conclu-
sions based on evidence from the text.

2.  Math: Solving complex problems and puzzles
In math, provide students with complex problems and puzzles that
require analytical thinking. Encourage them to analyze the problem,
identify relevant information, and develop a logical plan to solve it. This
helps them develop critical thinking and problem-solving skills.

3. Science: Conducting experiments and making observations
In science, engage students in hands-on experiments that require them to
observe, analyze, and draw conclusions based on their findings.
Encourage them to think critically about the scientific method and
evaluate the validity of their results.

19.6.1 Leaders known for their analytical thinking

Famed and celebrated poet, Maya Angelou, had a very deliberate and disciplined
approach to her writing. In an interview with George Plimpton for The Paris
Review, she explained how she would rent a hotel room for a few months at a time,
transforming it into her dedicated writing space. Rather than focusing on high
output, Angelou exercised immense patient with her work. “It might take me two or
three weeks just to describe what I’'m seeing now,” she revealed in the same
interview. Needless to say, she possessed high levels of reflection and patience.
One of her well-known quotes is, “Seek patience and passion in equal amounts.
Patience alone will not build the temple. Passion alone will destroy its walls [14].”
It would be difficult to find someone less reactive than the Indian writer and
social activist Mahatma Gandhi. He was known for his patient, kindness, and
stood firmly behind his ideals of non-violence and non-retaliation. Gandhi
remained steady even in situations that might provoke others, he was steady. He
once said, “It is not that I do not get angry. I don’t give vent to my anger. I cultivate
the quality of patience and angerlessness, and generally speaking, I succeed.”
Author and businesswoman, Arianna Huffington, built a thriving media
empire, but her success was not solely driven by constant action. In 2007, she was
working so hard that she reportedly collapsed from exhaustion. She considers that a
turning point in her own career. It impacted her own approach to life, as well as her
leadership style, emphasizing reflection and patience. Now, Huffington seeks
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employees who share her values. In an interview with Director Magazine, she
remarked, “I’m also looking for people who aren’t too reactive and easily affected
by the challenges the business faces every day.”

How to increase analytical thinking:

1. Pinpoint your triggers and emotions: Recognize situations or patterns that
evoke strong reactions and understand why they affect you.

2. Pause before responding: Take a moment to process information and assess the
situation before reacting.

3. Let history be your teacher: Reflect on past experiences to identify patterns,
lessons, and strategies for making better decisions.

4. Be patient: Analytical thinking often requires time to fully evaluate and
understand complex information.

19.7 Cognitive skill — critical thinking

Critical thinking is the ability to make informed decisions by objectively evaluating
multiple sources of information. Critical thinkers possess a variety of essential
skills, including analysis, creativity, problem-solving, and empathy.

Employers have always found critical thinking extremely valuable for its role
in effective decision-making and problem-solving. However, it is often discussed
only in theoretical terms, with little emphasis on how it translates into real-world
applications. As a result, many individuals have never really understood the prac-
tical importance of critical thinking in business.

Critical thinking skills are crucial for organizations across all industries. In
today’s constantly changing world, businesses require individuals who can adapt
and apply their thinking to new challenges and situations. Moreover, these skills
play a vital role when pursuing career advancement or promotions.

As examples of critical thinking, we can find problem-solving, risk assess-
ment, data analysis, and talent hiring.

The Worst-Case Scenario
The Worst-Case Scenario is a classic team-building game that encourages
participation from everyone involved [15].

To play, divide participants into small groups and ask them to imagine
themselves in the worst-case scenario, such as surviving a plane crash or
being stranded on a desert island. Each group must brainstorm and agree on
10 essential survival items they would need to overcome the situation.

Through this creative and out-of-the-box thought process, team members
will discuss and justify their choices, explaining how each item would be
useful in their survival strategy.

It is important to make all team participants collaborate in the activity.
Active collaboration is key, as this activity enhances critical thinking, team-
work, and decision-making skills across the group.
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19.7.1 XYZ Company’s innovation challenge

XYZ Company, a technology start-up based in Bengaluru, faced declining market
share and stagnating product innovation. To address these challenges, the company
launched an Innovation Challenge, designed to foster critical thinking, creativity,
and collaboration among employees [16].

During the Innovation Challenge, employees were organized into cross-
functional teams, each assigned a specific problem to solve. The teams were
encouraged to think outside the box, apply problem-solving frameworks, gather
relevant data, and analyze market trends. By leveraging critical thinking techni-
ques, they evaluated various perspectives and options and proposed innovative
solutions.

Throughout this challenge, employees developed a growth mindset, embraced
feedback, learned from failures, and refined their ideas through ideation and
experimentation. The process ultimately led to several innovative solutions that
addressed the company’s core challenges, positioning XYZ Company for renewed
growth and competitiveness.
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Chapter 20

Assessing soft skills development
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Experts widely recognise the importance of developing soft skills in the university
context. Skills like problem-solving, teamwork, planning or creative thinking
enhance performance, both in academic and later professional contexts.

Although soft skills are often integrated into training programmes and included
as key objectives, educators frequently lack effective methods, procedures, instru-
ments and techniques to assess how these skills are developed and impact the
students.

Assessment is essential, as it allows for measuring the effectiveness and impact
of any intervention. Through this process, one can determine if the objectives are
being met and resources are effectively used to achieve the desired results. It also
highlights areas for improvement, as analysing processes and outcomes reveal a
programme’s strengths and weaknesses. This allows for adjustments that can
optimise its success.

Programme assessment can contribute to organisational learning. By reflecting
on what does not work, organisations can apply these insights to future projects,
continually improving their practices and outcomes — ultimately benefiting their
target audiences. From a financial perspective, assessment is crucial for account-
ability. Funders, sponsors and stakeholders want to know how resources are used
and what benefits are achieved. A well-executed assessment provides evidence of a
programme’s value.

Assessing programmes implies a methodological process similar to applied
research, designed primarily to examine the effects of systematic, targeted actions
that aim to meet specific objectives. A characteristic aspect of this process is that
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these actions are implemented and developed in a real-world setting and respond to
identified needs.

In summary, programme assessment — especially for those aimed at soft skills
development — is crucial for ensuring effectiveness, driving continuous improve-
ment and promoting transparency in the use of resources.

This chapter will explore the importance of assessing soft skills development,
the challenges involved and common assessment tools. It will also present a case
study from an interuniversity postgraduate course in Galicia, Spain, designed to
highlight the value of soft skills and their practical relevance to business operations.

20.1 Assessment in soft skills development

Two main reasons contribute to the traditional lack of attention on assessing soft
skills in various contexts where interventions are implemented.

The first reason involves the challenges in defining soft skills operationally [1].
The abstract and subjective nature of these skills (e.g., teamwork, creative thinking)
often makes it difficult to establish clear and measurable assessment criteria that
can be consistently applied. Moreover, soft skills can manifest differently
depending on the context. For example, effective communication in one environ-
ment might look quite different in another. Therefore, this variability makes it
difficult to measure.

A second challenge arises from the interconnected nature of soft skills. Many
of these skills influence each other (e.g., empathy can influence effective com-
munication), which complicates defining them independently. Moreover, there is
no universal consensus on which soft skills are most important or how they should
be assessed. Different sectors and organisations prioritise dissimilar skills, which
complicates the creation of a standard definition and the design and implementation
of useful and efficient assessment tools and techniques. Unlike technical skills,
which can be measured through objective tests, soft skills often require qualitative
methods, such as interviews [1], which may provide subjective results.

It is necessary to recognise that soft skills can evolve and adapt to new work
and social contexts. This adaptability means that any operational definition can
quickly become obsolete if it is not regularly updated. Additionally, regarding the
relative importance of ‘soft” and ‘hard’ skills, previous literature does not reach a
consensus [2]. While recent studies highlight the crucial role of soft skills in the
workplace [3], some authors argue that technical or ‘hard’ skills are crucial for
successful work, particularly in fields like engineering or within multidisciplinary
teams [4]. While technical skills are vital for performing specific tasks and meeting
job requirements, skills like problem-solving, planning or creative thinking are
essential for effective interaction, teamwork and adaptability across diverse work
environments.

Soft skills often become the differentiating factor between candidates with
similar technical skills. For example, a professional with strong communication and
teamwork skills can have a far greater impact on their organisation than someone
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who possesses only technical expertise. Furthermore, in an ever-changing world of
work, the ability to learn, adapt and collaborate becomes increasingly valuable.
Therefore, although some authors view soft skills as secondary competencies, their
importance in professional and organisational success should not be
underestimated.

Undoubtedly, to address the difficulties in assessing soft skills effectively, a
collaborative and open approach is necessary. Since these difficulties can be
solved, the assessment of interventions aimed at improving soft skills should be
prioritised, not overlooked. Thus, the results of these assessment processes will
contribute to improving intervention programmes.

20.2 Programme assessment

20.2.1 Phases in programme assessment

Programme assessment is a process similar to that followed in any research.
However, there are significant differences between the two:

o Inclusion of intermediate assessments: Programme assessment often incorpo-
rates intermediate steps, which are not typically found in traditional research
methods.

e Target population: In programme assessment, there is no sampling of the
population. Instead, the intervention is directed at a specific population with
distinct needs that the programme is intended to address.

e Methods and objectives: The methods used in programme assessment, unlike
those with generalising or inferential purposes, focus on determining the
effectiveness of the intervention rather than on generalising the results. This
last issue is related to the characteristics of the participants, who are not part of
a probabilistic sample. As a result, inferential techniques cannot be used,
preventing the results from being generalised to the population.

Considering the peculiar characteristics of the programme assessment or other
types of interventions (e.g., educational), the following are the stages or phases of
the programme assessment process [5]:

1. The first phase to consider is planning. This activity is carried out before
implementation. Here, you define the goals of the programme and establish
indicators of success, as well as the measurement tools and statistical processes
that will be applied to the data collected.

2. During implementation, the programme’s progress is assessed in real time.
This allows for adjustments to improve the effectiveness and efficiency of the
programme. In relation to the assessment of results or utility, three basic con-
cepts must be considered:

o  Effectiveness: Refers to whether the programme has achieved an impact
related to its objectives, regardless of specific goals.
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e Efficacy: Related to the empirical verification that the intervention has
caused the desired changes in the intended direction and to the expected
degree.

e Efficiency: Examines the relationship between the costs and the benefits
obtained.

3. Once the programme has been completed, a final assessment is carried out to
measure the results or outcomes and assess the extent to which the objectives
were achieved.

4. In addition, periodic follow-up assessments are valuable over time to monitor
the programme’s impact and guide improvements for future interventions.

20.2.2 Strategies and instruments for data collection in
programme assessment

Assessment examines the extent to which the programme objectives have been
achieved. This requires taking measurements with data collection instruments at
various points in time: before implementing the programme (pre-assessment, pre-
test or initial assessment), during the intervention (mid-term assessment or process
assessment), at the end of the intervention (post-assessment, post-test or final
assessment) and time later (follow-up).

The most commonly used instruments for data collection are surveys and
questionnaires, interviews, qualitative rubrics and portfolios. The characteristics of
these instruments are described below.

Surveys and questionnaires are versatile tools that allow the collection of
quantitative data. They can include both closed or open-ended questions, gathering
numerical (quantitative) data as well as qualitative feedback. The design of ques-
tionnaires is a fundamental step in research and programme assessment, as it allows
data to be collected in a structured way. Developing a questionnaire suitable for
assessment involves specific steps and considerations.

Soft skills questionnaires are useful tools for identifying and assessing inter-
personal and communication skills. Some examples of the elements assessed with
this type of instrument include:

e Communication (e.g., How do you feel when expressing your ideas in a group?
How do you handle disagreements within a team? What role do you usually
assume in a work group and why?).

e Problem-solving (e.g., Do you prefer to work independently or collaboratively
to find solutions? Why do you prefer this approach?).

e Adaptability (e.g., What do you do to remain flexible in a changing work
environment?).

Empathy (e.g., How do you show an understanding of others’ feelings?).
Leadership (e.g., What qualities are essential in a good leader?).
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Steps and considerations for creating an effective
questionnaire

1. Define the objective, such as the information needed and the research
questions.

2. Identify the target population, considering the number of respondents
and their demographic and psychographic characteristics.

3. Design the questions, including question types, e.g., open questions,
closed questions, and response scales. The 11-point Likert scale, ranging
from 0 to 10, is recommended [6].

4. Structure the questionnaire in a way that explains clearly the purpose of
the questionnaire and assures respondents of confidentiality. In addition,
group the questions into logical sections and order them appropriately,
e.g., starting with easy questions to capture interest and then progressing
to more complex topics.

5. Conduct a pilot test with a small group before launching the full ques-
tionnaire to gather feedback on the clarity, length and relevance of the
questions.

6. Revise the questions as needed based on the results of the pilot test.

7. Choose an appropriate distribution method (e.g., online, paper, inter-
views) according to your target population.

8. Analyse the data. Once responses are collected, analyse the data using
appropriate statistical tools and present the results clearly and
understandably.

Interviews are characterised as interaction between the assessor and the par-
ticipant. They are often useful in pre-assessment to establish objectives and identify
needs or in post-assessment to discover participants’ perceptions of a programme.
This interaction must be carefully planned to ensure that the content of the inter-
view is relevant to the intended purpose. In general, structured or semi-structured
interviews are recommended, with a predefined script to guide the content being
sought. In addition, creating interview sheets that allow for categorised coding of
responses can enhance objectivity and simplify the process of analysing the results.

Qualitative rubrics are assessment tools that allow a more detailed and spe-
cific assessment of the performance or quality of a piece of work, project, or
activity (Table 20.1). Unlike quantitative rubrics, which assign numerical scores,
qualitative rubrics focus on descriptions and criteria that provide a clearer under-
standing of achievement levels. The components of a qualitative rubric include
items such as:

e Criteria are specific aspects to be assessed (e.g., in an essay, these might
include clarity of argumentation, organisation of content, appropriate use of
sources and creativity).



328

Soft skills for engineering

Table 20.1 Example of a qualitative rubric

Criteria Excellent (4) Good (3) Satisfactory (2)  Insufficient (1)
Ideas expressed Clear ideas but ~ Some ideas are Very confusing
Clari with great clarity ~ with some minor confusing and and difficult to
arity are easy to under- confusion difficult to follow understand
stand the discourse
Logical and coher- Good organisa-  Basic organisation Disorganised,
0 .. ent structure, tion and some and lack of no clear
rganisation fluency of logical jumps fluency structure
presentation
Relevant and well- Adequate sources Limited use of Absence of
Sources integrated sources  but limited inte- sources, not sources or
gration always relevant irrelevant
Original and inno- Original and Combination of  Lack of
Creativi vative approach, innovative conventional and  original and
reativity multiple ideas of  approach, some creative ideas innovative ideas
different nature creative ideas

Levels of performance referred to as quality are described for each criterion,
often categorised with verbal labels.

Clear and detailed descriptions of each combination of criteria and level of
performance to help assessors understand what is expected at each level.

A portfolio allows for assessing learning and skills development through a

collection of work, projects and reflections from programme participants. This
approach is particularly useful in educational contexts when the aim is to assess not
only the final product but also the learning process.

Some key components of portfolio assessment are

Content selection: Participants should carefully select the work to be included
in their portfolio so that the content selected shows a variety of skills and
knowledge acquired.

Reflection: Each element of the portfolio should be accompanied by a written
reflection.

Organisation: It is useful to divide the portfolio into thematic or chronological
sections.

Assessment criteria: For a portfolio, it is essential.

Self-assessment: Allows learners to reflect on their learning and development.
Peer assessment: Promotes collaboration and peer learning.

20.2.3 Data analysis in programme assessment

Data analysis in programme assessment is a critical process that allows assessors to
interpret the information collected to determine the effectiveness, efficiency and
relevance of a programme. This analysis helps to make informed decision-making
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on whether to continue, improve or modify the programme being assessed. Both
quantitative and qualitative analysis can be carried out and these approaches can
complement each other, giving rise to mixed analyses.

In relation to quantitative analysis, it is necessary to consider that, in most
cases, the implementation of programmes or interventions does not involve the
selection of samples, but rather they are applied to specific ‘target populations’
with particular needs. In the case of programme assessment, calculating statistics to
establish probabilistic relationships between the results obtained in a group of
participants in an intervention and the general population is not appropriate. This
approach does not meet most of the conditions required for inferential statistical
techniques. For this reason, the analysis of results in the assessment of programmes
focuses on descriptive analysis and emphasises the use of tables and graphs to
compare the results obtained at the different moments of measurement (pre-test and
post-test). In most cases, the assessment of a programme does not require the cal-
culation of statistical indices, typically found in more rigorous studies and research,
as the assumptions about the characteristics and probabilistic conditions, for
example, extraction is not met in this context.

Qualitative analysis allows us to obtain a detailed information about partici-
pants’ experiences, perceptions and opinions, providing insight into how and why a
programme works or does not work in a specific context. In addition, qualitative
methods encourage participation and allow you to adjust the questions or direction
of the analysis as new areas of interest or problems are discovered during the
assessment. Qualitative analysis also provides concrete examples derived from the
application of a programme, which can be useful.

Steps and considerations in data analysis

1. Data collection: Data can be quantitative or qualitative. Sources may include
surveys, interviews, focus groups, administrative records and observations.

2. Data organisation and preparation: It is important to clean and orga-
nise collected data. This may include coding qualitative responses,
checking quantitative data and creating databases. Data must be prepared
for analysis by eliminating errors and inconsistencies.

3. Analysis:

o Quantitative: This analysis may include descriptive analysis
(means, medians, modes), comparisons between groups, correla-
tional analysis (correlations between variables) and regressions to
understand more complex relationships.

o Qualitative: Techniques may include thematic analysis (identifies
patterns and recurring themes in responses), content analysis
(examines textual content to extract meaning) and open coding
(assigns codes to relevant text fragments and presents qualitative
findings with textual quotations or thematic summaries).
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20.3 Exemplification: intervention programme
‘Soft skills. Human factor skills’

In the context of the interuniversity postgraduate course ‘Entrepreneurship in the
food sector’ — offered by Universidade de Vigo, Universidade de Santiago de
Compostela and Universidade da Corufa in Galicia, Spain — a training programme
has been developed specifically for the subject ‘Soft skills. Human factor skills’.
This programme aims to equip participating entrepreneurs with tools for the sys-
tematic observation and assessment of soft skills, including mainly leadership,
creativity, communication, teamwork and planning.

20.3.1 Context and participants

The training programme on ‘Soft skills. Human factor skills’ was designed for
professionals from emerging companies in the food sector in Galicia (Spain). The
aim was to support their training to facilitate the consolidation of their projects, as
well as to promote innovation, viability and scalability within their companies.

The interuniversity postgraduate course ‘Entrepreneurship in the food sector’
was developed online over two sessions, with a duration of 4 h each, in May 2024.
Eighteen participants (10 men and 8§ women) aged between 19 and 52 (M = 40.89;
SD = 9.17), with backgrounds in Mathematics, Biotechnology, Chemistry,
Agricultural Engineering, Systems Engineering, Advertising or Physics, took part.
In their companies, they held various positions, including CEO, management and
deputy management, process, project, R&D, consultancy, design or commercial
managers.

To develop the activities related to the training programme, the course teachers
(three PhDs in psychology and one researcher in educational and socio-educational
contexts) grouped the participants into two heterogeneous groups, considering their
academic backgrounds and the positions in their companies.

20.3.2 Programme objectives

The purpose of this postgraduate course was to raise participants’ awareness of the
importance of soft skills and their applicability to various aspects related to busi-
ness operations. To achieve this, the following specific objectives were established:

e To improve participants’ understanding of soft skills and their relevance in
work environments, particularly concerning group cohesion and leadership.

e To conceive soft skills as behaviours that can be systematically assessed.

e To encourage reflection on soft skills to design and implement an action plan
aimed at improving soft skills in a real professional context.

20.3.3 Methodology

The development and assessment of soft skills, within this postgraduate course,
were implemented through a gamification methodology and activities involving
teamwork.
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Gamification refers to the use of game elements in non-game contexts to make
a product, service or application more engaging and motivating [7]. The funda-
mentals of gamification consist of dynamics, mechanics and components.
Dynamics represent the implicit structure of the game through a narrative, emo-
tions, constraints, etc. Mechanics are the processes that drive the game’s develop-
ment through challenges, rewards and competition. Components are the practical
implementations of the dynamics and mechanics (e.g., avatars, badges, points,
rankings, teams) [8].

Effective teamwork requires knowledge, skills and abilities in different
areas. It involves the implementation of different skills and actions, such as lea-
dership, communication, group decision-making, negotiation skills, conflict
resolution, motivation, social skills and understanding of diversity and responsi-
bility [9]. The integration of teamwork in online classes can increase students’
teamwork skills and competencies, as well as their satisfaction with online
learning experiences [10].

20.3.4  Activities and associated soft skills

The course lecturers designed and implemented four gamified activities that were
intended to simulate situations or challenges whose resolution required the use of
different soft skills: teamwork, flexibility, planning and leadership. These activities
involved competition between two teams of nine participants each. Each activity
had different rules and a scoring system based on observable indicators, which
allowed the lecturers to objectively assess the performance of each team. At the end
of the activities, the total scores obtained from each challenge determined the
winning team. These gamified activities were carried out over two sessions of four
hours each (Table 20.2).

Table 20.2 Gamified activities and associated soft skills

Session Time Title, Description, Rules and Soft skills
Scoring system

1 30/ Title: Our boat Teamwork: Participants’ ability to
Description: Collaboratively, work in a network [11]. The
draw a company’s boat using activity involves other skills and
an online programme, screen- actions such as communication,
printing its logo and a name participation, respect, performance

Rules: All team members must  and enjoyment
participate in a balanced way in

the final drawing

Scoring system: The teaching

team assesses the productions

considering the unity achieved,

the originality of the proposal

and the degree of elaboration

(Continues)
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Table 20.2 (Continued)

Session Time

Title, Description, Rules and
Scoring system

Soft skills

30/ Title: Classify as you can. Flexibility: Adaptability, will-
Description: From pictures of ingness to change and acceptance
different objects (e.g., a tele- of new perspectives [12]. This
phone, activity requires the development
a pair of scissors, a sculpture), of divergent thinking at individual
each team must classify them and group levels. It involves other
using different criteria creative indicators, such as fluency
Rules: One person from each or originality
team should record the different
classifications together with the
objects belonging to each classi-
fication. As many classifications
as possible should be identified
Scoring system: The teaching
team assesses the classifications
considering originality, flexibility
and fluency

2 45’ Title: The riddles Planning: Mental simulations of
Description: 14 riddles must the actions needed to achieve a
be solved goal [13]. The activity involves
Rules: All team members must  other skills, such as decision-
collaborate and no electronic making, problem-solving or
devices are allowed organisation
Scoring system: The teaching
team awards one point for each
correct guess. For each mistake,
one point is deducted. Six points
are awarded to the team that
submits the answers first

45’ Title: Our hymn Leadership: Ability to direct,

Description: Each team must
create their company hymn
Rules: Each member must find
a different musical instrument.
The lyrics must be original and
the final product must be
presented in a video which must
be at least one-minute long
Scoring system: The teaching
team assesses the quality of the
proposal, departure from the
model, inclusiveness, emotional
intensity and quality

coordinate, train and supervise the
behaviour of the members,
delegating tasks [14]. The activity
involves other actions, such as
leader selection and performance
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Once the course was over, a complementary task was proposed to facilitate the
transfer of the experience to a real professional context. This task aimed to identify
a weakness related to soft skills and design an intervention plan to optimise it.
Specifically, the participants were asked to select a weakness they want to improve,
define it operationally through a functional analysis and design and implement an
action plan to develop it. They were also required to design and use a tool to
measure the initial level of the behaviour and monitor changes over time. Once the
changes achieved had been objectively assessed, they would present a final
reflection on the impact of the change on their own and the working group’s
functioning in their company.

20.3.5 Assessment: procedure, instruments and techniques

During the assessment process, different instruments and techniques were applied
depending on the objectives and variables involved at each stage. These moments,
instruments and variables are summarised in Figure 20.1.

* Objective: To assess knowledge, attitudes and behaviours associated with the soft skills prior tow
applying the programme.
« Instrument: Questionnaire.
« Variables: Level of training, teamwork, leadership. )
— . -~ )
« Objective: To assess the performance of each group in the activities.
« Instrument: Rubrics.
Process * Variables: E.g., originality, fluency, flexibility, elaboration.
assessment )
(activities)
« Objective: To self-assess performance and soft skills involved in each activity. )
« Technique: Focus groups.
Process * Questions: E.g., How and why was the leader chosen? Were there interruptions in
assessment communication? )

(soft skills)

« Objective: To assess knowledge, attitudes and behaviours associated with soft skills after applyila
the programme.

« Instrument: Questionnaire.

Final assessment

* Variables: Level of training, teamwork, leadership. Yy,
(post-test)

« Objective: To assess the knowledge acquired in relation to the Soft Skills.
« Instrument: Checklist.

30-Day * Variables: Definition, planning, feasibility, adequacy of the designed instrument.
follow-up J/

Figure 20.1 Assessment moments, objectives, instruments/techniques and
variables/questions
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An assessment system was implemented at different stages of the course

o Initial: Before carrying out the programme, a pre-test was conducted to assess
participants’ knowledge and the importance they attributed to soft skills in
work environments.

e Process: Two different rubrics were proposed to assess each team’s perfor-
mance in the activities and to facilitate group reflection on the soft skills that
were engaged during the course.

o Final: A post-test was suggested to observe the degree of knowledge and
importance given by the participants to the soft skills in the work environments
once the programme had finished.

e 30-day follow-up: Finally, a complementary task was assigned to the partici-
pants, to solve autonomously. The aim was to assess the transfer of the
knowledge acquired to a real professional context.

In terms of the agents involved, different types of assessment were used:

e Hetero-assessment, carried out by the course teachers to grade each activity
and proclaim the winning team, as well as to assess the complementary task.

e Self-assessment and co-assessment, implemented during large group reflec-
tions on the soft skills developed at the end of each activity.

Regarding the instruments and techniques applied in the assessment process,
questionnaires (pre-test and post-test), rubrics (assessment of the performance of
each group in the gamified activities), discussion groups (reflection on the soft
skills acquired), and checklists (to assess the complementary task) were applied.

In terms of the assessment instruments applied, a 42-item online ques-
tionnaire was designed for the initial and final assessment (pre-test and post-test):

e  Soft skills training assessment: The first 11 items required participants to score
from 0 (none) to 10 points (many), their level of training in soft skills, the
resources used in their companies to develop these skills, and the importance
given to them.

o Importance of soft skills: Following the same scale (from 0 to 10 points),
participants were asked to assess the importance of 13 soft skills (e.g., crea-
tivity, planning, adaptability to change) in professional performance.

e Teamwork assessment: Eight items related to teamwork within their compa-
nies were included (e.g., ‘My team members get along well with each other’,
‘I feel that I am part of my team’) [15].

e Leadership assessment: Participants were asked to rate their agreement or
disagreement with 10 statements regarding their leadership abilities within
their companies (e.g., ‘I ask for my colleagues’ opinions on important issues at
work’, ‘I allow my colleagues to participate in decision making’), based on a
previously adapted scale [16].

During the process assessment, rubrics based on behavioural criteria and
indicators were designed for each activity according to the soft skills assessed.
Specifically, two types of rubrics were used:
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o Team performance assessment: This rubric assesses the performance of each
of the two teams in solving each of the four proposed activities, with hetero-
assessment carried out by the course teachers. Before performing the activities,
the students were informed of the assessment criteria. Once each activity was
completed, the teachers consensually assigned a score to each criterion on a
scale of 0—10. The final score for each team was the sum of the scores obtained
for each criterion included in the activities (Table 20.3).

o Behaviour assessment: This rubric assesses behaviours specifically associated
with the implementation of the soft skills developed in each activity through
self-assessment carried out by the participants. At the end of each of the
activities, four discussion groups were organised (each one associated with one
of the activities carried out). In these groups, participants considered the soft
skills they had applied based on various questions posed by the teaching team
and then shared their reflections in a larger group. This approach encouraged
reflection and debate (Table 20.4).

o To assess the extent to which the soft skills developed during the course were
meaningfully understood and integrated into the participants’ real professional

Table 20.3 Rubrics for assessing performance in the activities

Activity Criteria Team
score 0-10

Our boat Unity achieved: It seems to have been executed by a single person

Originality of the pictorial proposal: It departs from the model and
offers a personalised proposal

Level of detail: Degree of elaboration

The originality of the title: Rupture, a departure from what is
expected, from what is known

The best logo: Appropriateness, originality, aesthetics

Classify Originality of criteria: Each unique criterion = 1 point
as you
can

Fluidity: Each different classification = 1 point

Flexibility: Each different category = 1 point

The rid- Number of successes: Each success = +1 point

dles Number of errors: Each error = —1 point
Bonus: The first team to submit answers = +6 points
Our Quality of the instrumental proposal: Variety and sound of the

hymn instruments

Deviation from the proposed song as a model

Integration between the participants in the constitution of a group

The emotional intensity of the message

Quality of the video presented

Total score (X Team scores)




336  Soft skills for engineering

Table 20.4 Questions raised in the focus groups at the end of each activity

Activity Soft skills Questions

Our boat Teamwork How many team members were involved in the decisions?
Were they always the same or did they vary?

Did the team act to win or to have fun?

Were there interruptions in communication between team
members?

Did team members respect decisions and execute agreements?

Classify as  Flexibility How many different classification criteria have you been able
you can to find?

Were the criteria used divergent from each other or did they
belong to the same functional category?

Were the criteria used original, personalised and far from
stereotypes?

How was the team organised when looking for creative
solutions to the problem?

The riddles ~ Planning  Did you act impulsively or was there a period of reflection
and decision making beforehand?

What were the strategies used to plan the work?

In case of not being able to solve an activity, what strategy
was adopted?

Our hymn Leadership How and why has the leader been chosen?

Did the leader set specific objectives/challenges? Were they
common or individualised?

Did the leader organise and plan the tasks to be performed?

Did the leader make decisions alone or in consultation?

Did the leader delegate or take control?

Did the leader minimise conflicts diplomatically?

How did the leader respond to failures or errors?

Did the leader reward or punish participation?

practice, the teaching team designed and applied a checklist to the com-
plementary task (Table 20.5).

This complementary task presents several characteristics that contribute to
its authenticity and validity. First, it involves the resolution of real problems that
are inserted in relevant and significant contexts, allowing participants to observe
and understand the origin and developments of the case under study. Second, the
case presented is open-ended; it does not contain in its formulation all the rele-
vant explanatory variables. As a result, the ability to define the problem opera-
tively and delimit its scope becomes an assessable aspect of the task. Lastly, the
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Table 20.5 Checklist for the assessment of the complementary task

Criteria No Partially Yes Remarks

Adequately identifies the causes, antecedents
and triggers of the behaviour

Problem  Provides objective data on the intensity and
definition frequency of the behaviour to be modified

Adequately identifies the consequences derived
from the behaviour

It specifies and defines the objective of the
intended change

Planning
The actions to be carried out are precisely

detailed

The implementation time is adjusted

Feasibility The cost of implementation is appropriate

The plan foreseen is coherent and adequate to
achieve the change

Instrument The instrument and measures designed are
adequate/sensitive to verify the desired changes

case allows for multiple possible solutions, provided they meet the conditions that
guarantee their applicability. Its resolution is not a question of achieving a specific
solution but of determining whether the proposed solution meets the criteria of effi-
ciency and economy. In addition, the assessment should allow to check if the parti-
cipant can apply techniques, principles and methods to analyse, identify and solve
problems or weaknesses related to soft skills in their working environments.

20.3.6 Results

The results are presented according to the different assessment moments: initial and
final, through the scores obtained by the participants in the questionnaires; process,
in relation to the rubrics for the grading the activities and the discussion groups; and
follow-up, after 30 days, related to the assessment of the complementary task by the
teaching team using checklists.

20.3.6.1 Initial and final assessment

The mean scores obtained by the participants in the post-test, compared to the pre-
test, showed significant differences, when applying the #-test, in item 1: “What is
your level of training in relation to soft skills?” (pre-test = 5.50, post-test = 7.11;
p =.008); and item 11: ‘To what degree do you think soft skills can be modified?’
(pre-test = 6.89, post-test = 7.72; p = .014). In these items, the mean scores obtained
in the pre-test were lower than those obtained in the post-test. For the remaining
items, no significant differences were obtained. Moreover, for the items where the
mean scores decreased in the post-test with respect to the pre-test, the differences
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Figure 20.2  Mean scores on the items that made up the pre-test and post-test. The
blue bars represent the mean scores on the pre-test for each item. The
red bars represent the mean scores on the post-test for each item.
The yellow line represents the standard deviation in the scores.

obtained were in all cases less than 1 point. These score variations across items are
represented in Figure 20.2.

20.3.6.2 Process assessment
Each team created different products in the first activity, ‘Our Ship’, as shown in
Figure 20.3.

In the second activity, ‘Classify as you can’, Team 1 identified seven classi-
fication types for the objects (e.g., based on where they can be purchased, their size
and their shape) corresponding to five different typologies of categorisation (e.g.,
characteristics of the objects, locations where they are bought and sold). In contrast,
Team 2 identified eight categorisation types (e.g., based on where they can be
placed in a house and the age of the people who can use them) corresponding to six
different categorisation categories (e.g., characteristics of the people who use them
and characteristics of the objects). To assign a score for the originality of the
classifications, points were awarded on a comparative basis, with one point given
for each unique category that was not repeated between the two teams.

In the third activity, ‘The riddles’, Team 1 was able to solve 10 riddles, missing
one, while Team 2 answered 9 correctly but had two incorrect answers. Despite this,
Team 2 was the first to submit their answers and therefore earned the bonus associated
with this activity. Below are two examples of the puzzles presented and their solution:

e Riddle 1: How can we make four nines result in a hundred? Resolution: 99 + 9/
9 = 100.
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Team 1 Team 2

Figure 20.3  Products related to the activity ‘Our ship’

e Riddle 2: A person wakes up at night and discovers that there is no light in his
room. They open the glove drawer, which contains 10 black gloves and 10 blue
gloves. How many gloves must they take to ensure they get a pair of the same
colour? Resolution: He must take 3 gloves. In the worst-case scenario, they
could take out a black glove and a blue glove, one of each colour. When they
draw a third glove, it must necessarily match the colour of one of the previous
two because there are only two colours available.

For the last activity, ‘Our hymn’, results cannot be provided in textual format,
as it was delivered in video format.

The rubrics to assess the team performance in the activities (team performance
assessment) were scored in consensus by the teacher. For each team, the criteria
were scored from 0 to 10. The sum of these scores (total score) proclaimed Team 2
as the winner of the competition with 113 points. Finally, this team received a
diploma, as reflected in Figure 20.4.

In the reflection on the soft skills developed in each activity during the focus
groups, a summary of some participant responses is presented as an example in
Figure 20.5.

20.3.6.3 30-Day follow-up

The presentation of cases or difficulties related to soft skills, as well as the analysis
and resolution process designed in a real professional context, has demonstrated
that participants generally understood the course contents in a meaningful and
contextualised way. Through the complementary task assigned 30 days after the
end of the course, participants implemented some behavioural changes aimed at
optimising their performance in different soft skills.

Participants selected different skills to improve, such as time management,
active listening or communication skills as a leader. For example, one of the par-
ticipants, who selected ‘Procrastination and lack of planning in task management’,
identified the following background triggers: large or complex tasks without a
proper breakdown, unclear priorities, a work environment with many distractions
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Congratulations!
Your performance in the activities and a fantastic teamwork
have earned you the highest final score.

Your company is very lucky to count on you.

Soft skills team

Figure 20.4 Diploma for the team with the highest final score

How many team members were involved
in the decisions? Were they always the
same or did they vary?

(“Our boat” activity)

How was the team organised when
looking for creative solutions to the
problem?

(“Classify as you can” activity)

What were the strategies used to plan the In case of not being able to solve an
work? activity, what strategy was adopted?

(“The riddles” activity) (“The riddles” activity)

How and why has the leader been How did the leader respond to failures
chosen? or errors?

(“Our hymn” activity) (“Our hymn” activity)

Figure 20.5 Examples of responses from the focus groups

and unrealistic or poorly defined deadlines. The consequences of this behaviour are
stress and anxiety due to missed deadlines, low productivity and efficiency, nega-
tive impact on collaboration, general dissatisfaction and possible job burnout. The
proposed actions to be taken have been setting specific and achievable daily and
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weekly goals, segmenting large tasks into smaller and more manageable steps,
setting priorities, reducing distractions, creating a more focused work environment
and organising weekly meetings to review progress.

The instruments proposed to verify the changes included an initial and final ques-
tionnaire to assess changes in the perception of time management, as well as a diary for
participants to record the following: tasks planned and completed, time spent on each
task, obstacles encountered and their sense of achievement at the end of the day.

The results derived from the implementation of the action plan showed that,
after 30 days, significant changes in time management were observed. The imple-
mentation of the plan not only improved team efficiency and productivity, but also
reduced stress and improved overall well-being. Team members reported greater
clarity in their tasks and better organisation of their time. In summary, the experi-
ence demonstrated that a structured, collaborative approach can transform dys-
functional behaviours into productive habits, strengthening both individual and
group performance.

By way of example, the assessment of this task, carried out by the teaching
team, is presented (Table 20.6). Based on the general observations, the identified

Table 20.6 Checklist to assess the complementary task

Criteria No Partially Yes Remarks
Adequately identifies the causes, X It identifies them
antecedents and triggers of the precisely
behaviour
Provides objective data on the X No data is provided to

Problem . . . .

o intensity and frequency of the determine the impact

definition . .
behaviour to be modified
Adequately identifies the X  They are correctly
consequences derived from the described
behaviour
It specifies and defines the X They are not precisely
objective of the intended change and operationally

Planning defined
The actions to be carried out are X They are precise and
precisely detailed adequate
The implementation time is X Ambitious plan
adjusted

Feasibility The cost of implementation is X High cost of imple-
appropriate mentation
The plan foreseen is coherent and X Correctly aligned
adequate to achieve the change

Instrument The instrument and measures X Prioritise indicators,
designed are adequate/sensitive to records and evidence

verify the desired changes
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problem is relevant and requires a more precise definition to better target efforts.
The planning is well aligned, although its feasibility may be compromised by a
high number of actions and instruments considering the timing. Changes are
described at the end of 30 days; however, no objective data are provided.

20.4 Conclusions

This study describes a training experience aimed at raising awareness of the
importance of soft skills. Specifically, it outlines the methodologies, activities,
instruments and assessment techniques used during the programme, as well as the
results obtained from the online implementation with professionals from emerging
companies in the food sector in Galicia (Spain).

Given the results obtained from the programme through different types of
assessment (initial, processual, final and a 30-day follow-up), both quantitative and
qualitative information support the effectiveness of the designed programme.

First, the results obtained from the pre-test and post-test indicate significant
positive changes in the participants’ perception of their level of training in relation
to soft skills, as well as their belief that these skills can be developed. This suggests
that participants are likely to place greater emphasis on aspects such as planning,
teamwork and creativity in their workplaces.

Regarding the assessment process, a competitive system allowed the assessment
of the performance of each team in the activities. Furthermore, the discussion groups
carried out also allowed each member to self-reflect on the soft skills developed. This
task is the first step towards the completion of the complementary task.

Alongside the initial, process and final assessment, it is important to assess the
transfer of the acquired knowledge about soft skills to the real working environ-
ment, specifically 30 days after the conclusion of the programme.

In summary, this work highlights the necessity of assessing experiences aimed
at developing emphasising the importance of moving beyond mere playfulness,
making participants aware of their relevance. Furthermore, the results obtained
from the assessment process demonstrated the programme’s effectiveness in
shifting participants’ perceptions of soft skills. Additionally, the instruments and
techniques employed have proven sensitive in detecting such changes.

20.5 Limitations and practical implications

The first limitation of this study is the short duration of the programme, consisting
of only two sessions. It would be beneficial to implement a similar programme over
a more extended period, incorporating a greater variety of activities focused on
additional soft skills and applying diverse assessment instruments. Additionally,
while the online format of the programme offers multiple advantages, it also pre-
sented difficulties for participants. Some were unfamiliar with the virtual platform
used and others had connection problems.
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In terms of the practical implications of the study, trainers were provided with

a detailed description of a programme designed to develop and raise awareness of
the relevance of soft skills in the workplace. This includes concrete examples of
assessment procedures and tools that could be useful in similar training initiatives.
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Chapter 21

Soft skills in university classrooms: best
practices and lessons learned

Bogdan Wiodarczyk' and Manuel J. Ferndndez Iglesias®

The expectations of potential employees are changing faster than ever, and their
training needs and learning preferences are diverging from traditional teaching
initiatives [1]. In this context, time became a significant obstacle in the world of
learning and personal development, as people are busy, coping with multi-tasking and
working from anywhere at any time using mobile devices, among other reasons.

In fact, teaching soft skills face-to-face in a classroom presents a significant
challenge in an era where technology enables people to work, learn, and collaborate
anytime and anywhere. The traditional classroom setting competes with a digital
world where students are accustomed to accessing knowledge on demand, engaging
in virtual teamwork, and developing communication skills through online interac-
tions — which are, incidentally, key soft skills. This shift in learning habits means
that face-to-face instruction must offer something that technology alone cannot
provide, namely real-time, dynamic human interaction, spontaneous problem-
solving, and immediate feedback.

However, sustaining student engagement in a physical space can be difficult
when digital tools provide seemingly more convenient and flexible alternatives.
Educators must carefully design in-person learning experiences that justify the need
for physical presence, incorporating hands-on activities, role-playing, and peer-to-
peer interactions that cannot be fully replicated in an online environment.
Moreover, balancing the use of technology within the classroom and leveraging its
benefits without allowing it to overshadow the interpersonal nature of soft skills
development adds another layer of complexity. As a result, teaching soft skills face-
to-face requires a thoughtful, adaptive approach that integrates both digital
resources and the unique benefits of in-person engagement.

Besides the challenges just described, teaching soft skills in university class-
rooms presents additional endeavors, but also opportunities. Unlike hard skills, which
are often technical, objective, and measurable, soft skills encompass qualities that are
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essential in today’s dynamic professional landscape such as interpersonal abilities,
problem-solving strategies, adaptability, and emotional intelligence [2]. Our experi-
ence in teaching these competencies highlights the importance of both transmitting
knowledge and fostering an environment where students can practice and refine these
skills in real-world contexts.

One of the key lessons that we learned is that traditional lecture-based approa-
ches are insufficient for developing soft skills. Instead, interactive and experiential
learning methods, such as group discussions, case studies, simulations, and project-
based tasks, prove to be more effective because these approaches encourage students
to engage actively with content, collaborate with peers, and reflect on their own
learning processes. The role of the instructor also shifts from being a source of
knowledge to acting as a facilitator, guiding students through self-discovery and skill
development. With students able to access lectures, research papers, and expert
insights at their fingertips, the real value of in-person education cannot lie in content
delivery but in helping students critically engage with that content, apply it in real-
world contexts, and develop essential soft skills like communication, teamwork, and
problem-solving. The ability to filter, analyze, and synthesize information is more
important than merely acquiring it, and this is where the instructor becomes a crucial
guide, challenging students to think deeply, encouraging collaboration, and fostering
the self-reflection needed for meaningful skill development. By creating interactive,
student-centered learning environments, instructors prepare students to use acquired
knowledge effectively in diverse and dynamic professional settings.

Additionally, our experience reveals that students often underestimate the
importance of soft skills at the beginning of their learning journey, in most cases
because they take for granted that abilities like teamwork, communication, and
time management are either innate or secondary to technical expertise. However,
structured exercises and real-life applications help them recognize the value of
these skills, that they can be trained and improved, and the ways in which they can
impact their professional careers. Furthermore, cultural and individual differences
influence students’ approaches to these skills, making it necessary to tailor teaching
strategies to diverse learning styles and expectations.

In this chapter, we will explore the key insights gained from our experience in
teaching soft skills. We will begin by examining best practices in instructional
design and classroom strategies, followed by an analysis of the role of students in
their own learning process. Next, we will discuss the impact of technology and
innovative pedagogical approaches on the development of soft skills. We will also
reflect on the broader lessons learned and provide recommendations for educators
seeking to enhance soft skills instruction in higher education.

21.1 Importance of the leader

Lecturers should pay attention to didactic methods that activate students to find a
solution together, require them to draw conclusions, and teach them to eventually
make decisions. Monotonous lecturing is hardly enthralling. In turn, the
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presentation of practical aspects of the material taught, especially applications in
industry, is highly appreciated.

The educator is a specialist in the subject matter of the class. Concepts and
principles that are obvious to the lecturer may be difficult to understand for those
who are encountering the lecture topic for the first time. Students do not yet have
sufficient education and experience, and academics often assume that they have
sufficient knowledge and skills to understand the material being taught. It is
therefore necessary to make sure that content is understood and to encourage them
to ask questions or raise concerns.

When addressing practical problems, breaking tasks into clear, manageable steps
enhances understanding, efficiency, and problem-solving abilities. Instead of pre-
senting a challenge as a whole, guiding students through a structured, step-by-step
approach allows them to grasp each stage of the process, identify key decision points,
and build confidence in their ability to solve complex problems. This approach also
helps prevent cognitive overload by allowing students to focus on one aspect of the
problem at a time before integrating their understanding into a complete solution.
Additionally, explaining each step in detail, providing details about why it is neces-
sary, how it connects to the next, and what potential pitfalls to expect, fosters critical
thinking and adaptability, as students learn not just what to do but how to approach
future challenges independently. Encouraging students to reflect on the process and
explore alternative approaches further strengthens their analytical and problem-
solving skills, making them more effective learners and professionals.

Furthermore, lecturers act as role models for the very skills that they teach. The
way in which an instructor communicates, manages discussions, handles conflicts, and
fosters collaboration within the classroom directly influences students’ perception and
internalization of soft skills. A lecturer who demonstrates active listening, adaptability,
and constructive feedback in interactions with students provides a powerful, implicit
lesson in professional behavior. Similarly, an instructor who encourages open dialo-
gue, critical thinking, and respectful disagreement fosters an environment where stu-
dents can safely practice and refine these skills themselves.

Another relevant aspect of the lecturer’s role is adapting instructional methods to
diverse learning styles. Some students prefer interactive discussions, while others find
more inspiring structured exercises or reflective writing tasks. Incorporating a mix of
methodologies — such as case studies, peer mentoring, debates, and role-playing —
ensures that all students have opportunities to engage with the material in ways that
suit their strengths and learning preferences. This requires lecturers to be both experts
in their subject matter and skilled facilitators who can create inclusive, participatory
learning environments [3].

Finally, the lecturer’s ability to foster a growth mindset among students is
essential for soft skills development. Unlike technical skills, which often follow a
clear learning progression, soft skills require continuous practice and refinement,
often involving trial and error. By normalizing mistakes as part of the learning
process and encouraging students to reflect on their experiences, lecturers help
build resilience and confidence. Encouraging students to step out of their comfort
zones, whether by leading a group discussion, delivering a presentation, or
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resolving a simulated workplace conflict, strengthens their ability to navigate real-
world professional challenges.

In sum, teaching soft skills in a face-to-face environment requires lecturers to
go beyond traditional instructional methods and embrace the role of facilitators,
mentors, and role models. Lecturers play a crucial role in shaping students’ pro-
fessional competencies by designing interactive learning experiences, demonstrat-
ing soft skills in practice, and adapting to the needs of diverse learners. The
effectiveness of soft skills education depends both on the content delivered and on
the way it is taught and embodied by those leading the learning process.

21.2 Importance of students

Students are ultimately responsible for their own learning, but the way in which
knowledge is transmitted and the instructor’s contact with students is instrumental in
guiding their thinking and behavior. As discussed in the previous section, the lecturer
takes on a variety of roles, depending on the objectives that they wish to achieve, such
as facilitator, commentator, or critic. These roles should be aligned with the learning
outcomes and support teaching activities. For example, if the aim is for students to
analyze a case study, the role of the instructor is to moderate the discussion. If the aim
is to teach students the art of argumentation and to defend the results that they have
obtained or the choices that they have made when presenting their work, the role of
the teacher will be that of a critical evaluator inspiring students to present arguments in
defense of their ideas and to consider alternative possibilities.

However, while the teacher’s guidance is essential, students must take an active
role in their own skill development. Soft skills cannot be acquired passively; they
require consistent practice, self-reflection, and a willingness to engage in activities
that may initially feel uncomfortable or challenging. Students must recognize that
these competencies, much like technical skills, improve through experience and
deliberate effort. Those who embrace opportunities to lead discussions, work in
teams, manage projects, and engage in critical debates, will develop these skills more
effectively than those who remain passive observers in the learning process. The
ability to step outside of one’s comfort zone and take risks — whether by expressing
an opinion in a debate, assuming leadership in a group project, or handling con-
structive criticism — plays a fundamental role in soft skills acquisition.

Moreover, self-awareness and reflection are especially relevant for students to
develop a deeper understanding of their own strengths and areas for improvement.
Soft skills, by nature, involve interpersonal interactions, self-regulation, and
adaptability, which requires students willing to evaluate their own performance and
seek constructive feedback. Encouraging students to engage in self-assessment
exercises, maintain learning journals, or participate in peer reviews can enhance
their ability to recognize progress and identify areas that need further development.
Reflection is particularly important in skills such as emotional intelligence, conflict
resolution, and decision-making, where understanding one’s own biases and reac-
tions is a necessary step to advance.
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Another critical factor in the student’s role in acquiring soft skills is engage-
ment in collaborative learning experiences. Soft skills are inherently social,
and they are best developed in contexts that require interaction, negotiation, and
teamwork. Students who actively participate in group projects, case studies, and
role-playing activities gain first-hand experience in problem-solving, leadership,
and effective communication. However, successful collaboration requires more
than simply working alongside others, as it demands active listening, adaptability,
and a commitment to shared goals. Those who contribute meaningfully to group
work, provide thoughtful feedback to peers, and take responsibility for their roles
within a team will gain far more from the learning experience than those who
approach it with a passive or transactional mindset.

Furthermore, students must understand that soft skills are not only relevant
within the classroom but are also essential for their future professional and personal
success. Many students initially underestimate the importance of these compe-
tencies, focusing primarily on acquiring technical expertise. However, employers
consistently highlight the value of communication, teamwork, adaptability, and
problem-solving abilities in professional settings. By recognizing the broader
impact of soft skills early in their education, students can proactively seek out
opportunities to refine these abilities, both inside and outside the classroom.
Participation in extracurricular activities, internships, and volunteer work can fur-
ther enhance soft skills development by exposing students to diverse real-world
scenarios that challenge them to think critically, collaborate effectively, and navi-
gate complex social dynamics.

Finally, motivation and mindset also play a role in the acquisition of soft skills.
Students who approach learning with curiosity, a willingness to embrace chal-
lenges, and a growth mindset are more likely to develop and refine these compe-
tencies over time. Unlike technical knowledge, which can often be learned through
structured study, soft skills require ongoing practice and adaptation to different
contexts. Developing resilience, learning from failures, and maintaining a proactive
attitude toward personal and professional growth are instrumental for long-term
success.

In conclusion, while instructors play a guiding role in shaping the learning
environment, students must take ownership of their soft skills development by
actively engaging in learning activities, reflecting on their experiences, collabor-
ating with others, and applying these skills beyond the classroom. The most
effective learning happens when students recognize that soft skills are not just
academic requirements but essential tools for navigating both their careers and
personal lives.

21.3 Importance of learning content

Care should be taken to ensure that the information and materials provided to
students are as attractive and updated as possible and persuade them to expand their
knowledge of the subject on their own. Teaching requires constant adaptation of the
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content to the changing environment. When teaching the subject in subsequent
years, you should be ready to make changes, for example, when the methods used
so far have not yielded the expected results or new issues and problems have arisen
in the scientific area. Feedback on the effectiveness of teaching methods can be
obtained through student evaluations, course surveys, interviews, or post-teaching
reflections.

The quality and relevance of learning content play a fundamental role in the
development of soft skills, as these competencies are deeply contextual and shaped
by real-world applications. Unlike technical knowledge, which often follows a
structured curriculum, soft skills development requires exposure to authentic,
dynamic, and situational learning experiences. Course materials should not only
provide theoretical foundations but also illustrate how these skills apply in pro-
fessional and social settings. Case studies, industry reports, and real-life scenarios
can make learning more engaging and relatable, bridging the gap between abstract
concepts and practical use. For example, a lesson on conflict resolution becomes far
more impactful when students analyze real workplace disputes and propose solu-
tions based on theoretical models.

Interactive and experiential learning content is particularly effective in devel-
oping soft skills when compared to traditional textbooks and lectures, which may
not be sufficient to develop skills such as communication, teamwork, or emotional
intelligence. Instead, incorporating simulations, role-playing exercises, problem-
based learning, and collaborative projects enhances engagement and allows stu-
dents to practice these skills in realistic contexts [4]. For instance, a course on
leadership should include activities where students take on leadership roles, make
decisions under pressure, and receive feedback on their performance. The more
students can immerse themselves in practical applications, the more they will
internalize and refine these competencies.

Keeping learning content aligned with industry trends and real-world demands
is another essential aspect of soft skills education. The skills required for success in
the workplace are constantly evolving, influenced by technological advancements,
globalization, and shifts in workplace culture. For example, with the rise of remote
and hybrid work environments consequence of the pandemics, digital commu-
nication and virtual collaboration became compulsory skills for professionals.
Learning materials should reflect these changes, incorporating discussions on
remote teamwork, cross-cultural communication, and digital etiquette to ensure
that students are prepared for the modern workforce. Bringing in guest speakers,
industry professionals, or alumni to share insights and experiences can further
enhance the relevance of course content, providing students with practical per-
spectives and real-world applications.

Moreover, the accessibility and format of learning materials can significantly
impact how effectively students engage with soft skills education. Given that
today’s learners often prefer digital and multimedia formats, integrating videos,
podcasts, interactive modules, and online discussion forums can make the content
more appealing and accessible. For example, instead of assigning a lengthy reading
on negotiation tactics, providing a series of short video case studies featuring real
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negotiations can make the concepts more digestible and engaging. Similarly,
incorporating gamified learning elements — such as challenges, leaderboards, or
scenario-based quizzes — can enhance motivation and encourage active
participation.

Feedback mechanisms are equally critical in ensuring that learning content
remains effective and responsive to student needs. Continuous assessment of
materials through student feedback and course evaluations allows instructors to
refine their approaches and incorporate improvements based on actual learning
experiences. Encouraging students to reflect on which learning activities were most
valuable, which challenges they faced, and how they applied newly acquired skills
can provide invaluable insights for course development. A cycle of testing, adapt-
ing, and refining ensures that the learning content evolves to meet both academic
and professional demands.

In conclusion, well-designed, relevant, and engaging learning content is fun-
damental to the successful development of soft skills. By incorporating real-world
applications, interactive learning methods, industry trends, and diverse content
formats, educators can create an environment that fosters meaningful skill acqui-
sition. Moreover, continuously updating and refining materials based on feedback
ensures that students receive the most effective and applicable training possible.
Developing soft skills is not just about what students learn but how they learn, and
the content provided to them plays a critical role in shaping that journey.

21.4 Diversity and impartiality

The university is a place open to the exchange of views and neutral discussion on
any topic concerning the world around it. The diversity of worldviews and the
clarity with which they are conveyed is an added value desirable in an academic
environment, as it shapes the future intellectual leaders of society. However,
when teaching a class, the purpose of the lecture should be kept in mind, and both
the discussions and debates should be directly related to it to fulfil the planned
scope of work envisaged for the class. Where appropriate, the instructor should
moderate the discussion by maintaining objectivity and neutrality in the judge-
ments expressed by themselves and the students. The university should be
unbiased in its views, seeking through staff and students to identify both the
advantages and disadvantages of an issue, and the statements presented should
respect the diversity of participants, their personal well-being, and their percep-
tion of the world.

Soft skills, by their very nature, involve interpersonal interactions, commu-
nication, and adaptability — all of which are enriched by diverse perspectives. A
classroom that embraces diversity allows students to engage with viewpoints dif-
ferent from their own, fostering empathy, cultural awareness, and critical thinking.
Exposure to a variety of perspectives enhances students’ ability to navigate com-
plex social and professional environments, equipping them with skills that are
increasingly valued in globalized workplaces. Whether in teamwork, leadership,
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negotiation, or problem-solving, the ability to work effectively with individuals
from diverse backgrounds is essential for professional and personal success.

Moreover, recognizing and valuing diversity encourages inclusive learning,
ensuring that all students feel respected and listened to [5]. Instructors should
actively create an environment where students feel comfortable expressing their
points of view without fear of judgment or exclusion. This can be achieved through
structured discussions, debate formats that encourage respectful disagreement, and
activities that highlight the importance of diverse problem-solving approaches. By
making inclusivity a core component of soft skills education, educators help stu-
dents build the confidence and flexibility needed to interact successfully in diverse
settings.

While diversity is essential in enriching classroom discussions, impartiality is
equally important in maintaining a fair and balanced learning environment. When
teaching soft skills, instructors must be conscious of their own biases and ensure
that they do not unintentionally favor certain viewpoints over others. The role of
the instructor is not to impose personal beliefs but to facilitate a space where stu-
dents can critically analyze different perspectives and form their own reasoned
conclusions.

To maintain impartiality, teachers should ensure that classroom discussions are
grounded in evidence-based reasoning, encouraging students to support their
arguments with logic, research, and well-founded evidence rather than relying on
emotional or ideological positions. It is also important to foster balanced partici-
pation, creating an environment where all voices are heard, including those who
may be hesitant to express dissenting opinions. Implementing structured dialogue
formats, such as debate structures, role rotations, or assignments that require stu-
dents to argue perspectives they may not personally hold, helps develop objective
reasoning and respect for diverse viewpoints. Additionally, lecturers should be
aware of language and framing, as the way a topic is introduced can subtly shape
students’ perceptions. Using neutral phrasing and presenting issues from multiple
perspectives can help maintain fairness and encourage critical thinking.

The ability to engage in respectful discourse with individuals of differing
perspectives is a skill that extends far beyond the classroom. In professional set-
tings, employees frequently encounter colleagues, clients, and stakeholders with
contrasting viewpoints, cultural backgrounds, and work styles. Developing the
ability to listen actively, consider alternative perspectives, and communicate
effectively without personal bias is a crucial component of leadership, negotiation,
and conflict resolution. Universities that emphasize these competencies prepare
students not only for academic success but for the complexities of globalized work
environments.

Additionally, embracing diversity while maintaining impartiality enhances
decision-making and problem-solving. Studies have consistently shown that
diverse teams produce more innovative solutions, as differing perspectives chal-
lenge assumptions and lead to more comprehensive analyses of problems [6,7].
However, for this process to be effective, individuals must feel that their con-
tributions are valued and that discussions remain fair and objective. By practicing
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these principles in the classroom, students learn to approach problem-solving with
open-mindedness, adaptability, and a commitment to rational, informed decision-
making.

Teaching soft skills in a way that embraces diversity while maintaining
impartiality is essential for fostering an inclusive and intellectually stimulating
learning environment. By ensuring that students are exposed to a range of per-
spectives while also learning to evaluate them critically and fairly, educators help
develop essential professional competencies. The ability to engage in meaningful
discussions, navigate different viewpoints, and make impartial, well-reasoned
judgments is not only a vital soft skill but also a foundation for responsible citi-
zenship and effective leadership in an increasingly complex world.

21.5 Design approach

The implementation of soft skills education in engineering curricula requires a
carefully structured methodological framework that balances traditional classroom
instruction with modern pedagogical approaches. Our teaching methodology was
designed to create an environment where students could develop these skills
through a combination of formal instruction and practical application. We placed
particular emphasis on clear communication of expectations, structured deliver-
ables, and technology-enhanced learning experiences. This approach acknowledges
that while technical competency is obviously fundamental to engineering educa-
tion, the development of soft skills requires a different pedagogical paradigm, and
more specifically one that emphasizes continuous learning, social interaction, and
workplace relevance.

On most occasions, courses on soft skills will require students to produce some
kind of coursework (e.g., work output reports, project descriptions, interim work,
reports). In this case, there are some aspects that should be carefully considered:

e Students should be provided with a clear description of the task, together with
precise instructions on how to complete it. This applies especially to projects.
The purpose of the assignment should be clearly defined.

The editing requirements and presentation format should be clearly specified,
as they directly develop professional communication competencies.

e A deadline for the delivery of the work was indicated, and the consequences of
failing to meet the deadline were specified. Note that this is also associated
with the development of soft skills, such as time management, accountability,
and responsibility, or planning and organization.

e Assessment criteria and their contribution to the final grade of the course
should be provided in advance.

The practice of providing example studies and model work serves as a pow-
erful learning tool in soft skills education. By examining concrete examples, stu-
dents gain insights into professional standards and best practices that might
otherwise remain abstract concepts. These examples help bridge the gap between
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theory and practice, offering students tangible references for their own work while
developing their ability to analyze and evaluate quality in professional commu-
nications. This approach is particularly valuable in engineering education, where
students often benefit from seeing how complex technical information can be
effectively presented and communicated in various professional contexts.

The design of coursework in soft skills education must serve multiple inter-
connected objectives that go beyond simple knowledge acquisition. Each assign-
ment should function as a scaffold that helps students organize and internalize their
understanding while simultaneously encouraging them to explore beyond the pre-
scribed boundaries of the subject matter. This dual approach of structured learning
and independent exploration mirrors the real-world engineering environment,
where professionals must balance established methodologies with innovative
problem-solving. Furthermore, the coursework should be deliberately crafted to
develop both technical and soft skills in tandem, recognizing that these compe-
tencies are increasingly inseparable in modern engineering practice. This integrated
approach helps students understand that soft skills are not merely supplementary
abilities but are fundamental tools that enhance their technical expertise and pro-
fessional effectiveness.

The establishment of clear assessment criteria and their weighted contribution
to the final course grade serves multiple pedagogical purposes in soft skills
development. When students understand exactly how their work will be evaluated,
they learn to align their efforts with professional expectations and quality stan-
dards. This transparency in assessment helps students develop critical self-
evaluation skills and an understanding of performance metrics, which in turn are
competencies that directly translate to workplace scenarios, where engineers must
meet specific project requirements and quality benchmarks. Furthermore, clear
assessment criteria help students understand the relative importance of different
soft skills components, allowing them to prioritize their development efforts
effectively.

The implementation of specific editing requirements and presentation formats
in course assignments serves a deeper purpose beyond mere academic structure.
These requirements function as a practical training ground for professional com-
munication skills, teaching students that effective communication in engineering
extends beyond technical accuracy. When students must adhere to precise format-
ting guidelines and presentation standards, they develop critical workplace com-
petencies such as attention to detail and audience awareness. This approach
particularly benefits engineers who must frequently translate complex technical
information for diverse stakeholders, where the manner of presentation can be as
important as the technical content itself.

Similarly, the establishment of clear deadlines and consequences for assign-
ments cultivates a range of essential professional capabilities. This practice
develops students’ time management skills and strengthens their sense of
accountability, mirroring real-world project environments where timeline adher-
ence is critical. Through deadline-driven assignments, students learn to handle
pressure, prioritize tasks, and make strategic decisions about resource allocation.
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Moreover, they develop the professional maturity to communicate proactively
when challenges arise, a skill particularly valuable in engineering projects where
delays can have significant ripple effects. These experiences prepare students for
the realities of engineering practice, where project milestone management and
deadline adherence are fundamental to success.

Finally, while traditional classroom learning will continue to be practiced,
particularly in basic skills, the learning process will shift from formal education to
an ongoing process where learning is continuous, social, informal, and embedded in
the workplace.

Note that emphasis should be placed on the use of technology as a key element
of future learning. Technology provides greater opportunities to deliver content on
a “here and now” basis, combining recognition of the need for development with
timely delivery of relevant content. This means that new approaches will need to be
taken to structure learning based on changing realities [8].

Using technology requires a different way of thinking about learning, which is
not necessarily about delivering content, but rather providing people with the
means to find and share information themselves [9]. Understanding the psychology
of relationships and networks will be fundamental to creating effective learning
environments.

The teaching approach described above represents a significant departure from
conventional engineering education methods. By establishing clear frameworks for
coursework while simultaneously embracing technological innovation and informal
learning opportunities, we created a learning environment that better reflects the
real-world demands facing modern engineers. This methodology proved particu-
larly effective in bridging the gap between academic requirements and workplace
expectations. The emphasis on structured deliverables, combined with the flex-
ibility to incorporate social and informal learning, allowed students to develop soft
skills in a way that felt both authentic and purposeful. Moving forward, this
approach demonstrates that effective soft skills development must be both sys-
tematic in its implementation and adaptive in its delivery, ensuring that students are
well-prepared for the evolving demands of the engineering profession.

21.6 Training design

The design of soft skills training in engineering education requires a fundamental
shift from traditional teaching paradigms to more dynamic and learner-centered
approaches. As the professional landscape evolves, the methodology for delivering
soft skills education must adapt to meet both current needs and future challenges.
This section explores five core areas of training design that are essential for
effective soft skills development, emphasizing the importance of contextual
learning, accessibility, data-driven approaches, technological innovation, and
environmental considerations. Each of these elements contributes to creating a
comprehensive learning experience that prepares engineering students for the
complexities of modern professional practice. The future is both about delivering



356  Soft skills for engineering

the same content in a new way and about giving people the ability to find infor-
mation themselves and learn independently.

Thus, we identified five core areas of training design that soft skills learning
professionals should consider.

e Contextual learning. This is all about access to learning and experience for
the learner [10]. Learning needs must be personalized to meet the specific
requirements of each learner. We know that people learn better by doing.
Therefore, the learning process should be practical and based on real-life
situations. Learning should be project-integrated, with more emphasis on
group work, project collaboration, social interaction (access and sharing),
game inspiration, and embedding in digital media.

e Learning must be micro and mobile friendly. Learning must be student-
centered, meaning that the learner must be able to access the desired content
and how and when they want to access it. Learning must be easily accessible
and based on micro-learning concepts [11]. Smaller is better. Educational
initiatives such as videos, podcasts, and online short courses are good exam-
ples of this.

e Learning should be data driven. R&D professionals should learn to use new
technologies themselves and should consider using data analytics platforms to
predict trainee demand based on technology use, such as social media, just as
advertising agencies predict the types of ads to send based on technology use
and search engine analytics [12].

e Virtual reality (VR) and augmented reality (AR). Technology should build
innovative learning tools that enhance the overall user experience. AR and VR
tools enable immersive learning experiences. For example, learners can step
into a 360-degree video shot or create a realistic 3D environment [13,14].

e Learning environment. A key element in the knowledge transfer process is
the consideration of the learning environment [15]. In traditional environ-
ments, we are used to the school mode, and although we can set up the tables in
the room in a U-shape, this mode still hinders true collaboration between
trainees and participants.

In this context, to foster an environment that promotes innovative learning, we need
to start doing things differently. Classroom design must stimulate creativity and
creative thinking and enable collaborative learning. For example, the use of round
tables instead of rows allows for natural group discussion and interaction.

In addition, the appropriate design of the learning environment can positively
influence the learning experience by enabling additional collaboration and creative
thinking, through devices such as walls on which to draw mind maps, record the
results of brainstorming sessions and group reflections.

The multifaceted approach to training design described above represents a
significant evolution in soft skills education for engineers. By integrating con-
textual learning, mobile accessibility, data analytics, immersive technologies, and
thoughtfully designed learning environments, we created a robust framework that
supports comprehensive skill development. This holistic approach acknowledges
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that effective soft skills training cannot be achieved through traditional methods
alone but requires an ecosystem of learning opportunities that mirror the com-
plexity of real-world professional interactions. The success of this training design
lies in its ability to blend technological innovation with human-centered learning
principles, creating an educational experience that is both engaging and effective in
preparing engineering students for their future careers.

21.7 A case study: Project UNIFORS 2020

The Erasmus+ UNIFORS 2020 project is a good example of the power of inter-
national collaboration in advancing innovative educational practices. Bringing
together a diverse consortium of European higher education institutions and
industry partners — including the University of Warmia and Mazury (Poland) and
the University of Vigo (Spain), among others — the initiative aimed to bridge the-
oretical knowledge with real-world problem-solving through an intensive
hackathon-style training program. Held in Li¢ge (Belgium) in late 2021, the week-
long event challenged students to break from conventional approaches, harness
collective intelligence, and develop creative solutions under time constraints.
Participants were introduced to the origins and ethos of hackathons, rooted in
collaborative problem-solving and competitive innovation, while engaging in
workshops and team-based activities designed to foster interdisciplinary thinking.
This immersive experience not only emphasized technical and soft skill develop-
ment but also highlighted the transformative potential of collaborative learning in
preparing students for dynamic professional environments.

The project consortium was composed of the University of Warmia and
Mazury in Olsztyn (Poland), the University of Vigo (Spain), the Romanian-
American University in Bucharest (Romania), the Polytechnic Institute of Porto
(Portugal), the Haute Ecole de la Province de Liege (Belgium), and companies
Infalia from Greece and Método Consultores from Spain. With financial support
from the European Commission, the project culminated in a week-long intensive
training program structured as a hackathon, which took place in Liége from
September 26 to October 2, 2021.

21.7.1 The UNIFORS Hackathon

To ensure the maximum effectiveness of this intensive learning experience, stu-
dents were provided with preliminary materials and concepts to prepare them for
the upcoming collaborative work. For example, they were introduced to the
hackathon concept by explaining to them that it originated in the 1990s in the USA.
Its name comes from the abbreviation “hacker” and “marathon.” Originally, the
“hackathon” concerned the field of computer science, as it was about decoding a
computer system as quickly as possible [16].

Participants are also advised that anything is possible, as long as standard
approaches are broken, thanks to collective intelligence to come up with innovative
ideas and solutions. Several teams would compete in intense sessions to come
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up with the best solution to a given problem in a limited time, usually 24, 48, or
72 h [17].

Teams would consist of colleagues and include creative personalities from
outside the organization. The hackathon always ends with the presentation of the
strategies proposed by each team to a jury of experts, the deliberations of the jury,
and finally, the announcement of the winning team. One of the main motivations
for participants is the prize that the winning team will receive.

In addition to these sessions, the event often hosts several inspiring and fun
workshops. In our case, these were activities organized by the students for the eight
groups formed at the beginning of the week.

The hackathon demonstrated the value of blending structured preparation
with hands-on, experiential learning. The project created a fertile ground for
innovation and skill acquisition by equipping students with foundational materi-
als, fostering cross-cultural teamwork, and integrating competitive yet colla-
borative dynamics. The inclusion of student-led workshops and presentations
assessed by experts further enriched the experience, reinforcing the importance of
creativity, adaptability, and effective communication in addressing complex
challenges. As this initiative demonstrated, such immersive formats not only
cultivate technical expertise but also nurture the interpersonal and critical think-
ing skills essential for modern careers. The lessons learned from this ground-
breaking endeavor — spanning pedagogical strategies, participant engagement,
and the integration of diverse perspectives — will be explored in detail in the
following paragraphs, shedding light on its broader implications for future edu-
cational programs and collaborative innovation.

21.7.2 Lessons learned

Students understood that teamwork is important for developing different tasks in an
organization. Many students had confidence in the natural or innate skills asso-
ciated with teamwork — as with many other social skills — and understood that
teamwork skills and techniques could be changed. They found that practical exer-
cises, developed in a face-to-face format, were particularly important to integrate
different techniques into core knowledge.

Depending on the culture and age of the students, they did not have the same
point of view about time management strategies. For example, life—work balance
was not considered important for all young people, and most wanted to work hard
to achieve a good position in the company as soon as possible.

In the work itself, it is important that different types of time management tools
are offered [18] (e.g., scheduler/calendar, planner/organizer, task and checklists,
activity logs, macroplanning, anti-agenda), as not everyone feels comfortable with
the same tools. Time management principles and methods (e.g., Eisenhower matrix
[19]) should only be applied in a practical way, based on one’s own experience.

All students claimed that the online course contributed to their theoretical
learning, while the face-to-face meetings enabled them to practice and recall key
information.
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Students mentioned the benefits of the course for better interaction among
people, companies, and other stakeholders. They also mentioned that at the
beginning, they were not able to see the point of some of the activities, but in the
end, everything became clear to them. Some students mentioned that they some-
times felt problems with interpersonal communication, but did not know that it was
possible to improve these skills with some exercises. Overall, the course was fol-
lowed with great interest.

On many occasions, students found it difficult to think outside the box or to
provide ideas that do not strictly follow learned concepts. Students need to be
confident when using their creativity: they need to feel that failure is allowed and
that there are no stupid ideas. Any idea, even the craziest, can be the foundation of
an amazing proposal, project, product, or solution. Working in teams, with specific
tools to promote creative ideas, they discovered a place where creativity flourishes.

In general, students erroneously associated the characteristics of critical
thinking and creative thinking, requiring a clearer separation of these concepts [20].
Students should have been aware that critical thinking is an ongoing process, not an
accumulation of facts and knowledge or something that can be learned once and
then used in that form forever. If students are aware that critical thinking enables an
effective approach to problem-solving, they can easily learn to use certain tools and
achieve much better results in their daily practice. After completing the module on
critical thinking, students became confident in applying the tools they had learned
in practice with excellent results.

Particularly noteworthy was the discussion of methods and techniques of
analytical thinking with reference to their usefulness in specific situations [21].
Students gained a broader perspective and the ability to perceive events rationally,
as well as the ability to interpret and infer correctly from a large amount of infor-
mation, facts, and data. Students tended to accept the first solution that they
encountered and had difficulty explaining what guided them to choose a particular
solution. They need to understand that analytical thinking is nothing without the
ability to argue effectively and the ability to present solutions and ideas convin-
cingly. Students should have been aware that they should continuously develop
their analytical skills throughout their lives. Analytical thinking builds on experi-
ence and best practice to avoid mistakes in the future.

Students discovered that soft skills such as analytical thinking, critical think-
ing, creativity, or time management play an important role in the decision-making
process. Despite cultural differences, students discovered that being aware of types
of decisions helps and facilitates the development of skills to make the right
choices. Some students realized that complex decision-making can be seen as a
standardized process with specific steps. Group decision-making differs from
individual choices in many ways. Students identified both the advantages and dis-
advantages of group decisions. Students appreciated the workshops on decision-
making, mainly because of the opportunity to participate in the activities and to
discuss different points of view.

The experience also confirmed that working in groups improves problem-
solving. However, as participants were of a similar age, even though they were
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from different countries, the solutions that they found were very similar. The stu-
dents realized that solving the problem too quickly was not appropriate. It was
reasonable to take several steps to solve the problem correctly. The students
enjoyed the logic versus creativity activity, as they had to think a lot and approach
the problem “outside the box,” they created a competition to see who would solve it
first. The activity was highly appreciated by the students as they were able to work
in groups and share different opinions. Students were able to relate some of the
methods presented in this course to others explained in previous courses.

In conclusion, students found the whole activity very interesting, especially the
exercises to review and practice the different methods presented in the online
course.

21.8 Concluding remarks

The integration of soft skills into university education represents the natural
response to the evolving demands of the modern workforce and the shifting
learning preferences of students. Traditional pedagogical methods, which prioritize
passive knowledge transmission, are increasingly inadequate for cultivating com-
petencies such as collaboration, adaptability, critical thinking, and emotional
intelligence. Instead, educators must adopt interactive, experiential approaches that
mirror real-world challenges and foster active student engagement. By shifting the
instructor’s role from a lecturer to a facilitator and mentor, universities can create
dynamic learning environments where students practice soft skills through simu-
lations, group projects, and reflective exercises. This transformation enhances skill
acquisition and empowers students to take ownership of their learning paths,
recognizing that soft skills are not innate traits, but competencies developed
through deliberate practice and feedback.

The design of learning content plays a relevant role in this process. Content
must be contextually relevant, updated to reflect industry trends, and delivered
through diverse formats — from multimedia resources to gamified activities — to
cater to different learning styles. Case studies, real-world scenarios, and partner-
ships with industry professionals bridge the gap between theoretical concepts and
practical application, making learning both relatable and impactful. Furthermore,
continuous feedback mechanisms ensure that curricula remain responsive to stu-
dent needs and societal changes. By embedding flexibility and adaptability into
course design, educators prepare students to navigate the uncertainties of a rapidly
changing global landscape.

According to our experience, diversity and impartiality emerged as founda-
tional principles in soft skills education, as classrooms that embrace diverse per-
spectives foster empathy, cultural awareness, and inclusive problem-solving, which
in turn are essential skills for thriving in multicultural and interdisciplinary envir-
onments. Teachers must model impartiality, guiding students to evaluate ideas
critically while maintaining respect for differing viewpoints. This balance culti-
vates environments where students learn to communicate effectively, negotiate
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conflicts, and collaborate across boundaries, mirroring the complexities of profes-
sional and civic life.

The UNIFORS 2020 case study illustrates the effectiveness of immersive, col-
laborative learning models such as hackathons. Students developed teamwork,
creativity, and decision-making skills in a high-stakes context by combining theo-
retical preparation with hands-on, time-bound challenges. The project highlighted the
importance of blending structured frameworks with opportunities for autonomous
exploration, enabling students to apply soft skills in authentic, interdisciplinary set-
tings. Lessons from this initiative confirm that soft skills flourish in environments
that encourage risk-taking, iterative learning, and peer-to-peer interaction.

In conclusion, the successful teaching of soft skills in higher education
demands a holistic, student-centered approach. It requires reimagining classroom
dynamics, embracing technological innovation, and fostering inclusive cultures that
value both diversity and critical inquiry. As universities strive to equip students for
lifelong professional and personal success, the integration of soft skills into curri-
cula must remain a priority. By aligning pedagogical strategies with real-world
demands, educators can ensure that graduates possess not only technical expertise
but also the interpersonal and adaptive capacities needed to lead, innovate, and
thrive in an interconnected world.
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Chapter 22

Digital thinking as an intensive methodology in
the use of soft skills

) 7 ;. .. Ji
Rui Raposo® and Mario Vairinhos

22.1 Introduction

To stay competitive in today’s technology-focused environment, organizations of
all kinds need to continually innovate. Digital technology advancements have
changed human interaction methods at personal, societal, and product-service
levels, which produce both new opportunities and challenges for those working in
design, development, and strategic fields. Digital design thinking has become a
strong methodology to connect creative processes with empathy and problem-
solving to provide meaningful solutions centered around user needs.

The essence of design thinking is more than a linear process or a collection of
tools because it represents a mindset focused on human-centeredness and involves
collaboration, experimentation, and iteration. Design thinking draws from dis-
ciplines including design, neurocognitive science, and organizational behavior to
motivate practitioners to examine issues from different viewpoints while ques-
tioning underlying assumptions and developing prototypes quickly to evaluate
concepts before allocating substantial resources. Though originally linked with
physical product design, its use has spread broadly into digital experience devel-
opment where intangible elements like usability, accessibility, and emotional
engagement become key indicators of success.

This chapter provides an overview of design thinking applied to the creation of
digital services and products, exploring its principles, processes, and applications
while highlighting its significance in fostering innovation in an ever-evolving and
shifting digital landscape.

This chapter is organized into five sections, starting with a preliminary
reflection on the conceptual evolution from Design Thinking to digital thinking.
Next, a selection of the main theoretical and conceptual models with potential
application to digital thinking for soft skills is presented, including a critical ana-
lysis with the main advantages and disadvantages summarized. Finally, before the
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conclusions, the main challenges that these approaches face in the contemporary
world mediated by digital technologies and new emerging paradigms are discussed.

22.2  From design to digital thinking

The roots of what can be seen as design thinking date back to the mid-twentieth
century [1], when designers started to move past just aesthetic aspects and toward a
broader approach that incorporated problem-solving and user experience. The roots
of design thinking can be linked to the contributions of John E. Arnold and Herbert
A. Simon, who promoted more organized methods for creative problem-solving.
The term ended up gaining greater notoriety in the 1990s through the efforts of
David Kelley, founder of the design consultancy IDEO", and Tim Brown CEO of
also IDEO. They proposed a methodology that combined issues linked with
empathy, creativity, and rationality to address complex problems and, by doing so,
come up with innovative solutions [2]. Work done by Herbert Simon, who intro-
duced the concept of “bounded rationality” [3] and emphasized the importance of
decision-making in design tasks, and by Donald Schon, who studied the reflective
practices of designers [4] helped to further develop the concept of design thinking.
Stanford University’s d.school (Hasso Plattner Institute of Design) popularized the
concept in the early 2000s by outlining its stages which include the following main
actions: empathize, define, ideate, prototype, and test, as depicted in Figure 22.1 —
and promoting its use across a wide array of industries and contexts of use. Since
then, design thinking has become an essential framework in modern design edu-
cation and practice. Buchanan’s work on “wicked problems” further highlights the
complexity placed by design challenges, emphasizing the need for iterative and
exploratory approaches [5]. Over time, design thinking has evolved into a struc-
tured but flexible framework applicable to a wide range of challenges, from product
development to service design.

While design thinking may have brought us up here, its evolution into digital
design thinking has yet to define the limits of its evolving horizons and the
unpredictable potential of digital technologies. The phrase “We shape our tools and
there after our tools shape us” [6] traces a perfect picture of our relationship with
many of the digital technologies that have made their way into our daily activities.

Digital design thinking may be broadly defined as the application of design
thinking principles to the ideation, creation, improvement, and optimization of
digital products, services, and experiences. The theoretical support of digital design

Figure 22.1 Stages of design thinking
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thinking merges knowledge from a variety of disciplines, such as cognitive sci-
ences, human—computer interaction, programming, UX design, and organizational
behavior. Because of its non-analogue nature, digital design thinking must consider
characteristics of digital environments, such as rapid technological evolution,
interoperability, decision-making supported by data, and the need and potential for
scalability and sustainability. According to Kumar, successful digital design
thinking is based on matching solutions with user needs while ensuring they meet
business objectives and societal expectations [7]. This match is achieved through
the accumulation of digital soft skills, which encompass a blend of technical,
strategic, and interpersonal competencies. Dorst emphasizes the importance of
problem-framing in design thinking, arguing that how a problem is defined sig-
nificantly influences the quality of the solution [8]. This perspective is particularly
relevant in digital contexts, where problems may often involve more than one
stakeholder and a multitude of variables with different types of dependencies.

The already mentioned foundational elements of design thinking, empathy,
prototyping, iteration, and co-creation, are also inherently tied to digital design
thinking and the development of digital soft skills. Empathy in digital contexts, for
instance, involves understanding not only users’ explicit needs but also their
implicit desires and behaviors, which may emerge through interactions with tech-
nology [9]. Similarly, prototyping in digital design often leverages tools like
Figma' or Adobe XD* to create interactive representations of concepts that can be
tested and quickly refined [10]. These activities require professionals to develop
proficiency in both technical tools and human-centered approaches, thereby
enhancing their digital soft skills.

Digital soft skills may be understood as the non-technical competencies
required to navigate, understand, interact, and succeed in digital environments.
These skills, which may greatly vary from person to person, include adaptability,
communication, collaboration, problem-solving, creativity, and ethical awareness
and principles, among others [9]. Digital design thinking provides an ideal frame-
work for developing these skills because it encourages professionals to engage
deeply with users, experiment and develop iteratively, and seek interdisciplinarity
and ideally transdisciplinarity. For example, co-creation workshops bring together
diverse stakeholders, fostering inclusivity, generating diverse ideas, and building
trust among participants [11]. Such collaborative settings help professionals culti-
vate their interpersonal and communication skills that are very useful when work-
ing in multidisciplinary teams.

Moreover, the iterative nature of digital design thinking also promotes adapt-
ability and resilience, digital soft skills essential components. Embracing failure as
part of the learning process teaches you to remain flexible and persistent even when
confronted with uncertainty [12]. This is the sort of mindset that comes in handy in
digital contexts, where technologies evolve rapidly, and solutions must con-
tinuously adapt to changing user needs and market conditions.

Thttps://www.figma.com/
*https://adobexdplatform.com/
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In the context of digital services, products, and experiences, digital design
thinking offers a unique framework useful for addressing their characteristics.
Unlike the case of tangible goods, digital content, digital artefacts, experiences and
the essence of communication flows exist in a virtual space constantly changing,
always tending to obsolescence, and dosed by user expectations. Results must
guarantee seamless interoperability across platforms, while keeping up with
security, privacy, and ethical standards. Interdisciplinary teams made up of
designers, developers, data scientists, marketers, and business analysts, despite
bringing distinct expertise and perspectives to the table must find common ground
on which to communicate and collaborate and build something new. In such
environments, digital design thinking serves as both a unifying language and a
structured yet flexible approach useful for overcoming ambiguity or strings of
thought or action sometimes so specialized no one else in the team understands
what they are talking about or looking for. So, how do we go about this challenge of
dealing with the many times unpredictable nature of digital technologies, their use
and their acceptance?

Digital design thinking may be approached as revolving around five key pha-
ses (Figure 22.1), not necessarily sequential or even mutually exclusive.

22.2.1 Empathize

The first phase, empathize, involves researching and achieving a deeper under-
standing of users’ needs, motivations, and critical issues and challenges through
quantitative and qualitative data collection. This moment, as all the others, is
essential because it ensures that solutions are grounded on hard discussable data
rather than based on assumptions or preconceived notions. By stepping into users’
shoes, designers can possibly uncover latent desires and unmet needs that may not
be apparent at first. In a digital context, the user provides more than what is col-
lected through typical data-collection tools such as questionnaires, interviews,
focus groups, etc. The user’s interaction patterns, attention span, and biometric
feedback are also sources of data and information that may be collected and ana-
lyzed to understand the users and better design digital solutions for their organi-
zational, group or individual needs.

22.2.2 Define

The second phase, define, focuses on articulating the problem in a clear, practical
way using the insights gained during the first phase. Stakeholders work together to
create and elaborate statements that capture the essence of the challenge while also
allowing for creative inquiry. Effective problem formulation lays the groundwork
for later actions, guiding the team to important results without prematurely redu-
cing possibilities.

22.2.3 Ideate

Ideation is the third phase, in which brainstorming sessions unleash communal
creativity. Encouraging thought-provoking ideas while deferring judgment creates
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an environment receptive to breakthrough thinking. Techniques like mind mapping
and reverse brainstorming aid in the generation of a diverse range of potential
solutions, some of which may appear unrealistic at first look but may inspire fea-
sible alternatives after more consideration.

22.2.4 Prototype

Prototyping is the fourth phase in which ideas take physical form. Digital mockups,
clickable wireframes, and functional prototypes are all examples of artifacts that
allow teams to iteratively visualize ideas, find problems, and modify functionality.
Medium- to high-fidelity prototyping also helps cross-functional teams commu-
nicate more effectively, bridging understanding gaps and coordinating efforts
towards common goals.

22.2.5 Test

Finally, testing enables the validation of prototypes under close to real-world
conditions, providing valuable feedback for improvement. User testing provides
insight into the connection between the solutions proposed and the users’ actual
needs, uncovering areas requiring adjustment or enhancement. Importantly, testing
is not a one-time event but an iterative ongoing process open to continuous
improvement.

22.2.6 Design thinking in a digital world

Digital design thinking embodies several guiding principles that help to place the
user exactly at the center of the whole process. The idea of repositioning the user as
the center of technology design is at the heart of contemporary approaches to
software development. An obvious example of the influence of design thinking on
digital product development methodologies is the approach known as Human-
Centered Design (HCD), which is based on the concept of experience, introducing
the contribution of psychology to bring technology closer to the user [12]. Closely
related is User-Centered Design (UCD), which focuses on designing products that
prioritize the needs, goals, and preferences of end users throughout the develop-
ment process [13]. This approach emphasizes iterative testing and user feedback to
ensure that solutions remain aligned with user expectations. At HCD, the process
begins with the user and understanding their context, then focuses on their pro-
blems and requirements, and finally interacts with design solutions. Also, in other
approaches to experience design, such as goal-directed design [14], we can find
such similarities and inspiration. This design methodology places at the forefront of
the design of digital products and services an understanding of the motivations and
attitudes of technology users. To this end, it mobilizes instruments such as personas
or the creation of context scenarios, involving digital storytelling techniques, to
build an entire framework for promoting empathy with the design team.
Collaboration forms another cornerstone of design thinking, recognizing that
innovation rarely occurs in isolation. Cross-pollination of ideas across disciplines
establishes links that lead to novel solutions unattainable through soloed efforts.
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Furthermore, embracing failure as part of the learning process empowers teams to
experiment boldly, knowing that setbacks provide valuable lessons for future
success.

In the digital era, design thinking plays a vital role in the development of
products and services. While trying to digitize operations, improve customer
experience and exploit emerging technologies, including artificial intelligence,
block chain and Internet of Things (IoT), organizations are dealing with complexity
like never before. In digital ecosystems with such volatility, uncertainty and rapid
pace of change, traditional waterfall methodologies find it difficult to survive.
Agile practices address some of these issues by promoting flexibility and respon-
siveness, but, in some cases, they do not prioritize user experience or strategic
plans. Design thinking complements agile methodologies by attributing purpose,
ensuring that technological advancements serve human needs instead of defining
them. This is not always the case as demonstrated in current phenomena like
smartphone dependency, Fear of Missing Out connected with social media and
other forms of digital dependency.

If a bank wanted to develop a mobile app for its customers, its concerns would
probably focus on the following activities. If the development team in charge of the
task decided to apply design thinking principles, it would probably begin by
engaging with a sample of random customers to collect and understand their
banking habits, preferences, expectations and frustrations when dealing with the
service. This would enable the collection of costumers’ experience insights that
might reveal potential concerns about data security, difficulty dealing with or
finding account details, or even the desire for personalized advice tailored to their
needs. With the data and information collected, the team could go beyond repli-
cating what the costumers already do online or at the bank in person and would be
able to redirect their focus on issues like improving trust in their relationship with
costumer, simplifying navigation on the app, and providing other personalized
services. During the ideation phase, the team could play around with ideas and
concepts like gamification or even the inclusion of some artificial intelligence (Al)
agents and chatbots that could provide innovative features to the app and differ-
entiate it when compared to apps from other banks or financial institutions. Agile
prototyping and iterative testing cycles would help align service goals with user
expectations and avoid the need to conduct in-depth redesign and revision further
on down the line.

If we decide to do the same exercise in another context, like healthcare and
wellbeing, we may consider challenges like improving patient care management
using telemedicine digital platforms. Digital design thinking approaches would guide
the organization in mapping patient behaviors and interaction patterns with the ser-
vice provider, identifying critical points, causes and possible solutions, and involve
patients, caregivers, and clinicians in activities for co-creating solutions for the pro-
blems identified. Such an approach not only addresses operational inefficiencies but
also enhances overall patient satisfaction and health outcomes.

Despite its advantages, design thinking is not without limitations when con-
sidering its application in the digital world. The exponential growth of the number
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of users, apps, trends, and legal implications demands substantial time investment
upfront for research and exploration, which may conflict with tight deadlines or
resource constraints. In a blink of an eye, a new idea may not be that new and be
branded as just another app, or something that looks a lot like a service or product
already out there. Additionally, its open-ended nature requires strong facilitation
skills to keep teams focused, productive and sustainable. Finally, integrating design
thinking into established organizational cultures, still grasping what digital trans-
formation means to them, often necessitates cultural shifts that challenge entren-
ched ways of working.

To overcome some of the abovementioned challenges, teams should combine
digital design thinking approaches with other complementary frameworks. For
instance, pairing digital design thinking with lean startup methodologies enables
possibilities like faster experimentation and market validation, while incorporating
design sprints may accelerate progress within compressed timelines. If the orga-
nizations add training programs and mentorship initiatives to the equation to build
internal capacity, team members will be able to acquire digital skills and develop a
mindset adequate for conducting digital design thinking projects in a more effective
manner.

A quick look around confirms that we currently live in an era where everyone
if hyper-connected, where everything tends to be automated, and where experi-
ences are aimed to be tailored and very personalized. This reality confirms that
the relevant role played by digital design thinking approaches in shaping digital
services and products will only tend to grow and probably become ubiquitous, as
is the technology it deals with. Its emphasis on empathy, collaboration, and
experimentation provides organizations and their collaborators with a mindset
and a set of skills useful for anticipating trends and delivering solutions that
enhance people’s lives and experiences in cases where digital media plays an
active role. Promoting and nurturing an individual and an organizational culture
fueled by curiosity and openness may aid businesses in harnessing the full
potential of digital design thinking as a means to drive sustainable innovation and
competitive advantage when dealing with products, services, and needs with a
digital essence.

22.3 Systematic literature review

Digital design thinking has emerged as a critical approach for addressing the
complexities of designing digital products and services in an increasingly inter-
connected world. The following sections aim to contribute to a better understanding
of some of the theoretical foundations, practical applications, and current chal-
lenges tackled in the field of digital design thinking.

Table 22.1 summarizes the key findings from the literature reviewed on digital
design thinking, explicitly outlining issues such as theoretical foundations, appli-
cations, challenges, and competencies.



370  Soft skills for engineering

Table 22.1 Key findings on digital design thinking

Theme Key finding References
Theoretical Design thinking principles (empathy, collaboration, [2,9,15,16]
foundations iteration) are foundational for digital innovation

Extensions to service design and systems thinking

enhance applicability

Integration of cognitive processes and [5,8,17]
problem-solving frameworks supports complex

digital challenges

Applications Effective in driving digital transformation and [7,18]
improving customer experiences
Facilitates innovation through co-creation and [10,12]
user-centered approaches
Challenges Managing complexity and ambiguity in digital [5,8,19]
ecosystems remains a significant challenge
Resistance to change, lack of organizational support, [17,19]
and misalignment with business goals hinder adoption
Competencies Core competencies include empathy, technical [12-14,20]
literacy, collaboration, adaptability, and ethical
awareness
Blending design thinking with other agile [1,10,17]

methodologies requires specialized skills and tools

22.3.1 Methods of design thinking: a comprehensive
overview and comparison

Design thinking employs a variety of methods to address complex challenges in the
development of digital services and products. From the sample of approaches
identified in the literature review conducted, eight methods are further discussed in
this chapter because of their effectiveness and widespread use: Empathy Mapping,
Journey Mapping, Prototyping, Co-Creation Workshops, Framework for innova-
tion, IDEO’s HCD, Stanford’s d.school Design Thinking Process, and Systemic
Design. Each method encompasses characteristics that make them, according to our
opinion, probably more adequate for different stages of the design process and
types of challenges. Below, we explore these methods, comparing their applica-
tions, advantages, and limitations. The comparison is summarized in a table at the
end of this section. This chapter then explores a new method that has burst onto the
scene in the last couple of years and is rightfully called.

22.3.1.1 Empathy Mapping

Empathy Mapping is a collective tool employed in the empathize stage of digital
design thinking to obtain a more profound understanding of users’ emotions,
thoughts, and experiences. Designers can gain a deeper insight into users’ needs
and challenges by visually depicting what they say, think, do, and feel [7]. This
approach is especially useful in the initial phases of digital initiatives, where
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Figure 22.2  Empathy map

Table 22.2 Advantages and limitations of empathy map

Advantages Limitations

Encourages team alignment Relies heavily on accurate and comprehensive user
around user insights research

Facilitates empathy-building May oversimplify nuanced user behaviors

through visualization if not executed carefully

Simplifies complex data into
digestible formats

collecting qualitative information about target users is essential. Its effectiveness
relies, however, on thorough and precise research, and it may tend to oversimplify
complex behaviors. Figure 22.2 depicts its graphical tool.

Table 22.2 summarizes the main characteristics of the empathy map, organized
as its advantages and limitations when applying it.

22.3.1.2 Journey Mapping

Journey Mapping provides a holistic view of the user experience by visualizing the
entire customer journey across touchpoints. It helps identify friction points,
opportunities for improvement, and areas requiring optimization [7] and is ideal for
evaluating existing services or planning new ones. Journey Maps are commonly
used in sectors like e-commerce, banking, and transportation to map out decon-
struct, understand, and optimize user and experience flows and to possibly enhance
satisfaction. Work published by Stickdorn and Schneider [9] has already demon-
strated the value of Journey Mapping in uncovering unmet needs and guiding
strategic decisions [7]. Its characteristics are summarized in Table 22.3.
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Table 22.3 Advantages and limitations of the journey map

Advantages Limitations

Provides a comprehensive overview Can become overly complex for lengthy
of the user experience or multi-channel journeys

Helps prioritize improvements based Requires significant upfront research to
on impact and effort capture all relevant details

Encourages cross-functional
collaboration

Table 22.4 Advantages and limitations of prototyping

Advantages Limitations

Reduces risk by identifying issues High-fidelity prototypes can consume
early in the design process considerable time and resources
Enables rapid iteration and adaptation Over-reliance on prototyping may delay
Engages stakeholders and users in decision-making

the design process

22.3.1.3 Prototyping

Prototyping consists of developing low, medium, or high-fidelity models of pro-
ducts or services to rapidly and iteratively test concepts. Prototypes can vary from
basic drawings to interactive digital representations, enabling designers to confirm
concepts prior to investing resources in large-scale development. Instruments such
as Figma and Adobe XD aid in quick prototyping, allowing designers to confirm
their assumptions prior to investing resources in extensive development [1]. While
prototyping mitigates risk and attracts stakeholder involvement, high-fidelity pro-
totypes can demand significant resources, and depending too much on them may
hinder prompt decision-making. Prototyping plays a crucial role in both the pro-
totype and test stages of digital design thinking and is extensively used in software
and hardware design, as well as service innovation, to enhance functionality and
collect user input. Principles of interaction design, as outlined by Cooper et al. [21],
are also essential when creating effective prototypes that align with user expecta-
tions and behaviors. Table 22.4 illustrates the key consequences of prototyping.

22.3.14 Co-Creation Workshops

Co-Creation Workshops bring together different stakeholders (i.e., users, designers,
developers, and business leaders) with the purpose of collaboratively generating
ideas and co-developing solutions. These workshops promote inclusivity and end
up generating diverse ideas while helping the participants build trust among the
participants [10]. They are effective for ideation and concept development activ-
ities, especially in contexts that need input from multiple perspectives. They are
often employed in community-driven participative projects, corporate innovation
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Table 22.5 Advantages and limitations of Co-Creation Workshops

Advantages Limitations

Fosters inclusivity and shared ownership Success depends on skilled facilitation
of solutions and participant engagement

Generates diverse ideas through cross- Time-consuming and resource-intensive
disciplinary collaboration compared to other methods

Builds trust and rapport among
participants

initiatives, and public sector reforms. However, their success depends on skilled
facilitation and participant engagement, making them time-consuming and
resource-intensive compared to other methods. A paper by Sanders and Stappers
[12] does, however, outline the importance of co-creation in empowering users and
driving meaningful innovation [10]. Table 22.5 highlights the advantages and
limitations of this technique.

22.3.1.5 Framework for Innovation

The Framework for Innovation, an upgrade of the Double Diamond Framework,
developed by the UK Design Council, visualizes the design process as two over-
lapping diamonds representing divergent and convergent thinking phases. The first
diamond focuses on exploring problems (divergence) and defining them (con-
vergence), while the second addresses generating solutions (divergence) and
implementing them (convergence). This method, as did the Double Diamond fra-
mework, encourages deep exploration before settling on solutions, providing a
clear structure for dealing with uncertainty [22]. Its predecessor, the Double
Diamond, deemed by some as rigid compared to more flexible methodologies and
requires strong facilitation to manage transitions between phases. Its revision has
included iteration instances within and among the two structuring diamonds and is
kicked off with a challenge and ends in an outcome (Figure 22.3). It also applies
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Creating the conditions that allow innovation
including culture change, skills, and mindset

Figure 22.3  Framework for Innovation
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design principles such as being people-centered, communicating visually and
inclusively, collaborating and co-creating and yet again and as a sort of mantra,
iterate, iterate, iterate. This method is particularly effective for tackling ambiguous
or “wicked” problems where the challenge itself is sometimes unclear. It is widely
used in product development, service design, and organizational transformation
projects.

Table 22.6 summarizes the consequences of applying the framework for
innovation.

22.3.1.6 IDEO’s HCD

IDEO’s HCD methodology places people at the core of the design process and
emphasizes empathy, iteration, and agile prototyping. The HCD model was further
elaborated by Brown and Katz [23], who emphasized the need to balance desir-
ability, feasibility, and viability when designing human-centered innovations. It
includes three main phases: Inspiration, Ideation, and Implementation [11]. Some-
thing Brown and Katz called the three spaces of innovation HCD is well-suited for
projects requiring deep user engagement, such as healthcare services and social
impact initiatives, but can be resource-intensive due to extensive user research and
testing. Other characteristics are provided in Table 22.7.

22.3.1.7 Stanford’s d.school design thinking process

Stanford’s d.school design thinking process includes five stages: Empathize,
Define, Ideate, Prototype, and Test, being the classical definition of Design

Table 22.6 Advantages and limitations of Framework for Innovation

Advantages Limitations

Provides a clear structure for dealing May feel rigid compared to more
with uncertainty flexible methodologies

Encourages deep exploration before settling Requires strong facilitation to manage
on solutions transitions between phases

Balances creativity with practicality through
its dual-convergence approach

Enables and promotes iterations throughout
the process

Table 22.7 Advantages and limitations of HCD

Advantages Limitations

Strong focus on empathy and user needs. May feel rigid compared to more
flexible methodologies

Proven track record in delivering Requires strong facilitation to manage

impactful solutions transitions between phases

Encourages collaboration across disciplines
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Table 22.8 Advantages and limitations of d.school process

Advantages Limitations

Clear and accessible framework for Can be overly simplistic for complex,
beginners multi-layered problems

Emphasizes iterative cycles of learning Requires discipline to avoid skipping
and refinement critical steps

Fosters cross-functional collaboration

MYSTERY HEURISTIC ALGORITHM CODE

010011001011

Figure 22.4 Martin’s funnel of knowledge

Thinking. Its non-linear nature accommodates the unpredictable nature of digital
development, encouraging flexibility and collaboration [16,24]. While accessible
and adaptable, the d.school process can oversimplify complex problems if steps are
skipped or rushed (Table 22.8).

Its versatility makes it suitable for a wide range of projects, from digital pro-
duct design to organizational strategy development (i.e., the funnel of knowledge,
Figure 22.4).

22.3.1.8 Systemic Design

Systemic Design builds upon conventional design thinking to tackle complex,
interconnected issues by incorporating principles of systems thinking. It is suited
for tackling systemic challenges such as climate change, urban development, and
public health digital transformation [18] because it considers interconnections and
long-lasting effects. It combines systems thinking concepts with design methods to
develop comprehensive solutions that account for interconnections and lasting
effects. Systemic Design is especially important in areas that need systemic actions.
Nonetheless, its intricacy and resource demands might hinder adoption in the
absence of expertise.
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Table 22.9 Advantages and limitations of systemic design

Advantages Limitations

Addresses root causes rather than
symptoms of problems

Promotes sustainability and resilience
in solutions

Encourages collaboration among
diverse stakeholders

Complexity can make it difficult to implement
without expertise

Long timelines and high resource requirements
may deter adoption

Research by Buchanan lays the theoretical foundation for Systemic Design,
highlighting its potential to tackle wicked problems [4], which limitations and
advantages are listed in Table 22.9.

22.3.2  Summary of digital design thinking methods

Based on what has already been presented, it is easy to see that different approaches
are better at different stages of the digital design thinking process or according to
the challenges or contexts of use presented. Empathy Mapping is great for under-
standing your target users, whereas Journey Mapping is suitable for understanding
the complete journey of the users. Prototyping allows us to experiment quickly, and
Co-Creation Workshops unleash collective creativity and trust. At the same time,
frameworks such as IDEO’s HCD, Stanford’s d.school process and Systemic
Design provide high-level guidance for moving through the entire digital design

Table 22.10 Summary of methods

Method Stage of Key strengths Limitations Ideal use case
Digital
Design
Thinking
Empathy Empathize Encourages empathy; Dependent on quality  Early-stage
Mapping simplifies complex of research; potential  user research
data; aligns teams for over-simplification and persona
creation
Journey Define Holistic view of user ~ Complexity increases  Evaluating
Mapping experience; identifies  with multi-channel or planning
friction points journeys; requires user-centric
thorough research services
Prototyping Prototype Reduces risk; enables High-fidelity Validating
and test  rapid iteration; prototypes can be concepts and
engages stakeholders  resource-intensive; gathering
delays final decisions  feedback
Co- Ideate and Fosters inclusivity; Dependent on Collaborative
Creation define generates diverse facilitation skills; problem-
Workshops ideas; builds trust time-consuming and solving and
costly innovation

(Continues)



Digital thinking as an intensive methodology — 377

Table 22.10 (Continued)

Method Stage of Key strengths Limitations Ideal use case
Digital
Design
Thinking
Framework Entire Provides clear May feel rigid; requires Complex,
for process structure; encourages  strong facilitation ambiguous
Innovation exploration and problems
convergence
IDEO’s Entire Focuses on empathy ~ Resource-intensive; Human-
HCD process and user needs; proven less effective for focused
track record technical problems challenges
Stanford’s  Entire Flexible and Can oversimplify Versatile use
d.school DT process accessible; fosters complex problems; cases
iteration and skipping steps under-
collaboration mines effectiveness
Systemic Entire Addresses root causes; Complex and resource- Large-scale,
design process promotes sustaina- intensive; requires interconnected
bility; considers expertise challenges
interdependencies

thinking experience. Table 22.10 summarizes much of what was discussed
regarding each method, the stage of the digital design thinking process where each
makes sense to be adopted, their key strengths, limitations and ideal use case.

22.4 Bridging design thinking methods with digital
design challenges and professional competencies

In the field of digital design innovation, the aforementioned approaches (Empathy
Mapping, Journey Mapping, Prototyping, co-creation workshops, framework for
innovation, IDEO’s HCD, Stanford’s d.school Design Thinking Process, Systemic
Design) are not simply tools for consideration, but methodologies that are born out of
consideration of how to confront the challenges presented by building digital pro-
ducts, services and experiences. The digital landscape included volatile variables such
as fast-changing technologies, changing user expectations, cross-platform compat-
ibility, and the necessity of seamless and efficient integration of data-driven insights.
To effectively apply these methods in digital contexts, professionals must possess a
blend of technical, creative, and interpersonal competencies that enable them to
manage ambiguity, nurture collaboration, and deliver impactful results that centered
on the users and their relationship with digital technologies.

22.4.1 Challenges in digital design thinking

A quick overview of the literature available reveals that digital design thinking is a
dynamic field with robust theoretical underpinnings and practical applications in all
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and any field that encompasses the use of digital media, services and products as
one of its defining variables. Recent advancements emphasize its role in digital
transformation, customer experience enhancement, and systemic problem-solving.
A successful digital transformation requires aligning innovation with organiza-
tional strategy and fostering a people-centric approach, as emphasized by Robu and
Lazar [25]. However, challenges such as complexity, organizational resistance, and
skill gaps persist and have room for multilevel and multi-goal improvements. By
cultivating the necessary competencies and leveraging interdisciplinary approa-
ches, practitioners can harness the full potential of digital design thinking to drive
meaningful innovation in an ever-evolving technological landscape. Focusing on
scalable implementations, long-term impact assessments, iterative approaches to
the development and deployment of solutions, and the integration of emerging
technologies like Al and IoT into design thinking frameworks are but a few con-
cerns that are not only trending, but also fundamental to ensure mindset and attitude
as dynamic, flexible and organic as the digital landscape.

The progress of digital technology demands iterative design processes capable
of accommodating constant change. Digital products, services and experiences
cannot afford to freeze up and must evolve in tandem with emerging technologies.
Furthermore, the complexity of the user experience has increased exponentially,
and users are used to interacting seamlessly across a multitude of devices and
platforms (i.e., mobile applications, websites, social media, wearables, voice
assistants, smartphones). Users expect consistent, intuitive, and, crucially, acces-
sible and inclusive experiences across all of them, so it is only normal that
designers should therefore be aware of and understand what these expectations
demand.

While data-driven insights are invaluable in informing design decisions, a
critical balance must be struck. The allure of quantitative analytics must not
overshadow the importance of qualitative user research. A reliance solely on
metrics risks creating solutions that optimize for measurable outcomes at the
expense of genuine human needs. Moreover, digital solutions are frequently
required to scale rapidly, often globally. This scalability must be coupled with
robust performance and security considerations. Equally important is the principle
of sustainability. Digital design must embrace long-term thinking, minimizing
environmental impact and promoting ethical practices. Finally, successful digital
projects invariably involve multidisciplinary teams. Everyone, from designers and
developers to data analysts, marketers, and business analysts should find ways to
collaborate and communicate within these heterogeneous teams. The diversity of
viewpoints, therefore, must be bridged through effective communication and a
common understanding of project goals to channel these perspectives towards
meaningful outcomes.

We may ask how each of the digital design thinking methods addresses these
digital challenges. Empathy mapping, for example, proves valuable in under-
standing how users perceive and interact with technology. By uncovering pain
points related to usability, accessibility, and emotional engagement, it allows
designers to create truly user-centered digital experiences. This requires
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competencies in conducting user interviews, applying surveys, and contextual
inquiries, coupled with the ability to interpret qualitative data and translate it into
objective design requirements. Journey mapping then aids the visualization of
multi-channel user interactions, revealing gaps in the interaction or digital flow and
contributing to the improvement of identified workflows. Practitioners must pos-
sess strong analytical skills to correlate and synthesize data from diverse sources,
integrating quantitative metrics with qualitative insights, and map, visualize and
explain these complex journeys effectively.

Before starting large-scale development, prototyping, a crucial component of
design thinking, enables rapid concept testing, assumption confirmation, and
functionality improvement. It is essential to have practical experience with front-
end technologies together with a solid understanding of prototype tools and inter-
face design principles. Co-creation workshops bring together stakeholders from
many industries to collaboratively develop innovative digital solutions. This is
particularly relevant when developing platforms that require input from end users
as well as technical experts. In this situation, having strong facilitation skills and
familiarity with agile methodologies are competencies worth having.

In the case of methods like the Framework for Innovation professionals must
be flexible in applying this framework to varying project scopes and timelines,
demonstrating strong problem-framing abilities. Even in the face of fast technolo-
gical development, IDEO’s HCD methodology makes sure that digital products are
firmly grounded in human needs. Its focus on storytelling works especially well for
explaining complicated digital ideas to stakeholders who are not technical, there-
fore it seems sense that empathy-building strategies and storytelling abilities are
crucial for its adoption and application.

With an emphasis on collaboration and iteration, Stanford’s d.school Design
Thinking Process, provides a flexible road map for addressing digital challenges.
Because digital progress is unpredictable, its non-linear nature fits in nicely. Strong
cross-functional collaboration abilities and an experimental and resilient mindset are
crucial. Finally, Systemic Design tackles the interdependence of digital ecosystems,
empowering businesses to create sustainable and scalable solutions. This is especially
important for large-scale projects. Understanding policy frameworks and being able
to think systemically are essential for seeing interdependencies, foreseeing possible
repercussions, and trying to guarantee medium to long-term viability.

As seen, a certain set of fundamental skills is required for the effective use of
design thinking approaches in the context of use that involve digital solutions of
some nature. The most important of them are clearly empathy and a user-centered
approach and focus. Effective digital design thinking is based on a clear grasp of
user demands, expectations, behaviors, and emotions. To overcome their own
innate prejudices and presumptions, professionals in the field must deliberately
develop the capacity to seek out different viewpoints from team members, users
and the specialized literature. Technical literacy is equally important, as well as
hands-on practical know-how in the use of digital tools, platforms, and technology,
which will guarantee that designs are practical and useful in addition to being
aesthetically appealing and engaging. This includes knowing coding languages,
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being skilled at software prototyping, and being able to use data analytic tools
efficiently.

Collaboration and communication skills are crucial since all teams articulate
ideas, listen, and give or receive feedback when required. That is why everyone has
gotten through, and all team members contribute to the task at hand regardless of
their area of specialization. Digital design thinkers equally need to cross disciplines
and interpret complex technical language to make it acceptable to all the stakeholders
as well as the team members. In the case of digital innovation, disruption is constant
and so is the need to be agile; therefore, it is important to be comfortable with
challenges and failures and understand that these are opportunities for growth. Lastly,
problem framing and critical thinking is fundamental in determining what the right
problem to solve is because context is far more important than solutions and for
designers, differentiating between the symptoms and the real problem is critical to
ensure that the most effective solutions are offered.

Finally, ethical awareness cannot be compromised, for designers must be
responsible for considering the ethical consequences of their work. Such respon-
sibility involves ensuring privacy protection, fostering inclusivity, and actively
attempting to do the least amount of harm possible. These skills, if cultivated and
practiced thoughtfully, give digital design thinkers the ability to balance the users’
relation with the digital world and create meaningful and responsible products,
services and experiences.

Table 22.11 Summary of methods and their challenges

Method Challenge addressed Key competencies required
Empathy — Understanding user perceptions and — Conducting user interviews and
Mapping interactions with technology surveys
— Identifying usability and — Interpreting qualitative data
accessibility pain points — Building empathy with users
Journey — Visualizing multi-channel user — Analyzing large datasets from
Mapping interactions various sources
— Identifying gaps in the digital — Synthesizing quantitative and
ecosystem qualitative data
— Visualization skills
Prototyping — Testing ideas quickly and — Proficiency in prototyping
refining functionality before software (e.g., Figma, Adobe XD)
full-scale development — Familiarity with interaction
design principles
Co-Creation  — Facilitating collaboration between — Strong facilitation skills - Agile
Workshops technical experts and end-users methodology knowledge
— Generating innovative solutions — Cross-functional
collaboration skills
Framework — Dealing with uncertainty in — Flexibility in applying the
for Innovation  digital innovation framework - Strong problem-
— Encouraging thorough framing abilities

exploration of problems
(Continues)
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Table 22.11 (Continued)

Method Challenge addressed Key competencies required
IDEO’s HCD - Ensuring digital products remain — Storytelling skills
rooted in user needs — Empathy-building techniques
— Communicating complex — Participatory design expertise
concepts to stakeholders
Stanford’s — Providing a flexible roadmap — Experimentation mindset -
d.school DT for unpredictable digital Resilience to failure
development — Cross-functional
— Emphasizing iteration and collaboration skills
collaboration
Systemic — Addressing interconnectedness — Systems thinking capabilities -
Design in digital ecosystems Knowledge of policy frameworks
— Designing scalable and and regulatory environments
sustainable solutions — Ethical awareness

As shown in Table 22.11, each design thinking method restated has in fact
dealt with challenges that needed to be solved and what key competencies were
required to tackle the challenges addressed.

22.5 Conclusions

We are living in a time when, once again in our recent history, profound changes
are approaching in the way we work, communicate and engage with the digital
world. New technological paradigms are beginning to emerge with a transformative
potential for society that we cannot ignore. Technologies that we are aware of, but
that now seem to be emerging in a more permanent and mature way, with Virtual
and Augmented Reality, Al, have gradually entered our lives, transforming the way
we socialize, communicate and produce wealth.

Digital Design Thinking approaches, which have proven their quality in the
recent past, are now viewed by various areas of knowledge and economic activities
as instruments that are not only desirable but also necessary for all young students
and those entering the job market, allowing them to develop skills and tools for
problem-solving, in the search for creative and innovative solutions.
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Chapter 23

Summary

. . bi
Itziar Goicoechea

Throughout this book, we have explored the importance of soft skills in both the
workplace and personal life, and how their development is crucial for long-term
success. In an increasingly interconnected and collaborative world, technical skills,
though essential, are no longer enough to thrive. The ability to communicate
effectively, collaborate in teams, resolve conflicts, adapt to change, and manage
time efficiently, among others, has become a necessity for every professional.

As a conclusion, a summary of each chapter will be provided to emphasize the
most relevant aspects of soft skills.

23.1 Introduction

This first chapter introduces the growing importance of soft skills in higher edu-
cation, especially in engineering. While students must master the technical skills
specific to their field, soft skills are crucial for securing employment and advancing
professionally.

The text presents the main competency frameworks established by the
European Commission: DigComp (digital competencies), GreenComp (sustain-
ability), LifeComp (personal and social competencies), and EntreComp (entrepre-
neurship), as well as the classification provided by The EU Skills Panorama and
The Occupational Information Network (ONET)*. In this classification, soft skills
are divided into three main categories:

1. Methodological skills including time management, problem-solving, decision-
making, learning strategies, planning, and digital skills.

2. Social skills including interpersonal communication, teamwork, conflict man-
agement, and intercultural understanding.

3. Cognitive skills including analytical, critical, reflective, and creative thinking.

With all this information, a table has been created to organize the relationships
among various European Union competence frameworks and the soft skills dis-
cussed in the book.

'Departamento de Desefio na Enxefiaria, Universidade de Vigo, Spain
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This chapter also emphasizes the importance of integrating these skills into
engineering programs, as they complement traditional technical training and are
increasingly in demand by employers. The book is presented as a tool to help both
professors and students develop these essential competencies.

23.2  Why soft skills?

In today’s world, characterized by technological development and Industry 4.0,
soft skills have become of fundamental importance alongside traditional tech-
nical competencies. This chapter explores their relevance from multiple
perspectives:

1. Context and Need. The Fourth Industrial Revolution has transformed the work
environment, where human capital is the element that connects technology
with reality. Although technical competencies remain essential, soft skills such
as communication, teamwork, and adaptability have become equally crucial
for professional success.

2. Role of Universities. Universities and training centers must recognize this
need and adapt their educational programs to include the development of soft
skills. This involves not only teaching technical content but also implementing
methodologies that promote interaction, critical thinking, and empathy among
students. Continuous education and personalized learning are key to preparing
future professionals for an ever-changing work environment.

Educational institutions are adapting to this new reality by

Implementing more flexible and practical programs,
Developing collaborations with companies and organizations,
Incorporating digital technologies into teaching,
Emphasizing continuous and personalized learning.

3. Personal Benefits. Soft skills benefit individuals in three main areas:

e Professional development improves employability and job performance,

e Interpersonal relationships facilitate communication and teamwork,

e Self-actualization increases self-awareness and the ability to manage per-
sonal development.

4. Importance for Industry 4.0. Companies seek professionals who not only
master tools and technologies but also possess interpersonal competencies such
as effective communication, teamwork, and conflict resolution. These skills are
essential for fostering a collaborative and adaptive work environment where
innovation and creativity can thrive.

In the context of automation and digitalization, soft skills become more rele-
vant because

e Routine jobs are being automated,
e Greater adaptability to change is required,
e Collaboration in multicultural and virtual teams is increasingly common, and
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o Effective communication and leadership are fundamental for managing com-
plex projects.

In conclusion, the combination of technical and soft skills is essential for
success in today’s job market. Fostering these competencies not only enhances
individuals’ employability but also contributes to the growth and sustainability of
organizations in an increasingly competitive market.

23.3 What do companies demand? What do universities
offer?

In 2018, the UNIFORS 2020 project, funded by Erasmus+ of the European Union,
conducted surveys in six European countries to identify the most valued soft skills
in the labor market. In 2024, these surveys were repeated to assess the evolution of
skill demands in the current work environment, after the COVID-19 pandemics.
The surveys targeting companies focused on the competencies they consider
essential for their employees’ professional success, revealing a high demand for
skills such as teamwork, critical thinking, and digital literacy.

At the same time, surveys were conducted with students to understand their
perceptions of the crucial skills for their professional development and the
challenges they face in acquiring them. While companies emphasized the
importance of social and digital skills, students valued problem-solving and
creativity, expressing frustration over the lack of training opportunities in
these areas.

More recently, in 2025, an analysis of online job advertisements (OJAs)
showed that 51.4% of postings required soft skills, highlighting the importance of
flexibility and adaptability. The OJAs also indicated that cognitive skills, such as
critical thinking and problem-solving, are increasingly in demand, underscoring the
need for educational institutions to align their programs with labor market
expectations.

These findings emphasize the growing need for educational institutions to
adapt their training programs to effectively prepare students for an ever-evolving
work environment.

23.4 Time management

Time management is a vital skill that significantly influences both personal and
professional aspects of life. It enables individuals to prioritize tasks effectively,
minimize procrastination, and allocate their time wisely, leading to enhanced pro-
ductivity and reduced stress levels. By mastering time management, one can
achieve a more balanced lifestyle, ensuring that work commitments do not over-
shadow personal well-being.

Implementing effective techniques is key to successful time management.
Methods such as the Pomodoro Technique, which encourages focused work
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sessions followed by short breaks, the Eisenhower Matrix that helps prioritize tasks
based on urgency and importance, and SMART goals that ensure objectives are
Specific, Measurable, Achievable, Relevant, and Time-bound, are all valuable
strategies. These techniques not only streamline task execution but also foster a
sense of accomplishment and motivation.

In addition, developing essential skills such as planning, organization, time
estimation, and self-confidence is crucial for maximizing productivity. Utilizing
both digital tools, like task management apps and calendars, and traditional meth-
ods, such as to-do lists and planners, can significantly enhance task organization
and deadline adherence. Ultimately, effective time management leads to improved
efficiency, better decision-making, and a higher quality of life, allowing individuals
to thrive in both their personal and professional endeavors.

23.5 Decision-making

Decision-making is a critical process that influences various aspects of life, from
everyday choices to strategic decisions in professional environments. It begins with
the clear identification of the problem that needs to be addressed, which sets the
direction for finding effective solutions. Once the problem is defined, gathering
relevant information becomes essential to understand the circumstances and
explore possible alternatives.

Decisions can be categorized into various types, including strategic, tactical,
operational, rational, and intuitive. Each type has its own context and methodology,
indicating that there is no universal approach. For instance, strategic decisions often
require in-depth analysis and a long-term vision, while operational decisions may
be more immediate and based on practical experience.

The decision-making process involves evaluating the identified options by
considering factors such as feasibility, cost, time, and potential consequences. This
critical analysis is vital for selecting the best alternative. Additionally, decisions
can be made individually or in groups. Group decision-making can enhance the
process by incorporating diverse perspectives and expertise, leading to more
innovative solutions. However, it can also introduce challenges, such as slower
decision-making and the risk of conformity, which may stifle creativity.

Dawson identifies five situations where group decision-making is particularly
beneficial: when the team can develop more solutions, when external viewpoints or
expertise are needed, when ethical standards need to be elevated, when group
support is necessary for the expected decision, and when there is uncertainty about
the acceptance of one’s own ideas.

Ultimately, once a decision is made, implementing the corresponding action
and evaluating the results is crucial. The ability to learn from past decisions, both
successful and unsuccessful, is fundamental for continuous improvement. In sum-
mary, decision-making is an art that combines analysis, intuition, and collaboration,
and mastering it can lead to greater success and satisfaction in both personal and
professional realms.
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23.6 Problem-solving

Problem-solving is a fundamental skill classified by the European Union within the
competencies of communication, collaboration, and creativity. It is defined as the
process of developing and implementing solutions to practical, operational, or
conceptual problems in various work contexts. This chapter highlights its impor-
tance for both students and educators, emphasizing its impact on professional
development by helping to identify goals, assess progress, and verify outcomes.
The ability to solve problems is essential not only in the academic realm but also in
the workplace, where challenges are constant and require effective solutions.

The problem-solving process is divided into several key stages. First, it is
crucial to identify and define the problem clearly and precisely, as a good definition
is the first step toward an effective solution. Next, alternative solutions are gener-
ated, fostering creativity and critical thinking. Then, the best options are evaluated
and selected, considering factors such as feasibility, cost, and potential impact of
each solution. To facilitate this process, tools such as pros and cons lists, situational
analysis, and techniques like the “5 Whys” and Pareto analysis are suggested,
which help break down complex problems into more manageable parts.

Teamwork should also be encouraged, as collaboration can enrich the
problem-solving process by bringing in diverse perspectives and experiences.
Keeping the stages of idea generation and evaluation separate allows for a more
effective and creative approach to finding viable solutions, preventing premature
judgment from limiting creativity.

Finally, the chapter underscores the importance of continuous practice in
problem-solving, suggesting that accumulated experience enhances the ability to
face future challenges. Adaptability and a willingness to learn from mistakes are
essential for personal and professional growth, making problem-solving a key
competency in today’s world. In a constantly changing work environment, the
ability to solve problems effectively not only improves productivity but also fosters
a more innovative and collaborative workplace.

23.7 Learning strategies

The development of soft skills is essential in today’s professional landscape, as
these interpersonal and communication competencies are increasingly valued by
employers. To cultivate these skills, as well as technical ones, a continuous learning
approach is necessary, allowing individuals to adapt to a constantly changing work
environment. In this context, learning strategies become key tools for optimizing
the educational process and fostering student autonomy.

Metacognition, which refers to the ability to reflect on one’s own learning
process, is fundamental for students to evaluate their knowledge and progress. By
developing this skill, learners can identify their strengths and weaknesses, enabling
them to adjust their study methods effectively. However, it is important to recog-
nize that common myths about learning can hinder the effectiveness of these
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strategies, such as the belief that intelligence is fixed or that learning must be a
linear process.

Another key factor is the relationship between motivation and success; as
students achieve their goals, their motivation tends to increase, creating a positive
cycle that fosters greater engagement with learning. To maximize this effect, it is
recommended to establish a learning plan that includes distributed and varied
practices, which not only improves information retention but also enriches content
understanding. By integrating these strategies, students can become more effective
and autonomous learners, prepared to face future challenges.

23.8 Planning

Planning constitutes a fundamental methodological competence recognized in the
European Union’s Skills Panorama, being especially crucial for team performance
and project management in engineering.

In the context of team effectiveness, planning emerges as a critical process that
develops in the early stages of team development. This process involves two main
elements: gathering information from members and stakeholders and evaluating this
information to formulate effective strategies. It acts as an essential transition
mechanism that facilitates the identification of tasks, goals, and resources, becoming
a recurring process that allows teams to adapt to new circumstances and challenges.

From the project management perspective, planning defines the project’s
direction by identifying fundamental requirements and constraints. Its main results
materialize in the management plan and project documents, characterized by being
an iterative process that requires continuous adjustments according to new infor-
mation and changing environmental conditions.

Within the European Union’s competency framework, planning is integrated
into three fundamental frameworks: it is relevant for lifelong learning (LifeComp),
crucial for digitalization (DigComp), and fundamental for sustainability
(GreenComp). To develop these planning skills, various teaching methods are
employed, including design thinking teamwork, game-based learning, team-based
learning, problem-based learning, and project-based learning, with the latter being
the most effective, specifically in the field of engineering.

The successful implementation of these methods requires key elements such as a
proactive instructor role, the use of support tools and artifacts, a clear structure and
guidance during the process, and continuous evaluation of skills development.
However, this process faces significant challenges, such as the need for proactive
guidance from instructors, the considerable time and effort required to guide team-
work, and the lack of standardized criteria for evaluating teamwork skills.
Nevertheless, these challenges come with important opportunities, such as the
implementation of evidence-based approaches, the development of standardized
frameworks for assessment, and the integration of technological collaboration tools.

In conclusion, planning reveals itself as an essential competence in today’s
world, characterized by its digitalized nature and focus on sustainability.
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Engineering education provides an ideal environment to cultivate these skills
through active and evidence-based learning methods, thus preparing future engi-
neers to address the complex global challenges they will face in their professional
practice.

23.9 Digital skills

“Digital competences” have gained significant relevance in the current context, as
they are fundamental for driving transformation in various areas of society and the
professional realm. These competences encompass a set of skills, knowledge, and
attitudes that enable individuals to interact effectively and responsibly with digital
technologies. The European Union has recognized this importance and has devel-
oped frameworks such as DigComp 2.2, which provides clear guidelines for
assessing and progressively developing these competences in different contexts.

The DigComp 2.2 framework focuses on several key areas, including infor-
mation and data literacy, communication and collaboration, digital content crea-
tion, online safety, and problem-solving. These areas are essential for citizens not
only to become consumers of information but also to be active creators and critics
in the digital environment. Likewise, a specific framework for the educational
sector, known as DigComEdu, has been created, targeting students, teachers, and
educational organizations, emphasizing the need to integrate these competences
into teaching and learning.

A crucial aspect of digital competences is the ability to access and critically
evaluate information. In a world where misinformation and fake news are pre-
valent, it is vital for individuals to develop skills to discern the veracity of the
information they consume and share. This involves not only seeking reliable
sources but also understanding the algorithms that influence search results and how
these can bias the information presented.

Protecting devices and personal data is another essential component of digital
competence. With the rise of cyber threats, it is fundamental for users to implement
security measures, such as using strong passwords, two-factor authentication, and
protection software. Equally, managing online privacy has become critical, as users
must be aware of the amount of personal information they share and how it can
be used.

In the end, health and well-being in digital environments are aspects that
should not be overlooked. Excessive use of devices and constant exposure to social
media can have negative effects on mental and physical health. Therefore, it is
important to set limits on screen time and promote healthy habits that encourage a
balance between digital life and real life.

Clearly, digital competences are essential today, not only for professional
development but also for active and responsible participation in society. Acquiring
these competences enables individuals to navigate effectively in an increasingly
digitized world, contributing to their personal well-being and that of the
community.
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23.10 Team working

Teamwork is an essential skill in both professional and social environments, where
individuals collaborate interdependently to achieve a common goal. An effective
team is characterized by clear and open communication, a shared focus on objectives,
and a supportive atmosphere that fosters diverse perspectives. As a team forms, it
goes through several phases: from initial formation, where relationships are estab-
lished, followed by a second phase of conflict (storming), where disagreements and
differences arise. Next is the norming phase, where clear norms and roles are defined.
The fourth phase is called performing, and this is where the team truly excels,
working cohesively and productively. As a final point, we have the adjourning phase,
which occurs when the team disbands after achieving its goals.

However, it is crucial to recognize that emotions play a fundamental role in
team dynamics. Empathy, assertiveness, and good self-esteem are vital for main-
taining a positive and collaborative environment. Similarly, each team member
may take on different roles, as described in the Belbin model, which helps max-
imize the group’s performance and effectiveness.

Nevertheless, teamwork also faces challenges. It is important to identify and
address “hitchhikers” (members who do not contribute) and “couch potatoes”
(passive members) who can hinder the team’s progress. In summary, teamwork is
not just about achieving goals, but also about building strong relationships and
creating an environment where each member feels valued and motivated to con-
tribute to collective success.

23.11 Interpersonal communication

Chapter 11 focuses on the importance of interpersonal communication for engi-
neers and professionals. This skill is not only essential for collaboration and project
management but also influences career advancement. It emphasizes that effective
communication goes beyond the mere transmission of information; it involves a
deep understanding of the motivations and emotions underlying the exchange.
Therefore, skills such as empathy, active listening, and the ability to tailor mes-
sages are fundamental, especially in interdisciplinary teams working on projects
with significant social impacts.

This chapter also mentions that the success of a project often depends on how
engineers interact with clients, colleagues, and stakeholders. The ability to explain
technical concepts in an accessible manner and build trusting relationships is cru-
cial. Various communication contexts within the engineering field are discussed,
such as teamwork, conflict resolution, and professional networking.

However, there are challenges that can obstruct effective communication, such
as the use of technical jargon, the complexity of information, cultural differences,
and time constraints. To overcome these barriers, several strategies are proposed,
including active listening, clear expression of ideas, harmonious conflict resolution,
and cultural sensitivity.
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The chapter concludes by highlighting that the development of communication
skills is an ongoing process that requires reflection and practice. Engineering stu-
dents are encouraged to engage in extracurricular activities, internships, and cour-
ses that reinforce these competencies, which will not only enhance their
professional performance but also contribute to their personal growth.

23.12 Conflict management and negotiation

This chapter addresses two fundamental topics in project management: conflict
management and negotiation, both considered critical professional skills for suc-
cess in technical and engineering environments.

Regarding conflict, this text defines it as a natural phenomenon in organiza-
tional social interactions that occurs at multiple levels. Three main types of conflict
within teams are identified: relationship conflict (arising from interpersonal dif-
ferences), task conflict (disagreements over work-related ideas and opinions), and
process conflict (disagreements over logistics and delegation).

An important concept introduced is that of “conflict profiles,” which represent
how these different types of conflict manifest in combination within teams. Research
has identified three main profiles: task conflict-dominant, minor/moderate general
conflict, and dysfunctional conflict. The most effective teams tend to exhibit the task
conflict-dominant profile, with minimal levels of interpersonal and process conflict.

For effective conflict management, the text emphasizes prevention over reso-
lution. It recommends focusing on the team formation stage, establishing goal
alignment, collaborative planning, and the use of team charters. Common barriers
to conflict resolution are also identified, including cognitive biases, power
dynamics, and emotional barriers.

Regarding negotiation, it is presented as a joint decision-making process
between two or more parties to reach mutually acceptable agreements. Key con-
cepts introduced include Zone of Possible Agreement and Best Alternative to a
Negotiated Agreement. The text highlights five conflict management styles based
on concern for oneself and concern for others: integrating, accommodating, dom-
inating, avoiding, and compromising.

Finally, the chapter warns about the “groupthink” phenomenon, where the
desire for consensus can override the critical evaluation of alternatives, leading to
poor decision-making. The importance of developing negotiation skills through
practical methods such as role-playing and authentic team projects in academic
settings is emphasized.

This knowledge is essential for preparing current and future engineers to
effectively handle conflicts and negotiations in their professional environments.

23.13 Intercultural understanding

This chapter examines the significance of intercultural communication in today’s
globalized world. A key concept discussed is Hall’s Iceberg Model, which
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illustrates that only about 20% of a culture is visible, while the remaining 80% lies
beneath the surface, encompassing deeper values and beliefs.

The growing importance of intercultural communication is attributed to factors
such as the Internet, increased global travel, and workforce mobility. While lan-
guage differences present an obvious challenge, deeper cultural barriers — such as
variations in communication styles and underlying values — pose greater
complexity.

Erin Meyer’s Culture Map model is introduced, outlining eight key dimensions
of cultural differences: Communicating (low vs. high context), Evaluating (direct
vs. indirect feedback), Persuading (principles vs. applications first), Leading (ega-
litarian vs. hierarchical), Deciding (consensual vs. top-down), Trusting (task- vs.
relationship-based), Disagreeing (confrontational vs. avoiding), and Scheduling
(linear vs. flexible time).

This chapter also explores culture shock, the experience of uncertainty and
confusion when adapting to a new cultural environment. This process is described
through four stages: honeymoon, crisis, recovery, and adjustment. In the same vein,
reverse culture shock is addressed, highlighting the challenges of readjusting to
one’s home culture after an extended period abroad.

Common barriers to intercultural communication include stereotypes, dis-
crimination, and xenophobia. A reference is made to Unia, a Belgian institution that
identifies 19 discrimination criteria, ranging from racial and linguistic factors to
social origin.

Practical strategies for effective international communication are emphasized,
including maintaining an open mindset, recognizing personal cultural biases,
ensuring clear communication, and respecting local customs. A cultural checklist
for international presentations is also provided, covering aspects such as language
formality, content structure, and expected behaviors.

Ultimately, the chapter underscores that successful intercultural communica-
tion extends beyond language proficiency; it requires cultural awareness, adapt-
ability, and respect for diverse perspectives. This idea is encapsulated in Henry
Miller’s quote: “One’s destination is never a place, but a new way of seeing
things.”

23.14 Analytical thinking

Analytical thinking is an essential skill that allows individuals to break down
complex problems into more manageable parts, facilitating understanding and
resolution. This systematic approach is based on logic and data analysis, making it
a crucial tool in both educational and professional settings. Through a structured
process, analytical thinking guides individuals in identifying problems, formulating
hypotheses, collecting relevant data, and analyzing the information obtained.

One of the most important characteristics of analytical thinking is its ability to
avoid cognitive biases that can distort the perception of reality. Common errors,
such as premature closure, can lead to incorrect conclusions if the problem is not
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approached critically and openly. Therefore, it is crucial to adopt an approach that
fosters curiosity and exploration, allowing for multiple perspectives to be con-
sidered before reaching a conclusion. This process not only improves the quality of
decisions but also promotes an environment of continuous learning.

Additionally, the use of formal methods, such as ontological theory and con-
textual logic, can significantly enhance knowledge organization and decision-
making. These tools provide a framework that helps structure thought and clarify
the relationships between different elements of a problem. Ontological theory, for
example, allows analysts to better understand the categories and relationships that
exist within a data set, while contextual logic aids in interpreting information based
on the context in which it is presented.

Analytical thinking also encourages collaboration and teamwork, as it enables
individuals to share their perspectives and approaches to problem-solving. By
integrating different viewpoints, more creative and effective solutions can be gen-
erated. In summary, analytical thinking is not only vital for problem-solving but
also a skill that can be developed and refined over time, contributing to personal
and professional growth. Its constant practice can lead to greater effectiveness in
decision-making and improved performance in various areas of life.

23.15 Creative thinking

Chapter 15 delves into the concept of creative thinking, emphasizing its relevance
in various aspects of life, both professional and personal. Often, creativity is
associated with innate talent, but the text challenges this notion, arguing that
creativity is, in fact, a skill that can be cultivated and refined over time.

Two fundamental types of thinking are presented in the creative process:
convergent thinking, which focuses on finding the most effective solution to a
specific problem, and divergent thinking, which seeks to generate a wide range of
ideas and possibilities. This distinction is crucial for understanding how to
approach challenges more effectively.

The chapter also details the four stages of the creative process:

Preparation: where information is gathered, and the problem is defined.

Incubation: a period of reflection where ideas can mature subconsciously.
[lumination: the “eureka” moment when a new idea or solution emerges.
Verification: the final stage where the idea is evaluated and implemented.

bl ol e

To facilitate the development of creative thinking, several techniques are
introduced, such as SCAMPER, which encourages modifying existing ideas,
and the Six Thinking Hats, which promote different perspectives in decision-
making.

Ultimately, a comparison is drawn between creative thinking and Design
Thinking, emphasizing that the latter not only seeks innovative solutions but also
prioritizes empathy and collaboration in the problem-solving process. This holistic
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approach highlights the importance of understanding the needs of others to generate
ideas that truly resonate and are effective.

23.16 Ciritical thinking

Critical thinking is an essential mental process that enables individuals to analyze
and evaluate information, as well as question its validity and relevance. This
approach is crucial in various contexts, from education to professional environ-
ments and everyday life, as it helps individuals make informed and well-founded
decisions.

By developing critical thinking skills, people can enhance their ability to solve
problems, identify biases and fallacious arguments, and formulate more accurate
judgments.

To cultivate critical thinking, it is fundamental to practice consistently and
employ learning methods that encourage reflection and deep analysis. This can
include debates, case studies, and the use of open-ended questions that challenge
assumptions. Likewise, educational technologies, such as online platforms, simu-
lations, and interactive resources, have become valuable tools for facilitating the
development of these skills, allowing students and professionals to explore differ-
ent perspectives and scenarios.

In an increasingly complex world filled with information, critical thinking
becomes even more relevant. It not only helps individuals navigate the abundance
of available data but also empowers them to contribute to a more informed and
engaged society. By fostering critical thinking, individuals are equipped to face
contemporary challenges with confidence and clarity, promoting constructive dia-
logue and more effective decision-making.

23.17 Reflective thinking

Reflective thinking has emerged as a fundamental tool in the learning process,
especially in engineering education. This approach allows students to deepen their
acquired knowledge, relate previous concepts to new information, and identify
areas for improvement in their skills. Research conducted at Kaunas University of
Technology examined the implementation of reflective tools in 27 study modules
that use the design thinking method.

The design thinking process consists of six phases: understanding, observation,
synthesis, ideation, prototyping, and testing. Different reflective tools were imple-
mented in each phase. For example, in the understanding phase, mental and con-
ceptual maps were used; in the observation phase, empathy maps and user journey
mapping were employed; while in later phases, SWOT analysis, SCAMPER tech-
niques, and prototype feedback grids were utilized.

The study results revealed that students positively valued these reflective tools,
highlighting their usefulness in connecting theory with practice and developing
professional skills. However, they also pointed out the need for clearer instructions
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and concrete examples for implementation. The research concluded that structured
reflection, when properly aligned with learning objectives and implemented with
clarity, significantly improves the understanding of theoretical concepts and fosters
the development of critical skills necessary in professional engineering practice.
Furthermore, students emphasized that combining different reflection tools
throughout the design thinking process enabled them to develop deeper insights and
more innovative solutions to engineering challenges.

23.18 A course sheet for training soft skills

Chapter 18 presents a course proposal focused on the development of soft skills,
designed for university students across various disciplines. Recognizing that while
these students may possess basic technical knowledge in their respective fields,
they often lack essential interpersonal and communication competencies. This
course aims to address this gap. The proposal suggests that the course can be
implemented as an independent program or integrated into a broader curriculum
that includes topics such as project management, ethics, and leadership.

The course is structured to offer a total of 5 European Credit Transfer System
(ECTYS), distributed across 20 h of direct instruction, 36 h of e-learning, and 69 h of
autonomous work, mainly by teams, allowing for flexibility in credit allocation and
time commitment. This structure is designed to accommodate the diverse academic
requirements of students, providing a comprehensive and customizable learning
experience. Course modules cover organizational skills, creativity, problem ana-
lysis, and decision-making, each with a focus on practical application and
teamwork.

Additionally, the importance of collaboration and interaction between students
and instructors is emphasized. Online forums are planned for ongoing discussions,
as well as the possibility of face-to-face meetings and consultations via video calls
to address specific questions. Course evaluation will be conducted through rubrics
that assess both content and collaboration, along with satisfaction surveys to con-
tinuously improve the learning experience. In summary, this course not only seeks
to equip students with soft skills but also fosters a collaborative and adaptive
learning environment that responds to the needs of a diverse student population.

23.19 A collection of cases of use for understanding soft
skills

In the rapidly evolving field of engineering, the integration of technical and soft
skills has emerged as a critical factor for achieving professional success. While
technical skills, such as proficiency in mathematics, programming, and engineering
principles, form the foundation of an engineer’s expertise, they are no longer suf-
ficient in isolation. Engineers must also cultivate a range of soft skills, including
effective communication, leadership, adaptability, and teamwork, to navigate the
complexities of modern work environments.
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The Future of Jobs Report 2023 highlights the increasing importance of soft
skills in the job market, identifying key competencies such as analytical thinking,
creativity, and resilience as essential for future success. These skills enable engi-
neers to approach problems from multiple perspectives, innovate solutions, and
adapt to changing circumstances. As projects become more interdisciplinary and
collaborative, the ability to communicate ideas clearly and work effectively with
diverse teams is paramount.

To support the development of these vital skills, various tools and strategies
are available for both students and professionals. For example, the Eisenhower
Matrix serves as a practical tool for enhancing time management by helping indi-
viduals prioritize tasks based on urgency and importance. This method not only
improves productivity but also reduces stress by providing a clear framework for
decision-making. In addition, engaging in problem-solving dynamics, such as
group brainstorming sessions or role-playing exercises, fosters collaboration and
enhances communication among team members, which is crucial for tackling
complex engineering challenges.

What is more, the ability to work effectively in teams and resolve conflicts
constructively has become an indispensable requirement in today’s work environ-
ment. Engineers often find themselves collaborating with professionals from var-
ious disciplines, necessitating strong interpersonal skills to ensure smooth
cooperation. As technology continues to advance, and the nature of work becomes
increasingly interconnected, soft skills are positioned as a key differentiator in an
engineer’s career trajectory.

In conclusion, investing in the development of soft skills is not merely an
enhancement of one’s professional toolkit; it is a strategic imperative that sig-
nificantly boosts employability and career advancement. By prioritizing the culti-
vation of these skills, engineers can contribute to a more productive, innovative,
and harmonious work environment, ultimately leading to greater success in their
careers and the projects they undertake.

23.20 A strategy for assessment of soft skills

The evaluation of soft skills has emerged as a crucial aspect of higher education,
particularly in fields such as engineering, where technical expertise alone is no
longer sufficient for success. Despite their importance, the abstract and subjective
nature of soft skills presents significant challenges in both their definition and
assessment, making it difficult for educators to measure student progress
effectively.

To tackle these challenges, various evaluation strategies and tools have been
developed to provide a more structured approach to assessing soft skills. Among
these tools are questionnaires, interviews, and rubrics, which allow educators to
measure skill development in a more objective manner. These assessment methods
not only help educators gauge student progress but also provide valuable feedback
to students regarding their performance, strengths, and areas for improvement. This
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feedback is crucial for fostering a growth mindset and encouraging students to
actively engage in their personal and professional development.

A notable case study, conducted in Galicia (Spain), illustrates the successful
implementation of a soft skills program aimed at entrepreneurs in the food sector.
This program was designed to address the specific needs of participants by focusing
not only on teaching technical skills but also on integrating practical activities that
fostered the development of interpersonal skills. By engaging in real-world sce-
narios and collaborative projects, participants were able to enhance their commu-
nication and teamwork abilities. The results of the program showed significant
improvements in participants’ perceptions of their soft skills, highlighting the
effectiveness of a comprehensive approach to education that balances both tech-
nical and soft skill development.

Overall, the evaluation of soft skills is fundamental to preparing students for
the workforce, as employers increasingly seek candidates who possess a blend of
technical knowledge and interpersonal abilities. As educational institutions con-
tinue to adapt to the evolving demands of the job market, it is essential to imple-
ment assessment methods that recognize and promote the development of these
vital skills. By doing so, educators can ensure that graduates are not only equipped
with the necessary technical expertise but also possess the soft skills required to
navigate the complexities of modern professional environments and face future
challenges with confidence.

23.21 Soft skills in university classroom: best practices
and lessons learned

In the current context of higher education, teaching soft skills has become a crucial
aspect of preparing students for the workforce. However, this process faces several
challenges, especially in a digital environment where interactions can be limited.
To address these difficulties, it is essential to adopt a more interactive and
experiential approach that moves away from traditional lectures and fosters active
student participation.

One of the best practices in teaching soft skills is the clear specification of
editing requirements and presentation formats. This not only helps students develop
professional communication competencies but also establishes clear expectations
that are essential for their success. Additionally, implementing clear deadlines and
consequences for assigned tasks cultivates time management skills and a sense of
responsibility, reflecting real-world project environments where adherence to
deadlines is critical.

Educators should act as facilitators, guiding students in their learning process
and promoting self-reflection. This involves creating an environment where colla-
borative learning is the norm, allowing students to work together on projects and
activities that develop their interpersonal and communication skills. For instance,
using round tables instead of rows encourages natural group discussions and fosters
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interaction. Moreover, the design of the learning environment can positively influ-
ence the educational experience, facilitating collaboration and creative thinking.

A data-driven learning approach is also fundamental. R&D professionals must
learn to utilize new technologies and data analysis platforms to predict training
demand, like how advertising agencies use data to direct their campaigns. This
enables educators to tailor their teaching methods to the changing needs of
students.

A notable example of the effectiveness of these methods is the UNIFORS 2020
project, which implemented hackathons as an innovative teaching method. These
events not only encouraged collaboration among students but also allowed them to
apply their knowledge in practical situations, thereby developing soft skills such as
teamwork, problem-solving, and creativity.

In the end, integrating relevant and up-to-date content, along with using
diverse formats such as multimedia resources and gamified activities, makes
learning more engaging and accessible. Continuous feedback and flexibility in
curriculum design ensure that educational programs remain aligned with student
needs and industry trends. In summary, teaching soft skills in higher education is
essential for preparing students for future challenges and requires a dynamic and
collaborative approach that values diversity, inclusion, and innovation.

23.22 Digital thinking as an intensive methodology in the
use of soft skill

In today’s digital age, design thinking has evolved into what is known as digital
thinking, an approach that prioritizes empathy and collaboration in problem-
solving. This shift responds to the need to adapt to a constantly changing techno-
logical environment, where user expectations are increasingly high, and solutions
must be innovative and effective. Digital thinking is based on a structured process
consisting of five key phases: Empathize, Define, Ideate, Prototype, and Test, each
of which plays a crucial role in creating user-centered solutions.

The first phase, Empathize, involves deeply understanding the needs and
desires of users. This is achieved through observation, interviews, and immersion in
the user’s context, allowing teams to capture not only what users say but also what
they feel and experience. In the Define phase, the findings from the empathy stage
are synthesized to clearly articulate the problem to be solved, establishing a clear
focus for solution development.

The Ideate phase is where creativity comes into play. Here, teams generate a
wide range of ideas and potential solutions, fostering an environment where inno-
vation is valued and thinking outside the box is encouraged. Subsequently, in the
Prototype phase, tangible representations of the selected ideas are created, allowing
teams to experiment and explore different approaches quickly and economically.
The last phase, the Test involves evaluating the prototypes with real users, pro-
viding valuable feedback to refine and improve solutions before final
implementation.
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Throughout this process, soft skills are fundamental. Adaptability is crucial, as
teams must be willing to adjust their approaches based on feedback and changes in
context. Effective communication is equally important, ensuring that all team
members and stakeholders are aligned and committed to the common goal.
Additionally, critical thinking allows teams to evaluate ideas and solutions objec-
tively, ensuring that informed, data-driven decisions are made.

However, the implementation of digital thinking, which is based on the prin-
ciples of design thinking, faces several challenges. The complexity of con-
temporary problems can generate organizational resistance, especially in
environments where hierarchical structures are rigid, and innovation is not part of
the culture. Furthermore, the need for interdisciplinary skills can hinder colla-
boration across different areas, potentially limiting the effectiveness of the process.
Despite these obstacles, digital thinking emerges as an essential tool for fostering
innovation and developing user-centered solutions.

In conclusion, digital thinking is not only a methodology for problem-solving
but also represents a paradigm shift in how organizations approach innovation. By
integrating soft skills and a user-centered approach inspired by design thinking,
companies can successfully navigate a constantly evolving digital world, creating
solutions that not only meet current needs but also anticipate future ones. This
approach not only enhances the user experience but also positions organizations as
leaders in a competitive and rapidly transforming market.

23.23 Conclusions

In this final chapter, after providing a brief summary and conclusions from each of
the chapters that make up this book on soft skills, we want to highlight a key
message.

Throughout this journey, we have explored a diverse range of essential com-
petencies — communication, leadership, adaptability, teamwork, problem-solving,
and more — that go beyond technical knowledge and play a fundamental role in
engineering practice. Each chapter has provided valuable insights, practical tools,
and real-world applications that demonstrate how these skills are not just com-
plementary but essential for success in both academic and professional settings.

As we conclude, it is important to reflect on the broader impact of soft skills in
engineering. The ability to work collaboratively, navigate uncertainty, and
approach problems with a human-centered perspective is what truly distinguishes
exceptional engineers.

In a world where technology is advancing at an unprecedented pace, the true
differentiator of engineers is not just their technical expertise but their ability to
communicate, lead, adapt, and collaborate in increasingly complex environments.
Engineering, by its very nature, seeks to solve real-world problems, and those
solutions depend not only on mathematical or scientific knowledge but also on the
ability to understand human needs, make decisions under uncertainty, and work
effectively with diverse stakeholders.
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To sum up, the development of soft skills is not an optional addition but an
essential requirement from the very beginning of academic training. It is not enough
to know how to calculate, design, or program; engineers must also learn to negotiate,
resolve conflicts, manage time, think critically, and innovate with an ethical and
sustainable vision. Preparing well-rounded engineers for the challenges of the future
requires a balance between technical rigor and personal and professional growth.

This book is the result of the dedication and expertise of a group of profes-
sionals who have generously shared their knowledge and insights to strengthen
these essential skills in engineering. To each of them, we extend our deepest gra-
titude. Their contributions will help shape future generations of engineers who are
more resilient, creative, and aware of the impact of their work.

May this book serve as a starting point for fostering a more comprehensive
approach to engineering education — one where technical proficiency and human-
centered skills go hand in hand. The engineers of the future will not just solve
problems; they will change lives. And to achieve this, we need professionals with
analytical minds and human hearts.
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