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Abstract: In recent years, the rapid development of technological innovation has transformed the
business world. Digital transformation improves the economic positioning of companies, contributing
to society and the environment, but beyond technological evolution, it also brings social and cultural
changes. With the new trends, companies saw the need to train people with digital skills and higher
education institutions (HEIs) were forced to change their teaching methods to keep up with the new
demands of the labour market. In this context, it is intended to identify the influence that HEIs play
in the digital development of regions, in this case, the influence of Public Polytechnic Institutes of
Porto in the development of the Metropolitan Area of Porto. The methodology adopted to answer
the objectives of this study and research questions formulated, was an exploratory study, using
semi-structured interviews and questionnaires. The results obtained allowed us to verify the positive
influence of HEIs in the digital development of the Metropolitan Area of Porto. As well as identify
the motivations that lead companies to participate in digital transformation initiatives, identify the
skills needed to meet the demands of the labour market and identify the efforts made by HEIs to
keep up with the digital evolution of society.

Keywords: digital transformation; Industry 4.0; higher education; innovation

1. Introduction

The globalization and economic internationalization that has taken place in recent
years is essentially due to the growing political, economic and financial interdependence of
relations between different countries [1]. To ensure business development and add value,
digital technologies have been integrated within organizations, with the aim of improving
their products and services [2,3]. The innovation of production and business processes, the
implementation of intelligent machines and appliances, offers countless benefits in terms
of production productivity, resource efficiency and reduction of waste [4].

With the new trends, as well as the new skills required by the labour market [5],
companies and higher education institutions (HEIs) saw the need to train people with
digital skills and basic programming knowledge [6]. Competitiveness in higher education
has been growing between Institutions and Countries and European universities have
changed their teaching methods [7], to prepare increasingly more qualified professionals in
different areas of knowledge [8].

The main objective of this study was to identify the influence that HEIs play in
the digital development of regions, especially the Public Polytechnic Institutes in the
Metropolitan Area of Porto. The methodology adopted to respond to the objectives of this
study and formulated research questions was an exploratory study, using semi-structured
interviews and questionnaires. The analysis of the interviews and the results obtained
from the questionnaires allowed us to verify the positive influence of HEIs in the digital
development of the regions of the Metropolitan Area of Porto. As well as identifying the
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motivations that lead companies to adopt the digital transformation, the skills needed to
respond to the new demands of the labour market and the strategy adopted by HEIs to
follow the digital evolution of society.

After this brief introduction, the following section presents a literature review, with
a quick reference to higher education, the concept of digital transformation and the role
of higher education in digital transformation. The third section presents the context of
the research. Then, in the fourth, the questions, objectives, research method-ology, and
results from data collection and analysis of interviews and questionnaires are presented.
Finally, the fifth section presents the conclusions of the study, the limi-tations, as well as
the expectation for future work.

2. Literature Review

In recent years, society has been living in constant novelty and technological innova-
tion, at a fast pace, due to the digital transformation, which in the last decades has been
changing the world [9]. In fact, digital transformation has become a multidisciplinary
research topic, transversal across the scientific community, such as human resources, mar-
keting, financial processes and innovation [10]. Digital transformation is much more than
just services and processes innovation [11]. It involves fundamental changes in organisa-
tional procedures and capacity [10] and in the cognitive bases of businesses, which are now
based on intangible knowledge bases [12]. In this sense, in the next subsection we address
the current economic context of the country and the importance of innovation and digital
transformation for society.

2.1. The Portuguese Economy and Digital Transformation

In the current context of globalisation and European integration, economic growth
is essential to improve the quality of life and solve economic and social problems [13].
Globalisation implies changes in the organisation of economic activity and the “ability to
sustain industries that are globally competitive” [14]. In the 1990s, Michael Porter introduced
the idea of cluster in a geographical economic dimension to promote growth and regional
competitiveness [15]. Clusters are geographic concentrations of certain economic activities,
firms and institutions [16], and are determinants for the economic evolution of regions [17].
They increase industrial diversification and innovation, create value and job opportunities,
and allow small and medium-sized enterprises (SMEs) to develop their activities glob-
ally [14]. In 1992, the Portuguese Government asked Porter for a study to promote the
development and competitiveness of Portuguese companies and industries [18].

Portugal has quality and governing efficiency, has political stability and absence of
violence or terrorism, the economic indicator that registers the highest economic growth,
as well as, quality, is education [19]. In this context, the country’s management capacity
is expected to improve with the quality of management schools and public reforms are
tailored to macroeconomic objectives [18]. There is a positive relationship between higher
education growth and regional economic growth, a 10% increase in the number of academic
units is, as a rule, associated with a 0.4% increase in the region’s GDP per capita [20]. This
effect has a greater impact in the less developed regions of the country. The contribution of
HEIs is not only confined to the region where they are located, but also to neighbouring
regions, with their impact being stronger on geographically closer regions [20,21]. Clusters
evolve, undergo transformations, grow and may even disappear [15], but Porter’s strategy
is still valid and the country can benefit from the development of its competitiveness in
science, technology and education [18]. Historically, HEIs have been a policy instrument
for regional economic, social and sustainable development [17,18,22] and companies that
benefit from clusters, execute their activities better and are more productive.

The term digital transformation is attributed to various forms of technological innovation,
both in industry and society. It refers to the process of globalisation and adaptation of
communities, organisations and nations, to digitalisation [23]. Companies adopt digital
transformation to improve their business strategies, differentiation and competitiveness [24].
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Digital transformation, namely, Industry 4.0, is the implementation and integration
of a variety of digital information and operation technology, as well as, industrial sen-
sors and controllers, self-driving vehicles, robots, augmented and virtual reality, data
analytics, cloud computing, internet of services (IoS), design and production aided by
high-performance, computer-based computing and artificial intelligence (AI) [4].

Research in the field of Industry 4.0 has been growing due to innovation in production
systems [25]. Since the 1st industrial revolution in the 18th century, the world has been
dealing with overproduction of goods and high consumption of natural resources, which
have caused major negative social and environmental impacts [4]. The contribution of
Industry 4.0 to the sustainability of the economy, the environment and social development
is attracting an increasing amount of attention. Sustainability protects the environment
and preserves the economy and social resources [4]. Business sustainability was proposed
by [26], and some studies have proposed the contribution of Industry 4.0 to achieve
sustainability goals [27]. However, there is still a lack of understanding of the models and
tools that can help companies integrate sustainability into their business activities [23].

According to the UNESCO National Commission, investing in technology, researching,
and creating knowledge through science allows addressing economic, social and environ-
mental challenges and achieving sustainable development. UNESCO further reinforces
that “international scientific cooperation contributes not only to scientific knowledge but also to
peacebuilding” [28].

From Mergel’s [11] point of view, it is not only the private sector which is investing
in digital transformation. Public administrations also must manage citizens’ expectations
and create value in digital services. For this reason, governments have been changing
their ways of doing things to improve service delivery, efficiency, and design to achieve
transparency and citizen satisfaction [11]. In the public sector, digital transformation means
new ways of working with stakeholders, adopting new delivery service practices and
creating ways to engage with markets [11].

To help countries identify the strengths and weaknesses of national innovation sys-
tems, the EU has created the Regional Innovation Scoreboard (RIS), which assesses innova-
tion performance in European regions based on indicators, which allow the economical,
commercial and social differences between regions to be analysed and compared [29].

The next subsection presents the importance of the role, which higher education plays
in the digital transformation of society.

2.2. The Role of Higher Education in Digital Transformation

Despite the contribution of innovation in society in a world of constant discovery, it is
necessary that education, and higher education in particular, keeps up with technological
development, in order to qualify and instruct people with the necessary knowledge, to
understand science and make their professional, personal and political choices [28]. Digital
technologies have assumed an increasingly important role in higher education methods
and digital transformation initiatives are the focus of a new generation of EU policies for
2020 [30]. The main challenges of innovation involve strengthening the european higher
education area and ensuring its quality through internal and external resources, such as
quality assurance mechanisms [31].

As such, it is necessary for HEIs, businesses and governments to update strategic
plans and define the implementation of specific actions for Industry 4.0, such as increasing
stakeholder engagement, establishing innovative resources for higher education students
and creating postgraduate courses in creative Industry 4.0 strategies to develop skills and
cultivate experience [32]. In recent years, digital transformation has revolutionised the role
of marketing in companies, the labour market has largely shifted to online platforms, and
job opportunities in digital, analytics and technology have expanded [33]. This effect is
also reflected in employability and requires specific knowledge in digital tools, in a world
where education is increasingly affordable, and academic education becomes more and
more entrepreneurial and pays special attention to the expectations of businesses, govern-
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ments, students and other stakeholders [33]. The increasing pressure for sustainability and
financial stability, and the global competitiveness of the market, have led higher education
to show evidence of formative quality and to use learning analytics to find solutions to the
issues of student progression, student experience and satisfaction, teaching quality and
innovation, and institutional performance and ranking [34].

The use of technology in education is a competitive and innovative strategy. The
evolution of technologies facilitate access to higher education and the success of online
resources used in face-to-face and distance education [35]. The great feature of higher
education is to train competent and committed citizens to the scientific and technological
development of the area in which they work [8]. Digital technologies based on web tools or
social networks, are resources that promote communication between students and teachers,
mainly because they are tools that can be used in each one’s social and daily life [30].

HEIs are institutions that have adapted to various political, social and technical
changes, and currently have to adapt to a dynamic and technological environment, in a
digitally evolving world [36]. The next sections present the research context and the details
of the methodology followed in this study.

3. Research Context: Higher Education in Portugal: Porto Polytechnic Case

In Portugal, HEIs are organised in a binary system, integrating university and poly-
technic education, which may be public or private and should ensure access to all citizens
who meet the requirements and conditions for admission to higher education [37]. The
polytechnic institutes emerged to expand higher education in the country, were located
where there were no universities and the training offer was designed to respond to the
needs of the labour market in the respective regions [38].

The Polytechnic Institute of Porto, which integrates eight public institutes spread
over three campuses, 24 research centres and offering 56 degrees and 62 masters degrees,
a variety of specialized training to over 18 thousand students was founded in 1985 [39].
Students also have available two doctorates in the areas of Biotechnology and Education,
due to partnerships with universities of Salamanca, Santiago de Compostela and Vigo
in Spain, giving preference to internationalisation strategies [39]. It provides training
and research in business; engineering; music, arts, and entertainment; health; education;
hospitality and tourism; management and media, art and design and multimedia.

At an international level, the Polytechnic of Porto is recognized for its interaction with
the world of work, for its strong orientation towards teaching in real contexts and for the
development of transversal skills, entrepreneurship, and culture. It participates in several
European and intercontinental leadership projects, from the USA to Latin America, Africa,
or Asia, in diverse and highly competitive areas of knowledge, such as biotechnology,
energy and technology. Examples include the 3P’s project, which was awarded to Portugal
by the European Research Council, and which involves nanomaterials and biosensors to
detect cancer. The European project P-SOCRATES, which integrates a parallel software
structure. DREAM-GO, a project in Intelligent Electricity Networks. The EU Horizon 2020
programme, the GMOSensor project in Brazil and Argentina, in the area of biosensors for
the environment and food, and the VISIR+ project, for the construction of a network of
remote laboratories [39]. The next table presents a SWOT Analysis, with the main threats
and opportunities, strengths, and weaknesses, of the external and internal environment of
higher education institutions (Table 1).
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Table 1. SWOT Analysis.

Strengths Weaknesses

Strengthen the qualification of the teaching staff and
mobility between institutions [38].

Reduced financial support [31].

Duplication of the formative offer between institutions [1].
Quality Communication [36].

Small number of full-time researchers and weak
multidisciplinary research [41].

Low level of e-learning [34].

International recognition of the quality of HEIs [1].

Quality of resources [31].

Research [40].

Prestige/Quality /Recognition of the qualification of graduates [1].
Growing participation in projects and creation of national and
international partnerships [7].

Cooperation with stakeholders and the business sector [5].

Opportunities Threats
Problems related to demographic change and the economic
Internationalization and globalization [31]. context [17,18].
Lifelong learning [6]. Financial Instability of the European Union [43].
Technological innovation [36]. International Rankings [34].
Diversity of formative offer [42]. Accountability and continuous reduction of public funding
New teaching methods [5]. [10,19].
Alumni Network [5]. Lack of cooperation between HEIs [34].
Valuing the transmission of knowledge to society [36]. Standards of Accreditation Agencies [1].

Professional expectations and labour market demands [42].

The economic benefits of teaching quality and investment in education have been
visible in recent decades, mainly in the wage return of graduates in the areas of engineering
sciences, mathematics and technology [19].

4. Research Issues, Objectives and Methodology

The selection of the research methodology to be applied always depends on the phe-
nomenon to be studied [44]. To answer the study objective and, consequently, the research
questions formulated, a descriptive exploratory study with a qualitative and quantitative
approach was conducted. According to the literature, combining the qualitative and quan-
titative approaches, on the one hand, we wanted to obtain precise data and, on the other,
to understand the world more fully.

According to Fortin ([45], p. 51), the research question is defined as: “an explicit question
concerning a domain that should be explored in order to obtain new information”. Thus, considering
the problematic and the purpose of the study, we defined the following research question:

What is the influence of Public Polytechnic Institutes on Regional Digital Development in the
Porto Metropolitan Area?

To provide an operational answer to the previous question, a group of sub-questions
should first be answered, considering the challenges for higher education mentioned
in Section 2.2.

RQ1. What are the main motivations for companies to adopt digital transformation?

RQ2. What skills are needed for young people to enter the labour market?

RQ3. What is the strategy of HEIs to respond to the digital evolution of society?

RQ4. How do HEIs contribute to the digital development of the regions where they operate?

This study aims to understand the importance of digital transformation and Industry
4.0 in society. As well as identify the strategies developed by higher education institutions
(HEIs) to follow and contribute to the economic and social development of the regions.

The work began by collecting data through semi-structured interviews. Interviews
are often used as a qualitative research method [46] and may take a more or less structured
form [47]. Semi-structured interviews are conducted using flexible scripts and structured
interviews using more rigid scripts [48]. As such, considering the objectives of this work, the
interviews conducted were semi-structured so that the results would be more productive,
and the interviewees would participate actively.
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Then, a questionnaire was launched, directed to the alumni of the Public Polytechnic
Institutes of the Metropolitan Area of Porto, namely the Polytechnic Institute of Porto,
to know their experiences and future perspectives in the labour market, and how higher
education can contribute and respond to the demands of the stakeholders. The following
section presents the referred data collection techniques.

4.1. Data Collection Process
Techniques used for empirical data collection were interviews and questionnaires

The interviews were conducted between July and October 2020 and the invitations
were made by email or telephone contact, as well as the scheduling of the interviews. Of the
12 people invited, 10 agreed to grant the interview and two of the invited people ended up
not having availability. Of the 10 participants, four were HEI professionals, four employers
(executive level) and two alumni (see Table 2). The interviews were semi-structured, and
questions were pre-defined according to each participant’s profile. The interview questions
were developed to investigate the interviewee’s familiarity with the terms digital transfor-
mation and Industry 4. 0, the training and experience with technological innovation, the
main motivations of organisations for the adoption of digital transformation, the imple-
mentation processes adopted, the response of organisations to stakeholders” demands and
digital evolution of society, the skills required for the integration of recent graduates in the
labour market, the need for specialised training of employees, as well as, the development
of partnerships between companies and HEIs, investigate the contribution of higher edu-
cation in preparing students and the contribution of higher education to regional digital
development, and possible future expectations of the interviewees on new methods of
education and lifelong learning (see scales in [49] (p. 120)).

Table 2. Profile of interviewees.

E .
Profile ducation Actual Work Position
Area Year Institution Degree
Executive Ch'emlc_al 1988 ISEP Master General Manager
Engineering
Alumni Ch.emlc.al 1986 ISEP Bachelor Consultant/Trainer
Engineering
Executive Ch.emlcfﬂ 1995 ISEP Master Energy and Project Director
Engineering
Executive Ch'emlcfal 1986 FEUP Master CINCA Technical Director
Engineering
Executive Civil Engineering 1985 ISEP Bachelor Director of the Nasamotor
Alumni El?CtnC?l 1988 FEUP Bachelor President of the Alumni ISEP
Engineering
HEI Elejctrlc.al 1997 FEUP Bachelor Lecturer, Resear.cher, Senior IT
Engineering Technician
HEI Copnput.er 1993 ISEP PHD Lecture, Researcher and Member of the
Engineering Management Board
HEI Cor'nput.er 1999 ISEP PHD Lecturer and Researcher
Engineering
Languages and
HEY Modern 1996 FLUP PHD Vice-Chairman of HEI
Literatures

Due to the constraints caused by COVID-19, on communication and movement of
people, all interviews were carried out virtually or by mobile networks, namely Teams,
Zoom, e-mail or by phone call. The interviews lasted an average of approximately
25 min, with the longest taking 34 min and the shortest 16 min. Of the 10 participants, two
preferred to respond to the interview in writing.
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All interviews were conducted in the presence of only the researcher and the intervie-
wee. All interviews were audio recorded, with the consent of the participants, to improve
the quality of the analysis. The interviews were organised into three moments, the initial
moment, the interview moment, and the final moment. At the initial moment, the objectives
of the research study and the ethical and legal considerations, such as confidentiality and
data disclosure, were mentioned. At the moment of interview, the previously structured
questions were asked based on the interviewee’s profile and based on the interview script
validated by the research study of [34].

After all interviews were conducted, the process of data transcription, analysis and
interpretation began. WebQda software, which allows structuring and coding all the collected
material, was used for data organization. Initially, data analysis consisted of reading, coding,
and interpreting the interviews and, finally, a joint analysis of the interviews conducted.

A questionnaire was then launched, aimed at the alumni of the Public Polytechnic
Institutes of the Metropolitan Area of Porto, namely the IPP, described in Section 2 (see
scales in ([49], p. 147)). This questionnaire aimed to find out about the experiences and
future perspectives in the labour market and how higher education can contribute and
respond to stakeholders” demands.

For the questionnaire we chose to use forms with scales validated in other research
projects, with similar questions, namely the form of a study of the European Economic and
Social Committee [50] and the form of the U-Value Project [51].

The questionnaire is organised into four sections: Profile, Perception, Participation
and Contribution, and consists of 23 questions. The first section identifies the interviewee’s
profile, area of training, academic qualifications, and professional career. The Perception
section, aims to identify the main motivations and challenges for the implementation of
digital transformation, identify the main advantages and disadvantages of the adoption of
digital transformation, identify the level of importance to acquire new digital skills and
identify the contribution of higher education in preparing students for the labour market.
The Participation section identifies the involvement of organisations in innovation and
development projects and the origin of investments for the projects. The last section, aims
to identify the contribution of higher education to regional digital development, identify
the main resources of HEIs that contribute to regional development and identify the
positive effects of HEIs in the regions where they operate. In some questions, the response
method adopted was open-ended and free response for the cases in which it did not apply.
Likert scales were also used to measure the levels of importance and agreement. For the
launching of the questionnaire a random sample was selected by convenience that counted
with the alumni of the Polytechnic of Porto, to assess the perception of former students,
regarding the contribution of higher education in the acquisition of skills, essentially digital,
required by the labour market. This type of sample is not considered representative of the
population; however, according to [52], it is the most useful to capture general ideas, as
well as to identify critical aspects to be analysed.

The questionnaire was developed in Google Forms and was disseminated by email to
the network of former students of ISCAP and ISEP and shared by the network of personal
and professional contacts through social networks such as LinkedIn and Facebook. The
questionnaires were distributed between October and November 2020, and we obtained
37 responses (see Table 3). Data analysis was conducted in SPSS environment, version
22. In characterizing the sample and describing the variables, absolute (n) and relative
(%) frequencies were used. To assess the association between categorical variables, the
chi-square test was used. Alternatively, Fisher’s test was used in case of non-compliance
with the assumption of a maximum of 20% of cells with expected frequency below 5 in the
contingency table. The significance level considered for rejection of the null hypothesis
was 5%.
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Table 3. Respondents’ profile.

Characterization of the Sample

37 participants (76% female and 24% male);
Education in the areas of social sciences, commerce and law (51%);
All respondents held at least one academic degree;
More than half of the respondents were involved in some work area affected by the digital
transformation process (57%).

Having identified the methodology, the research questions, and the objective of this
study, we consider that the conditions are met to present the results obtained in the
interviews and questionnaires in the following section.

4.2. Results

In this section the main ideas and conclusions produced in the analysis of the in-
terviews and questionnaires were summarised to relate the results obtained. Given the
specificity of the sample, it was decided to present the results indicating their origin
(interviews or questionnaire).

4.2.1. Motivations and Challenges

This field intends to identify the motivations and challenges of organisations and
educational institutions for the adoption and implementation of digital transformation.

During the interviews and questionnaires, participants identified the main motiva-
tions and challenges for the adoption and implementation of digital transformation in
organisations. In the interviews, it was observed that the main drivers for companies
to adopt digital transformation are customer contact, process optimisation, information
collection, control, cost reduction and competitiveness. Phrases such as “Contact with the
client, productivity and profitability”, as well as “(...) optimisation of processes, collection of
information, synthesis of information, speed, access to and standardisation of information, from the
administrator to the operator”, “control, knowledge of the process, cost reduction and mechanised
work” and “competitiveness, leadership, proximity to the client (...)” were mentioned as the
main motivations. In the questionnaires, the results indicate that the main motivations for
the implementation of digital transformation are related to customer expectations, business
growth (56%) and business model innovation (43.2%). It was also found that respondents
who had worked in the sector for up to 5 years more often agreed that the personalisation
of services was a motivation for the implementation of digital transformation, unlike re-
spondents who had worked in the sector for more than 5 years. In the literature review,
it was also found that companies have adopted digital transformation, to improve their
business strategies, differentiation and competitiveness [24].

In terms of challenges, the interviews highlighted the slow evolution of the digital
transformation process, which tends to be reflected to a greater extent in the financial
and administrative areas than in the industrial area, for example, because it requires less
investment and faster implementation. During the interviews, it was mentioned that “This
type of transformation in the industry is gradual and depends on the industries. It is
the case of the electronics industry or more developed industries, which have a faster
equipment rotation, or the automotive industry, which are advanced industries with a
faster digital transformation process”, in the case of HEIs, “R&D centres are undoubtedly
the ones that most contribute to innovation, through the promotion of their mission, which is to
contribute and participate in the development of sustainable solutions to current and emerging
challenges. In addition to investment, employee training was also mentioned as a challenge to the
implementation of digital transformation, because there is not always the time and availability to
train people, stated as follows, it takes a lot of effort in terms of self-learning, and we do not always
have the time and training required”. In the questionnaires, the results revealed that the main
challenges are cultural and behavioural resistance (67%), lack of change-oriented mind
set and lack of understanding of digital trends (54.1%). The results further revealed, that
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for respondents with more than 5 years of working time, low functional collaboration is a
challenge as opposed to respondents with industry time of 5 years or less. Already in the
literature review, one of the challenges pointed out was efficiency, because for decision-
makers, one of the main challenges, is to achieve a more efficient management, to improve
competitiveness [41].

4.2.2. Skills and Participation

Regarding skills, both in the interviews and in the questionnaires, participants identi-
fied the importance of acquiring new skills with digital trends and referred to the participa-
tion or collaboration in research, innovation, and development projects.

In the analysis of the interviews, it was found that it is common sense that the
acquisition of new skills is necessary so that people can be integrated in the labour market
with differentiated training and increasingly demanding functions in terms of technological
knowledge. One of the characteristics most mentioned by the interviewees, in addition to
technical and scientific knowledge, was flexibility and the ability to adapt to the different
variables of the labour market, companies and society, “When companies started to have
automation processes, it became more important, at the level of plant operators and managers, for
greater adaptability and flexibility”, “that is, the ability a person has to adapt to different functions
or requirements”. In the questionnaires, the results indicate (with more than 50%) that it is
very important to acquire new skills to respond to the new demands and evolution of the
labour market.

In the literature review, [5] also mentioned, that professionals and higher education
students, should follow the evolution and changes required by the labour market, and
develop their skills. For Kaplan and Haenlein [6], it is important to train people with digital
skills, namely, basic knowledge of Al and programming, to respond to the companies that
are looking for professionals for technical staff, with a need for knowledge in the areas of
technology and innovation [19].

In terms of participation in innovation and development projects, both in the inter-
views (70%) and the questionnaires (43.2%), it was found that a large part of the intervie-
wees and respondents have already participated in innovation and research projects with
the purpose of technological and digital development of the organisation in which they
work or of society.

4.2.3. Contribution

Interviewees and respondents were also asked about the influence of higher education
on regional digital development and conveyed their perception of the contribution of
higher education in preparing students for the labour market.

In the analysis of the interviews it was found that higher education provides a part
of the necessary tools required by the labour market, but another part is acquired with
professional experience, “It was the kick-off, it gave the tools and the will to analyze and
do new research, to learn to think, to be mentally available and to know how to look for
the right people to solve problems, but the training itself, in computer terms no”. It was
also discussed that young graduates do not have sufficient knowledge or skills to work in
their area of training, “Most students have no idea what a company is. If we are training people to
join companies, they must have at least knowledge of how a company is organized, at administrative,
human resources, legal and legal levels”. There is also a lack of monitoring of younger people
by colleagues with more professional experience: “with the global economy, most companies
no longer have money to accompany younger people, they just want people to be efficient (...), this
can trigger “( ... ) psychological tension and professional discomfort ( ... )”. This fact was also
observed in the literature review, when [8] revealed that a large number of graduates lack
the knowledge and attitude necessary for professional activity in their area of training. As
for the questionnaires, in the question about the tools acquired in higher education being
the necessary for the labour market, in general, the respondents revealed a neutral position.
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Regarding, the influence of higher education on regional digital development, it was
found that, in general, HEIs contribute positively to regional development. This opinion
was unanimous both in the analysis of the interviews and in the questionnaires. In the
questionnaires, participants also indicated that higher education influences employment,
quality of life at work (89.2%), and the increase of knowledge and skills (56.8%), at a
regional level.

Again, the results of the interviews and the questionnaires are in line with the literature
review. There is a positive relationship between higher education growth and regional
economic growth [20], especially with regard to polytechnic higher education, which is
sometimes located in the less developed regional areas. Polytechnic higher education,
plays a very important role in regional development [53], because its training offer has
been developed to meet the needs of the labour market in the regions [38].

After gathering all the conditions, such as the literature review, the analysis of the in-
terviews and the analysis of the questionnaire results, the answers to the research questions
are presented in next section.

4.3. Presentation of the Answers to the Research Questions

The main motivations for companies to adopt the digital transformation, answer to
RQ1, are competitiveness, customer expectations, business growth and business model
innovation, namely, customer contact, process optimization, information collection, control,
and cost reduction.

In terms of the skills necessary for young people to enter the labour market, in
response to RQ2, are technical and scientific knowledge at a technological level, such
as programming and Al, flexibility and the ability to adapt to the business world, as
well as, differentiated training. Although people have an engineering background, for
example, they must also have knowledge of areas of management, tax law and business
administration, among others. Like a person trained in law, they must have knowledge of
the basics of programming and mathematics, which are the basis of technological evolution,
and of management and business intelligence tools.

In response to question RQ3, to respond to the digital evolution of society, HEIs have
adopted strategies to keep up with the labour market. The competitiveness in higher
education has been growing and HEIs have been changing their teaching methods to more
interactive methods that stimulate students” motivation.

With the new paradigms of teaching, namely distance learning, HEIs have invested in
a series of software and tools to meet the needs of teachers and students. The tools most
referred to throughout the interviews were Moodle, Zoom and Teams, and software in the
management area, such as SAP. These tools are also used as a complement to face-to-face
teaching. The HEIs also offer training to management bodies, teachers, and the remaining
academic community so that they may be in line with the school’s objectives, which is,
from the technological perspective, to prepare and train students, future managers, and
company employees for the challenges of an increasingly digital world. HEIs have also
formulated courses and trainings for professionals who want to acquire new skills or
reinforce knowledge.

However, it should be considered that the strategy of HEIs varies according to their
school typology, because an engineering school has different objectives from a business
school. For example, engineering schools train people with high digital skills who are able
to innovate and program, whereas the function of business schools is to improve business
models and add value to the digital.

Regarding question RQ4, in the analysis of the interviews and questionnaires, the results
revealed that HEIs contribute to the digital development of the regions, especially in the
regions where they operate. The participants indicated that higher education contributes
to job creation, to the improvement of the quality of life at work and to the acquisition of
knowledge and skills. It is also important to mention that there has been a greater involvement
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between higher education and the labour market, namely through research centres, business
consultancy and the development of partnerships with local entities.

Finally, in response to the main question, “What is the influence of Public Polytechnic
Institutes in the region of the Metropolitan area of Porto on regional digital development?”, ac-
cording to the size of our sample and the data collected, we can conclude that, in general,
Polytechnic Institutes, positively influence the digital development of regions, through
the training of technicians in scientific and economic areas of each region [53]. Which
translates, as mentioned earlier in the response to RQ4, into job creation, improved quality
of life and the acquisition of knowledge and skills, important to meet the labour market
needs in the regions [38]. The influence of Educational Institutions is not only confined
to the region where they are located, but also, to the neighbouring regions, however, this
effect has a greater impact in the less developed regions of the country [20].

5. Conclusions

This research aimed at understanding the importance of digital transformation and
Industry 4.0 in society and not only identifying its advantages and disadvantages. As well
as understand the efforts made by HEIs to keep up with this evolution and the influence
they represent for the regions and consequently for the economic and social development
of the Country.

After reviewing the literature and analyzing the empirical data, it was concluded
that: (a) the main motivations for companies to adopt the digital transformation are
competitiveness, customer expectations, business growth and business model innovation;
(b) the key challenges of digital transformation are cultural and behavioural resistance;
lack of change-oriented mindset; lack of understanding of digital trends; low functional
collaboration; (c) the main competences and participation are acquiring new skills to
respond to the new demands and evolution of the labour market; participation in applied
research projects and innovation; and (d) regarding the influence of higher education on
regional development, they Influence employment and quality of life at work; increase
knowledge and skills; provide differentiated training; technical and scientific knowledge;
flexibility and adaptability. In conclusion, HEIs transmit part of the necessary tools required
by the labour market, but another part is acquired through professional experience.

It is also concluded that the digital transformation and Industry 4.0, are an enormous
contribution to the development of companies in several sectors and in the most diversified
areas, namely, at the financial and accounting level. Besides being areas that, in comparison
with the industrial sector, require a lower investment for the implementation of new inno-
vation systems, they are areas that, when developed, bring countless benefits for companies.
Especially, when it comes to data communication, to generate and report information to
decision makers [54]. Al systems are information systems that solve problems to achieve
the best outcome based on the available data. Paschen [55] argues that companies should
integrate Al for knowledge management and for sharing quality information, without
errors and with less costs. However, it is important to be aware that Al can help create
information, but people have to know how to interpret it [55].

Throughout this study some difficulties were experienced in obtaining answers to the
research questions. One of the main difficulties experienced was in eliciting responses to
the questionnaires. Although the questionnaire was widely disseminated, we were not able
to obtain the desired number of responses. One of the reasons, may have been, because the
theme is about Industry 4.0, people do not have knowledge about the concept and did not
adhere to the questionnaire.

As research proposals, it is proposed that the study be replicated in other regions
of the country and also in other countries. It is also proposed to carry out a study of the
implementation of Industry 4.0 in companies, by sector.

Once this research work is concluded, it is expected that it may contribute to future
works and knowledge enrichment, at the level of digital transformation and development
of higher education.
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