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Abstract

The digital era highlights industrial advances, changes in the labor market, and in
the educational system. This study investigates these factors through analytical
indicators such as the workforce, education, and innovation in Brazil within a
global context. It is a qualitative exploratory research that enables a reflection on
the relations between the workforce and technological education for the skilled
labor. The database used includes documentary data from the literature and data
from census surveys in Brazil and abroad. Data indicate that Brazil is significantly
delayed in the digital industry, human capital, and research — behind all the other
BRICS countries (Russia, India, China and South Africa) in terms of innovation.
About 11 million people aged 15-29 are not working and are not enrolled in
high school, college, technical course, or vocational qualification. The number
of students aged 15 to 19 years old attending technical courses is still around 9%.
The network of national technical institutes is key for the rapid recomposition of
the skilled labor with regard to industry. The Brazilian economy needs to grow
to strengthen both the digital industry and research. Public policies need to heed
the advice regarding the link between technical education and industry. This is
equally important for the success of the Brazilian Agenda for Industry 4.0.
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1 Introduction

Innovation and technology have presented ways for people to produce more
with fewer resources. The adoption of new technologies is seen as a strategy to
increase product quality and make manufacturing more efficient (TORTORELLA;
FETTERMANN, 2017). History has shown that true revolutions can occur when
scientific and technological knowledge unleash new forms of production and
bring about changes in social and economic relations (TAALBI, 2017).

The first industrial revolution occurred in the eighteenth century with the invention
of the steam engine and the development of railroads. The second industrial
revolution, from the end of the nineteenth century to the mid-twentieth century,
enabled mass production. With the advent of electricity, assembly lines came
into being. The third industrial revolution, which started during the early 1960s,
became known as the computer era, with the development of semiconductors,
personal computers, and the internet.

Now, the digital era is emerging as the fourth industrial revolution, based on
digital technologies, the internet of things (IoT), artificial intelligence (Al) and
machine learning. These new technologies have contemporary features such as
connected machines, intelligent products and systems, and interrelated solutions
(SJODIN et al., 2018). Advances in information and communication technologies
(ICT) can enable intelligent and flexible production processes and, on the other
hand, reshape educational systems (GOMES et al., 2019). Some people have
predicted (MCAFEE; BRYNJOLFSSON, 2014) that we are experiencing
unprecedented, large-scale and accelerated transformations in the way we live,
produce, work, and interact.

One aspect of technological innovation is robots integrated with so-called cyber-
physical systems, which combine various factors such as digital, physical, and
biological technologies. Many parts of the world are already facing a major
technological revolution, in which new jobs and advanced education are at the
vanguard. In this respect, Chiappe and Rodriguez (2017) warn of the need to
critically analyze education, raising questions about creating schools suitable
for the 21st century.

The digital industry should increase production and create new jobs. However, these
jobs may not be suitable for all, leading to greater social inequality, and perhaps,
a new type of proletariat as stated in Dyer-Witheford (2015). Countries with a late
industrial development and low educational levels such as Brazil are struggling.
They are not only once again behind in terms of global development, but they
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face deepening domestic, economic, and social crises, along with their historical
economic inequalities in relation to countries that are already in the digital age.

There is a vast amount of recent literature that focuses on the advances due to digital
transformations, but also on their positive and negative aspects (NAMBISAN;
WRIGHT; FELDMAN, 2019). Previous studies cover one or two topics in
depth within the context of innovation (LEE; KANG, 2018). Instead, this study
looks at innovation in a broader sense in order to understand to what extent the
workforce and technical education interact in terms of supplying the market
with skilled labor. Firstly, it describes the study method and the database. Then,
there are sections on trends in innovation and digital technologies, workforce in
the labor market and educational changes, allowing an analysis of the current
situation, as well as the expected progress in digital transformations in the near
future. The last section deals with Brazil’s performance in terms of innovation,
which is at the center of our discussion and analysis, as we examine the country’s
educational needs and position, as a large economy among BRICS countries, in
terms of the digital industry.

2 Study methods and data

The subject of innovation deserves ongoing analysis and updates as it is changing
all the time. This is a qualitative exploratory study (REITER, 2017). The database
includes documentary data from the literature, quantitative data from census
surveys, and observations, focusing on innovation, workforce, and education in
Brazil and abroad. Therefore, our sources of evidence are data analysis, documents
in the public domain, and results of census data and interviews. The objective is
to provide insights into the problem or to suggest ways of developing ideas or
hypotheses for potential quantitative research.

The steps in the study are as follows: (1) Context analysis — previous papers, census
surveys, and limitations; (2) Research question-investigate the demand for qualified
labor with technical skills in Brazil, within the current situation of unemployment
and an increased network of technological institutes; (3) Objective — What is the
status of the workforce in Brazil and to what extent does the federal network
of technological and vocational education meet the needs of qualifications for
those working in the digital industry?; (4) Discussion and results—Comprehensive
analysis of all information, including a comparison of Brazil’s situation in relation
to other BRICS countries and the potential impact on public policies.

The Brazilian Institute of Geography and Statistics (IBGE), through the National
Continuous Household Sample Survey (2012-2018 PNAD) (AGENCIA IBGE,
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2019), has provided the quarterly fluctuations and the short, medium, and long-term
evolution of the workforce, together with other necessary information needed to
study the socioeconomic development of the country. The World Bank, through
Silva et al. (2015), has provided an overview of a survey of jobs skills and the
job agenda in Brazil. The World Economic Forum (INSIGHT REPORT, 2018)
and the McKinsey Global Institute (2017) have provided an overview of the job
situation around the world.

A survey coordinated by the Brazilian Confederation of Industry (CNI) and the
Brazilian Micro and Small Business Support Service (Sebrae) between 2011 and
2016 (Confederagdo Nacional da Industria/Desempenho do Brasil no indice global
de inovagdo 2011-2016) has made available data on Brazil’s Global Innovation Index
(GII), based on The Global Innovation Index 2016 framework designed by Dutta,
Lanvin e Wunsch-Vincent (2016) (Cornell University, INSEAD, and WIPO, 2016).
The World Digital Competitiveness Ranking 2018, carried out by the IMD (Swiss
Business School), has also provided a comparison on performance related to innovation
in different countries, with a particular emphasis on BRICS countries (IMD, 2018).

The National Institute of Educational Studies and Research Anisio Teixeira (INEP)
has just released the statistics of the 2018 School Census, carried out between
2014 and 2018 (INEP, 2018). This provides an overview of the educational
situation in Brazil through public and private education networks. In addition,
The Organization for Economic Cooperation and Development (OECD) has
made available a document entitled “Education at a Glance” (OECD, 2018) with
educational indicators positioning Brazil in terms of other OECD member countries.

3 Trends in innovation and digital technologies

Malerba (2006) has shown the progress in industrialization through innovation, focusing
on knowledge, people, demand, networks, institutions, and coevolution. Technological
innovations have driven transformation across industry, economic relations, and
behavior as remarked in Schwab (2016). Physical technological innovations include
stand-alone vehicles, 3D printing, advanced robotics and new materials. In the digital
category, there is the [oT, which connects things and products through platforms and
technologies. Blockchain is yet another feature in this category, which operates as an
accounting, encrypted, programmable, and secure book capable of recording financial
transactions made with digital coins. In the biological category, the main trends in
innovation are in the fields of genetics and synthetic biology.

In 2013, according to the online magazine Business Insider, Cisco Systems, Inc.
has predicted that 50 billion devices will be connected to the internet by 2020.
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However, a separate analysis from Morgan Stanley said that this number could
actually be as high as 75 billion, claiming that there were 200 unique consumer
devices or pieces of equipment that could be connected to the internet that have
not yet been linked. No matter what the correct amount, devices connected to the
internet will flood the market. The IoT allows us to get correct information at the
right time in order to make decisions. Cloud computing ensures that companies
extract and analyze information that directly affects their production line and services.
Augmented and virtual reality data, coupled with customer feedback, can provide
research and development advantages, giving consumers the things they demand
together with speed, all at a low cost. Al is all around us — in cars that drive alone,
virtual assistant drones and translation software. Al allows for exponential progress,
boosted by increased processing capacity and broad data access.

Factories that interconnect machines and people in real time, allowing product
customization and the creation of better, faster and more efficient operating models,
are now known as “Industry 4.0” — many have employed it as synonym for the
fourth industrial revolution. The term originated in the German government’s
high-tech strategic project (KAGERMANN; WAHLSER; HELBIG, 2013) with
the intention of promoting “Intelligent Factories.”

Marcelo Blois, director of GE’s Digital Innovation, says that industry in the
digital era allows machines to see, hear, feel, and send data over the internet in
real time, providing more efficient operations and better services (GE REPORTS,
2019). Connectivity and data analysis increase productivity in various operational
sectors. For example: (1) GE Water plants carry out data analysis using [oT
platforms to deliver direct results — 12% reduction in energy consumption and
up to 8% in water loss, plus a gain of at least 10% in average production; and
(2) Parand’s railways in Brazil have a locomotive with a very high load capacity
— two of these can replace three to five machines with three axles. It is the first
locomotive to leave the GE factory in Brazil with an autopilot and sensors that
monitor the components of the locomotive for any sign of a problem in real time.
This optimizes maintenance work, thus increasing security.

These revolutionary industries are modifying the entire productive system,
employing advanced technologies, and empowering the workforce. They are
leading the way in all stages of the production, marketing, and management of
the companies involved in the trade of goods. More accurate instruments and the
introduction of robots have altered the way of organizing the industry, making
it possible to increase production and potential profits, thereby reducing labor
costs, as well as reducing the time taken to generate the final product.
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4 Workforce in the new labor market

The McKinsey Global Institute (2017) has produced scenarios in terms of jobs
which suggest that by 2030, 75 million to 375 million workers (3 to 14 percent
of the global workforce) will need to switch occupational categories. All workers
will need to adapt as their occupations will evolve alongside machines. Some
of that adaptation will require a higher educational attainment or spending more
time on activities that require social and emotional skills, creativity, high-level
cognitive capabilities, and other skills that are relatively hard to automate.

The World Economic Forum — Future of Jobs Report 2018 has revealed an estimated
decline of up to 0.98 million jobs, but a gain of 1.74 million jobs in the near future.
According to their report, 75 million jobs may be displaced by a shift in the division
of labor between humans and machines, while 133 million new roles may emerge
from a new division of labor between humans, machines, and algorithms.

Almost 75 million young people are officially unemployed across the world.
In Brazil, 12 percent of the workforce is unemployed; this equates to about 12
million people (Pesquisa Nacional por Amostra de Domicilio de 2012 a 2018 do
IBGE). In addition, there are 13 million people who work less than they could
or would like to work but have not looked for a job or were not able to start.
We tend to focus our attention on the unemployed and less on those who are
underemployed or inactive.

Significant challenges lie ahead for Brazil’s policy and business leaders. The
future agenda as regards work in Brazil should sharpen the focus on skills
and training, strengthen the link between education and employment, provide
support for workers through their transitions, improve the flexibility and mobility
of labor markets and, of course, maintain robust economic growth to support
the creation of jobs. Without an upgrade in skills, the disparity could become
twice as severe in the next decade, resulting in a loss of productivity and rising
inequality. Upgrading skills on a large scale will require coordination between
parents, educators, governments, employers, and employees, with a keen focus
on those individuals with lower skills.

It is expected that computer-controlled and automated production will have a
severe impact on the labor market, as shown in Figure 1. The McKinsey Global
Institute analysis (2017) has estimated that between almost zero and 30 percent of
the hours worked globally could be automated by 2030, depending on the speed
of adopting the process of automation and the current technological capability.
However, there is no clue as to how many jobs will actually be lost or gained
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in the face of technological progress (WINICK, 2018). While the balance of
jobs is not quite clear, researchers are already studying new economic models,
forecasting financial compensation in case of job loss or rising unemployment.
Models involve the reduction of the length of the working day and measures
such as social support, as the State would pay a minimum income to the citizen.

Figure 1 — Impact of automation as regards countries with different income levels,
demographics, and industry structures according to the McKinsey Global Institute
workforce research (2017). The graphic has been modified from the original showing
fewer countries, in particular in a lower range of displacement such as BRICS countries
and in a higher range such as the US, Europe and South Korea. The results differ
significantly by country, reflecting the activities currently performed by workers and
their rates of pay. The range in BRICS countries varies from 9 percent in India to 17
percent in Russia, while the range in the US, Central European countries and South
Korea varies from 20 in the UK to 25 in South Korea
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“There is always much progress and new risks in the job market. So, worries
are justified, but to say there will be a lack of work is scaremongering,” says
Enzo Weber, a researcher at the German institute, IAB. During the industrial
revolution in the eighteenth century, there was a large-scale dismissal as a
result of the new technologies in the processing of textiles and agriculture;
machines took on certain jobs, but there were increased opportunities for
specialized professions.

Consequently, Industry 4.0 should repeat such a trend, maximizing a high level
of education and specialized labor. Therefore, education systems are changing
around the world, but not so much in underdeveloped nations where the level of
investments is low and where there is a lack of efficiency and planning for the
future. The challenge is how fast the students and the educators can adapt to the
teaching, learning, and assessment methods.

5 Educational changes

Education in the future should provide students with the skills they need to
succeed, as well as with the emotional intelligence needed to work in groups
and with different relationships. Creativity, critical thinking, communication,
and collaboration are concepts that should feature in every curriculum, along
with language and numeracy. Investigative skills and problem-solving are
essential for developing advanced knowledge and confidence. Education needs
to provide students with transferable skills that will empower them in a rapidly
changing world, but not with prescribed content as past relevance. Robinson
and Aronica (2016) argue for an end to our outmoded industrial educational
system and propose an organic approach that draws on today’s unprecedented
technological and professional resources in order to engage all students,
develop their love of learning, and enable them to face the real challenges of
the twenty-first century.

The new generation of students is entirely engaged in the online environment with
access to mobile devices, which makes learning much less centralized. Traditional
classroom-based lessons are often considered monotonous and unproductive,
giving way to a more dynamic and engaging methodology that ensures student
interest. Therefore, there is a consensus that educational institutions that fail to
follow this educational revolution will find themselves in serious danger of being
trapped in the past by following a teaching methodology that no longer meets
the needs of students.
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Access to information has become popular and has made the structure of teaching
more democratic and less dependent on the physical environment of the school.
Open distance learning (ODL) is an example of the educational revolution enabled
by new technologies. It profoundly alters traditional classroom dynamics, as one
can study, consult, and even interact with teachers anywhere, anytime. Migrating
data to the internet allows for the creation of online portals that can be easily
accessed by anyone, reducing costs, logistical difficulties, physical distances, and
time conflicts, thereby providing access to many more people.

Above all, the world of education needs a totally new pedagogical approach,
even though the challenges are still the same for students wanting to access
higher education and the qualified digital labor market. Over the last ten years,
education in Brazil has seen some improvements, but numbers are weak in
comparison with other nations (OECD, 2018). These numbers are important, but
professional and vocational courses, as well as technological institutes, need a
better plan for the future.

Created in 2011 by the Ministry of Education (MEC), the National Program
for Access to Technical Education and Employment (Pronatec) has raised
expectations for the levels to be achieved by Brazilian high school students
and for unemployed citizens who have proof of their past profession so that
they can achieve new opportunities in their professional life (OLIVEIRA;
FERREIRA; SILVA, 2019). The program has offered free vocational and
technological courses to youths and adults on a low income. The courses
offered by Pronatec have worked in partnership with the federal, state, and
municipal networks of professional and technological education, the National
Learning Service (Apprenticeship) that is linked to industries and commerce,
and private networks as well. Educational authorities announced that Pronatec
would offer 12 million vacancies by 2019. However, between 2011 and 2014,
the program offered 8.1 million enrollments at a cost of about US$ 4 billion.
Nevertheless, the 3 million enrollments offered in 2014 plummeted to 1.2
million in 2015. Apparently, the program has followed a political rather than
an educational agenda and may be stopped in the near future. Among the
problems that have been highlighted in the Pronatec program are the lack
of quality when assessing the courses, the lack of a true link with industry,
inadequate facilities, insufficient teachers, and a lack of rigorous control of
the application of resources. Despite the fact that the evaluation of Pronatec
has been deemed a failure, a well-conducted and monitored program could
be successful and attractive to students who want to work and enter the job
market quickly (BRASIL, 2018a).
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There has been an increase of 63.0% over nine years (2008—2016) in high school
students who take regular technological degree courses according to the 2016
Census of the National Institute of Educational Studies and Research Anisio
Teixeira (INEP). According to this survey, the number of young people taking
these courses increased from 1.1 million to 1.8 million. Despite this improvement,
the country still has a long way to go. Data from the OECD show that the average
number of students aged 15—17 who study at high school or follow a technical
course in 34 developed countries is 35.0%, while in Brazil it is only 9.0%.

In 2017, Brazil had 296 public and 2,152 private Higher Education Institutions
(HEIs), representing 87.9% of the network. Of the public ones, 41.9% are
state, 36.8% are federal and 21.3% are municipal. Almost three-fifths of the
federal HEIs are universities and 36.7% are Federal Institutes of Education,
Science, and Technology (IFs) and Federal Centers for Technological Education
(CEFETS). From a total of 8.2 million students enrolled in higher education,
534,935 students (6.5%) attended the presential technological graduation and
464,354 students (5.6%) took part in distance learning with courses lasting
two or three years.

These figures fully justify a massive investment in strengthening technical and
vocational courses and institutes. From the 3.2 million Brazilians who are aged
19, only 2 million have completed high school, representing 63.5% of the total
number (Pesquisa Nacional por Amostra de Domicilio de 2012 a 2018 do IBGE —
AGENCIA IBGE, 2019). Of the total number that did not finish high school, 62%
are no longer in school, and 55.0% of these young people have stopped studying
in elementary school. In 2017, Brazil had 48.5 million people aged 15-29, but
11 million of them were not working and were neither enrolled in high school/
college, nor in a technical or vocational course.

Although Brazil has seen a growth of 71.0% in the number of students attending
technical schools over the last decade, only 9.0% of 15- to 19-year-olds opt for
this training model. This presents a huge discrepancy when compared to Germany
(53.0%), the United States (60.0%), South Korea (65.0%) or even our neighbor
Argentina (34.0%), according to OECD data. South Korea has been able to show
how the highly valued educational model of technical education can make a
difference for a nation. The per capita income of Koreans, which was one-third
of that of Brazilians in the 1960s, is now three times higher.

The Federal Network of Professional, Scientific and Technological Education
(Figure 2), which mainly includes the IFs and Federal CEFETS are key to
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developing skills for the new economies and industries. This network encompasses
all states offering qualifications and vocational courses, integrated high school,
higher education, and technology courses and undergraduate degrees. Yet,
Magalhdes and Castioni (2019) have highlighted the fact that the creation of
the Federal Technological Institutes has resulted in universities producing more
intellectual capital rather than in improving socioeconomic development from
economic assets. This is entirely the opposite of countries such as Germany and
Switzerland, where students learn content related to the demands of real life,
that is, up-to-date information as part of a technological society — where there
are smartphones, tablets, and social networks — in order to enable innovation
in society. Brazil has difficulty understanding the need for this change in its
educational structure, especially in high school, as shown by the World Bank
report (SILVA; ALMEIDA; STROKOVA 2015).

Figure 2 — The Federal Network of Professional, Scientific and Technological Education
is an important framework for accessing vocational and technological education. There
are already more than 661 units around the country linked to 38 Federal Institutes,
2 Federal Centers for Technological Education (CEFETs), the Federal Technological
University of Parana (UTFPR), 22 technical schools linked to federal universities, and
the Pedro Il College
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Different parts of Brazilian industry need to fill gaps that have to be occupied by
highly qualified technicians. Within an organization, engineers coordinate various
technicians, assistant technicians, and so on. Each has specific responsibilities
and expertise, making them different and unique inside each corporation. New
processes, machines and equipment demand professionals with advanced
knowledge and skills.

Technical training needs to be understood by all the people involved in the
process — this is a fundamental part of the development of a national industry.
Entrepreneurs need to understand how to better benefit from technical professionals
and value their contribution. In turn, young people will look to technical education
for their professional benefits, thus creating a worthy and necessary circle of
development for the country.

6 Brazil must catch up with the digital future:
discussion and analysis

Apparently, Brazil is ranked the worst in innovation among the BRICS
countries, according to research by the National Confederation of Industry
(CNI) and the Sebrae entitled Brazil’s Performance in GII (2011-2016).
This index captures the multiple facets of innovation and is calculated from
a large number of areas such as institutions, creative products, knowledge
products and technology, infrastructure, business and market solutions, and
human capital and research.

Brazil is in 69th position in the survey conducted among 128 countries. China
appears 25th in the ranking, followed by Russia (43rd), South Africa (54th)
and India (66th). Figure 3 displays the scores for the BRICS countries in the
seven GII pillars. According to the innovation landscape, Brazil has shifted
from optimism to concern in the last six years. China shows an outstanding
position in products related to innovation. In addition, the GII shows that Brazil
would need to increase its investments in innovation by 60.0%, in relation to
financial and human resources, to reach the same index as Switzerland, which
leads the ranking.

Brazil has also been analyzed among 63 countries in the World Digital
Competitiveness Ranking 2018 done by the IMD (Swiss Business School).
Reading between the lines, the report demonstrates that the country needs to raise
its educational standards and solve numerous barriers to become a competitive
digital nation. The study was based on fifty variables grouped into three basic
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concepts: knowledge, technology and future-readiness. Various factors were
evaluated, such as the regulatory environment, the quality of education, the capacity
to generate scientific and technological knowledge, the telecommunications
infrastructure, research, and development and innovation, as well as cooperation
practices between companies, academia, and governments.

As for the regulatory environment and the availability of capital to finance
developments in technology and the telecommunications infrastructure, Brazil
has remained below the desired level. Bureaucracy and system complexities are
extreme weaknesses, along with the fact that the banking system is concerned
with financing short-term goals, and there is little availability of venture capital
to fund research and development. Not surprisingly, it is difficult to exploit the
advantages of digital transformation in generating new business, as well as to
improve business management and public administration, probably because of the
low level of digital security and cooperation between the public and private spheres.

Figure 3 — Synthesis of innovation performance among BRICS countries, originally
extracted from a publication by the Confederacdo Nacional da Industria, Brazil's
Performance in Global Innovation Index - Gl (CNI, 2016). Brazil, Russia, India, China and
South Africa score in the seven Gl pillars. China outperforms the other BRICS countries
in almost every pillar, especially in terms of innovation products. Brazil lacks creative
products, human resources, research and sophistication in both business and markets

Institutions
Creative Human capital
products and research
Knowledge
products Infrastructure
and technology
Business Market
sophistication sophistication
Brazil China Russia South Africa India

Source: Confederacdo Nacional da Industria, Brazil's Performance in Global Innovation Index - Gll
(CNI, 2016).
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Brazil was found to be very weak in terms of knowledge, revealing not only a
low level of technological programs in education, but also serious deficiencies
in the quality of basic and higher education. Despite being in 10th position in
terms of countries with the highest public investment in education (6.2% of GDP
in 2016), Brazil is only 57th as regards its percentage of graduates, with only
16.6% of the population aged 25-34 with diplomas at a higher level.

Investment in technical education has already been tested and approved by powerful
countries and is key for success in the digital industry era. Brazil looks like it
might miss this wave, as shown by the PNAD 2014 (IBGE, 2015) interview
and survey (Figure 4). From a total of 158 million Brazilians aged 15 years and
older who were interviewed about attending a professional course leading to a
qualification, only 3.4 million (2.2%) attended technical high school. However,
40.2 million people said they were interested in this type of education. Among
the reasons given for not having taken a professional course was the difficulty
reconciling work with domestic activities, cited by 34.4% of people. In addition,
26.8% said they could not afford the course and 20.8% reported that there was
no the desired course or vacancy in the place where they lived.

There is, in fact, an enormous potential for the connection between technological education
and the digital industry, particularly in the current situation of high unemployment.
Technical schools and institutes have to be closer to the models followed by industry
than to those followed by universities in order to generate skilled labor. Nowadays, only
25% of students who graduate from undergraduate technical courses in Brazil end up
working in occupations that require such types of training. The courses offered are not
quite in tune with the job market and this demotivates students, forcing them to take
traditional university degrees that are still out of touch with industry.

As every cloud has a silver lining, the Ministry of Science, Technology, Innovation
and Communications (MCTIC) has recently launched the Brazilian Digital
Transformation Strategy E-Digital 2018 (BRASIL, 2018b). This is a public
policy geared toward digital transformation in the economy’s productive sectors.
It aims to build capacity in the modern era, as well as to be a service provider
and rights guarantor. In March this year, The Ministry of Industry, Foreign Trade,
and Services (MDIC), in partnership with the Brazilian Agency for Industrial
Development (ABDI) headed the initiative of the Brazilian Agenda for Industry
4.0. The set of measures foreseen in the agenda is directed in particular toward
small and medium industries. Among the actions planned are the diffusion of
the new Industry 4.0 concept itself, the availability of more affordable credit
lines so that industries of all sizes can invest in the adoption or generation of
new technologies, a zero rate for the importation of robots, professional training,
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and many other features. In total, about US$ 2.5 billion will be invested in the
entire project with the aim of providing comprehensive support to the Brazilian
entrepreneur who wants to follow the technological transformations that are
already available around the world.

Figure 4 — The PNAD 2014 (IBGE, 2015) interviewed 158 million young people 15 years
old and older on the interest in professional qualification courses. Only 3.4 million
(2.2%) attended technical high school and 40.2 million people said they were interested
in this type of education, although different reasons have ruled out such possibility
Professional qualification Course
(Brazilians over 14 years Household Sample Survey, PNDA 2014)
attended

a course
2.2%

did not attend but

did not attend is interested to

72.4% 25.4%
Main reasons for not attending:
other reasons
18.1% difficulty on

reconciling with
work or household
activities
34.3%

no desired course
or vacancy
where they live
20.8%

could not afford
the course
26.8%

Source: Agéncia IBGE. Pesquisa Nacional por Amostra de Domicilios - PNAD: sintese de indicadores
(PNAD 2012-2018).
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Of course, there is a lot to be done to spark innovation within academia, industry
and the government in Brazil. The exposed weaknesses demonstrate that the
challenges experienced by the country are not only human, institutional and
political, but cultural, since there is a need for the country to evolve socially
so it can make advances in technological realities brought about by innovation.
The E-Digital policy and Agenda for Industry 4.0 should be well connected to
both society and the country as a whole. There is still a struggle to overcome the
political, social and economic crises that started in 2014 as a result of the gradual
decline in national revenue from commodities.

7 Conclusions

The contribution in this work is comprehensive and addresses Brazil’s situation
as regards the digital industry and the educational qualifications needed for work.
It also serves as a point of reference for public policies. The research strategy
allows us to survey and analyze documentary and census data on innovation
performance in industry, workforce and education in Brazil and abroad.

The results of the data analysis indicate that Brazil is not quite ready for the
digital industry. In addition, the country is facing an economic recession with a
high level of unemployment to the tune of 12.4% (13 million people). Brazil has
figured at the bottom in different rankings as regards innovation performance,
behind all BRICS countries in many indicators.

Low levels of schooling are generally associated with high levels of income
inequality. Brazil has one of the most significant numbers of adults who have not
completed high school and one of the highest rates of income inequality among
OECD member and partner countries. Enrollment rates drop dramatically after
14 years of age: only 69.0% of the population between 15 and 19 years and 29.0%
of the population between 20 and 24 years attend an educational institution.

There seems to be an obvious disconnect between education and industry, especially
in high school and technological higher education, discouraging students from
advanced technical development. The technological education network in Brazil is
extensive and has the potential to contribute not only to training younger people,
but to rebuilding a more qualified workforce. In times of high unemployment,
this may be important as regards public policy. So, a public policy is needed to
strengthen the training of young people in technological education in high school
and college. This is essential due to the much-needed manual training in the new
industries and also because of the current level of unemployment in Brazil and
the number of people wishing to relocate.
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Brazil needs to accelerate economic development in tandem with industrial
innovation and education. The analyzed data show the country’s delay in
innovation in the wider picture, with low levels of knowledge, technology and
future-readiness. To reverse such a poor performance, it is recommended to
strengthen policies regarding innovation so that public investments leverage
private ones, there is greater cooperation between companies and universities,
and there is more encouragement of internationalization and entrepreneurship.

If Brazil wants to become a developed and exporting industrial nation, it needs
to build strong networks in science, technology and education, together with
better universities and technical schools, to respond to the call of the digital era.
The country urgently needs to update its educational model, including not only
programs and disciplines regarding new technologies, but also new skills required
for the professional of the future. It is crucial that the private and public sectors
cooperate, leading efforts and commitments to innovate in all aspects. There are
many good examples of innovative models and companies. These examples must
become part of a dominant business model and of a culture of transformation in
both the technological and behavioral dimensions of our society.

As regards future work, this current research quantifies Brazil’s performance
in innovation and follows the progress of a network of technological education
systems linked to industries. The topic should be expanded by exploring and
highlighting best practices in the realms of education and industry. Planned
research also involves the evaluation of energy sustainability as a result of
innovation and the role of HEIs in a broader sense, such as their connection with
teaching, research and outreach.
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Inovacao na era digital: novo mercado de trabalho e
mudancgas educacionais

Resumo

A era digital chama nossa atengdo para os avangos industriais, mudang¢as no mercado
de trabalho e no sistema educacional. Este estudo investiga tais fatores, por meio de
indicadores analiticos como desempenho da for¢a de trabalho, educagdo e inovagdo no
Brasil no contexto mundial. Trata-se de uma pesquisa exploratoria qualitativa, que permite
refletir sobre a relagdo entre a for¢a de trabalho e a educagdo tecnologica para mado de
obra qualificada. O banco de dados utilizado incluiu dados documentais da literatura e
dados de pesquisas censitarias no Brasil e no exterior. Os dados indicam que o Brasil esta
significativamente atrasado na industria digital, capital humano e pesquisa; atrds de todos
os outros BRICS em termos de desempenho em inovagdo. Cerca de 11 milhées de pessoas
com idades entre 15 e 29 anos ndo estdo trabalhando e ndo estdo matriculadas em ensino
médio, ensino superior, curso técnico ou qualificacdo profissional. O nimero de alunos de
15 a 19 anos que frequentam cursos técnicos ainda é de cerca de 9%. A rede de institutos
técnicos nacionais é essencial para a recomposicdo rapida de mdo de obra qualificada em
conexdo com a industria. A economia brasileira precisa crescer, fortalecendo a industria
digital e a pesquisa. As politicas publicas sdo orientadas para a educagdo técnica ligada
a industria e ao sucesso da Agenda Brasileira para a Industria 4.0.

Palavras-chave: Transformagdo digital. For¢a de trabalho. Educagdo tecnologica. BRICS.

Innovacioén en la era digital: nuevo mercado laboral y
cambios educativos

Resumen

La era digital llama nuestra atencion sobre los avances industriales, los cambios en el mercado
laboral y en el sistema educativo. Este estudio investiga dichos factores a través de indicadores
analiticos como el desemperio de la fuerza laboral, la educacion y la innovacion en Brasil
dentro del contexto mundial. Es una investigacion exploratoria cualitativa que permite una
reflexion sobre la relacion de la fuerza laboral y la educacion tecnologica para la mano de
obra calificada. La base de datos utilizada incluyo datos documentales de la literatura y datos
de encuestas censales en Brasil y en el extranjero. Los datos indican que Brasil se muestra
significativamente retrasado en la industria digital, el capital humano y la investigacion;
detras de todos los demas BRICS en términos de rendimiento de innovacion. Alrededor de
11 millones de personas entre 15 y 29 arios no estdn trabajando y no estan matriculadas en
una escuela secundaria, universidad, curso técnico o calificacion profesional. El numero de
estudiantes de 15 a 19 afios que asisten a cursos técnicos sigue siendo de alrededor del 9%. La
red de institutos técnicos nacionales es clave para la rapida recomposicion de mano de obra
calificada en relacion con la industria. La economia brasileiia necesita crecer fortaleciendo la
industria digital y la investigacion. Se aconsejan politicas publicas para la educacion técnica
vinculada a la industria, asi como para el éxito de la Agenda Brasileria para la Industria 4.0.

Palabras clave: Transformacion digital. Fuerza laboral. Educacion tecnologica. BRICS.
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