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Abstract: In the last few years, the industrial, scientific, and technological fields have been subject
to a revolutionary process of digitalization and automation called Industry 4.0. Its implementation
has been successful mainly in the economic field of sustainability, while the environmental field has
been gaining more attention from researchers recently. However, the social scope of Industry 4.0 is
still somewhat neglected by researchers and organizations. This research aimed to study Industry
4.0 and sustainability themes using data science, by incorporating open data and open-source tools
to achieve sustainable Industry 4.0. To that end, a quantitative analysis based on open data was
developed using open-source software in order to study Industry 4.0 and sustainability trends. The
main results show that manufacturing is a relevant value-added activity in the worldwide economy;
that, foreseeing the importance of Industry 4.0, countries in America, Asia, Europe, and Oceania are
incorporating technological principles of Industry 4.0 in their cities, creating so-called smart cities;
and that the industries that invest most in technology are computers and electronics, pharmaceuticals,
transport equipment, and IT (information technology) services. Furthermore, the G7 countries have a
prevalent positive trend for the migration of technological and social skills toward sustainability, as
it relates to the social pillar, and to Industry 4.0. Finally, on the global scale, a positive correlation
between data openness and happiness was found.

Keywords: Industry 4.0; data science; sustainability; social sustainability open data; open-source tools

1. Introduction

Sustainability and Industry 4.0 are probably the most important topics in the manufac-
turing field, both in academic and industrial environments. In the context of sustainability
within Industry 4.0, as regards the triple bottom line, profit (economic) and planet (environ-
mental) are being studied extensively by the research community, while people (social) are
not receiving the same attention. The wider perspective of the social aspects of Industry 4.0
is neglected by the academic community [1]. Industry 5.0 emerged to overcome problems
with the techno-centered approach of Industry 4.0 [2], namely the absence of the human
being as the key player in an industrial digital environment and the influence on sustain-
ability as it relates to the social pillar. Nowadays, the challenges are related to the way I4.0
is implemented and managed to achieve the desired outcomes—economic, environmental,
and social [3].

Within the industrial digital environment, data act as an enabler or creator of value
in Industry 4.0 [4], and most industrial organizations should have integrated low-cost
analytical systems to collect and measure results [5] in order to stay competitive, especially
small to medium-sized enterprises (SMEs). Industry 4.0 projects are perceived by SMEs
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as cost-driven initiatives [6], and lack of capacity to invest in advanced technologies and
the need for specialist expertise [7] to implement them are constraints SMEs face in the
adoption of Industry 4.0 and, probably as a consequence, sustainability practices.

Besides these limitations, those SMEs that are capable of incorporating technologies
are unable to access sufficiently complex data due to limitations of scale. Leveraging
data access, treatment, and analysis and creating intelligence are elements of a company’s
preparedness to improve its decision-making processes. For example, the relevance of
big data and analytics to competitive intelligence has been demonstrated [8], and for this
reason, data science is gaining relevance in contemporary society.

However, in small-scale organizations, such as SMEs, the cornerstone of data science
is data availability, and a possible solution to overcome this problem is data access via an
open approach, so-called open data. The open approach is a movement that tends to be
focused on involving communities and leveraging social elements.

Due to this framework, and based on an inductive research method, the purpose
of this work is to use the open approach to data science, by using open data, and the
open approach in terms of analytical tools, by using open-source software, in the study of
Industry 4.0 and sustainability concepts, filling a research gap in this domain. Therefore, a
meta-analysis is presented in this study, based on quantitative data that is openly available
and free of macro-indicators. The study will use induction analysis to generate conclusions
and contributions that will lead to a better understanding of these topics relevant to in
manufacturing, with a special emphasis on the technological elements of Industry 4.0 and
the social aspects of sustainability.

This paper is organized as follows: Section 2 presents the literature review of the core
topics in this work (data science, open data, Industry 4.0, and sustainability); Section 3
describes the research methodology; Section 4 demonstrates the analysis and the main
results and discusses these; and, finally, the main conclusions are presented in Section 5.

2. Literature Review

This section provides an overview of the four main themes (data science, open data, In-
dustry 4.0, and sustainability) that are explored across the research, and a brief bibliographic
review of each of those themes.

2.1. Data Science and Open Data

In a world that constantly produces and consumes data, it is essential to understand
the value that can be extracted from it. Mikalef et al. [9] consider data science and big-
data domains as the next frontier for both practitioners and researchers as they embody
significant potential in exploiting data to sustain competitive advantage. Data science
is an interdisciplinary field that supports and guides the extraction of useful patterns
from raw data by exploring advanced technologies, algorithms, and processes [10]. The
actual extraction of knowledge from data is defined as data mining, and it can be applied
to a broad set of business areas, such as marketing, customer relationship management,
supply chain management, or product optimization [11]. Data science should be seen as the
domain that originates from the merging of big-data technologies with data-management
skills and behavioral disciplines [12]. Data science and big data can be combined with co-
creation and data-sharing technologies to enable organizations to leverage creativity outside
their organizational boundaries [13]. The development and operation of software have
become increasingly dependent on data [14], and this data can be made more accessible
to organizations and individuals through data-sharing and open-source technologies.
Runeson [15] highlights the need for the adoption of co-creation and collaboration principles
to harness innovation potential and manage costs in the age of data.

Today, data volumes are exploding, and not only is the rate of data generated per
individual increasing but so also is the rate at which we share information. Lawmakers and
organizations worldwide are trying to envision the future of data ownership. Information
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remains largely centralized, but the trend is shifting toward a distributed and open model
of data sharing [16].

2.2. Open Data for Industry 4.0

As described by Tim Hall [17], one of the key drivers for the adoption of Industry
4.0 across the globe is the ability to use the power of data to revolutionize manufacturing.
Open-data platforms provide innovative services with high impact on innovation [18],
and data sources based on open data allow for the evaluation of Industry 4.0 readiness by
regions [19].

However, the manufacturing sector has been slow to benefit from Industry 4.0 drivers
evenly across different industries, enterprise sizes, and geographies. Since most Industry 4.0
technologies require substantial investment to be successfully implemented, the economic
factor is undeniably crucial if they are to be adopted. Nevertheless, while differences
in the economic situations of enterprises and countries have an obvious bearing on the
speed and rate of success of Industry 4.0 adoption, they cannot be considered the only
factor involved. Smart factories and smart cities are another relevant study theme, as
technological advancements and digitalization are changing how companies operate their
business and organizations reshape communities. All those changes and advancements
require big R&D investments and qualified researchers and workers. Since there are many
economic challenges as well as difficulties in recruiting the most qualified workers, the
adoption of those technologies might be slow and unoptimized for SMEs, which need to
adapt to technological changes in order to grow and compete.

Besides, the integration of open data is still oriented to applications, websites, and
platforms [20], whereas it is necessary for it to be oriented toward product development.
Only recently, a case-study project based on open data from academia and companies was
applied in the development of Industry 4.0 technologies in additive manufacturing [21].

2.3. Sustainability in Industry 4.0

Wee et al. [22] reiterate that there is a need for deeper research on sustainability as it
relates to Industry 4.0, since it has received little attention from academics and researchers.
In Kamble et al.’s [23] framework for Industry 4.0 sustainability, the three sustainable
outcomes that ideally should be accomplished from Industry 4.0 technologies and process
integration are economic benefit, process automation, and safety and environmental pro-
tection. The sustainability pillars in manufacturing companies have a strong relationship
with Industry 4.0 [24], and competitiveness and social and environmental advantages are
potentialized in manufacturing companies that adopt Industry 4.0 [25].

Other models include open innovation and collaboration as guiding principles for
sustainability in industry. In this research, analyzing the progress toward accomplishing
sustainability goals using the open data available is considered an overall evaluation of
sustainability across the three pillars. Since these are broad goals established not only
in countries but also in organizations and companies, successful progress toward accom-
plishing them is also progress toward accomplishing sustainability in Industry 4.0. UN
members need to collaborate across all established goals, even more so because Goal
17 itself—Partnerships for the Goals—focuses on evaluating members’ progress toward
economic, social, and environmental collaboration between them. For that reason, it is
reasonable to assume that progressing in Goal 17 is essential to accomplish successful
collaboration in the remaining goals. Social indicators are neglected within manufacturing
companies [26], and Industry 4.0 still needs to improve intra-organization mechanisms for
achieving social sustainability [1]. Within the social pillar of sustainability, one of the main
social issues relating to the digitalization and automation of industry is how employment
and skills requirements will be affected. The common understanding regarding this issue is
that automation eliminates the need for human workers, which will bring unemployment
and social dissatisfaction. However, researchers such as Shet and Pereira [27] believe that
Industry 4.0 generates new job prospects in the emerging domains of science, technology,
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and engineering. Those domains usually require a higher level of skills and specialization
than traditional jobs, leaving unskilled workers more vulnerable to the gradual increase in
demand for qualified workers.

Recently, to evolve the concept of Industry 4.0 by stressing the social and human
aspects, Industry 5.0 emerged. This approach combines the technologies of Industry 4.0,
sustainability, and the human factor [28].

3. Research Methodology

The research methodology section aims to present the researchers’ design, with all key
design choices being detailed and justified logically, according to the research theme.

The appropriate research type for this study is the inductive and quantitative approach
since the study aims to explore quantitative data relevant to the research themes and
afterward form appropriate conclusions and contributions, instead of pre-establishing
hypotheses or theories about those themes.

The research strategy was, from the starting point of the established research themes,
to collect and aggregate data from different relevant organizations that had information
relevant to the subject, namely the World Bank, Data World, Open Data Watch and Our
World in Data. However, the datasets of these organizations could only be useful if their
content was fully open for being downloaded, modified, and published, which is one of
the main characteristics of open data. During the process of cleaning and organizing the
data available within these institutions, some challenges were encountered regarding the
datasets. For instance, specific information was quite hard to find, so it was necessary to
select topics that by induction could lead us directly to the research themes and provide
insights and conclusions. Another challenge was the different time horizon between
datasets: data on the selected topics were provided by different institutions and had
different objectives, and the time period for each topic was different. As a result, this study
could not normalize a constant time period across all analyses, but instead used the longest
period of time possible for each analysis made.

The datasets gathered contained data grouped according to regions, countries, in-
dustries, and enterprise size. For the data analysis and visualization, the most prevalent
techniques across the study were frequency graphs and visualizations for inferential statis-
tics that analyze correlations between selected variables, as correlation and regression
analysis are techniques frequently used in inferential statistics [29]. In keeping with the
open-approach emphasis of this study, the open-source software tools used to analyze the
data were R and Python. R is a free open-source programming language that provides a
statistical analytics computing environment. R provides a variety of statistical and graph-
ical techniques that can be used by importing useful packages. These techniques can be
used to handle raw data and to retrieve information in order to have a sense of how the
data is distributed or whether there are patterns that are masked [30]. The R packages
used were arules and arulesViz for rule association, and RQDA for quantitative analysis.
Python is currently the fastest-growing programming language in the world, thanks to its
open accessibility, ease of use, fast learning curve, and numerous high-quality packages
for data science and machine learning. Together with R, Python is extremely useful for
identifying correlations between variables and creating powerful visualizations such as
graphs, matrixes, plots, or maps [31]. The main Python libraries used were Matplotlib,
Numpy, and Seaborn. During this stage, the graphs produced were critically analyzed for
the observations and conclusions that comprise the findings of this work.

Table 1 summarizes the research methods adopted during the present study, namely re-
search type, research strategy, sampling strategy, data collection method, and data analysis
tools.
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Table 1. Research Methodology.

Research Design Method

Research Type Inductive and Quantitative

Research Strategy

1. Establishing the research themes
2. Collecting and Aggregating Open Data
3. Cleaning and Organizing Data
4. Data Analysis and Visualization
5. Results and Discussion

Sampling Strategy Probability Sampling within groups such as regions,
countries, industries, and enterprise size

Data Collection Method Open Datasets
Data Analysis Tools Open-Source software tools such as Python and R

4. Data Analysis, Results and Discussion

This section presents the data analysis (point 4 of the research strategy), followed by the
results from the selected datasets and the discussion thereon (point 5 of the research strategy).
Each research theme identified in the previous subsection is represented by several relevant
visualizations and their respective critical analyses in the context of the research.

4.1. Open Data for Industry 4.0

The first part of the results and analysis obtained from the data treatment is the
representation of the open data that was available for Industry 4.0 themes. This subsection
deals with Industry 4.0 themes previously referred to, such as manufacturing value added
to gross domestic product (GDP), smart cities, and R&D efforts for innovation.

4.1.1. Manufacturing Value Added to GDP

Manufacturing is one of the main sectors of industry around the world and one of the
main adopters of Industry 4.0 [32]. By analyzing available open data and using it alongside
other relevant variables that measure development, such as a country’s GDP, this research
intends to give a clearer perspective on the issues examined as part of the research model.

Since GDP characterizes the economic output of a country, according to the data on
the global manufacturing value added to GDP in 2020 [33], Asia is the continent with the
most countries in which manufacturing value added to GDP is greater than 30%, followed
by Europe and America, with just one country each. In Oceania and Africa, no countries
are in this situation. By country, China is one of the countries in the world with a big
share of its GDP allocated to manufacturing—around 40%. Most countries appear to have
manufacturing value added to GDP of between 10% and 20%. The continents with a larger
share of countries that have less than 10% of their GDP value added from manufacturing
are Africa and Oceania, while in Europe, America, and Asia there are few countries with
less than 10% manufacturing value added to GDP.

With regards to the Industry 4.0 environment and the available open data, it can be
observed that Asia is the leading continent in terms of countries with a high percentage of
manufacturing value added to GDP, followed by Europe and America. China stands out as
the country with the largest share of GDP derived from manufacturing.

4.1.2. Smart Cities

A smart city uses information and technology to improve operational efficiency, share
information, and provide a better quality of life for its citizens and workers [34]. Imple-
menting smart technologies and processes within factories and services through Industry
4.0 adoption also tends to promote economic growth, social integrity, and environmental
sustainability in industrial sectors, creating new jobs in the high-tech and creative indus-
tries [17]. The dataset evaluates cities across six smart categories: mobility, environment,
government, economy, people, and living. The aggregation of those scores translates to
a city’s ranking along IMD’s Smart City Index [35]. Below, Figure 1a ranks countries by
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overall smart city scores and (b) presents a plot for correlations between all six variables
and the overall score.
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Taking into account the first 20 countries of the overall ranking, the continent with
most countries in this ranking is Europe, with 13 countries (the Netherlands, Norway,
Denmark, France, Switzerland, Finland, Sweden, Austria, Germany, Luxembourg, Iceland,
the United Kingdom, and Italy), followed by Asia, with three countries (Singapore, Japan,
and Taiwan), and America and Oceania, with two each (Canada and the United States, and
Australia and New Zealand, respectively).

The countries with the highest overall scores are Canada, the Netherlands, Norway,
Denmark, and France. The lowest-scored countries are Russia, China, Hungary, Israel, and
the United Arab Emirates. The fact that a country has a high number of smart cities does
not necessarily mean that the country itself has a high smart score.

By analyzing each category within the overall Smart City Index, it looks as if the key
factors that seem to correlate most strongly with the overall index are smart living and
smart economy. Since Industry 4.0 is such a big driver for digitalization and automation
in the global economy, it makes sense for developed and developing nations that seek to
develop their cities technologically and sustainably to accelerate the transition to a smart
economy and a smart way of living.

In terms of smart city rankings, therefore, the majority of the top 20 countries are
located in Europe, followed by Asia, with Canada having the highest score.

4.1.3. R&D Efforts for Innovation

One of the main drivers of innovation, particularly in the technological and indus-
trial fields, is the financing of research and development (R&D) by enterprises, academic
researchers, and scientists [36]. However, because of the uncertainty around the level of
return and the payback period, this kind of investment is not equally accessible to all coun-
tries, industries, and sizes of enterprises. Assessing which countries benefit the most from
R&D investments by their enterprises and which industries allocate most expenditure to
R&D from World Bank data [37] might provide a representation of the efforts to implement
Industry 4.0. Figure 2 shows the expenditure in R&D and the patent share of various
industries.
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Figure 2. Industry expenditure in R&D and patent share.

It is possible to identify computers and electronics as the industry with the highest
R&D expenditure share (close to 25%). As expected, this is also the industry with the
highest patent share (35%). Pharmaceuticals appear as the second industry with the highest
R&D expenditure, with around 17% of the share, followed by transport equipment, IT
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services, and publishing and broadcasting, with 16.5%, 7.5%, and 6% share, respectively.
Surprisingly, the patent share does not follow the R&D expenditure distribution so closely
in these industries. The pharmaceuticals sector ranks only seventh in the patent share
even though it ranks second in the R&D expenditure share. This might be caused by other
factors, such as regulation and difficulties in innovating existing solutions. IT services
and transport equipment also reveal a much higher R&D expenditure share compared
with patent share. On the other hand, machinery is the third-ranked sector for patent
share, at almost 15%, even though it occupies sixth position in R&D expenditure. Electrical
equipment, chemicals, and basic metals are other sectors with a much larger patent share
compared with their R&D expenditure share.

4.2. Open Data for Sustainability

The second part of the results and analysis obtained from the data treatment is the
representation of the open data that was available for sustainability. This subsection deals
with sustainability themes such as skills migration and the relationship between openness
and happiness.

Although sustainability is based on three known pillars, as was evidenced in the
literature the social pillar is arguably one of the most pressing sustainability issues, and
yet it is the one that receives the least attention from researchers. One of the main issues
regarding the relationship between the adoption of Industry 4.0 and the future of work
is job shortages. The increasing digitalization and automation of business and service
tasks often leads to worries about the permanent replacement of the human labor force by
machines. However, the literature shows that that can be a misconception concerning the
future of work. Shet and Pereira [27] argue that Industry 4.0 can generate job prospects by
creating new employment opportunities in emerging domains, such as science, technology,
engineering, and mathematics. While technological advancements and automation tend to
minimize employment prospects in some sectors, they also bring about the simultaneous
emergence of new businesses and services linked with economic growth and new markets,
which leads to a rise in new job opportunities. Shet and Pereira [27] also warn that those
jobs created by digitalization and automation require high levels of skill, knowledge,
competence, and specialization that are not required by traditional jobs, leaving unskilled
workers more vulnerable to the gradual increase in the demand for a qualified workforce.

4.2.1. Skills Migration

To study sustainability from the social perspective, this work considered data on
skill migration across different countries and industries, to compare supply and demand
trends for skilled workers. Skills migration can be defined as the trends in both supply and
demand for professional skills over a number of years. As economies and labor markets
change, largely because of the evolution of consumer behavior and the adoption of new
technologies, so do the skills that are demanded from enterprises and public services. Better
education also means better qualified workers who migrate from traditional industries to
more technological and digitalized ones [38]. This dynamic is also accelerated by Industry
4.0 adoption. However, since not all countries are equal in terms of economic growth,
technology adoption, and industry digitalization, naturally skills migration varies not only
between industries but also in terms of geography.

This study, based on data from the World Bank [39] analyzed three categories of skills
migration, namely specialized industry skills, soft skills, and disruptive-tech skills. The
specialized industry skills category could indicate the overall migration of workers. The
soft skills category could provide information on perceptions of important social skills, such
as problem-solving, leadership, teamwork, communication, time management, persuasion,
and negotiation, which are essential skills for workers, independent of location or industry
sector. The disruptive-tech skills category could demonstrate trends in high-tech jobs.

For this analysis, three groups were considered in both categories: Group a), compris-
ing China and the United States (US), as these are two of the most influential economies
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in the world; Group b), the G7 (international Group of 7) countries, comprising seven
advanced economies (Canada, France, Germany, Italy, Japan, the United Kingdom and the
US); and Group c), BIC, comprising Brazil, China, and India due to their status as emerging
economies in the BRIC bloc, with Russia’s data not being available. The period of analysis
was from 2015 to 2019. The purpose of the analysis of the graphs was to determine whether
each skill saw an increase, a decrease, or a stabilization in demand, as plotted by their
respective values.

For the specialized industry skills component, the analyses for the three groups (China
and the US, the G7, and BIC) are represented in Figure 3a–c, respectively.

The plot in Figure 3a, which considers China and the US, presents China as having
dynamic migration in relation to specialized industry skills, whereas the US presents a
very stable graph, demonstrating that there was no migration of specialized industry skills.
The overall dynamics of China showed that the dots are more located in negative that in
positive values, suggesting an overall negative migration.

Excluding the US, which has been mentioned previously, for the G7 countries in
Figure 3b, a stable-toward-positive migration trend for specialized industry skills was
demonstrated, with very few exceptions. Among those exceptions, Germany and Japan
are highlighted in the national security, army, and navy categories as having lost skilled
workers in those categories over the years, revealing a possible antimilitaristic policy.

On the other hand, excluding China, which has been mentioned previously, the
developing BIC economies of Brazil and India demonstrated an overall negative skills
migration trend in specialized industries, which contrasts with the positive trend of the G7
countries.

For the soft skills component, the analysis for the three groups (China and the US, the
G7, and BIC) are represented in Figure 4a–c, respectively.

Concerning the findings from the graph representing Group a), the first output is that
the US was more stable as regards soft skills migration than China. For practically all skills
during the studied period, values for the US are near zero and China showed different
behavior. In China, some skills had become stable (active learning, communication, flexible
approach, leadership, negotiation, problem solving, and writing), persuasion was floating
from negative (2015, 2019) to positive (2016, 2018), social perception showed a negative
trend throughout the period, and teamwork and time management displayed a positive
trend.

Regarding the graph plotted for Group (b), besides the US, already analyzed in
Group (a), there was a weak positive trend in the other G7 countries for active learning,
communication, leadership, negotiation, social perception, and writing. In the flexible
approach skill, most of the countries during the studied period showed fluctuation between
a positive and a negative trend, but overall there was a positive trend (in 2019, most of the
countries showed a positive value). The skill of persuasion also showed a positive trend in
most of the countries, except Italy and the United Kingdom, where the trend was negative.
Problem solving, teamwork, and time management skills showed a significant positive
tendency, particularly in Germany and Japan.

For Group (c), besides China, already analyzed in Group (a), Brazil and India show
a completely negative trend in all skills during the period 2015 to 2019. This tendency
demonstrates a depreciation of the soft skills in Brazil and India, meaning a different
approach compared with China and the G7 countries.

For the disruptive-tech skills component, the analyses for the three groups are charac-
terized in Figure 5a–c.
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The overall trend for disruptive-tech skills migration is positive for China and the US
(Figure 5a). A weak positive tendency was found in aerospace engineering, data science,
fintech (only in the US, Chinese data was not available), genetic engineering, and materials
science. In the remaining skills (artificial intelligence (AI), development tools, human
computer interaction, and robotics) a countercurrent was found between these countries,
China having a negative migration trend and the US having a positive trend. For example,
in China, AI showed a negative migration trend, while, in contrast, a positive migration
trend was observed in the US.

Most of the G7 countries showed a very positive trend for migration of disruptive-
tech skills, demonstrating the importance of this skill in high-tech jobs. The leading
countries with higher values in most skills were Germany and Japan. Only Italy presented
negative migration tendency in all skills. The fintech skill was presented only in the United
Kingdom’s data.

Similar to Italy, Brazil and India tended more to the negative position. When compar-
ing the G7 countries with the BIC countries, the G7, except for Italy, had very high values
for positive migration for these high-tech skills, while the BIC countries showed mixed
results, tending more to the negative position, particularly Brazil and India, with China
showing a mixed tendency, with both positive and negative skills migration.

Focusing on the disruptive-tech skills that are directly related to Industry 4.0, namely
artificial intelligence, data science, development tools, human computer interaction, and
robotics, the US and the G7 countries, except Italy, showed positive migration trends for
these skills.

Table 2 presents a summary of the trends for the three categories of skills migration
within the three defined groups.

Table 2. Summary of the skills migration trend analysis.

Groups

China and the US G7 BIC

Sk
ill

s

Specialized Industry China
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4.2.2. Openness and Happiness 

As open data platforms are providers of innovative services, this work correlated the 

extent of available openness in data with people’s happiness. Open-data-friendly coun-

tries can establish happier sustainable societies and serve as an example of social success 

for the rest of the globe. To study this topic, the Open Data Scoring from the ODIN [40] 

dataset was used to evaluate openness across different countries, with scores from 0 to 100 

and considering the values for the year 2020. From the sustainability perspective of the 

social pillar, the World Happiness Report from 2020 [41] and its respective dataset were 

used to evaluate social happiness across different countries, with a score from 0 to 10. This 

report is a survey published by the UN that ranks 156 countries, reviewing their state of 

social happiness. To better understand how different regions of the globe experience this 

correlation, Figure 6 outlines the clusters of the openness and social happiness scores from 

different regions for 2020 and the respective trendlines. 
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4.2.2. Openness and Happiness

As open data platforms are providers of innovative services, this work correlated the
extent of available openness in data with people’s happiness. Open-data-friendly countries
can establish happier sustainable societies and serve as an example of social success for the
rest of the globe. To study this topic, the Open Data Scoring from the ODIN [40] dataset
was used to evaluate openness across different countries, with scores from 0 to 100 and
considering the values for the year 2020. From the sustainability perspective of the social
pillar, the World Happiness Report from 2020 [41] and its respective dataset were used
to evaluate social happiness across different countries, with a score from 0 to 10. This
report is a survey published by the UN that ranks 156 countries, reviewing their state of
social happiness. To better understand how different regions of the globe experience this
correlation, Figure 6 outlines the clusters of the openness and social happiness scores from
different regions for 2020 and the respective trendlines.
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Additionally, Figure 7 shows the correlation between openness and social happiness,
for three established associations of countries: the G7 countries (Canada, France, Italy,
Germany, Japan, the United Kingdom, and the US), the BRIC countries (Brazil, Russia,
India, and China), and the Southeast Asian ASEAN countries (Brunei, Cambodia, Indonesia,
Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam).
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Figure 7. Clustering for the correlation between openness and happiness in the ASEAN, BRIC, and
G7 countries.

The G7 countries have much higher openness in their data policies, as well as big-
ger indices of social happiness than the BRIC and ASEAN countries, which places the
G7 clusters in the upper-right corner of the plot. The BRIC countries have a somewhat
contradictory behavior, since the cluster with the second-highest openness score is also the
one with the lowest happiness score, while the second lowest in openness is the second
highest in happiness. Finally, ASEAN countries show clusters in the bottom-left corner, as
well as clusters closer to the upper-right corner. Like the G7, this group closely matches the
trend line, which means that countries in this group with high openness also tend to have
high social happiness.
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These visualizations allowed this study to conclude that a positive correlation exists
between openness and happiness, both relevant aspect of Industry 4.0 and sustainability,
especially the social pillar.

4.3. Relating the Open Data for Industry 4.0 and the Open Data for Sustainability

The third part of the analysis and results presentation involves establishing a connec-
tion between the findings from the results of the open data for Industry 4.0 and those from
the open data for sustainability. To this end, Table 3 was developed to elucidate some links
between the results obtained, namely the findings more relevant to the items considered in
the scope of Industry 4.0 and those relevant to sustainability for the two economic blocs G7
and BIC. This table only considers the existence of simultaneous high significant values
for both classes of parameters. This means that when G7 or BIC country(ies) appear in
a specific square of the table, this indicates that for the country(ies) in these economic
blocs significant values were verified for both entries of the table. When this apparent
relationship was not verified, this is signified in the table by use of the term “No evidence”.

Table 3. Matrix relating the Open Data for Industry 4.0 and Open Data for Sustainability.

Industry 4.0

Manufacturing Value
Added to GDP Smart City Index R&D Efforts for

Innovation

Su
st

ai
na

bi
lit

y

Specialized Skills Germany, Italy, Japan,
and the US.

Canada, France, Germany, Italy, Japan,
and the United Kingdom. No evidence

Soft Skills Germany, Italy, Japan,
and the US.

Canada, France, Germany, Italy, Japan,
and the United Kingdom. No evidence

Disruptive Tech Germany, Italy, Japan,
and the US.

Canada, France, Germany, Japan, the
United Kingdom, and the US. No evidence

Openness and
Happiness

Germany, Italy, Japan,
and the US.

Canada, France, Germany, Italy, Japan,
the United Kingdom, and the US. No evidence

According to Table 3, it can be seen that there are a considerable number of countries
(belonging to the G7 and BIC) that demonstrated a positive tendency for both entries
(Industry 4.0 and sustainability) of the table. However, this observation should be seen
as a possible positive correlation between the entries of the table for these countries.
At this moment, this work does not have the scope to evaluate the correlation, but the
aim is to open up ideas for future research on the scope of the relationship between
Industry 4.0 and sustainability. From the tables presented, data can be observed that seem
to suggest the existence of some positive relationships between specialized skills, soft
skills, and disruptive-tech skills, as well as openness and happiness, on the one hand and
manufacturing value added to GDP, Smart City Index, and R&D efforts for innovation on
the other hand.

5. Conclusions

In this study, the theme of Industry 4.0 and social sustainability was approached
through the lens of openness. Data Science using open data, together with analytical
open-source tools, provided the method for generating an inductive meta-analysis, with
the resultant conclusions and contributions providing a better understanding of the techno-
logical and economical elements of Industry 4.0 and the social aspect of sustainability.

A broader conclusion from this work is that society, with its computational means,
open-source tools, and data science know-how, when combined with an environment that
offers open data, could facilitate the treatment and analysis of data that would offer new
solutions for a happier knowledge society.

Manufacturing still carries significant weight in worldwide value added to GDP;
countries in Asia, particularly China with a share around 40%, as well as Europe and the
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United States, depend on this sector, and for this reason the concept of Industry 4.0 must
be considered quite relevant. Due to the technological premise upon which Industry 4.0
is based, a relevant showcase of countries’ willingness to embrace smart environments
is the smart city. When considering the 20 leading countries in the overall rankings for
2020, Europe led, with a number of its countries in the leading group, followed by Asia,
America, and Oceania, while Canada was the highest scoring smart city. Investment plays
an important role in the successful implementation of Industry 4.0, and according to the
data on industry expenditure on R&D and patent share, the industries investing most in
Industry 4.0 are computers and electronics, pharmaceuticals, transport equipment, and IT
(information technology) services.

In relation to the need for more attention to be paid to the social pillar within the
concept of sustainability, the migration of technical and social skills was examined in this
study. Most specialized industry skills revealed a positive migration tendency in most
of the G7 countries, there was a particularly stable situation in the US, and a negative
migration trend in the BIC countries. In soft skills migration, China and the G7 countries
presented a positive situation, but Brazil and India maintained a negative position. The
soft skills with the highest positive migration were problem solving, teamwork and time
management. For all disruptive-tech skills, the BIC countries showed negative migration
movement, China assumed a mix tendency depending on the skill, and almost all G7
countries revealed a moderate-to-high positive migration trend in all skills. Italy was
the only exception to this trend. Germany and Japan showed a high migration rate in
these high-technology jobs. Linking with the Industry 4.0 concept, five of these skills
were identified: artificial intelligence, data science, development tools, human computer
interaction, and robotics. A positive migration tendency was found in the US and the G7
countries, except Italy. The open approach is known as a movement that tends to become
oriented toward involvement of communities and the leveraging of social elements as
part of the concept of social sustainability, and in this study, based on two approaches in
different worldwide regions, a positive correlation between openness and happiness is
concluded to exist.

Some positive relationships might exist between specialized skills, soft skills and
disruptive-tech skills, as well as openness and happiness, on the one hand, and manufac-
turing value added to GDP, Smart City Index, and R&D efforts for innovation on the other
hand.

Regarding the Industry 4.0 and sustainability concepts, the above are the main theo-
retical contributions considering the limitations of an inductive study for this extremely
complex context and topics. Concerning the practical and managerial implications of this
study, it stresses the role of open data as used in data science for Industry 4.0, sustainabil-
ity and their relationship, identifying which industries, countries, economic blocs, and
continents provide an attractive environment for Industry 4.0, sustainability and their rela-
tionship. Researchers, policy makers, technological investors, and manufacturing industry
owners and managers could make better research and business decisions based on the
findings presented throughout this study.

In future work, the investigation of smart factories by industry, country, economic
bloc, and world region might prove important, should this data become available.
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