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Abstract. Humans (Homo sapiens sapiens) were the most abundant and 

widespread species of primates, characterized by bipedalism, language, and large, 
complex brains. They lived as hunter-gatherers foraging and hunting to collect food 
from their environment. Controlled use of fire for warmth, cooking and warding 
off predators marked a crucial turning point in their early history. But during 
the Neolithic period at about 12,000 years ago a revolutionary change 
occurred, called Agricultural Revolution. This brought a revolutionary transition 
in human history from small, nomadic bands of hunter-gatherers to larger, 
agricultural settlements and early civilization. First it appeared in the ―Fertile 
Crescent‖ region of the Middle East with systematic farming and livestock 
rearing. The Fertile Crescent, also known as the ―Cradle of Civilization‖, is regarded 
as the birthplace not only of agriculture, but also of urbanization, writing, trade, 
science, history and organized religion. 
Industrial Revolutions, starting in the 18th century in Britain, at first initiated 
revolutionary processes of change from an agrarian and handicraft economy to one 
dominated by industry and machine manufacturing. The Industrial Revolutions have 
challenged among other things the crucial role of universities and their educational 
models that demand to reflect for lifelong learning to cope with the technological and 
social changes. The changing landscape in higher education demand mainly skills 
from graduates and not just higher degrees as the reality of the future. Start-ups and 
new business models are disrupting traditional educational institutions and operating 
models. The industrial revolutions indicate a future of unprecedented societal shifts, 
in which higher education is crucial to managing the challenges and opportunities 
ahead. With more automated, digitized and fluid job markets, today‘s higher 
education systems are quickly becoming incompatible with the future we are looking 
towards. Higher education institutions are generally still geared to the older 
educational models and express doubts about their ability to adapt to future 
advances of digital developments. Most debates among educational experts focused 
around the future of education on the skills needed and the imperative of reskilling. It 
is equally important to explore for the inevitable structural transformations that 
needed in higher educational institutions in the face of the impact of the advancing in 
the near future of the 5th Industrial Revolution. The recent Fourth Industrial 
Revolution affected not only economic activities but also a wide range of fields such 
as health, medical care, public services, industry, education and the way people work 
and their lifestyles. Information and communication technology (ICT), big data 
combined with artificial intelligence (AI) enabled not only information analysis but also 
the provision of labour and services that involve complex judgments by machines, 
and this is expected to contribute to the resolution of various social problems. This 
review collected and present some of the most interesting papers on the subject. 

https://www.worldhistory.org/disambiguation/Agriculture/
https://www.worldhistory.org/urbanization/
https://www.insidehighered.com/digital-learning/article/2019/10/22/four-year-college-leaders-not-feeling-ready-future
https://www.insidehighered.com/digital-learning/article/2019/10/22/four-year-college-leaders-not-feeling-ready-future
https://www.insidehighered.com/digital-learning/article/2019/10/22/four-year-college-leaders-not-feeling-ready-future
https://www.weforum.org/reports/the-future-of-jobs-report-2018
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Introduction: from the controlled use of fire to the Agricultural 
Revolution  
 

Humans have occupied planet Earth for more than 5 million years, but 

for almost all of that period they have lived as foragers, gathering, 

scavenging, fishing, and hunting for food and survival in small groups of 

people living temporarily under primitive shelter conditions.  

Homo sapiens hunter-gatherers spent most of their time foraging and 

hunting for food from their natural environment. They were often nomadic and 

the only way of life for humans until about 12,000 years ago when 

archaeological studies show evidence of the emergence of Agriculture. 

Human lifestyles began to change as groups formed permanent settlements, 

tended crops and domesticated animals. Language has played a prominent 

and possibly pre-eminent role in our species‘ history. 

 
Figure 1. Hunter-gatherers were prehistoric nomadic groups that 
harnessed the use of fire, developed intricate knowledge of plant life , 
domestication of animals and technology for hunting and domestic 
purposes as they spread from Africa to Asia, Europe and beyond.  

 
Early hominids (genus Homo) appeared in eastern Africa about 2.5 

million years ago, and fire has been closely integrated into many stages of 

their evolution. Controlled use of fire is universally accepted as very 

important to human life in the neolithic period (final division of the Stone Age). 

Darwin regarded fire as the greatest discovery made by humanity, excepting 

only language. Also, controlled fire has underpinned the development of all 

types of agriculture and modern technologies—from ceramics, to metal 

working and forging.1,2 

https://en.wikipedia.org/wiki/Stone_Age
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Figure 2. Claims for the earliest definitive evidence of control of fire by a 
members of Homo range from 1.7 to 2.0 million years ago (Mya). Evidence for 
the "microscopic traces of wood ash" as controlled use of fire by Homo 
Erectus, beginning roughly 1 million years ago, has wide scholarly support. 

 

The use of controlled fire provided not only a source of warmth and 

lighting, but also protection from predators (especially at night), a way to 

create more advanced hunting tools, and a method for cooking food that was 

more soft and easily digestible. These cultural advances allowed human 

geographic dispersal, cultural innovations and changes to diet and behaviour. 

Use of hearths dates back almost 800,000 years ago, and other 

archeological findings point to controlled heating as far back as one 

million years ago. Evidence of fire exists at early Homo erectus sites, 

including 1.5 million-year-old Koobi Fora in Kenya. Fire enabled hunter-

gatherers to stay warm, cook their food (preventing of diseases caused 

by consumption of raw foods like meat and used for preservation) and 

scare wild animals that steal their food or attack their camps. 

The first clear evidence for activities that can be recognized as farming 

is commonly identified by scholars as at about 10,000  (B.C.) years ago, at 

about the same time as global temperatures began to rise at the end of the 

Pleistocene (the ‗Ice Ages‘) and the transition to the modern climatic era, the 

Holocene. Subsequently, a variety of agricultural systems based on cultivated 

plants and, in many areas, domesticated animals, has replaced hunting and 

gathering in almost every corner of the Earth, except for areas covered by ice 

and snow.3 
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The Agricultural Revolution. Fertile Crescent area as the 
birthplace of the “Cradle of Civilization” 

 

The Neolithic Revolution, also called the Agricultural Revolution, 

marked the transition in human history from small, nomadic bands of 

hunter-gatherers to larger, agricultural settlements and early civilization. 

The Neolithic Revolution started around ~10,000 B.C. in the Fertile 

Crescent, a boomerang-shaped region of the Middle East where humans 

first took up farming. Shortly after, Stone Age humans in other parts of 

the world also began to practice agriculture. Civilizations and cities grew 

out of the innovations of the Neolithic Revolution.4 

There is strong archeological evidence that the Agricultural Revolution 

and the agricultural civilization that was first developed, started in the Fertile 

Crescent area. This is an area between the big rivers Tigris and Euphrates, 

an area that was called Mesopotamia (means land between rivers) by the 

ancient Greeks. This meant ―the land between the rivers‖. The region includes 

present-day Egypt, Israel, Lebanon, Jordan Syria, Iraq and Southeastern 

Turkey. [ https://www.worldhistory.org/Fertile_Crescent/ ]. 

  

Figure 3. The Fertile Crescent has been the area of the Agricultural 
Revolution and rightly named as the ―Cradle of Civilization‖ for humans 
inhabiting the planet. 12,000 years ago, about 3 million humans inhabited the 
Earth in small shelter built from grass, stone, and animal hide. Because of 
diseases, humans would have little chance of surviving beyond 40 years old. 
 
 

The Fertile Crescent, also known as the ―Cradle of Civilization‖, is 

regarded as the birthplace not only of agriculture, but also of urbanization, 

writing, trade, science, history and organized religion. At around 5,000 BCE, 

https://www.worldhistory.org/Fertile_Crescent/
https://www.worldhistory.org/disambiguation/Agriculture/
https://www.worldhistory.org/urbanization/


 

5 
 

irrigation of agricultural crops was fully developed. Archaeological findings 

and scientific studies showed that primitive forms of agriculture began in this 

fertile valley around 10,000-8,000 B.C.E. Tigris and Euphrates is a great river 

system that follow roughly parallel courses through the heart of the Middle 

East. The tribes of nomads, who had formerly been hunters and herders, 

found plenty of barley and wild wheat for food. The amounts of cereals were 

abundant and decided to settle in the area cultivating every year the same 

type of food. Besides the rivers and the fertile land, the area had four of the 

five most important species of domestic animals: cows, goats, sheep, and 

pigs. The other species, the horse, lived nearby and was domesticated later. 

By 7,000 B.C.E., farmers were planting wheat and barley and raising 

domesticated sheep, cattle and pigs. The climate of the Fertile Crescent 

(after the last ―ice age‖) encouraged the evolution of many new species of 

plants which were suitable for nutritious food items and for animal feed for 

livestock and poultry.5,6  

 

Figure 4. The Agricultural Revolution changed dramatically the relationship of 
the human society towards the natural environment on Earth. Also, this had 
massive ramifications on the social sphere, marking an important departure 
from past social systems. People lived in larger, denser, and more permanent 
settlements by exploiting land, fire and water for the production of food. 
  

Today, almost 12-15 crops and livestock (domesticated animals) are 

feeding almost all of the world‘s population. A dozen crops make up over 80% 

of the world‘s annual tonnage of all crops: wheat, rice, maize, potato, 

soybean, banana, barley, maize, manioc, potato, rice, sorghum, sugar beet, 

https://www.britannica.com/place/Middle-East
https://www.britannica.com/place/Middle-East
https://www.britannica.com/place/Middle-East
https://geography.name/climate/
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sugar cane and sweet potato. Only 5 large (that is, over 100 pounds) 

domestic animals are globally important: cow, sheep, goat, pig, and horse.  

The development of agriculture brought profound changes in the 

relationship between humans and the natural world. Archaeologists have 

usually theorized that, with the invention of farming, people were able to settle 

down and increase the amount and reliability of their food supply, thus 

allowing the same land to support more people than by hunting and gathering, 

allowing human species to multiply throughout the world. The population 

explosion that Earth is experiencing in the last decades is damaging the 

natural environment. The ability to produce food and other products from 

domesticated plants and animals (and fish from seas) surplus to immediate 

subsistence requirements also opened up new pathways to economic and 

social complexity. Farming also could mean new resources for barter, 

payment of tax or tribute, for sale in a market; it could mean food for non-food 

producers such as specialist craft-workers, priests, warriors, lords, and kings. 

Thus farming was the precondition for the development of the first great urban 

civilizations in Egypt, Mesopotamia, the Indus valley, China, the Americas, 

and Africa.7, 8, 9, 10 

 

The industrial revolutions that transformed the modern world  
 

Before the first industrial revolution in the 18th century, most people 

lived in small, rural self-sufficient communities and small family farms which 

could produce most of their own food. Industrialization changed all that. 

People left the farms for the cities to work in factories, thus emerged a new 

social class, the working class. The shift from an agrarian society to an 

urban one brought new social, economic and cultural changes. 

Industrial Revolutions, starting in the 18th century in Britain, at first 

initiated revolutionary processes of change from an agrarian and handicraft 

economy to one dominated by industry and machine manufacturing. These 

technological changes introduced novel ways of humans in terms of working 

and living and in parallel fundamentally transformed society. The first 

industrial revolution that began in Britain and from there spread to other parts 

of the world [https://www.britannica.com/event/Industrial-Revolution]. 

https://www.britannica.com/place/United-Kingdom
https://www.britannica.com/event/Industrial-Revolution
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The first period of industrial revolution started at around 1760 to 1830 

and was largely confined to Great Britain. British industrialists brought the 

industrial revolution to Belgium (1807) by developing machine shops thus 

making Belgium the first industrial country in continental Europe that 

transformed its economy. The Belgian Industrial Revolution centred in iron, 

coal, and textiles. The Industrial Revolution from there spread to other 

countries of Western Europe, United States and other parts of the world. The 

basic features involved technological, socioeconomic, and cultural 

transformations. The technological changes involved the use of forging of 

basic metals (iron and steel), the use of new energy sources (solid fuels, coal, 

the steam engine, electricity, petroleum, and the internal-combustion engine). 

The industrial revolution formulated the invention of new machines (e.g. 

power loom in the textile industry) with increased production. Also, innovative 

changes were introduced by new organization of work in factory systems 

(increased division of labour and specialization of function).  

 

Figure 5. Industrial revolutions brought innovative and important 
developments in transportation (motorcar, steamship, steam trains, airplanes) 
and communication (telegraph, telephone and radio).The 3rd and 4th industrial 
revolutions advanced new industrial sectors through the use of scientific 
research and applications. The 4th IR was characterized by advancing 
programmable logic controllers, artificial intelligence, robotics, big data 
analysis, cloud technology, biotechnology, nanochemistry, green chemistry 
(catalysis), etc. 
 

https://www.britannica.com/topic/history-of-United-Kingdom
https://www.britannica.com/science/iron-chemical-element
https://www.britannica.com/science/coal-fossil-fuel
https://www.britannica.com/topic/textile
https://www.britannica.com/technology/history-of-technology
https://www.britannica.com/science/iron-chemical-element
https://www.britannica.com/technology/steel
https://www.britannica.com/science/energy
https://www.britannica.com/science/coal-fossil-fuel
https://www.britannica.com/technology/steam-engine
https://www.britannica.com/science/electricity
https://www.britannica.com/science/petroleum
https://www.britannica.com/technology/internal-combustion-engine
https://www.britannica.com/technology/invention-technology
https://www.britannica.com/technology/loom
https://www.britannica.com/topic/factory-system
https://www.britannica.com/topic/division-of-labour
https://www.britannica.com/technology/transportation-technology
https://www.britannica.com/topic/communication
https://www.britannica.com/technology/telegraph
https://www.britannica.com/topic/radio
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All industrial revolutions brought new discoveries and innovative 

developments with new industrial sectors that advanced innovative scientific 

research, and modern technological applications. These fundamental 

technological changes increased substantially the use of natural resources 

(energy, water, soil, fossil fuels, mineral ores) and the mass production of 

manufactured goods. Environmental pollution became a serious problem. 

Germany‘s industrial production grew rapidly, and by the turn of the 19th 

century was outproducing Britain in steel and had become the world leader in 

the chemical industries. The rise of U.S. industrial power in the 19th and 20th 

centuries also far outstripped European efforts. Also, Japan and South Korea 

joined the Industrial Revolution with striking success. The 3rd and 4th industrial 

revolutions brought extremely innovative and technologically advances 

changes in most global economies. 

 

The First Industrial Revolution: coal, steam engine and metal forging 

The First Industrial Revolution (1760-1840) was marked by a transition 

from hand production methods to machines through the use of steam and 

water power. The implementation of new technologies and machines affected 

first the textile manufacturing, as well as the iron industry (iron, steel), 

mechanized agriculture, and mining, transforming dramatically the global 

economy. Most processes for goods production became mechanized. 

Developments such as steamships and steam-powered trains brought 

dramatic changes in transportation of humans and goods at great distances. 

 

Figure 6. The First Industrial Revolution began around 1760 in the textile 
industry in Great Britain. Over the next decade manufacturing moved from 
hand production in the home onto machine production in the factories. 

https://www.britannica.com/technology/mass-production
https://www.britannica.com/technology/steel
https://www.britannica.com/place/United-States
https://www.britannica.com/place/Japan
https://en.wikipedia.org/wiki/First_Industrial_Revolution
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The 2nd Industrial Revolution: electricity, fossil fuels, internal 
combustion engine  

 

The Second Industrial Revolution (19th century, 1870-1914), is known 

as the Technological Revolution. During this period the discovery and use of 

electricity and electrification of manufacturing were the most revolutionary 

changes.  Electricity changed manufacturing installations (modern production 

lines), railroad and telegraph networks, allowing faster transfer of people and 

ideas. Electricity improved cities (urbanization) and internal house and offices 

environment. The 3rd IR was a period of great economic growth on a global 

scale, with a substantial increase in productivity, which also caused a surge in 

unemployment since many factory workers were replaced by machines. The 

2nd IR revolved around the discovery and use of fossil fuels, petroleum and 

natural gas (CH4), for energy and products of the chemical industry. The 

invention of the internal combustion engine went hand-in-hand with these fuel 

sources. Developments in communication technology got a jump start with the 

telegraph and later the telephone. Transportation grew by leaps and bounds 

with the invention of the airplanes, motorcars, ships and electric trains. 

Mechanical production grew in speed through the advent of mass production. 

Henry Ford (1863-1947) took the idea of mass production and carried over 

these principles into automobile production altering drastically the process. 

Mass production is the production of substantial large quantities of 

standardized products on assembly lines. 

 

Figure 6.  The Second Industrial Revolution (1870-1914) revolutionized the 
application of the scientific knowledge and use of the mechanical workshops, 
leading to the growth of manufacturing on a mass-scale, ever increasing 
competition among manufacturers and an ever widening world market in 
competition for better quality and practical applications of consumer goods. 

https://en.wikipedia.org/wiki/Second_Industrial_Revolution
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The 3rd Industrial Revolution: electronics, nuclear energy, automation, 
invention of the Internet, biotechnology, green chemistry  
 

The Third Industrial Revolution (3rd IR, after 1945-), also known as the 

Digital Revolution, occurred in the late 20th century, after the end of the 

second world war, resulting from a slowdown of industrialization and 

technological advancement compared to previous periods. The production of 

the first (Z1) computer, which used binary floating-point numbers and Boolean 

logic, a decade later, was the beginning of more advanced digital 

developments. The next significant development in communication 

technologies was the supercomputer, with extensive use of computer and 

communication technologies in the production process; where machinery 

began to abrogate the need for human power.  

 

Figure 7. The Third Industrial Revolution, or the ―Digital Revolution‖, refers to 
the advancement of technology from analog electronic and mechanical 
devices to the computers that are available today. The era started during the 
1970s with the invention of personal computer, the discovery of the internet, 
digital Information and Communications Technologies (ICT). 
 

The Third Industrial Revolution began by the partial automation of 

manufacturing processes using memory(logic)-programmable controls and 

computers (information technology). Since the introduction of these 

technologies, manufacturing is now able to automate an entire production 

process without human assistance. Known examples of this are robots that 

perform programmed sequences without human intervention. 

 

https://en.wikipedia.org/wiki/Digital_Revolution
https://en.wikipedia.org/wiki/Z1_(computer)
https://en.wikipedia.org/wiki/Floating-point_numbers
https://en.wikipedia.org/wiki/Boolean_logic
https://en.wikipedia.org/wiki/Boolean_logic
https://en.wikipedia.org/wiki/Boolean_logic
https://en.wikipedia.org/wiki/Supercomputer
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The 4th Industrial Revolution and the “Imagination Age” 

 

The Fourth Industrial Revolution (2015--, or industry 4.0) is the trend 

towards automation and data exchange in manufacturing technologies and 

processes which include cyber-physical systems (CPS), Industrial Internet of 

Things (IoT), cloud computing (CT), cognitive computing, and artificial 

Intelligence (AI). In theoretical terms the period beyond the Information Age, is 

where creativity and imagination will become the primary creators of 

economic value. In contrast, main activities of the Information Age are 

analysis and thinking. 

 

Figure 8. Pillars of the 4th industrial revolution. Big Data, Analytics; 
Autonomous Robots; Simulation; System Integration, Industrial Internet of 
Things (IoT); Cybersecurity; Cloud computing; Additive manufacturing (3D 
printing); Augmented Reality.  
 

The fourth Industrial Revolution (4th IR), occurs at a time of a shift 

towards renewable energy sources (hydropower, solar photovoltaic, wind 

turbines, tidal, biomass, geothermal). However, the momentum comes not 

from the shift in energy but from the acceleration of digital technology. The 

internet and the digital world mean a real-time connection within more and 

more components of a production line, both inside and outside facility walls. 

As the development of the industrial Internet of Things, (IoT), cloud 

technology (CT) and artificial intelligence (IT) continue, a virtual world will 

merge with the physical world. Predictive maintenance and real-time data will 

lead to smarter business decisions for a myriad of companies around the 

https://en.wikipedia.org/wiki/Automation
https://en.wikipedia.org/wiki/Cyber-physical_system
https://en.wikipedia.org/wiki/Cloud_computing
https://en.wikipedia.org/wiki/Cognitive_computing
https://www.theguardian.com/technology/2009/oct/23/internet-40-history-arpanet
https://www.upkeep.com/answers/predictive-maintenance/what-are-the-benefits-of-iiot/
https://www.upkeep.com/answers/maintenance-software/on-premise-or-cloud-based-maintenance-software/
https://www.upkeep.com/answers/maintenance-software/on-premise-or-cloud-based-maintenance-software/
https://www.upkeep.com/answers/maintenance-software/on-premise-or-cloud-based-maintenance-software/
https://www.upkeep.com/learning/maintenance-types/predictive-maintenance
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world. The 4th IR represents entirely new ways in which technology becomes 

embedded within societies and even our human bodies. Examples include 

genome editing, new forms of machine intelligence, breakthrough materials 

and approaches to governance that rely on cryptographic methods such as 

the blockchain.11 

Also, the 4th IR is advancing autonomous transportation and 

production, 5G mobile communication, systems integration, and simulation. 

Such technologies are used in the production of quality goods, which 

increased product diversity, and often at lower costs achieved through 

optimisation and smart production techniques. The complexity of the 

technologies driving the Fourth Industrial Revolution and the breadth of their 

impact means that all stakeholder groups to work together on innovative 

governance approaches. From intelligent robots and self-driving cars to gene 

editing and 3D printing, dramatic technological change is happening at 

lightning speed all around us. The 4th IR is being driven by a staggering range 

of new technologies that are blurring the boundaries between people, the 

internet and the physical world. It's a convergence of the digital, physical and 

biological spheres. It is a transformation in the way we live, work and relate to 

one another in the coming years, affecting entire industries and economies, 

and even challenging our notion of what it means to be human.11 

The Fourth Industrial Revolution will also profoundly impact the nature of 

national and international security, affecting both the probability and the 

nature of conflict. The history of warfare and international security is the 

history of technological innovation, and today is no exception. 

The Fourth Industrial Revolution, finally, will change not only what we do 

but also who we are. It will affect our identity and all the issues associated 

with it: our sense of privacy, our notions of ownership, our consumption 

patterns, the time we devote to work and leisure, and how we develop our 

careers, cultivate our skills, meet people, and nurture relationships. It is 

already changing our health and leading to a ―quantified‖ self, and sooner 

than we think it may lead to human augmentation. The list is endless because 

it is bound only by our imagination.12 

Many scientists and futurologists think that the 4th IR can be a game-

changer, across future industrial settings. The digitalization of manufacturing 
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will change the way that goods are made and distributed, and how products 

are serviced and refined. All these changes bring the need for new skills 

(through the new models of higher education institutions) but also 

opportunities for innovative technologies and better. 

  

Is the world heading towards the 5th industrial revolution? 

The world is currently living in the era of the 4th Industrial Revolution 

(refer to as Industry 4.0). The explosion of the internet applications sparked 

the new era and allowed innovative technologies to flourish. The Internet of 

Things (IoT), Artificial Intelligence (AI) technology, quantum computing (QC), 

cloud technology (CT), blockchain (a type of shared database that differs 

from a typical database because it stores information-data in blocks that are 

then linked together via cryptography), and more revolutionary engineering 

and digital technologies explode every year. 

Although the real meaning of the Fifth Industrial Revolution (5th IR) is 

complex and very obscure at the moment, it can be summarized as the 

combination of human brains and machines in the workplace. But this is vastly 

oversimplified and does not even begin to explain the magnitude and 

complexity of the change.13, 14 

 

Figure 9. The 5th IR will bring many more innovations across industries. 
But it will not be enough to merely automate tasks or digitize processes—
the best and most successful companies will be those that can marry the 
twin forces of technology and human creativity. Although, in 2020, the 
world swiftly approaching the 5th Industrial Revolution, the 4th Industrial 
Revolution is still ongoing. Experts wonder what is exactly the 5th Industrial 
Revolution and what it will mean for business, industry and people.  

https://www.forbes.com/sites/bernardmarr/2018/09/02/what-is-industry-4-0-heres-a-super-easy-explanation-for-anyone/#342006df9788
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The uncertainty of the future prospects is that the 4th IR covered a 

great number of extremely complex concepts, such as digitalization, 

standardization, miniaturization, automation, dynamic and secure networks, 

incremental mechanization, and general innovation. These changes are 

difficult to predict how they are going to influence future processes, new 

materials and applications in industry. In the last decade the industrial sector 

is relying on the development of multiple facets of internet technologies, such 

as AI, IoT, Data analytics, 3D printing, Robotics, Cloud Technology etc, but 

the results are difficult to analyse.15, 16, 17, 18, 19, 20 

In the last decade there are many scientific arguments on the 

developments of the 5th IR that have occurred rapidly to state-of-the-art 

technologies, particularly the robots which inject high levels of quality into 

manufacturing processes. The 5th industrial revolution requires highly-skilled 

individuals and robots to work together to generate personalized products, 

services, and experiences.21, 22 ,23 

Although the 5th Industrial Revolution is still in its infancy, many firms 

and organizations are making their efforts to engage with this new movement 

sooner so that they can find a place in the market ahead of their rivals. It is 

believed that this new revolution will enhance collaborations between humans 

and smart systems such as robots, particularly in the context of 

manufacturing. The concept of the 5th Industrial and Technological Revolution 

has gradually entered all aspects of people‘s lives, particularly the aspects 

such as sustainable development, supply chain management, circular 

economy, biotechnology, machine learning, artificial intelligence, knowledge, 

innovation and operations management.24, 25, 26 

Technological advancements through the last decades have radically 

transformed the daily lives of the majority of the people. The internet and 

mobile telephones have created a new kind of economy that is characterised 

by the speed of access to information, with faster deliveries and up-to-the-

minute information on products, prices, user comments and feedback. To 

cater to such evolving dynamics of the market economy, businesses have 

been forced to redesign their business models and the underlying systems for 

the manufacture and delivery of goods.27 
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Is the 6th wave of Industrial Revolution the new Bioeconomy? 

 

The use of the latest amazing advances and applications of 

biotechnology produced the idea that might alleviate the crucial environmental 

Earth‘s problem and expand the economy in sustainable ways: The concept 

used the word ―Bioeconomy‖. Scientists and technologists can develop 

products from crops, trees and organic waste to do the same things as fossil 

fuels, reducing pollution and overuse of natural resources and improve living 

standards of humans in most developing countries. 

Recent advancements of biotechnology, such as enhanced 

acceleration and cost reduction of genome-decoding, technological 

innovations, involving genome-editing technology, and integration of 

biotechnology and Artificial Intelligence (AI) or other digital technology, a 

―bioeconomy‖ is considered to be arriving worldwide, creating a society in 

which biotechnology bolsters a wide range of industrial infrastructures.  

 

Figure 10. Bioeconomy as the production, utilization and conservation of 
biological resources, including related knowledge, science, technology, and 
innovation, to provide information, products, processes and services across 
all economic sectors aiming toward a sustainable economy.‖  
[ https://twitter.com/BiomePlastics/status/960457364871827456/photo/1]. 

 

Ιn all of human history, scientists and engineers worked very hard to 

understand and harness the full range of nature‘s bio-chemicals. Many 

aspects of biotechnological methods explored properties of nature‘s bio-

https://twitter.com/BiomePlastics/status/960457364871827456/photo/1
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materials. Also, biotechnology imitated nature‘s biological functions and 

processes but their efforts have remained relatively limited.  

The 4th IR, was followed by scientific discoveries and technological 

innovations that enable unlocking nature‘s bio-chemicals. The advances in 

biological science in the last 30 years and the accelerating development of 

computing, automation, and artificial intelligence (AI) fueled a new wave of 

bio-innovation and revolutionary bio-discoveries. This resulting 

BioRevolution have already significant impact on global economies, human 

health, agriculture, safer consumer goods, renewable energy sources and 

materials with exceptional properties. The biotechnology field experienced 

unprecedented acceleration in scientific and technological innovation that is 

now helping researchers to map, sequence and replicate earth‘s biological 

endowment. A new revolutionary ―synthetic‖ biology emerged, propelling 

scientists into an uncharted period and rapid biological design-build-test-learn 

cycles. Understanding and use of nature and natural processes in biological 

organisms helped change incentives to preserve our natural capital as an 

endowment that contains wholly new levels of value for society in the future. 

Some biotechnological innovations in the last decade and their 

applications, illustrate how Fourth Industrial Revolution technologies can 

intersect with biology to derive new bioeconomy opportunities through 

biotechnological innovations and applications. Below are listed some of the 

Fourth Industrial Revolution technology clusters.28 

1. Advanced Materials (including nanomaterials, biological materials or 

hybrids), imitating some biomaterials with exceptional properties. Bioplastics 

that decompose in air/water can be used to reduce plastic pollution. 

2. 3D Printing. Additive manufacturing techniques used to create three-

dimensional objects based on ―printing‖ successive layers of biomaterials. 

3. Artificial Intelligence. Computer science learning algorithms capable 

of performing tasks that normally require human intelligence and beyond (e.g. 

visual perception, speech recognition and decision-making). 

4. Robotics. Electro-mechanical, biological and hybrid machines that 

enable by AI to automate, augment or assist human activities, autonomously 

or according to set instructions. 
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5. Biotechnology. Modern biotechnology originated in the mid-1970s 

with new advances in genetics, immunology, and biochemistry. It uses living 

organisms or substances from organisms to produce or alter a product, cause 

changes in plants or animals, or develop microorganisms for specific 

purposes. Biotechnology techniques include Genome mapping, Gene 

splicing, Bioengineering, Biomedical engineering, Genomics, Gene Editing, 

and Proteomics, CRISPR/Cas9 (Gene editing by precisely cutting DNA and 

then letting natural DNA repair processes to take over), Biomimicry, and 

Synthetic Biology. These technological discoveries have numerous 

applications in areas like energy, new materials, revolutionary chemical 

substances (with amazing properties), pharmaceutical industry (new drugs 

with amazing therapeutic properties), agricultural and medical industries. 

6. Energy capture, storage, and transmission. New energy 

technologies range (renewables) from advanced battery technologies through 

to intelligent virtual grids, organic solar cells, spray-on solar, liquid biofuels for 

electricity generation and transport, and nuclear fusion. 

7. Blockchain (and distributed ledger). Distributed electronic ledger that 

uses cryptographic software algorithms to record and confirm immutable 

transactions and/or assets with reliability and anonymity.  

8. Geo-engineering. Large-scale, deliberate interventions in the Earth‘s 

natural systems to shift rainfall patterns, create artificial sunshine or alter 

biospheres (these are some examples). 

9. Internet of things (IoT). A network of advanced sensors and actuators 

in land, air, oceans and space embedded with software, network connectivity 

and computer capability, which can collect and exchange data over the 

internet and enable automated solutions to multiple problem sets. Sustainable 

Bioeconomy can use IoT methods for production, utilization, conservation and 

transformation of biological resources. Also, IoT can provide real time and 

continuous data and information that contribute to improve the circularity and 

efficiency of waste, water, energy, agriculture, health, education, mobility, 

telecommunications, and governance. 

10. Neurotechnologies. Technologies that enable humans to influence 

consciousness and thought through decoding what they are thinking in fine 

levels of detail through new chemicals that influence brains.  
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11. New computing technologies. This includes technologies such as 

quantum computing, DNA based solid state hard drives and the combining of 

4th IR technologies (e.g. big data, cloud) with the other technologies (e.g. IoT). 

12. Advanced sensor platforms (including satellites). Advanced fixed and 

mobile physical, chemical and biological sensors for direct and indirect 

(remote sensing) of myriad environmental, natural resource and biological 

asset variables from fixed locations or in autonomous or semi-autonomous 

vehicles in land, machines, air, oceans and space.28 

Many scientists explore a vision that the 5th IR is dawning upon the 

world in unforeseeable ways. One hypothesis is that the 5th IR will lead 

towards the new Bioeconomy. A smart use of biological resources for 

industrial purposes, that will help to achieve a balance between ecology, 

industry, and advanced economies. According to the European Commission, 

bio-economy is ―the production of renewable biological resources and the 

conversion of these resources and waste streams into value-added products, 

such as food, feed, bio-based products, and bioenergy. It includes agriculture, 

forestry, fisheries, food, and pulp and paper production, as well as parts of 

chemical, biotechnological and energy industries. Some industrial sectors 

have a strong innovation potential due to their use of a wide range of sciences 

(life sciences, agronomy, ecology, food science, and social sciences). They 

can use also industrial technologies (biotechnology, nanotechnology, 

information and communication technologies, and engineering) with beneficial 

aspects for the future global environmental revolutions. Biologization is the 

guiding principle of the bioeconomy and has the potential to create a 

fundamental change in industries. Therefore, bioeconomy may be the theme 

or at least a part of the next industrial revolution.29, 30 

This growing importance of bioeconomy has provided a wide range of 

strategies and practices at the global level. The development of bio-economy 

policies has become increasingly complex and varied,  tending to differ on the 

basis of factors related for example to technological advances, the availability 

of natural resources, cultural and institutional progress, and the development 

of the economic system. In Germany, for example, the bio-economy is clearly 

recognized as an inter-sectoral concept and refers not only to biological 

resources but also embraces social aspects, such as multi-level governance, 
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stakeholders‘ management, and people empowerment. Japan prioritizes the 

―biotechnological‖ vision, emphasizing the role of digital technologies such as 

Big Data, Artificial Intelligence, and Internet of Things. The USA focuses more 

on the safety and security aspects, such as the cyber protection from 

biological threats, the development of biotechnologies, and the preservation of 

sensitive infrastructure and biological data.29 

The bioeconomy strategy in the European Union for 
sustainable growth 

 The European Commission have decided that the bioeconomy will help 

modernise and strengthen the EU industrial base, creating new value chains 

and greener, more cost-effective industrial processes, while protecting 

biodiversity and the environment from pollution. The action plan will mean 

under the 2018 EU Bioeconomy Strategy, to involve education, training, skills 

and industrial projects. Finally, it has been launched in June 2021. The 

bioeconomy means using renewable biological resources from land and sea, 

like crops, forests, fish, animals and micro-organisms to produce food, 

materials and energy. Stronger development of the bioeconomy will help the 

EU accelerate progress towards a circular and low-carbon economy.  

 

Figure 11. European Commission, Why EU supports bioeconomy research 
and innovation, 11, February 2022, Innovating for Sustainable Growth. 
[https://ec.europa.eu/info/research-and-innovation/research-
area/environment/bioeconomy ]. 
 

The bioeconomy is hoped to contribute significantly to the objectives of 

the Europe 2020 flagship initiatives "Innovation Union" and "A Resource 

Efficient Europe".  The European Commission launched a new strategy called 

‗Innovating for Sustainable Growth: a Bioeconomy for Europe’. The 

https://ec.europa.eu/info/research-and-innovation/research-area/environment/bioeconomy
https://ec.europa.eu/info/research-and-innovation/research-area/environment/bioeconomy
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Commission proposed EUR 4.7 billion for research and innovation in the area 

of ‗food security, sustainable agriculture, marine and maritime research and 

the bioeconomy under Horizon 2020, the seven-year research and innovation 

programme that starts in 2014. Each euro invested under Horizon 2020 is 

expected to trigger EUR 10 of added value in the different bioeconomy 

sectors by 2025.30 

Taking a wide definition, the EU bioeconomy is already worth EUR 2 

trillion and is responsible for 22 million jobs. The bioeconomy concerns the 

production of food, agriculture and livestock farms, the water, and materials 

like paper, wood, biofuels, bioplastics (biodegradable), biocompost, etc  

Biofuels produced in a sustainable way, can also contribute to mitigating 

climate change, because the CO2 produced when burning them is offset by 

that used up during photosynthesis as the crops grow. So far, biofuels 

account for around 3 % of the world's fuels for road transport, but critics say 

they take land away from food production.31 

 The European Union Bioeconomy Strategy (2018) aimed to develop 

a circular, sustainable bioeconomy for Europe, strengthening the connection 

between economy, society, and environment. The bioeconomy addressed 

global challenges for sustainable development goals. A circular, sustainable 

bioeconomy can be a core instrument for the Green Deal making the EU more 

sustainable and competitive.32   The EU accepts that the Bioeconomy can be 

a catalyst for sustainable systemic change and transition, tackling key 

economic, societal and environmental challenges faced by EU Member 

States. For bioeconomy transitions to occur there is a need for policy to 

support interactions among multiple actors, including businesses, users, 

scientific communities, policymakers, social movements and interest groups. 

These will be evolutionary processes based on searching, experimenting, 

reflecting and learning. In this light, bioeconomy policy development will 

require a much broader policy mix, aligned with national challenges and 

missions and aimed at enabling innovation, experimentation, diffusion and 

networking, as well as facilitating structural economic change.  

[Bioeconomy in the EU, July 2021 [https://bioeast.eu/wp-content/uploads/ 
2021/07/PSF-Final-Report_Deploying-the-Bioeconomy-in-the-EU_A-
Framework-approach-for-bioeconomy-strategy-development_July-2021.pdf ]. 

https://bioeast.eu/wp-content/uploads/%202021/07/PSF-Final-Report_Deploying-the-Bioeconomy-in-the-EU_A-Framework-approach-for-bioeconomy-strategy-development_July-2021.pdf
https://bioeast.eu/wp-content/uploads/%202021/07/PSF-Final-Report_Deploying-the-Bioeconomy-in-the-EU_A-Framework-approach-for-bioeconomy-strategy-development_July-2021.pdf
https://bioeast.eu/wp-content/uploads/%202021/07/PSF-Final-Report_Deploying-the-Bioeconomy-in-the-EU_A-Framework-approach-for-bioeconomy-strategy-development_July-2021.pdf
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Role of Tertiary Education. How industrial revolutions 
impacted on higher education 

In the last decades universities and higher institutions of tertiary 

education emphasized their role in shaping future technological fields of the 

4th IR, by being the testbeds for innovation and educating future generations 

in the skills of digital world and applications. Traditional education has 

contributed greatly to the current levels of industrial evolution and 

technological advancement in the last century. But at present there are many 

questions and uncertainties how higher education will deliver future 

generations with the right set of skills and knowledge. Scientists and 

educational experts ask the imperative question of how higher education 

institutes would be affected by the Fourth Industrial Revolution (Industry 4.0) 

and the following revolutions in the near future.33   

Scientists and educational experts agree that previous industrial 

revolutions have impacted on higher education around the world with the 

expansion of access to higher education, greatly increasing diversity on 

campuses, and globalization of academic research accelerated by online 

technologies. It is obvious that the societal changes from the 4th Industrial 

Revolution will shape the future of higher education, gender and type of work. 

But it will require accelerating workforce upskilling and reskilling. Social and 

educational transformations occurring in the past from the first three industrial 

revolutions can provide a starting point in our consideration of the potential 

transformations in higher education arising from the 4th Industrial Revolution. 

The 4th Industrial Revolution will require higher education to develop 

greater capacity for ethical and intercultural understanding, placing a 

premium on liberal arts-type education with modifications to adapt to the 

particular issues raised by 4th IR technologies and their disruptions to society. 

Professor Penprase BE  [Bryan Edward Penprase (Dean of Faculty, 

Undergraduate Program, Soka University of America, Aliso Viejo, CA)] argues 

that a rapid adjustment of on-campus curriculum is needed by expanding its 

capacity to accommodate the acquisition of new knowledge by students, 

faculty and alumni, with new modalities of instruction that leverage the digital 

advances from the Third Industrial Revolution.34 
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The First Industrial Revolution offered a dramatic shift away from the 

dominant classical education eloquently outlined in the Yale University 

Report of 1828. [Yale University, Reports on the Course of Instruction in Yale 

College: by a Committee of the Corporation and the Academical Faculty, 

New Haven: Hezekiah Howe, 1828]. The First Industrial Revolution transformed 

university graduate education within the USA and across the world by a 

widespread adoption of the German university model for postgraduate 

research, which enabled the rise of dozens research universities within the US 

and innovative new educational institutions with public and private funding.  

The Second Industrial Revolution (1860-1914), which was associated 

with new manufacturing technologies and electricity triggered additional 

changes and expansion of access to the higher education establishments, 

launching what some have described as a ―new economy in all developed 

countries. The period of the first and second industrial revolutions brought a 

large crop of innovative new educational institutions—founded through both 

public and private funding. These institutions created a steady stream of 

newly trained natural scientists, teachers, technicians, and engineers trained 

to the technological fields in industry and services. 

The first two industrial revolutions were followed by a rapid 

proliferation of new tertiary educational institutions and new educational 

curricula that enabled the technical and managerial capacity to implement the 

massive expansion of the economy and manufacturing in the 20th century. 

 

Higher Education: the 4th IR, technology Innovations, 
teaching and learning 
 

In the past decades, the 4th IR and practical applications of 

revolutionary scientific and engineering innovations are having unprecedented 

consequences on all aspects of global human society, including business 

operations processes, industrial manufacturing and education. There is 

compelling scientific evidence about the disruptive capability of technology 

transformation on businesses and human activities, especially in the 

manufacturing and service sectors, and in all levels of teaching and learning.  
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For example, businesses, such as Amazon and Uber, have created 

technology-enabled platforms that seek to reconcile the demand–supply side 

of their operations in satisfying the customers‘ need and expectations by 

disrupting the existing business norms and models. Social media platforms, 

such as Facebook and Instagram, have entirely altered the fundamental 

building blocks of our society in the way we socialize and interact with one 

another. LinkedIn and other Massive Open Online Courses (MOOC, in the 

tertiary education) platforms are transforming the way professional 

information, teaching university lessons and learning, are disseminated.  

While digital technology is diffusing at an exponential rate across many 

sectors, its pedagogical, and epistemological implications, especially in the 

higher education sector, remain questionable at a period where the 4th 

Industrial Revolution innovations are expanding. Industrialization took its 

stance in the global economy, and machinery was introduced in the form of 

computers, creating new and faster methods of channeling information and 

communication in the world of work, including teaching and learning. The 

power of computing and the internet, transformed the world of work, including 

teaching and learning. Computer technology and data processing techniques 

provided the opportunities to enhance teaching and learning through 

simulations of complex and time-consuming methodologies as well as 

innovative scenarios.35,36,37 

Despite the advancement in technology innovations, the education 

sector has been reluctant in accepting technology to facilitate teaching and 

learning, although the use of robots in education, particularly in teaching 

science, technology, engineering, and mathematics (STEM) subjects, has 

been around since the 1980s.  

 

The use of technology has been predominantly limited to a didactic 

approach of teaching and learning, whereby teaching is facilitated with the 
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use of a personal computer and the provision of electronic teaching materials. 

However, the use of digital technology underpinning 4th IR is beyond the use 

of computer and e-materials and should be compatible with the learner-

centered approach for it to be effective in enhancing students learning 

experience. With the exponential rate at which the much-anticipated 4th IR is 

rapidly diffusing, we can only assume that it will have far-reaching 

consequences not only on the economy but also on our private and social 

lives, including the way we communicate and interact. The fourth Industrial 

Revolution according to experts is expected to introduce a drastic decline in 

demand for many jobs, including those that require manual skills and physical 

abilities, due to automation with the digitalization of operations process. But 

new job specifications and professional competencies will evolve as 4IR is 

evolving in meeting the challenges and opportunities of digital transformation. 

Teaching and learning will change in the near future Offering many challenges 

and opportunities for tertiary education under digital technology.38,39,40,41,42  

The use of digital technology within higher education institutions 

changed significantly in the last two decades. Predominantly analog 

technologies, such as whiteboards and handouts, has largely been replaced 

by digital ones, e.g. PowerPoint presentations, smartboards and online course 

platforms. This technological shift is expected to continue into even more 

advanced digital technology such as Augmented or Virtual reality. One 

example of this is the Microsoft HoloLens which is Microsoft latest augmented 

reality technology which they predict can create new possibilities within 

education. (Microsoft HoloLens. Retrieved 10 March 2016, from 

https://www.microsoft.com/microsoft-hololens/en-us Microsoft, 2016). 

 
 

 

Implementation of digital technology has had impact on teaching 

processes as well as learning processes by increasing student activity. Higher 

Education organizations need to provide necessary resources in order to 
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enable these technological changes. Current research on higher education 

indicates a focus on digital technology in relation to learning, teaching, 

research or the organization while advocating for social or material 

determinism. Higher education institutions have increased their investment 

into digital technology which prompts a need to reflect on how this technology 

affects educational processes.43, 44 

 
Higher Education: expansion, research & development as a 
result of industrial revolutions 
 

The industrial revolution after the WWII brought a dramatic extension of 

access to higher education and the development of several types of higher 

education institutions both in the United States and in Europe and in other 

developed countries (Japan, Canada, Australia, South Korea, China, etc). 

This expansion led to a dramatic increase in the number of students and 

graduates. Explosive numbers occurred in the last decades in postgraduate 

students (Master of Science, MSc, MArts) and PhD candidates all over the 

world. At the same time, exponential increases appeared in technological 

discoveries, patents and engineering applications for industrial products. But 

the most impressive development was the fast economic growth on a global 

scale and the involvement of digital innovations. 

Industry 4.0 contributed to fast economic growth in most countries but 

also raised the need for changes in the labour market, university education 

and human skills for new digital jobs. The spread of digital technologies 

empowered the working class and low income people with job opportunities, 

and services that improved their standard of living. Digital technologies 

increased production and efficiency in all sectors, lower food prices, more 

industrial goods, improved wages, and migration from rural areas to urban 

areas. But at the same time fast internet expansion allowed for more remote 

work and efficient production of more and better goods and services, 

increasing human prosperity. Business organizations worldwide are rapidly 

adapting to remote work models. This has become an essential requirement for 

business continuity and success in a worldwide scale that is increasingly going 

virtual. In the last years the big question was, is your business ready to take the 
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leap into remote work with a digital workplace? [The Enterprise Project, 

https://enterprisersproject.com/article/2021/2/digital-transformation-remote-

work-challenges ]. 

The collaboration of universities and tertiary education institutions with 

all industrial and business sectors (e.g. metal production, chemical industries, 

commerce, construction, financial services; agriculture, etc) was very 

extensive. Between 1970 and 2020, cooperation accelerated and was very 

important to proliferate discoveries, and to promote research and innovations 

in all technological fields. At the same time, there was multiple 

interdisciplinary cooperation between universities with social, creative and 

cultural industries in all developed countries.  

 

Figure 12. The Fourth Industrial Revolution represents a fundamental change 
in the way we live, work, and relate to one another through the levels of 
education and the practical skills in a digital world. . These advances are 
merging the physical, digital, and biological worlds in ways that create both 
huge promise, new economic developments, but also potential perils. 
(https://www.britannica.com/topic/The-Fourth-Industrial-Revolution-2119734).   
 

Industry provided the most needed funding for university research and 

development (R&D). Science and engineering grew much more rapidly than 

any other funding source, nearly doubling as a percentage of total university 

research funding, playing a much larger role in certain fields, such as 

biotechnology, green chemistry (biofuels, catalysis, renewable energy 

sources, pharmaceuticals, polymers) and manufacturing engineering. Industry 

funding for R&D In the mid-1990s in the US universities was around 80%. 

Also, in the 1990s, pharmaceutical and medical funding for university 

biomedical research shot up. University/industry partnerships, where 

researchers in both sectors are jointly involved in research activities, have 

https://enterprisersproject.com/article/2021/2/digital-transformation-remote-work-challenges
https://enterprisersproject.com/article/2021/2/digital-transformation-remote-work-challenges
https://www.britannica.com/topic/The-Fourth-Industrial-Revolution-2119734
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also grown dramatically over the past decades in all developed countries. This 

trend reflects the increasing permeability of boundaries between the two 

sectors, as universities engage in more commercial marketing and as more 

new Ph.D.‘s take jobs in industry but maintain ties with their former faculty 

advisers. One indicator of this is the growth in the number of university-based 

research centers with close ties to industry, which increased nearly 2,5 times 

between 1980 and 1990 in the USA. Similar growth of collaborative actions in 

R&D between universities and industry was witnessed in most industrial 

developed countries (Europe, Japan, South Korea, Australia, Canada, China, 

etc). Another indicator is the increasing proportion of research papers co-

authored by academic and industry researchers in fields such as engineering, 

physics, chemistry, biotechnology, pharmaceuticals, and clinical medicine.45  

The continuing large annual increases in Chinese R&D investments 

(non-stop for more than 20 years) and the inability of the U.S. to match those 

increases results in a forecast of China outspending the U.S. (for the very first 

time). In 2021 China spent in R&D $622 billion for research and development 

(R7&D). At the same time USA spent $599 billion for R&D in the same year. 

This nearly 4% difference can be partially explained by a 2% improvement in 

China‘s annual GDP compared to a 4% decline in U.S. annual GDP for 2020. 

[Research & Development World, 22/2/2021 https://www.rdworldonline.com 

2021-global-rd-funding-forecast-released/]. 

State funding in most European countries have further stimulated 

research in basic and applicable technologies.  Horizon EU Europe. The 9th 

multiannual financial framework starting in 2021 until 2027, Horizon Europe, 

aims to be more ambitious and more impact-oriented. The budget being in 

excess of € 95.5 billion. There are many programmes and initiatives within 

Horizon Europe for ambitious researchers with groundbreaking ideas.  

The U.S. R&D system consists of a variety of performers and sources 

of funding. These include commercial businesses, industries, the federal 

government, universities and colleges, other government (nonfederal) 

agencies, and nonprofit organizations. The US R&D, estimated total for 2020  

was $708 billion—a $41 billion increase over the 2019 level. Data are from 

the National Patterns of R&D Resources series from the National Center for 

Science and Engineering Statistics (NCSES). 

https://www.hezelburcht.com/en/news/new-horizon-europe-research-programme/


 

28 
 

Spending on Research and Development (R&D) activities in developed 

countries inevitably generate new knowledge and create new technological 

advances, which is a cornerstone input for innovation and new engineering 

discoveries. The United States has long led the world in R&D spending, but 

China has gained rapidly in recent years. From 1995 through 2018, Chinese 

R&D investment from public and private sources increased by over 15% a 

year on average. The growth of Chinese R&D reached $463 billion in 2018. 

China spent a record 2.79 trillion yuan (US$441.3 billion) on R&D research in 

2021 (14% increase over 2020) when nationwide lockdowns to contain the 

coronavirus pandemic saw the country post its lowest GDP growth in 

decades, according to China‘s National Bureau of Statistics  

(South China Morning Post   https://www.scmp.com/news/china/science/ 
article/3166424/ china-resumes-rd-push-record-us441b-outlay-2021 ). 
. 

At present the USA has approximately 5,300 colleges and universities. 

The US is a typical example of a high technological society with fast 

universities expansion in the last decades. In 1870 the US universities 

awarded 9.400 BAs, no MAs and 1 PhD. In the 1950 there were 432.000 

BAs, 58.200 MAs and 6.600 PhDs. In 2009 there were awarded 1.062.000 

BAs, 325.000 MAs and 38.000 PhDs. In 2020 19.4 million U.S. students 

attended colleges and universities. 11.9 million students attended full time. 7.5 

million students attended part time. In year 2018/19, about 85,769 male and 

101,799 female students earned a doctoral degree in the United States. 

In the era of the 4th IR, cultures in developed countries are rapidly 

changing for both universities and commercial companies. Corporate culture 

is embracing openness more and more. At the same time universities are 

realizing the need to make their scientific and research findings more socially 

relevant to the broader society. Universities and industry collaborations are on 

the rise. According to a Nature Index, academic-industry collaborations more 

than doubled between 2012 and 2016. According to Scopus, the global 

number of papers co-authored by a research institution and an industry 

partner is on a steady rise.  

[Elsevier, 27.1.2021 University-Industry collaboration, A closer look for 
research leaders https://www.elsevier.com/research-intelligence/university-
industry-collaboration ]. 

 

https://www.scmp.com/tech/policy/article/3125256/china-two-sessions-2021-beijing-shifts-countrys-basic-research-and?module=inline&pgtype=article
https://www.scmp.com/news/china/science/%20article/
https://www.scmp.com/news/china/science/%20article/
https://www.scmp.com/news/china/science/%20article/
https://www.natureindex.com/news-blog/the-shifting-corporate-academic-relationship-in-pictures
https://www.elsevier.com/solutions/scopus
https://www.elsevier.com/research-intelligence/university-industry-collaboration
https://www.elsevier.com/research-intelligence/university-industry-collaboration
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United Kingdom (UK). In 2018–19, there were 165 higher education 

institutions in the UK that returned data to the Higher Education Statistics 

Agency (HESA). In 2020/21 there were estimated to be over 2.75 million 

students enrolled in higher education courses in the UK.  The Postgraduate 

students were: 590.000 (2020-2021). In 2014, the UK represented 4.1% of the 

world's researchers, and accounted for 15.2% of the world's most highly-cited 

articles. [Source: BEIS (2017) International comparative performance of UK 

research base 2016)]. It is estimated that there were about 100,000 PhD, 

doctoral researchers in UK higher education institutions, and the number has 

been growing significantly over the last ten years. 

In 2019, total expenditure for UK R&D was £38.5 billion, (equivalent of 

1.74% of GDP). R&D investment has risen steadily over the past few 

decades, from £20.4 billion in 1986 to the current total of £38.5 billion (in 2019 

prices). This is a real terms increase of 96%. The Government has a target for 

total R&D investment to reach 2.4% of GDP by 2027. The business sector is 

the largest funder of R&D performed in the UK. In 2019, it funded £20.7 billion 

(54%) of R&D. Public sector funding for R&D was £10.45 billion in 2019, 27% 

of the total. The higher education was the largest recipient of public sector 

R&D funding. Public sector includes UK Government, devolved 

administrations, UK Research & Innovation, and devolved higher education 

funding councils (higher education R&D worth £9.1 billion, 24% of the total).  

 

Germany. There were 380 officially recognized universities throughout 

Germany. In 2020/2021, over 2.9 million students were enrolled in German 

universities an increase of over 30.000 from previous year. The number of 

people studying in Germany has continued to grow steadily since the year 

2009, when 2.121.200 students were registered. Roughly 29,000 graduate 

students complete a doctorate in Germany every year – far more than in any 

other member state of the European Union. Government and private industry 

together spent 104.7 billion euros on R&D in 2018. This represents 3.13% of 

Germany's gross domestic product (GDP).  Higher education institutions in 

Germany offer a broad spectrum of basic research and applied research and 

development (R&D). Almost 115,000 of Germany‘s approx. 434,000 R&D 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/660855/uk-research-base-international-comparison-2016.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/660855/uk-research-base-international-comparison-2016.pdf
https://www.ons.gov.uk/economy/governmentpublicsectorandtaxes/researchanddevelopmentexpenditure/bulletins/ukgrossdomesticexpenditureonresearchanddevelopment/latest
https://www.iamexpat.de/education/studying-germany
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researchers work at higher education institutions and university hospitals. 

Higher education institutions spend a total of 18.4 billion euros on research 

and development and 50% (8.5 billion euros) comes from third-party funding. 

Third-party funding for research projects is sought from both publicly funded 

sponsors and private donors. The most important provider is the publicly 

funded Deutsche Forschungsgemeinschaft (German Research Foundation, 

DFG). The Federal Government (2.3 billion euros) and the German states 

(140 million euros) are also important providers of third-party funding, followed 

by industry with 1.5 billion euros (2018). The largest share of R&D 

expenditure, 3.9 billion euros, goes to the engineering sciences; they are 

followed by medicine and health research. Between 2017 and 2018, the R&D 

expenditure of German industry increased by about 4.8% to 72.1 billion euros. 

Government and industry together spent 104.7 billion euros on R&D in 2018. 

This represents 3.13% of Germany's gross domestic product (GDP). 

[Federal Ministry of Education and Research, https://www.research-in-

germany.org/en/research-landscape/universities.html ].  

 

France. There are more than 3,500 public and private institutes of higher 

education in France, 72 universities, 25 multi-institute campuses, 271 

Doctoral schools, 227 engineering schools authorised to award the title of 

engineer, and 220 business and management schools. In 2021, more than 2.7 

million students were enrolled in higher education institutions. Since 1980, the 

number of students has more than doubled. That year there were more than 

1.18 million students in higher education in the country, compared to 2.16 

million in 2000 and this number has kept rising since then. At the start of the 

2015-16 academic year, there were nearly 75,600 PhD students in France. In 

the period 2000-2019, the expenditure in France for R&D was almost 2.3%  of 

the French GDP (gross domestic product), approx. 46.5 billion euros. 

France is firmly of the belief that access to science and research is the 

pathway to stronger economic growth and sustainable development. 

 
[Higher Education and Research in France, facts and figures, 
https://publication.enseignementsup-recherche.gouv.fr/eesr/8EN/ 
EESR8EN_R_26-research_and_development_efforts_in_france.php ].   

 

https://www.research-in-germany.org/en/research-landscape/universities.html
https://www.research-in-germany.org/en/research-landscape/universities.html
https://publication.enseignementsup-recherche.gouv.fr/eesr/8EN/%20EESR8EN_R_26-research_and_development_efforts_in_france.php
https://publication.enseignementsup-recherche.gouv.fr/eesr/8EN/%20EESR8EN_R_26-research_and_development_efforts_in_france.php
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The prominence of higher education as a response to 
industrial revolutions and globalization 

 

Higher education institutions in most developed countries rose to even 

greater prominence with greatly increased diversity on campuses and 

globalization. In particular the US higher education after World War II went 

through seismic shifts. US universities became the testbeds of further 

advances for the societal changes made possible through the first two 

industrial revolutions. The creation of the National Science Foundation 

(NSF) in 1950, in the USA drastically increased the resources available for 

university scientists and shifted the incentive structures (for research & 

development) and innovative knowledge curricula within US higher education 

for decades to come. In the 1960s federal funding for STEM subjects 

(Science, Technology, Engineering & Mathematics) increased from $6 billion 

per year to over $35 billion between 1960 and 1966. In the development of its 

3600 universities and colleges, the USA created a massive tertiary 

educational system which today enrolls more than 19 million students 

annually and grants nearly 3 million degrees with an employment of more 

than 3.6 million people, including 2.6 million faculty members and 

researchers. The higher education system in US can be considered as an 

industry in itself, accounting for more than $380 billion of economic activity. 

The US further education industry is a response to the challenges and 

opportunities of industrial revolutions. In the US the fraction of the population 

with some access to higher education has risen from 4% in 1900 to nearly 

70% in 2000. In 2020, about 37.5% of the U.S. population who were aged 25 

and above had graduated from university or another higher education 

institution. This is a significant increase from 1960, when only 7.7% percent of 

the U.S. population had graduated from universities. 

[https://www.statista.com/ statistics/184260/educational-attainment-in-the-us/]. 

In the fiscal year 2020 the funding NSF budget was $8.8 billion The 

NSF research funds were given to nearly 2,000 colleges, universities and 

institutions (from 40,000 competitive proposals there were 11,000 new 

awards). NSF awards support cooperative research with industry [NSF, 2020, 

https://www.nsf.gov/news/news_summ.jsp?cntn_id=301784&org=EHR]. 

https://www.nsf.gov/news/news_summ.jsp?cntn_id=301784&org=EHR
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On a global scale, in 2017, it was estimated that there were around 220 

million students (registered in the existing 25.000 universities and higher 

education institutions worldwide) in tertiary education establishments. The 

numbers of students increased dramatically, more than doubled, in the last 20 

years, from 100 million students in 2000. Especially, in Latin America and 

Caribbean countries the number of students in tertiary education programs 

has doubled in the past decade (there are now 28 million students for ~10,000 

universities and higher education institutions). Higher education degrees 

contribute to employment and higher income. Studies showed that a graduate 

with a tertiary education degree in the Latin America region earns more than 

twice as much as a student with just a high school diploma over a lifetime.  

[World Bank Group, report,  Higher Education Expanding in Latin America and 
the Caribbean, but Falling Short of Potential. 17 May, 2017.  
https://www.worldbank.org/en/news/press-release/2017/05/17/higher-
education-expanding-in-latin-america-and-the-caribbean-but-falling-short-of-
potential ].  
 

The Third Industrial Revolution in the 1980-1990s caused rippling 

effects upon society, politics and economics on global scale. Another 

explosive event was the cooperation in the world of R&D between 

universities and industry. The expansion of access to higher education rose 

to even greater prominence with greatly increased diversity on university 

campuses and globalization of academic research accelerated by online 

technologies. An intensified commitment to large-scale higher education 

across the world has resulted in increasing rates of participation in higher 

education in India, and China, the most populous countries in the world, 

India. The number of students enrolled in higher education in India was 

about 40 million in 2019 (from 29 million in 2011). Indian higher education 

system has expanded at a fast pace by adding nearly 20,000 colleges and 

more than 8 million students in a decade from 2000–2011. India has the 

world‘s largest higher education system with about 1,000 universities and 

40,000 colleges. [Statista, https://www.statista.com/statistics/1278193/ india-

number-of-higher-education-students/# ]. 

China. In 2020, the number of public colleges and universities in China 

amounted to 2,738 (including 1,270 universities and 1,468 higher vocational 

https://www.worldbank.org/en/news/press-release/2017/05/17/higher-education-expanding-in-latin-america-and-the-caribbean-but-falling-short-of-potential
https://www.worldbank.org/en/news/press-release/2017/05/17/higher-education-expanding-in-latin-america-and-the-caribbean-but-falling-short-of-potential
https://www.worldbank.org/en/news/press-release/2017/05/17/higher-education-expanding-in-latin-america-and-the-caribbean-but-falling-short-of-potential
https://www.statista.com/statistics/1278193/%20india-number-of-higher-education-students/
https://www.statista.com/statistics/1278193/%20india-number-of-higher-education-students/
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collages). The total number of colleges and universities increased significantly 

in the last decades. In 2020, around 33 million undergraduate students were 

enrolled in degree programs at public colleges and universities in China. 18.3 

million were studying in bachelor's degree programs, while the other 14.6 

million were enrolled in more practically oriented short-cycle degree 

programmes. China initially spent near 0.7% of GDP every year on R&D, and 

by 2015, China‘s R&D expenditure had surged to 2.4% of GDP in 2021. 

China's R&D expenditure witnessed a more than 35-fold increase from 

1991 to 2018 – from $13.1 billion to $462.6 billion. In 2018, China spent as 

much on R&D as the next 4 countries – Japan, Germany, South Korea, and 

France combined). China's R&D spending accounted for nearly 25% of global 

R&D expenditure.  Businesses in China financed 76% ($354.4 billion) of the 

country‘s gross expenditure on R&D in 2018.  

[China Power, Is China global leader in R&D?, https://chinapower.csis.org/ 
china-research-and-development-rnd/ ]. 
Statista https://www.statista.com/statistics/226982/number-of-universities-in-
china/  &  Statista, https://www.statista.com/statistics/227028/number-of-
students-at-universities-in-china/#:  ]. 

 

Educational ripples from the 3rd IR for on line education 
(MOOC massive open online courses) 
 

In 2012, the first MOOCs (Massive Open Online Courses) emerged 

from the open educational resources (OER) movement in the USA, which was 

sparked by MIT OpenCourseWare project. [famous Massachusetts Institute of 

Technology, Boston, US (MIT), private land-grant research university in 

Cambridge, Massachusetts]. The OER movement was motivated from work 

by researchers who pointed out that class size and learning outcomes had no 

established connection. MOOCs have garnered a lot of attention, and a lot of 

users. The first MOOC offered by edX (established by MIT and Harvard) 

attracted an amazing 155,000 students. The platform aimed to reach no fewer 

than one billion users. A MOOC is a program of learning offered by a well 

known university, open via the internet to users worldwide, free of charge, 

based on part of an existing degree course, giving students an opportunity to 

'sample' the experience of studying at prestigious institutions, like MIT. 

https://chinapower.csis.org/%20china-research-and-development-rnd/
https://chinapower.csis.org/%20china-research-and-development-rnd/
https://chinapower.csis.org/%20china-research-and-development-rnd/
https://www.statista.com/statistics/226982/number-of-universities-in-china/
https://www.statista.com/statistics/226982/number-of-universities-in-china/
https://www.statista.com/statistics/227028/number-of-students-at-universities-in-china/
https://www.statista.com/statistics/227028/number-of-students-at-universities-in-china/
https://en.wikipedia.org/wiki/Open_educational_resources
https://en.wikipedia.org/wiki/MIT_OpenCourseWare
https://en.wikipedia.org/wiki/Private_university
https://en.wikipedia.org/wiki/Land-grant_university
https://en.wikipedia.org/wiki/Research_university
https://en.wikipedia.org/wiki/Cambridge,_Massachusetts
https://www.topuniversities.com/universities/massachusetts-institute-technology-mit/undergrad
https://www.topuniversities.com/universities/harvard-university/undergrad
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The MOOCs movement allow university scientists to keep pace with 

changes in technology enhanced learning and innovative pedagogies, 

meeting the strategic aim to design and deliver the best campus-based and 

online lessons. MOOC displaced traditional in-person higher education and 

expanded access to university education to millions of previously unserved 

students across the world. The revolution of higher education brought about 

by online courses is still ongoing, but is more likely to result in an integration 

of high quality, synchronous, in-person learning environments with online 

technologies to enable students to more rapidly build skills and knowledge 

asynchronously.  

 

Figure 12. Massive Open Online Courses (MOOCs) were first introduced to 
the eLearning industry in 2008, and became quite popular in 2012. There are 
more than 16,000 MOOCs (in English, French and Chinese) from 950 
prestigious universities.  
 

MOOCs require additional skills, provided by videographers, 

instructional designers, IT specialists and platform specialists. The number of 

learners who enroll in the courses tends to be in the millions, but only a very 

small portion of the enrolled learners complete the course. 

[https://en.wikipedia.org/wiki/ Massive_open_online_course ]. The majority 

were interested in computer science, languages, engineering, psychology, 

writing, electronics, biology or marketing. In 2020 there were, approximately, 

16,000 MOOC courses, with 180 million students attending in 950 

universities, (excluding China) https://www.classcentral.com/report/mooc-

stats-2020/ ]. 

https://en.wikipedia.org/wiki/%20Massive_open_online_course
https://www.classcentral.com/report/mooc-stats-2020/
https://www.classcentral.com/report/mooc-stats-2020/
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Response of Higher Education in learning content: 
challenges of 4th IR and new digital technologies 
 

Although the exact impact of the fourth Industrial Revolution 

technologies on the structure of the human society, employment and future 

economic developments is under investigation, the need for higher education 

to respond to challenges and opportunities is urgent. Substantial changes to 

the science, technology, mathematics, digital technology and even social 

science curriculum will be required to allow for students to develop capacity 

in the rapidly emerging scientific areas, data gathering and dissemination. 

Most education systems in the world have started already changing their 

educational policies and teaching plans to prepare their students for the 

unknown (digital) future where new type of jobs and highly innovative new 

technologies will emerge.  

As the Fourth Industrial Revolution progresses, it affects not only 

economic activities such as production, sales and consumption, but also a 

wide range of fields such as health, medical care, mobility, public services, 

and all levels of education. Undoubtedly the digital age brought challenging 

conditions but also new opportunities on the way people work, travel, 

communicate, use energy. But some of the most important changes of the 

digital age occurred in the lifestyles of the modern humans. Globalization also 

contributed in spreading many common features of lifestyle in countries in the 

five continents (such as consumption of food). With the development of 

information and communication technology (ICT), new economic values are 

created by converting consumers‘ economic activity into big data. Big data 

combined with artificial intelligence (AI) enables not only information analysis 

but also contribute to the resolution of various economic and social problems. 

In the last decade researchers have been examining the impact of the 

4th IR and the responses of higher education (HE) following the challenges 

and opportunities to prepare human societies for the new environment. The 

World Economic Forum (WEF), a primary advocate for the 4th Industrial 

Revolution, stated in its 2020 report that education models need to reflect the 

demand for lifelong learning in order to cope with the technological and social 

changes that it brings. In its report the WEF said: ―globalization and rapid 
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advancements in technology continue to transform civic space and the world 

of work, education systems have grown increasingly disconnected from the 

realities and needs of global economies and societies. Education models 

must adapt to equip students with the skills to create a more inclusive, 

cohesive and productive world”. The WEF report ―Schools of the Future: 

Defining New Models of Education for the Fourth Industrial Revolution‖ 

outlined a new framework for defining quality education in the new economic 

and social context and shared key features of 16 schools, systems and 

programmes pioneering the future of education. These examples may serve 

as inspiration for driving holistic and transformative action on this important 

agenda.45 

The WEF report identified 8 critical characteristics in learning content 

and experiences that have been identified to define high-quality learning in the 

Fourth Industrial Revolution—―Education 4.0‖: [https://www3.weforum.org/ 

docs/WEF_Schools_of_the_Future_Report_2019.pdf]. 

Critical characteristics of learning content and experiences in HE 

1. Global citizenship skills: (awareness about the wider world, sustainability 

and playing an active role in the global community).  

2. Innovation and creativity skills: (skills required for innovation, including 

complex problem-solving, analytical thinking, creativity and systems analysis).  

3. Technology skills: (digital skills, programming, digital responsibility). 

4. Interpersonal skills: (interpersonal emotional intelligence, including 

empathy, cooperation, negotiation, leadership and social awareness).  

5. Personalized and self-paced learning: (diverse individual needs of each 

learner, and flexible to enable each learner to progress at their own pace). 

6. Accessible and inclusive learning: (learning is confined to those with 

access to school buildings to one in which everyone has access to learning 

and is therefore inclusive).  

7. Problem-based and collaborative learning: Move from process-based to 

project- and problem-based content delivery, requiring peer collaboration and 

more closely mirroring the future of work.  

8. Lifelong and student-driven learning: Move from a system where 

learning and skilling decrease over one‘s lifespan to one where everyone 

https://www3.weforum.org/%20docs/WEF_Schools_of_the_Future_Report_2019.pdf
https://www3.weforum.org/%20docs/WEF_Schools_of_the_Future_Report_2019.pdf
https://www3.weforum.org/%20docs/WEF_Schools_of_the_Future_Report_2019.pdf
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continuously improves on existing skills and acquires new ones based on their 

individual needs.  

Through a global crowdsourcing campaign, the World Economic Forum 

(WEF) identified 16 examples of schools, education programmes and school 

systems that are paving the way toward Education 4.0, as defined above, 

based on the uniqueness of their approach, demonstrated impact and 

geographical diversity. These examples are meant to serve as inspiration for 

the shift towards a more holistic transformation of education systems globally. 

 
[WEF, 2020, Global Trends and Future Scenarios. Schools of the Future 
Defining New Models of Education for the Fourth Industrial Revolution. 
https://globaltrends.thedialogue.org/publication/schools-of-the-future-defining-
new-models-of-education-for-the-fourth-industrial-revolution/ ].  

 
Environmental awareness: innovation with Green Chemistry 
 

In the last 30 years Chemistry courses in higher education followed an 

innovative trend and degree programmes changed with the introduction of 

green chemistry. Green Chemistry with its 12 basic principles, is a blend of 

basic chemistry lessons (inorganic, organic, etc), with biology and 

environmental science to allow students to engage on real environmental 

problems such as synthetic fuels, bioplastics and toxicology, and to train 

students in techniques to reduce environmental pollution through practical 

technological changes and awareness on sustainability and the effects of 

climate change.46,47 

The latest innovative trends in digital technology affected new physics 

curriculum in the universities. New curriculum emphasize the 4th IR 

collaborative skills based on projects where students design and build 

original musical instruments, cryptographic gadgets and other inventions 

collaboratively.48 

The Massachusetts Institute of Technology Institute-wide Task Force 

on the Future of MIT Education has sought guidance from advisory groups 

and input from the broader MIT community through group discussions, 

surveys. MIT collected from faculty and student surveys, and from the 180 

ideas MIT community members submitted to this site between April and July, 

2013. [https://future.mit.edu/preliminary-report] The Future of Education 

https://globaltrends.thedialogue.org/publication/schools-of-the-future-defining-new-models-of-education-for-the-fourth-industrial-revolution/
https://globaltrends.thedialogue.org/publication/schools-of-the-future-defining-new-models-of-education-for-the-fourth-industrial-revolution/
https://future.mit.edu/preliminary-report
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Report at MIT strongly emphasized the need for leveraging online courses to 

strengthen the residential education for undergraduates and to also give 

more flexibility and modularity of courses.49 

Harvard and MIT introductory electrical engineering courses have 

changed by blending their on-line lessons. Electrical Engineering course, 

where course material is delivered entirely online with the in-person 

component focusing on laboratory and maker space time for students to build 

and test robots, and the MIT Circuits and Electronics course, which has been 

offered as an online course for residential students, who found the course to 

be less stressful and who appreciated the ease of scheduling and additional 

speed for receiving feedback in their assignments.50,51 

In the last decade there is widespread speculation about the 

introduction of revolutionary technological developments which can become 

tipping points in the life of modern societies. But, from the experience of the 

past technological applications there are also new challenges and 

opportunities for developed and developing countries and the world economy. 

A survey of 800 high-tech experts and executives determined a series of 

dates by which tipping points would be reached. Examples of high 

technological innovations include: 

a.  implantable cell phones by 2025,  

b. 80% of people with a digital presence by 2023,  

c. 10% of reading glasses connected to the internet by 2023,  

d. 10% of people wearing internet-connected clothes by 2022,  

e. 90% of the world population with access to the internet by 2024,  

f. 90% of the population using smartphones by 2023,  

g. 1 trillion sensors connected to the internet by 2022, 

h. over 50% of internet traffic directed to homes and appliances by 2024, 

i. driverless cars comprising 10% of all cars in the USA by 2026. 

Many other predictions suggest extensive integration of Artificial 

Intelligence (IT) in the 4th IR workforce. Other applications of Artificial 

Intelligence (AI) can be robotic pharmacists, proliferation of 3D printed cars by 

2022, and transplants of 3D printed organs such as livers by 2024.52  
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The 4th Industrial Revolution might bring new renewable energy 

sources from biotechnological breakthroughs in addition to the usual 

renewable sources (photovoltaic panels, wind power, hydroelectric power).53   

 One of the most urgent future tasks for the 4th IR, except from the 

climate change and the global warming, will be losses of arable land due to 

climate change, future droughts and desertification. The world population is 

increasing very fast and in the next decades the world will require an increase 

in food production efficiency of over 50% by 2050. Can the new technological 

developments of the 4thIR respond to the imperative for revolutionary new 

sources of food production. The emergence of biorefineries to use genetically 

modified organisms (GMO) to provide a wide variety of useful chemicals as 

well as food components could be an essential part of the 4thIR landscape. 

These biorefineries could make use of flexible food stocks that might include 

cellulose, biomass and simple sugars, to enable mass production of a diverse 

range of fuels, pharmaceuticals and food products and enable a reduction in 

the use of fossil fuels in the coming decades. Such organisms could also be 

used for environmental mitigation by removing toxic metals and various 

organic compounds from the environment. In the last decade new 

manufacturing companies are designing new organisms using standardized 

synthetic biology wetware allowing for the development of biological circuits 

and computers, and even for building materials to be grown using living 

materials known as ―bio-bricks.‖ 54 

 Climate change and emissions of greenhouse gases (GHGs) in the 

topic that is going to be a fundamental problem for the survival of life on Earth. 

These subjects are very challenging and highly specialized in technology 

terms. Also, they are needed urgently with viable technological solutions to 

keep rising temperature at 2o C (2050) above pre-industrial levels. The 4th IR 

may promote in the future sustainable terms and innovative solutions to 

combat these threats to humanity. There is widespread optimism among 

scientists that collaborative actions, innovative engineering discoveries, 

drastic reductions in the use of fossil fuels, increases in the use of renewable 

energy sources and carbon sequestration  will result in stabilizing GHG levels 

and new technologies could mitigate global warming by absorbing excess 

CO2 using both bioengineered organisms and new materials. Experts believe 
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that all these innovative changes must be included in the new tertiary 

education curriculum in the near future.55 

 

Figure 13. The 12 principles of Green Chemistry promote the most important 
aspects of chemical industry. [https://testbook.com/question-answer/which-is-
not-correct-for-green-chemistry--5fbccc6ba332a0027beff144]. 

 
Selected Green Chemistry university departments. Many institutions offer 

courses and degrees on Green Chemistry. Examples from across the globe 

are Denmark's Technical University. In the US, the Universities of 

Massachusetts-Boston, Yale, Michigan, and Oregon offer G.C. courses. 

Masters and doctoral level courses in Green Technology has been introduced 

by the Institute of Chemical Technology, India. In the UK the most well known 

G.C. courses are at the University of York, University of Leicester, 

Department of Chemistry and MRes in Green Chemistry at Imperial College 

London. In Spain different universities like the Universitat Jaume or the 

Universidad de Navarra, offer Green Chemistry master courses. There are 

also websites focusing on green chemistry, such as the Michigan Green 

Chemistry Clearinghouse. Apart from its Green Chemistry Master courses the 

Zurich University of Applied Sciences ZHAW presents an exposition and web 

page "Making chemistry green" for a broader public, illustrating the 12 

principles. The Center for Green Chemistry and Green Engineering at 

Yale University is committed to improving the world today and for future 

generations through outstanding research and scholarship, education, and 

practice by providing practical, innovative solutions to sustainability 

https://testbook.com/question-answer/which-is-not-correct-for-green-chemistry--5fbccc6ba332a0027beff144
https://testbook.com/question-answer/which-is-not-correct-for-green-chemistry--5fbccc6ba332a0027beff144
https://en.wikipedia.org/wiki/Institute_of_Chemical_Technology
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challenges while simultaneously meeting social, economic, and environmental 

goals.  Green Chemistry can be defined as the ―design of chemical products 

and processes that reduce or eliminate the use and generation of hazardous 

substances‖. (Prof. P.T. Anastas, Director) [https://greenchemistry.yale.edu/]. 

The Green Chemistry Centre of Excellence (GCCE) in the University of 

York (UK) is a world-leading academic facility for pioneering pure and applied 

green and sustainable chemical research through its technology platforms on 

microwave chemistry, alternative solvents, clean synthesis and bio-based 

mesoporous materials. [ https://www.york.ac.uk/chemistry/research/green/]. 

 

Higher Education’s Response to the 4th Industrial Revolution 

 

The exact impacts of such 4IR technologies on society and the planet 

are still unknown—but the fact that they will bring profound and rapid change 

seems all but certain. The need for higher education to respond is urgent as 

the power of 4th IR technologies for either positive social impacts or 

devastating environmental damage (climate change, emission of greenhouse 

gases) is upon us, as is the potential for irreversible loss of control over 

networks of powerful Artificial Intelligence (AI) agents with increasing 

autonomy within financial sectors and within urban infrastructure. 

Substantial changes to the science and technology curriculum will be 

required to allow for students to develop capacity in the rapidly emerging 

areas of Genomics, Data science, Artificial Intelligence (AI), Robotics and 

Nanomaterials. Such a 4th IR STEM educational curriculum would reconsider 

the curriculum within the traditional ―primary‖ sciences—biology, chemistry 

and physics—and place a higher premium for training in computer science 

subjects as a form of 4th IR literacy. Within biology, new approaches might 

include training within introductory courses to discuss emerging areas such as 

synthetic biology and molecular design. Some examples of reshaped life 

science curriculum can be found at Stanford University, where a new Problem 

Solving in Biology course has students design experiments to develop cures 

to real-world pathogens such as Lyme disease and HIV, using authentic data 

from scientific literature.56 

https://www.york.ac.uk/chemistry/research/green/
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Universities have changed recently their natural sciences curriculum 

and organised new courses in engineering biology that allows students to 

design their own life forms on computers and bioprint them to solve practical 

problems in medicine, public health and environmental management. These 

courses are a response to the emerging bioeconomy, which already exceeds 

$400 billion in the United States alone. The University of Stanford promoted in 

2015 a new curriculum known as bioengineering, which trains students at the 

―interface of life sciences and engineering.57, 58, 59 

Universities in many countries promoted merges of expertise and 

resources in the departments of chemistry, medicine, biology and engineering 

to explore the challenges of industrial revolutions. In addition to the 

proliferation worldwide degree programs in Green Chemistry, which blends 

chemistry, biology and environmental science to allow students to engage on 

real environmental problems. Environmental sciences (a mixture of chemistry, 

biochemistry, ecology and environmental analysis) are aiming to train 

students in techniques to reduce environmental pollution, protect biodiversity 

and sensitive ecosystems from everyday anthropogenic pollutants and future 

climate changes. Natural sciences departments were teaching their students 

until now to the basic finding of physics, chemistry, biology and mathematics. 

The new teaching environment will aim for collaborative skills, additional 

educational responses and increased awareness for the future of the planet 

and human societies. 

New physics curriculum emphasizing 4th IR collaborative skills based 

on projects where students design and build original musical instruments, 

cryptographic gadgets and other inventions collaboratively. Additional 

educational responses to 4th IR might require a restructuring of institutions to 

provide new science programs and departments in emerging interdisciplinary 

fields to more efficiently provide trained workers to help advance and 

accelerate the development of ever-more sophisticated biotechnology, 

nanotechnology materials and Artificial Intelligence (AI). 

Any educational plan for the 4th IR must be built upon the results of the 

Third Industrial Revolution described earlier, with its emerging development of 

hybrid online and in-person instruction, and efficient and seamless integration 

of global videoconferencing and a wide array of asynchronous educational 
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resources. Blended instruction and optimization of flipped and online courses 

will make more efficient learning environments that can adapt for diversity in 

preparation of students.  Examples of effective blended environments include 

the supremely popular CS 50 course at Harvard, Introduction to Computer 

Science, better known as CS50, is a series of introductory CS50 courses and 

Professional Certificate programs that are open to learners of all backgrounds 

looking to explore computer science, mobile app and game development, 

business technologies, and the art of programming. 

[https://discover.edx.org/xgdn/course/introduction-computer-science-harvardx-

cs50x?hs-referral=Course-Card&hsLang=en]. 

According to innovative educational experts, any effective 4th IR 

education strategy must also include in equal measure a deep consideration 

of the human condition, the ways in which new technologies and shifting 

economic power impact people of all socioeconomic levels. The fundamental 

changes in a digital world that we witnessed in the last decade and the threats 

that exist within a world that is increasingly interconnected, in a way that 

fosters deep intercultural understanding and an abiding respect for freedom 

and human rights. Such approaches favour an interdisciplinary and global 

curriculum in a residential context, such as is found in many liberal arts 

institutions. These approaches maximize the development of intercultural and 

interpersonal skills, which will be a hallmark of the future 4th IR workplace. 

Educational experts note that liberal arts colleges generally differ from 

national universities (in the US) by focusing solely on undergraduates, often 

offering few or no graduate programs, allowing more flexibility in the 

curriculum, and emphasizing teaching that prioritizes a broad base of 

knowledge over professional training. 

The impacts of the emerging 4th IR technology in economic and 

environmental terms alone will require a drastic reconsideration of the 

curriculum within Tertiary or Higher Education to enable students both to 

comprehend the individual technologies in detail and to be able to thoughtfully 

analyze and predict the evolution of networked systems of technology, the 

environment and sociopolitical systems. The dynamic responses with 

networked systems and exponential feedback effects will amplify the pace of 

change, as has already been seen in the context of global climate change and 

https://discover.edx.org/xgdn/course/introduction-computer-science-harvardx-cs50x?hs-referral=Course-Card&hsLang=en
https://discover.edx.org/xgdn/course/introduction-computer-science-harvardx-cs50x?hs-referral=Course-Card&hsLang=en
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in many other physical and biological contexts. The 4th IR STEM curriculum 

will need to focus on emerging technologies, such as robotics, AI, IoT, 

nanomaterials, genomics and biotechnology, to provide a workforce not only 

capable of developing new applications and products, but also capable of 

interpreting the effects of these technologies on society and using their 

training to provide sustainable and ethical uses of science and technology. 

Higher education curriculum needs to help students develop the capacity for 

ethical reasoning, for awareness of societal and human impacts, and to be 

able to comprehend the impacts of 4th IR technologies on people, so they are 

trained to not only increase widespread material prosperity in developing 

countries (such as countries in Africa), but also to improve the human side of 

social and cultural fabric.  

The changing nature of work, which favours more flexible and shorter-

term assignments, has been cited as a key factor to address within 4th IR 

education. Future jobs within the 4th IR technology sectors, AI, machine 

learning, robotics, nanotechnology, 3D printing, genetics and biotechnology, 

are expected to dominate in the coming decades. Higher education in the 4th 

IR age must develop the capacity not just for analyzing and breaking a 

technical or scientific problem into its constituent parts, but also must 

emphasize the interconnections between each scientific problem across 

global scales and interrelations between physical, chemical, biological and 

economic dimensions of a problem.34,39  

From strictly economic terms, university graduates who are capable of 

creative insights, collaborating in diverse teams, and navigating through 

global cultural differences will be at an advantage in their workplaces where 

the meaning of skills will become more of interpreting rapidly changing 

information and being able to work with experts and stakeholders toward 

common understanding of the benefits of sustainable development. 

The hallmark of the 4th IR is exponential growth and rapid change, 

which gives the curriculum an imperative to update content on an 

unprecedented frequency to match the rapid tempo of scientific and 

technological advances. A more responsive curriculum of this sort places an 

extremely high premium on faculty development and curriculum renewal, as 

well as the mandate to develop students who can think and reinvent 
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themselves within the changing world they will graduate into. Within future 

universities and colleges, both students and faculty will never be done with 

their educations, but instead must engage constantly with their colleagues 

and outside experts to frequently renew and update their skills.  

The impacts of the emerging 4th IR technology in economic and 

environmental terms alone will require a drastic reconsideration of the 

curriculum within higher education to enable students both to comprehend the 

individual technologies in detail and to be able to thoughtfully analyze and 

predict the evolution of networked systems of technology, the environment 

and sociopolitical systems.  

While earlier industrial revolutions have prioritized some of the raw 

materials needed to fuel their factories or cities—placing a premium on capital 

based in physical resources such as land, water power, coal, oil and wood  

the 4th IR will place a premium on intellectual capital and in capacity for 

collective thought. Students who are able to learn in residential environments 

with diverse colleagues and develop solutions together in teams will be well 

trained for the types of tasks that will be asked of them in the 4th IR. 

Universities in the future must develop more interactive forms of pedagogy at 

all levels and to embrace a curriculum that stresses perspectives from 

multiple disciplinary and cultural perspectives over static swathes of 

disciplinary ―content.‖  

Taken together, these new forms of 4th IR education will aim to prepare 

both students and faculty members for leadership roles in a world of rapidly 

accelerating change, with a curriculum that develops both technical mastery 

and a deep awareness of ethical responsibility toward the human condition. 

The technologies that are currently most impactful on higher education 

include the internet of things, data analytics, chatbots and dashboards, while 

Artificial Intelligence (AI) and immersive technology are becoming avenues for 

universities to explore.  

 Most of these ideas and thoughts were expressed by Prof. Penprase 

BE , in the book: Gleason NW (Ed). Higher Education in the Era of the Fourth 

Industrial Revolution, Chapter 9. ―The Fourth Industrial Revolution and Higher 

Education‖, pp.207-229, Palgrave/Macmillan,Singapore, Springer, 2018. 

[https://link.springer.com/ chapter/10.1007/978-981-13-0194-0_9]. 

https://link.springer.com/%20chapter/10.1007/978-981-13-0194-0_9
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New economy and globalization: critical need for reskilling 
and upskilling 
 

The profound effects of technological progress on the new world 

economy, taken together with globalization and demographic change, have 

led to a pressing societal problem: how to equip people with the skills they 

need to participate in the present changing economy with global dimensions. 

Governments, businesses and educational institutions are currently trying 

very hard for people to acquire the skills they need to succeed in the 

challenging digital environment. Millions of people are already being left 

behind because of volatile market conditions, or because they work in some 

industries that are being replaced by new industrial and commercial sectors.  

The world stand on the brink of technological innovations that will 

fundamentally alter the way people live, work, and relate to one another. In its 

scale, scope, and complexity, the transformation will be unlike anything 

humankind has experienced before. We do not yet know just how it will 

unfold, but one thing is clear: the response to it must be integrated and 

comprehensive, involving all stakeholders of the global polity. [WEF. The 4th 

IR: what it means and how to respond, 2016. 

https://www.weforum.org/agenda/ 2016/01/the-fourth-industrial-revolution-

what-it-means-and-how-to-respond/]. 

Globalization and the new economy, highlight a critical need for 

reskilling and upskilling of a high percentage of workers.  Because, first, 

societies need to redefine the type of work in the context of the digital 

economy. Second, societies need to redefine what constitutes work in an 

expanding new economy. The gig economy is not a new phenomenon, 

freelancers and temporary workers have been around for a while. The reason 

is that technology has lowered barriers to entry so much that ―gigs‖ have 

become easily accessible to an unprecedented number of people. What was 

perceived as a side hustle only a couple of years ago, turned into a trillion-

dollar industry with millions of participants in the global scale. Some typical 

examples of the gig economy are: freelancers (part-time work), consultants, 

independent contractors and professionals, temporary contract workers, etc. 

The internet and digital connectivity brought gig working in different countries. 

https://www.weforum.org/agenda/
https://web.stanford.edu/~diamondr/UberPayGap.pdf
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Digital connectivity and access to modern technologies are essential for least 

developed countries to reap the benefits of the fourth industrial revolution and 

build resilient economies.  

[ZETY, Gig economy, Statistics, Trends, 9.3.2022,   https://zety.com/blog/gig-
economy-statistics? utm_source=google&utm_medium=sem&utm_campaign].  

 

In most developed countries new economy processes are advancing in 

many sectors. The labour market is characterized now by the prevalence of 

short-term contracts. Freelance and part-time work arrangements became the 

norm. Gig economy statistics show a free market system where organizations 

and independent workers engage in short-term work arrangements. According 

to statistical data in 2017 the US gig economy had 55 million participants. It is 

estimated that 36% of US workers take part in the gig economy and 33% of 

companies extensively use gig workers.  Governments and businesses must 

proactively retrain their workforce. The US is a typical example, the 

government thinks that could re-skill more than 3/4 of its technology-displaced 

workforce with a $20 billion investment and generate a positive return via 

taxes and lower welfare costs.  [Spajic DJ, 17.3.2022, The future of 

employment-30 telling gig economy statistics, Smallbizgenius, 

https://www.smallbizgenius.net/by-the-numbers/gig-economy-statistics/#gref]. 

Experts think that there is an enormous opportunity to reconfigure the 

world of work at this critical juncture and embark on an upskilling revolution 

that will give people across the world the ability to participate fully in the future 

of work, whatever that might be. The recent pandemic has further exposed 

the inadequacies of our current economic structures to address this growing 

mismatch between people‘s current skills and those needed for the jobs at the 

heart of the 4th Industrial Revolution. The report of WEF Upskilling for Shared 

Prosperity (Jan, 2021), is a call to action for wide-scale upskilling of the 

workforce. Upskilling of the workforce in most countries is expected to have a 

positive effect on economic growth and rise in Gross Domestic Product 

(GDP). But GDP does not tell the full story. The quantitative side of research 

is complemented with a qualitative analysis that looks at the need for new 

economic thinking underpinned by the development of good jobs, safe, paid 

https://zety.com/blog/gig-economy-statistics?%20utm_source=google&utm_medium=sem&utm_campaign
https://zety.com/blog/gig-economy-statistics?%20utm_source=google&utm_medium=sem&utm_campaign
http://www3.weforum.org/docs/WEF_Towards_a_Reskilling_Revolution.pdf
https://www.smallbizgenius.net/by-the-numbers/gig-economy-statistics/#gref
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fairly, and motivating. It emphasizes the uniquely human skills and traits of 

most workers, that can deliver higher levels of productivity. 

World Economic Forum WEF) World Economic Report. Upskilling for Shared 
Prosperity. January, 2021, [https://www3.weforum.org/docs/WEF_ 
Upskilling_for_Shared_Prosperity_2021.pdf]. 
  

Despite the anticipated disruption and uncertainty of workers of nearly 

all skill levels, in the last decades workers in many developed countries are 

increasingly turning to alternative work arrangements, like  freelancing, 

independent contracting and gigging (that define the work of a musician, e.g. 

the expression gigging in pubs and clubs). . 

In global monetary terms (approxim. estimates), the size of the world‘s 

gig economy exceeds $200 billion in gross volume, an amount that is 

expected to more than double to $455 billion by 2023. More than 75% of 

those currently generating income through alternative work arrangements do 

so by choice. For 86% of female workers in the gig economy, freelancing 

provides more than an opportunity to make a living, it is an opportunity for 

women to receive also equal pay like men. 

 

Only 41% of female freelancers believe traditional work arrangements 

would offer them pay equity. This finding presents massive potential as the 

average gender pay gap is 16% at the global level; closing it and moving 

towards gender parity could unlock $12 trillion from the world‘s economy. 

[WEF, How is the Fourth Industrial Revolution Changing Our Economy? 
19.11.2019. https://www.weforum.org/ agenda/ 2019/11/the-fourth-industrial-
revolution-is-redefining-the-economy-as-we-know-it/ ]. 
 
 Many financial reports exploring the prospects of upskilling of the world 

workforce, under the influence of the 4th IR, have produced some statistical 

financial gains. The world economy is expected to have wide-scale 

https://www3.weforum.org/docs/WEF_%20Upskilling_for_Shared_Prosperity_2021.pdf
https://www3.weforum.org/docs/WEF_%20Upskilling_for_Shared_Prosperity_2021.pdf
https://www3.weforum.org/docs/WEF_%20Upskilling_for_Shared_Prosperity_2021.pdf
https://www.americanexpress.com/en-us/business/trends-and-insights/articles/the-gig-economy-is-going-global/
https://newsroom.mastercard.com/wp-content/uploads/2019/05/Gig-Economy-White-Paper-May-2019.pdf
http://www.oecd.org/internet/bridging-the-digital-gender-divide.pdf
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/---publ/documents/publication/wcms_650553.pdf
https://www.weforum.org/agenda/2016/06/the-12-trillion-incentive-for-closing-the-gender-gap/
https://www.weforum.org/%20agenda/%202019/11/the-fourth-industrial-revolution-is-redefining-the-economy-as-we-know-it/
https://www.weforum.org/%20agenda/%202019/11/the-fourth-industrial-revolution-is-redefining-the-economy-as-we-know-it/
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investment with the potential to boost global GDP by $6.5 trillion by 2030.  

Recent European Union communications have brought reskilling and 

upskilling to the forefront of the debate on changing the tertiary educational 

offer. The EU suggest that higher education institutions have the potential to 

drive major educational changes, to improve knowledge, skills and 

competences of students. At the same time, society will contribute to 

sustainability, environmental protection and other crucial objectives. Higher 

education must prepare students to become active, critical and responsible 

citizens and offer lifelong learning opportunities to support them in their 

societal role. 

[Myklebust JP, Smidt H, What is the role of universities in global upskilling? 
29 January 2021, https://www.universityworldnews.com/post.php?story 
=20210129110449887# :]. and 
World Economic Forum (WEF)., 25.1.2021. Upskilling for Shared Prosperity, 
prepared in collaboration with PwC, [https://www.weforum.org/ 
reports/upskilling-for-shared-prosperity]. 
 

These economic gains would take the form of skill enhancement, 

leading to the improved matching of people‘s skills with the jobs created by 

the 4th IR. Also, it is anticipated that global productivity will increase by 3%, on 

average, by 2030. These results are based on 2019 economic forecasts and 

do not reflect the shorter-term impacts of COVID-19 on the various sectors. 

Less developed economies as well as countries with larger skill gaps could 

see greater gains as a percentage of GDP. The biggest gains will be with 

countries with the largest workforce, for example, in China, the United States, 

India, Spain and South Africa. It is likely that China might achieve the more 

accelerated scenario. In 2019, it committed to spending $14.8 billion to train 

50 million people by 2022. 

[World Economic Forum, Zahidi S, 22.1.2020, We need a global reskilling 
revolution-here is why, https://www.weforum.org/agenda/2020/01/reskilling-
revolution-jobs-future-skills/  ]. 
 

According to the WEF report, upskilling of the world workforce could 

lead to the net creation of 5.3 million new jobs by 2030. Also, upskilling could 

propel the transition to an economy where human labour is increasingly 

complemented and augmented, rather than replaced, by new technology, thus 

improving the overall quality of jobs. The number of jobs that require 

https://www.weforum.org/%20reports/upskilling-for-shared-prosperity
https://www.weforum.org/%20reports/upskilling-for-shared-prosperity
https://www.weforum.org/%20reports/upskilling-for-shared-prosperity
https://www.weforum.org/agenda/2020/01/reskilling-revolution-jobs-future-skills/
https://www.weforum.org/agenda/2020/01/reskilling-revolution-jobs-future-skills/
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creativity, innovation and empathy will rise, as will the need for information 

technology skills. The WEF report emphasized the cornerstone role of the 

universities and other higher education institutions in the upskilling of the 

workforce. The labour market is a social institution embedded in a dense web 

of rules, habits and conventions; the employment adjustment costs are 

substantial, even in the face of major changes, such as the arrival of new and 

disruptive technologies. Education is one of the slowest institutions to change 

in advanced developed societies. The provision of lifelong learning is rapidly 

becoming a very diversified landscape and universities have to play a critical 

role. Research-informed advanced education for both professionals with a 

tertiary qualification who want to constantly update their knowledge and skills, 

and people who want to upgrade their level of qualification should be an 

integral part of the supply side. Universities are responsible for knowledge 

and skill development, knowledge production and innovation diffusion. They 

play a vital role in generating absorptive capacity, helping develop skilled 

graduates who are able to apply and synthesise knowledge across all 

technological areas and help renew competences in traditional sectors. 

Digital technology, innovation, ecosystem of start-ups, big 
cities, renowned universities 

Already in some developed countries, the digital environment and 

innovative technological applications give some positive economic growth with 

the potential for a progressive upskilling of the workforce. Basic and advanced 

digital research with technological innovation capacities became important 

elements that determine a city or metropolitan area‘s position in the global 

innovation network with successful start-ups. The digital technology sector is 

exploding on a global scale, surpassing most business segments over the 

past two decades.  

Digitally-enabled start-ups are the main and innovative vehicles 

through which digital technology is converted into economic growth, increase 

the talents and creativity of the workforce and give in return better social 

benefits and financial rewards. These digital firms are also more likely to 

become high-growth companies with innovative applications in most sectors 

of the economy. Digitally-enabled firms have peculiar characteristics and 
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respond differently to the conditions of entrepreneurship ecosystems than 

firms in traditional and low-tech activity. For example, digital start-ups are 

particularly hurt by the difficulties in accessing talent, funding and markets 

across European borders. 

The digital industry and applications is steady and continuous with an 

increasingly important growth sector for start-ups. This is an era of start-ups 

revolution. Now, many new successful enterprises are start-ups with 

revolutionary and innovative ideas. This development is steady and 

continuous with the digital industry becoming an increasingly important growth 

sector. In order to understand what makes startup revolutions possible, 

should not focus only on the numbers but on the quality of life and unique 

specifics that each big city (cities built up a special ecosystem where new 

companies can thrive). Capitals and highly technological; cities all over the 

world can bring up successfully a digital startup by attracting generous 

funding and technically capable workforce with attractive skills.  

Despite a turbulent 2020 year as a result of the COVID-19 pandemic 

and lockdowns on a global scale in most developed countries, the start-up 

ecosystem developing in many areas gave a new dimension to the economic 

growth. This year‘s top performers excel in the Talent & Experience Success 

Factors. Places like New York City, London, and Boston are able to attract 

high-quality technological human talent to their ecosystems. North America 

continues to dominate the Global Rankings, with 50% of the Top 30 start-up 

ecosystems in this region. Asia is next with 27%. Europe has 17%.  Is not an 

accident that the most successful of start-up enterprises have developed in 

highly populated capitals and big cities. Their success is the result of a 

concentration of renowned universities and research institutions, highly 

educated workers and skillful workers with solid bases for scientific research 

and international funding.  

Venture capital is what fuels startups and entrepreneurship. It 

facilitates innovations and allows them to be developed into marketable 

products, and it enables the financing of business ideas that would otherwise 

not have a chance of gaining access to the necessary capital which lays the 

foundations for success in attracting technological firms and ensuring the 

https://startupgenome.com/ecosystems/new-york-city
https://startupgenome.com/ecosystems/london
https://startupgenome.com/ecosystems/boston
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country's future economic growth. In the United States there is a long tradition 

of funding startups with venture capital. 

According to statistical evidence the most important cities in startup 

ranking is: Silicon Valley, New York City, London, Beijing, Boston, Los 

Angeles, Tel Aviv, Shanghai, Tokyo, Seattle, Washington DC,  Paris, 

Amsterdam-Delta, Toronto-Waterloo, Chicago, Seoul, Stockholm, Singapore, 

Shenzhen, Austin (USA), San Diego, Berlin, Bangalore-Karnataka, Sydney, 

Hangzhou (China), Atlanta, Philadelphia, Vancouver, Hong-Kong, Montreal, 

Munich, Sao Paulo, Bern-Geneva, Delhi, Dublin, Melbourne, Research 

Triangle. 

[Startup Genome, The Global Startup Ecosystem Report-2021, Rankings 
2021: Top 30 + Runners-up, https://startupgenome.com/article/rankings-2021-
top-30-plus-runners-up ].   

 

Big international metropolises, like New York, Tokyo, Paris, Berlin, 

Amsterdam, Beijing and London, enjoy inherent advantages in bringing 

together innovation resources, funding, creating scientific knowledge and 

incubating high-tech start-ups, given the clustering effects they have. Yet, 

some cities/metropolitan areas with smaller populations, like Seattle-Tacoma-

Bellevue and Chapel Hill-Durham-Raleigh, have their own distinctive features 

in innovation-driven development, with specialties in certain technological 

fields. Each city plays a significant role in its own field, and is exploring its 

unique path towards innovation development. 

Basic research and technological innovation capacities remain 

important elements that determine a city or metropolitan area‘s position in the 

global innovation network. More than half of cities/metropolitan areas in the 

overall top list have a concentration of renowned universities and research 

institutions, with solid bases in scientific research, and therefore, have an 

edge in innovation capacities, and their positions are difficult to challenge. 

When it comes to innovation, capital cities are typically where the action is. In 

2019, there were 598 startup investments in London, 433 in Paris and 261 in 

Berlin. Indeed, these three cities are drivers of European innovation, filled with 

initiatives to support startup growth. They rank as the top three biggest  

startup hubs. London has even ranked as the second-best startup ecosystem 

worldwide, tied with New York City (Startup Genome). 

https://startupgenome.com/article/rankings-2021-top-30-plus-runners-up
https://startupgenome.com/article/rankings-2021-top-30-plus-runners-up
https://www.statista.com/statistics/763309/leading-start-up-cities-in-europe-by-number-of-investments/
https://startupgenome.com/reports/gser2020
https://startupgenome.com/reports/gser2020
https://startupgenome.com/reports/gser2020
https://startupgenome.com/reports/gser2020
https://startupgenome.com/reports/gser2020
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In 2021, investors more than doubled the amount of cash they handed 

out to startups, hitting $621 billion globally and shattering the previous year‘s 

record, according to new data from research. The U.S. accounted for about 

50% of the world‘s funding total, with startups in the country raising about 

$311 billion, according to the report. The Silicon Valley region and New York 

retained their top spots for both the most money raised and the most deals 

completed. [Bloomberg, 12.1.2022, https://www.bloomberg.com/news/articles/ 

2022-01-12/startups-raked-in-621-billion-in-2021-shattering-funding-records]. 

 

Figure 14. Venture capital (VC) investment in European technological 
companies from 2014 to 2019 by city (in billion Great Britain pounds). London, 
Berlin, Paris, Stockholm, etc. Most of Venture Capital (VC) funding goes to 
startups based in capitals or large cities in Europe. (Source: Statista, 
Dealroom). 
 

It is no surprise that capitals and big cities (like London, Paris, Berlin, 

New York, etc) tend to have a higher concentration of resources for the 

development of the local startup ecosystem. Big cities and capital all over the 

world have a highly skilled workforce, famous universities and research 

institutes, big medical and pharmaceutical research centres, and inevitably 

https://www.cbinsights.com/research/
https://www.bloomberg.com/news/articles/%202022-01-12/startups-raked-in-621-billion-in-2021-shattering-funding-records
https://www.bloomberg.com/news/articles/%202022-01-12/startups-raked-in-621-billion-in-2021-shattering-funding-records
https://www.bloomberg.com/news/articles/%202022-01-12/startups-raked-in-621-billion-in-2021-shattering-funding-records
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corporate headquarters. This is a good explanation why big cities and capitals 

are seen as ideal places for innovation to flourish and attract venture funding.  

Efforts to expand innovation beyond the capital have led to promising results 

over the past few years. In the UK, Manchester, Oxford, Birmingham 

technological  companies raised more than £200 million in funding in 2018. 

In fact, the UK is seeing several regional innovation hubs emerge throughout 

its territory. Both big cities and smaller towns are experiencing this change. 

Cambridge‘s tech sector was estimated to be worth £2.4 billion in 2018. 

Basingstoke‘s total deals between 2015 and 2018 amounted to £425 million. 

Birmingham experiences an average of 500 new tech startups launched each 

year. Meanwhile, in Germany, Karlsruhe and Düsseldorf have been lauded as 

emerging startup hubs with growing opportunities. 

 
Conclusions 
 

The human civilization has experienced and benefited from the first 

industrial revolution (1760-1840), the second IR (1870-1914) and the third IR 

(1945-- ). Now, the world is on the way to implement a new one, the 4th 

Industrial Revolution (2010-) which is also called ―Industry 4.0‖. The Fourth 

Industrial Revolution is the trend towards automation and data exchange in 

manufacturing technologies and processes which include cyber-physical 

systems (CPS), Industrial Internet of Things (IoT), Cloud Computing (CC), 

cognitive computing (CC, use of computerized models to simulate the human 

thought process in complex situations), and artificial Intelligence (AI). Among 

scientists there is a unanimous consensus as to the 4IR as a significant 

transformation to the digitization of manufacturing and creating a cyber-

physical system. This transition is so compelling that it is inevitable to have a 

significant impact on higher education. Tertiary education institutions and 

universities are dedicated to promote knowledge and scholarship among 

young educated people. Universities educate scientists, artists, and other 

talents, spearheads scientific innovation, disseminates knowledge and 

educates with useful skills the future workforce. 

All these industrial revolutions in automation, digital connectivity and 

data processing for industry and society are expected to bring disruptive 

https://www.bdo.co.uk/en-gb/plugdin/insights/regional-hotspots-for-tech
https://en.wikipedia.org/wiki/Automation
https://en.wikipedia.org/wiki/Cyber-physical_system
https://en.wikipedia.org/wiki/Cyber-physical_system
https://en.wikipedia.org/wiki/Cloud_computing
https://en.wikipedia.org/wiki/Cognitive_computing
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changes in the economy and knowledge production system. Ubiquitous, 

mobile supercomputing. Intelligent robots. Self-driving cars. Neuro-

technological brain enhancements. Genetic editing. The evidence of dramatic 

change is all around us and it‘s happening at exponential speed.
60  

In the past, the growth of knowledge brought economic development 

and created new manufacturing and business jobs, but this linear model in 

knowledge production and economic development no longer applies. The 

competition for technology innovation is more rapid due to the short life span 

of technology. Centralised government coordination is no longer efficient 

because the external environment of the innovation system is too dynamic 

and difficult to control. The role of higher education is particularly crucial as a 

core actor of knowledge production. The two most important ways universities 

can participate in knowledge production are by directly generating new 

knowledge through academic research and training a qualified labour force 

with useful digital; skills. However, there are concerns about quality, both in 

the research and the teaching of higher education and preparedness for the 

changes to come. In some developed countries, the current knowledge 

production system only encourages academics to produce research that is 

short-term output-focused rather than innovative or ground-breaking, and it 

still follows the traditional approach for teaching, which does not prepare 

students for the labour market in the knowledge-intensive economy. The 

current higher education model in research and teaching has adapted well 

during the last industrial revolutions, but a fundamental structural change is 

recommended to prepare for the 4th industrial revolution. The 4th IR is 

affecting almost every industry worldwide by transforming systems of 

production, management and governance, by artificial intelligence, digital 

ubiquity, and cyber-physical systems. The consequences of the 4IR will be 

much more than, just, technology becoming part of daily life. It will change not 

only what we do but also who we are. For the first time in human history, 

machines acquiring capabilities that have been considered only possible by 

humans, while affecting social, economic, and cultural aspects of life, and, 

consequently, the labour market.  
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