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Abstract: The purpose of this publication is to elucidate the nature of radical innovations as drives of various industrial revolutions, as well 

as the conditions that led to their emergence. They incorporate substantially different technologies from existing ones and meet the needs of 

consumers in a new way and better than the current ones. 

This article will discuss factors that can be used to evaluate an innovation as radical. A new view of Industrial Revolution will be presented, 

explaining critical factors and their relation to sectors of production. An invention may lead to the production of a new, unknown product at 

a certain time or to the provision of an unknown service. The use of these unfamiliar products or services on the market is characterized as a 

radical innovation. Relevant radical innovations in turn lead to industrial revolutions. It is argued that a paradigm shift takes place and we 

call it Industrial Revolution.  
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1. Introduction 

1.1 Definitions of basic terms used in the paper: scientific 

breakthrough, invention, radical innovation, industrial 

revolution. 

The aims of this research is to find out what leads to a new 

industrial revolution and the correspondent paradigm shift that 

happens in businesses.  Such a change is of enormous importance 

since there should be preparation prior to the change. If the business 

is not prepared then this might have detrimental effect on it. The 

practical value of the research paper is to outline some of the 

characteristics of radical innovations in different stages of the 

production process. Recognizing these features will help managers 

to start management of change in the enterprise. The result would 

be that when a paradigm shift occurs the business will be prepared 

to carry on with its daily activities instead of trying to survive.  

 

 According to the Center for Science and Technology Studies1, 

“scientific breakthrough are those sudden discoveries that have a 

major impact on follow-up scientific research” (1). The Cambridge 

dictionary defines breakthrough as “an important discovery or event 

that helps to improve a situation or provide an answer to a 

problem”2. Merriam-Webster dictionary states it as “a sudden 

advance especially in knowledge or technique”3. We do make a 

difference though between a breakthrough and invention. The 

Cambridge dictionary defines invention as “Something that has 

never been made before, or the process of creating something that 

has never been made before”4. But as we can see from this 

definition it is not evident that this „something‟ is breaking new 

grounds and/or is a cutting edge technology. Thus, we have to 

distinguish between a breakthrough and invention. In accordance 

with a paper presented at the DRUID Celebration Conference in 

Barcelona, the large majority of all inventions are incremental, 

while only a small portion are breakthroughs (2).  

 From the interpretations of the term and with an aim for the 

objective of the research, the definition of breakthrough can be 

stated as: Sudden advances or events in science or technology 

made through consistent, focused and synergistic efforts that 

help to improve the situation or to respond to a problem. 

 

Next we will define a very contradictory term, for which 

various definitions have been written. This is radical innovation. 

Some authors call it revolutionary innovation (Abernathy and 

                                                 
1 https://www.cwts.nl/blog?article=n-r2u2c4&title=is-it-a-scientific-

breakthrough  
2 https://dictionary.cambridge.org/dictionary/english/breakthrough  
3 https://www.merriam-webster.com/dictionary/breakthrough 
4 https://dictionary.cambridge.org/dictionary/english/invention  

Clark, 1985) “it is an innovation that has a destructive effect on a 

particular part of the production process or on the product itself 

because it renders the established technical and production 

competence obsolete” (3). In 1990 Kim Clark and Rebecca 

Henderson upgrade the definition, thus innovation becomes radical 

and “… introduces a new meaning, potentially accepted as a 

paradigm shift” (4). Jim Kalbach proposes a model of innovation 

types where he describes that a” breakthrough innovation refers 

to large technological advances that propel an existing product or 

service ahead of competitors” (5). He specifies that breakthroughs 

often result from R&D, “striving for the next patentable formula, 

device and technology” (5). 

 

One of the latest interpretations for explaining both 

breakthrough and radical innovation was given by a McKinsey 

consultant, Emma Muckersie in 2016. Breakthrough innovation is 

“difficult as it requires the introduction of either a new technology 

or a new business model”. While radical innovations require both 

the introduction of new technology and the adoption of a new 

business model. Both processes are difficult, since “they need a 

different approach to research that involves significant business 

changes as well as huge investments” (6).  

 

Radical innovations then can be defined as: revolutionary 

innovations that create new products. Through their 

widespread use, new industries are being created or existing 

ones are being destroyed. Radical innovations employ both the 

introduction of new technology and the establishment of a new 

business model, a paradigm shift can happen. 

 

We can see that a breakthrough is distinguished from a 

breakthrough innovation and radical innovation. A breakthrough is 

when something has been invented. But unless it is implemented in 

practice only then it can become an innovation.  

 

The last term that should be identified is industrial revolution. It 

is interesting to note that most definitions of Industrial Revolution 

actually include a definition of the First Industrial Revolution. 

Encyclopedia Britannica defines “Industrial Revolution, in modern 

history, the process of change from an agrarian and handicraft 

economy to one dominated by industry and machine 

manufacturing” 5.There is no definition that clearly explains exactly 

what is meant by the general term industrial revolution. This is most 

likely due to the fact that the first revolution saw a dramatic change 

in production, creation of machines, materials, production methods 

and others that completely changed the way people live. Although 

statistically, the number of inventions and innovations put into 

                                                 
5 https://www.britannica.com/event/Industrial-Revolution 
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practice, in the Second Industrial Revolution, is likely to top the 

rankings (7).  

 

If the term is considered, according to the Cambridge dictionary 

industrial means “the companies and activities involved in the 

process of producing goods for sale, especially in a factory or 

special area”6. While revolution “is a very important change in the 

way that people do things”7.  

 

2. Factors that bring about industrial revolutions. 

Since the Industrialization Age, human kind develops more and 

more complex activities. During the last century, people talked 

about the First and the Second Industrial Revolutions. Then a Third 

was acknowledged. Today we discuss the Fourth and the Fifth 

Industrial Revolutions, known as Revolution 4.0 and 5IR. A new 

way to look at what are the important factors leading to different 

industrial revolutions is presented by Dr. David Brown8. In an 

interview for Forbes he stated that there are three characteristics that 

drove the first two revolutions. These factors are also present now 

in the Third Industrial Revolution. They are: a new energy source, 

a new communication system and a new financial system (8). In 

every industrial revolution these factors develop and become more 

complicated.  

The research led to an interesting co-relation. The factors of 

production could be linked to a certain Industrial Revolution. In the 

past 100 years, developed economies have seen a transition from an 

agrarian economy (primary sectors of production), to 

manufacturing-based (secondary sector) economy, to an economy 

where the tertiary sector dominates. The use of better technology 

led to improved labour productivity, which enabled a higher output 

of manufactured goods and agriculture with less labour. The 

increased productivity helped in: increased income to spend on 

leisure activities and spare labour to work in a labour intensive 

tertiary sector (9). “Technological advances has enabled new 

service sector industries to develop. Tertiarisation started.” (9). 

Since this trend continued to develop, a quaternary sector has 

been established, somehow as a subdivision of the tertiary. It has 

been improved from the tertiary because it is focused on 

knowledge, intellectual activities, and is often associated with 

technological innovation. That is why sometimes it is called the 

“knowledge economy” (10). Various types of e-services, IT, the 

media, government, culture, education, scientific research, and web-

based services become typical of the “post-industrial” economies 

(11). The workforce involved is typically well educated. Another 

subdivision of the tertiary sector is the quinary sector. It 

incorporates the “highest level of decision-making in a society” 

(10), who formulate policy guidelines in the different industries, the 

various government departments, in the sciences and technology, 

which have a far-reaching impact on the economy.  

 

In the following table the sectors of business activity are linked to a 

corresponding industrial revolution and their features, according to 

Dr. Brown are outlined and further developed. 

 

3. Identifying factors that can be used to evaluate innovation as 

radical. 

From a managerial point of view, one of the most important 

processes is manufacturing, or in general terms – the production of 

the product/service. In the process, a product is produced that will 

be sold and will lead to a profit for the enterprise. With this profit, 

                                                 
6https://dictionary.cambridge.org/dictionary/english/industry 

 
7
https://dictionary.cambridge.org/dictionary/english/revolution 

8
 https://www.researchgate.net/profile/David_Brown22 

materials will be purchased again, other resources needed for 

production will be paid and the process will continue and become 

self-sustainable. Let's look at figure 1. 

 

 
          1              2                 3    

  

Figure 1: The production process 

 

The figure expresses the three main parts of the production process, 

which are important to managers: input, process and output. Each 

part can be discussed in order to consider where in the production 

process would be possible to obtain a scientific breakthrough, so 

invention can be made that might lead to radical innovation.  

 

Component 1: Input 

This component takes into consideration the so-called input factors, 

which can be the following: 

• Value of materials 

• Materials 

• Other resources needed  

 

Value of materials - When choosing basic materials for the 

production process, materials that are with low value are always 

selected so that the cost of the finished product is not too high to 

sell at a certain price. What can affect the value is finding a supplier 

that offers material with the quality required by the manufacturer, 

but with a lower purchase price (part of a new business model). 

New material cheaper than the previous one can be discovered, too 

(scientific breakthrough). 

Materials – some materials can be replaced by substitutes, in case 

they have the necessary physical and chemical qualities required for 

the properties of the material (scientific breakthrough or invention); 

a scientific discovery of a new chemical element, an alloy, a 

polymer, etc. (scientific breakthrough, invention). 

Other resources - human resources, such as lower-paid workforce, 

skilled and trained personnel (new or improved business model). 

 

Component 2: Process 

The following factors are distinguished: 

• Transformation 

• Processes 

• Machines, apparatus and equipment 

Transformation is the alteration of raw material into a ready-to-use 

or semi-finished product. The methods of transformation may differ 

in whether the same physical and chemical processes are used. In 

the research and development process it is possible to discover 

changes that can be performed under better conditions, or without 

the use of expensive material. For example, the use of newly 

discovered materials, compounds, or alloys can make the process 

cheaper, faster or more profitable for the manufacturer (scientific 

discovery, invention, business model change possible). 

Processes - The production of a particular product follows specific 

steps. Each phase of the production process is important for the 

quality of the product. When discovering new material, a new 

machine, or a new production method, there may be a reduction in 

the number of processes leading to the end product (breakthrough, 

invention). It can also lead to cost reductions of these processes. 

Some of them are more labor intensive, others are more expensive, 

so finding a cheaper alternative will be a good source of radical 

innovation. 

Input Output
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Table 1: Relationship between Sector of business activity and Industrial revolution 

1 – a new energy source; 2 – a new communication system; 3 – a new financial system 

Sector of 

business activity 

Industrial revolution Features  

Primary  

 

Secondary  

 First Industrial 

Revolution mid-18th to 

beginning of  19th 

century (12) 

1. Wood → Coal 

Use water and steam power to mechanize production (13)  

2. Steam-powered printing press, cheap paper & magazines, 

delivered rapidly (via trains) 

3. London Stock Exchange (8) 

A paradigm shift in production, transport 

Secondary 

 

Tertiary  

Second Industrial 

Revolution – end of 19th 

to beginning of the 20th 

century (7) 

1. Coal →  Crude oil 

Electric power to create mass production 

3. 2. Telegraph, telephone, electrification, internal combustion engine 

4. 3. Limited liability corporation, reduce risks for entrepreneurs 

5. A paradigm shift in the use of energy 

Tertiary  Third industrial 

Revolution – 1969 (14) 

1. Crude Oil →  Renewable resources 

2. The Internet, WWW 

3. The financial markets are less advanced, crowdfunding, peer-to-peer 

finance 

Truly global is the paradigm shift; Knowledge Economy; On-line 

education; Digitalization – use of Electronics; automated 

production 

 

Quaternary  Fourth industrial 

revolution 1980s (15);  

(16) 

 

1. Tries to increase to the 50-100% range of using renewable 

resources, battery storage technology, biomass 

2.  IoT, healthcare advances, needs more stable internet, better 

security, cheaper components, augmented and virtual reality, block 

chain 

3. Google-wallet, Apple-pay, Africa-led mPesa. US Internet giants 

registering as banks – cheap infrastructure and billion-size customer 

base; cryptocurrencies 

The paradigm shift is unlimited access to knowledge through the 

use of technology; industries are disrupted; transformation of 

entire systems of production, management and governance; AI, 

Robotics, IoT, 3D printing 

Quinary  Fifth industrial 

revolution, Davos, 2019 

(17) 

1.  Sustainable development goals (17) 

2.  New, undeveloped methods of communication based on augmented 

and virtual reality 

3. To change from “for profit” to “for benefit” operating model 

Humanity, trust, culture, values, ethics (17) 

 

Machines, apparatus, equipment – During the development of 

technology, new, improved and sophisticated machines are 

produced (scientific breakthrough, invention). Usually, they are 

more expensive (but the payment is one-off if purchased). On the 

other hand, this implementation leads to a decrease in labor used, 

which reduces the cost of production (change of business model). 

The use of new technology can lead to the introduction of 

completely new processes.  

 

Component 3: Output 

The following factors influence the output needed to reach the end 

consumer. 

• Distribution channels 

• Time 

• New use of the product 

• New product 

 

Each manufacturer has its own distribution channel which 

supplies the finished goods to consumers. The channel can be long, 

consisting of many stages, before reaching the end user. Or it can be 

really short, when the product is purchased directly from the 

manufacturer. In case there is a change in the way products reach 

the end user, this might be because of an introduction of a new 

business model e.g. radical innovation.  

Time - The widely used proverb "Time is money" applies to 

businesses. Time is an important component of the whole 

production process. The significance to receive materials on time 

(JIT method), process them in a timely manner (use Kaizen), leads 

to the last phase – output. It might be of great importance for some 

products to reach the customer on time or as soon as possible 

(invention, change of business model). 

A new type of product or new use can be achieved when at least 

one of the previous two components is changed. For example, if a 

product is made of new material and has new properties, it may 

possibly be used in a different, previously unknown way, which 

could lead to a change of the business model. This applies to 

products that have been modified. New products can be invented, so 

they can become part of a radical innovation. 

 

4. Analysis of findings 

The above information can be synthesized and some 

conclusions can be reached. The discovery of the steam engine, the 

use of coal and the creation of factories leads to a change not only 

in the inputs, but in the process component, too. That is why the 

outcome is different. Steam engine is considered a radical 

innovation, which led to mechanization of the production process. 

This on its own, caused a paradigm shift to happen. Not only 

cheaper and higher quality material started being produced, in large 

quantities for a very short amount of time (manufactured goods), 

but also the railroads and the steamships used to transport them 

(12). In the Second Industrial Revolution, the paradigm shift has 

happened when a new source of energy has been discovered – crude 
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oil. Thus, electric power initiates the creation of mass production. 

Some examples of scientific breakthroughs and inventions are: the 

discovery of petroleum and its properties, the wide use of 

electricity, standardization of goods like soap, clothing etc., the 

internal combustion engine and many others. As a conclusion we 

state that the secondary sector of business activity can be directly 

related to the First and Second Industrial Revolutions, since it 

includes manufacturing, processing and changing raw material into 

finished goods. The first two revolutions had changed greatly the 

input and the process phases in the production process. The Third 

Industrial Revolution is driven by technologies of the digital engine 

of the Internet, renewable energy, AI and 3D printing. The 

transformations that had started already are changing everything we 

do, make, use and plan for the future (14). 

The failures of economic systems that we are observing now: 

insufficient use of renewable resources, expensive materials for 3D 

printing and building AI, breach of security in some countries and 

many other factors, lead to the Fourth Industrial Revolution, which 

is knowledge based. Scientists, businesses, start-ups and other 

organizations are trying to educate people, to find solutions to the 

recurrent problems. That is why the Founder and the Executive 

Chairman of the World Economic Forum (WEF), Klaus Schwab in 

2016 calls this period a Fourth Industrial Revolution, or 4.0 and 

states that “… it is evolving at an exponential rather than a linear 

pace,… it is disrupting almost every industry in every country. And 

the breadth and depth of these changes herald the transformation of 

entire systems of production, management, and governance” (13). 

Some of the discussions in the WEF in Davos 2019, were 

focused on the global climate crisis becoming a catastrophic 

problem. But there is still something larger, leaders have said; “the 

march of successive industrial revolutions intensifies the risks of 

dehumanizing economic progress, to the point that we face now an 

existential threat in both environmental and humanitarian terms” 

(17). That is why the Fifth Industrial Revolution will be dedicated 

to humanity. Another goal would be to try to prepare human kind 

for the challenges ahead. A big obstacle, though is presented by the 

fact that “65% of children entering education today will end up in 

careers that don‟t yet exist” (17). 

5. Conclusion

The research has outlined some fundamental points. Radical

innovations are changing the paradigm of industries and this is 

being described as an industrial revolution. In relation to this, a 

distinction is made between the Third, Fourth and Fifth Industrial 

Revolutions.  

Society undergoes different stages of development. Each stage 

marks a significant change in the way of human existence caused by 

a corresponding change in the way of thinking. This has been 

stimulated by a change in the tools of labor. Inventions and 

innovations are an integral part of this evolutionary process. 

Changing the tools of labor is drastic, that is why it leads to striking 

transformations in people's lives. If radical innovations are 

recognized and acknowledged, then successfully implemented by 

managers into the business, they may alter a business entirely by 

changing existing market, eliminating competition, or completely 

creating a new market.   
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