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Abstract. Innovation is key to firms’ competitive advantage, performance, and growth. In this paper
we try to briefly link the concepts of Innovation and Entrepreneurship with the emergence of a new
industrial revolution that has been labeled as “Industry 4.0”, showing that as in the past a set of
innovation are the main drivers for the change of the technical and social paradigm. We summarize
a number of concepts to show that the key drivers of competitiveness are Innovation and
Entrepreneurship.

Introduction

In an increasingly competitive world where there is a growing search for perfection, innovation
emerges as an important area for firms. Not only is it a key factor in achieving the real expectations
of firms’ clients or target audiences, but it is also acknowledged as a crucial source of competitive
advantage, performance and growth [1, 2]. The relevance of innovation is reflected both in the
increasing innovation-related scientific literature, and in the emerging of several political and
economic projects involving innovation over the past two decades [3].

Previous works identified distinct types of innovation [e.g. 4], influencing factors, such as
environmental and organizational characteristics [e.g. 5] or relationship with partners [6, 7] and
innovation results [8, 9, 10]. Notwithstanding the findings of the accumulating literature on this
regard, innovation is a complex and systemic phenomenon that involves convoluted interactions
between the firm and its environment, and further understanding is needed [11].

This article builds on innovation and addresses the role of a specific strategic orientation,
entrepreneurship in its promotion. Furthermore, it examines how both concepts are related to an
emerging trend, the 4.0 industry.

Innovation

It is important to distinguish innovation from invention. Even though related, these concepts are
distinct and entail different factors, consequences and challenges. Invention is defined by
Schumpeter [12], as an idea, a sketch or a model, for a new or improved product, process or system,
which may or may not be patented but which is not yet standardized in the marketplace. It means to
generate an idea, a concept, or a solution where there is nothing, to discover something new.
Innovation, on its hand, means the adoption of an idea, behavior or invention pertaining to a
product, service, device, system, policy or program that is new to the firm [13]. This involves
converting the idea, sketch or model invented into a product, service, process or even business that
generates value or for which customers are willing to pay for. According to Schumpeter, this
conversion process is fundamental to the process of economic development, as something that
allows to boost the cycles of growth [12].

Recent studies have sought to establish a conceptual map of innovation in order to define and cover
the different forms of understanding and studying the phenomenon. The fields include Economics,
Sociology and Management or, alternatively, Cognitive, Organizational or Economic dimensions
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[14]. From Porter, who defines innovation as a set of improvements in technology and in methods
or ways of doing things [15] to the broader perspective of the OECD Oslo Handbook which
proposes to conceptualize innovation as the implementation of a new or significantly improved
product (good or service), process, marketing method or organizational method in business
activities, organization place of work or in external relations [16], there have been several
definitions. The widening of the concept is also related to the different forms and types of
innovation that have been emerging in the literature.

The appearance of these forms and types reflect the innovations’ different characteristics and the
fact that their adoption is not identically affected by environmental and organizational factors [17].
Particularly, Zaltman identified approximately 20 innovation types [18]. Nevertheless, the most
widely studied typology of innovation is product, service and process innovations [17]. Product
innovation can manifest as an improvement in machinery for the industrial sector, or as a consumer
product. In the point of view of the organization providing the new product, the attraction of the
product innovation is that the novelty alone can be suffice to get customers to purchase the product.
Service innovation, just like product innovation, is highly important, but it is often overlooked by
the consumers, since it doesn’t necessarily take a physical form it will seem less attractive. Still,
when a service is created where once no market was, like Facebook, YouTube or even Google, it
still manages to impress the consumers, sometimes even more than a physical product. Process
innovation tends to affect society as a whole. A pertinent example is the manufacturing processes
brought forth by Henry Ford in the early 1900’s with the Model T. Thanks to the moving assembly
line, Ford was able to create affordable vehicles with less manufacturing effort, bringing forth the
changing of the manufacturing industry. This example shows that you don’t need to necessarily
innovate the product, you can achieve the same or even better results by focusing on the process of
creation. When considering the degree of novelty associated with the innovation, one can
distinguish between incremental and radical innovation [19]. Incremental innovation is described as
introducing minor changes to an already existing product, service or process, attempting to achieve
a new potential [20]. This can be achieved by changing some components, with the objective of
making it cheaper or more reliable, or by simplifying the inner workings of the product. This type of
innovation can achieve considerable economic gains over time. Radical innovation happens when
an organization makes a new product, service or process that replaces the existing one, for
something that is considered as superior [20]. This type of innovation often times affects greatly the
market and by consequence the other organizations within that market. Its effects are so vast that it
can create new markets, change the existent ones and even make some other products/services
useless. Although this categorization has been widely used, Henderson & Clark alert that it is an
incomplete and potentially misleading categorization [21]. A more complete perspective is the
transilience map proposed by Abernathy & Clark who categorize the competitive significance of an
innovation into four categories, niche, architectural, regular and revolutionary [22].

Whatever the intensity or type of innovation involved, it stands from a point of wanting to improve,
even though the possible outcome might not always be positive [23]. As such, organizations
nowadays are investing a large quantity of their time and resources into their research and
development departments or developing partnering relationships with customers, suppliers,
universities or even competitors [24]. This desire to improve can have many reasons, from
efficiency benefits to taking advantage of market needs [25]. Improved products, services and
processes may result in synergies, cost reductions and quality / speed of service / health and safety
improvements and productivity increase [10]. Furthermore, innovation contributes to expanding
firms’ product and service range, finding new and better products and discovering new markets [10,
20]. It enables firms to differentiate themselves from competitors [26], which allows them not only
to increase their market share and penetration, but also to adapt to market changes and anticipate
and protect themselves from unstable or more hostile environments [1, 5]. It is only by innovating
that firms can make sure that their customer base is well satisfied, since this process will improve
product quality, durability and even reduce the prices. Ultimately, innovation leads to better firm
performance [12].
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Entrepreneurship

Entrepreneurial firms are imbedded with a philosophy and decision-making processes based on
values and behaviors such as innovativeness, proactiveness, risk taking, autonomy and competitive
aggressiveness [27, 28]. Innovativeness reflects firms’ willingness to embrace new ideas, favor
change, support creativity, and encourage experimentation [10]. Proactiveness represents a forward-
looking perspective that aims to identify, anticipate, and pursue future market changes [29]. Risk
taking involves firms’ availability to take risks and apply resources to pursue opportunities with
uncertain outcomes [27]. Autonomy is defined as independent action aimed at advancing a business
concept or vision and carrying it through to completion [28]. Competitive aggressiveness represents
a combative posture and a forceful response to competitor’s actions [28].

These dimensions embody a set of values and beliefs that shape how the firm intends to conduct
business and compete [27]. They reflect a willingness to break away from the tried-and-true, take
action based on early signals from the environment, accept uncertainty and risk, bring forth a vision,
and overcome competitors [28]. The fact that entrepreneurial firms are more prone to supporting
experimentation and R&D investments, creative thinking, and technological leadership enables their
department from established practices and technologies [30, 31]. Moreover, their eagerness to
anticipate the market and precede competitors not only enhances the chances of developing
improvements or extension of existing products, services and processes but also of achieving new-
to-the-firm and new-to-the-world types of technology, processes, solutions and products. Therefore,
entrepreneurship generates a favorable environment in which innovation may sprout [29, 32].
Specifically, there is evidence to suggest that entrepreneurship is a precursor to product, technology,
and market innovation [31, 33].

Industry 4.0

The history of humanity demonstrates how societies with the greatest capacities to create and
exploit new knowledge are those that have achieved the greatest wealth. Societies that promote
entrepreneurial activities and have a pro-innovation cultural background have long been the birth of
both critical innovations and of industrial revolutions [34]. Particularly, innovation is essential
within the perspective of economic growth as its achievement implies the introduction of new (and
varied) products and services into the economic sphere, impacting different companies’, sectors’,
regions’ and countries’ scope of capacities and growth potential [3]. In fact it is in the epicenter of
the industrial revolutions that have resulted from the exploitation of knowledge, stemming from the
scientific and technical revolutions of the 18th and 19th centuries, enabling an ongoing development
of new technologies and techniques that resulted in new products, processes and industrial sectors
[35].

These industrial revolutions involve major innovations that change the world as it was seen up until
then and affect the worldwide economy. Recently the term Industry 4.0 emerged as a revolution to
take into account [36]. The idea of having sequential industrial revolutions is not a new concept,
since in the field of innovation economics there has long been debate (among authors like Freeman
and Perez) the existence of long cycles of economic growth, linked to the dissemination of radical
innovations that transform the face of the economy and society [37]. In fact, when analyzed in terms
of time, one can identify economic cycles that range from forty to sixty years in length, and where
comprised of periods of high sectorial growth economical followed by lower sectorial growth [12,
38]. This cycle effect is known as “Kondratiev waves” or “Kondratiev-Schumpeter long waves”.
Considering this perspective, the first industrial revolution involved the introduction of the steam
engine, and occurred between 1780s and 1840s; the second revolution is related to the railway and
steel industries around 1840s-1900s; the third industrial revolution lasted from 1900s and 1950s and
was mainly based in the electric and chemical industries; the fourth revolution involved the
automobile and petrochemical industries around 1950s and 1990s and the fifth industrial revolution
lasted from 1990s to around 2010, and emerged from the information and communications
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technology sectors [39]. The widespread adoption by the global information and communications
technology industry paved the way for disruptive approaches to product development, production,
and the entire inherent logistics chain. This lead to the sixth industrial revolution, in which we are
currently on, that is expected to build around the sustainability, industrial ecology, nanotechnology
and biotechnology. In this sense, what got to be known as Industry 4.0 is actually the 6th industrial
revolution [40].

Conceptually, Industry 4.0 is centered on the existence of services that fuse the digital and physical
components, joining the notion of internet (Machines, devices and sensors connected in a network)
with the existence of intelligent systems and their increasing automation [36]. These digital machine
networks are organized in a similar way to social networks. Specifically, they connect mechanical
and electronic components that, in intelligent machines, continuously share information about
current stock levels, problems or failures and changes in orders or levels of demand. In this regard,
processes and deadlines are coordinated with the aim of increasing efficiency and optimizing
production times and capacity, while improving quality in development, marketing and purchasing.
These networks connect not only machines with machines, but create an intelligent network of
machines, assets, ICT systems, intelligent products and individuals throughout the value chain and
product life cycle [39, 40]. According to a Boston Consulting Group report regarding the
implementation of the 4.0 Industry in Germany, four areas will benefit from it, namely productivity,
revenue, employment and investment [41]. Productivity is expected mainly in the manufacturing
industry due to improvements on conversion costs. Revenue will tend to grow due to the demand of
quality and customized goods, as well as demand for enhanced equipment, data analysis and
application software. Employment levels — particularly qualified labor such as mechanical
engineering and IT — is expected to grow in the first decade of 4.0 Industry deployment. Finally,
investment is needed to incorporate the needed changes in firms‘production lines and to generate
firms that will use these technologies.

Conclusion

Innovation is widely recognized as crucial for firms operations and performance. Applied to
products, services, processes or other areas, more incremental or more radical, it is associated to
numerous benefits, both from a financial point of view and for a marketing perspective. Though the
phenomenon has attracted researchers’, managers’ and policy makers’ attention, it is a complex and
systemic phenomenon that needs further understanding [11].

Specific postures and strategic orientations, such as entrepreneurship appear to favor innovation,
given the promotion of an environment characterized by experimentation, forward thinking, risk
tolerance, autonomy and competitive aggressiveness. In fact, economies that invest in promoting
entrepreneurial practices and developing a pro-innovation cultural background are more likely to
innovate and be at the center of industrial revolutions [34].
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