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Abstract
Quadruple and Quintuple Helix innovation systems are based on democracy and 
ecology. Two propositions are here key: (1) without a democracy or knowledge 
democracy, the further advancement of knowledge and innovation are seriously con-
strained, so in that sense, knowledge and innovation evolution depend on democ-
racy and knowledge democracy; (2) ecology and environmental protection repre-
sent a necessity and challenge for humanity, but they also act as drivers for further 
knowledge and innovation (this should lead to a win–win situation for ecology and 
innovation). Therefore, for an innovation system to be a Quadruple/Quintuple Helix 
innovation system, the political regime hosting these helixes needs to be democratic 
in essence, not just in form. The next stage in evolution of innovation systems may 
be that this also will require a “democracy of climate” (promoting a social, cultural, 
economic, and political “climate for democracy”), where democracies as innovation 
enablers are creating innovation that regard the ecology as a crucial driver for fur-
ther innovation and for responsible innovation.
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Introduction: Helices Development in Comparison

“Democracy and the Environment are Endangered Species”
Elias G. Carayannis, Interview to Riconfigure EU Project, November 
2019 (Carayannis, 2020) http://​ricon​figure.​eu/​publi​cation/​democ​racy-​and-​
the-​envir​onment-​are-​endag​ered-​speci​es/

In his famous book, “The Structure of Scientific Revolutions,” Thomas S. Kuhn 
(1962) emphasizes that there is an evolution of thoughts, with mutual influences, 
new stages of thinking, also a learning and a cross-learning of thoughts, where new 
thoughts are developing in reflection of existing intellectual structures and patterns. 
There also can be a co-evolution of different ideas, not only with a reciprocal co-
influencing but also with distinct evolutionary lines.

The focus of this analysis is on the development and evolution of Quadruple and 
Quintuple Helix innovation systems. This implies a comparative analysis and discus-
sion on the Triple Helix, Quadruple Helix and Quintuple Helix innovation systems. 
The “A Short History of Triple Helix, and of the Quadruple and Quintuple Helix 
Innovation Systems” section provides a short historical overview, while the “The 
Quintuple Innovation Helix and Industry and Society 5.0” section focuses on Indus-
try 5.0 and Society 5.0 (Carayannis et al., 2021a, b). In the “Conclusion” section, it 
is being emphasized that the Quadruple and Quintuple Helix are based on democ-
racy and an ecological sensitivity. Here references are being made to a “democracy 
of climate,” intended to create a (social, cultural, economic, and political) “climate 
for democracy.”

A Short History of Triple Helix, and of the Quadruple and Quintuple 
Helix Innovation Systems

“Should the public perhaps be considered as a fourth strand to be added to 
the Triple Helix model? In our opinion, the conceptualization of the public 
as merely a fourth helix narrows the public into another private sphere, rather 
than seeing civil society as the foundation of the enterprise of innovation.” 
(Leydesdorff & Etzkowitz, 2003, p. 57).

“Several contributors raised the issue of a fourth or fifth helix and one author 
provocatively suggested that we could perhaps also develop a Triple Felix 
model …” (Leydesdorff & Etzkowitz, 2003, p. 59).

“Three helices are sufficiently complex to understand the social reproduction 
of the dynamics of innovation (Etzkowitz & Leydesdorff, 2000; Leydesdorff & 
Etzkowitz, 1998); the three institutional spheres can be identified in our type 
of society as industry, academia, and government.” (Leydesdorff & Etzkowitz, 
2003, p. 60).
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According to a literature review, carried out by Yuzhuo Cai and Annina Lattu (2020), 
early key publications on the Triple Helix are as follows: Etzkowitz & Leydesdorff, 1995, 
where the Triple Helix model on innovation was introduced and explained systematically, 
and Etzkowitz and Leydesdorff, 2000, where Triple Helix was explained comprehensively. 
In 2003, Leydesdorff and Etzkowitz discussed the possible option of adding a fourth helix 
to the Triple Helix model (Leydesdorff & Etzkowitz, 2003, p. 57; see also Leydesdorff & 
Etzkowitz, 1998). Around 2012, Leydesdorff finally introduced the so-called concept of 
the N-Tuple of Helices in an article published in the Journal of the Knowledge Economy, 
edited by Elias G. Carayannis (Leydersdorff, 2012). The main focus of the Triple Helix 
innovation model concentrates on government-university-industry relations (Etzkowitz & 
Leydesdorff, 2000; Leydesdorff, 2012). In that respect, one could say, that the Triple Helix 
represents a basic model or a core model for a knowledge production and an innovation 
application; however, the emphasis is on the economy, or a knowledge economy (so the 
interpretation here) and not the type of regime (democracy vs autocracy).

Early pre-work for the Quadruple Helix dates as far back as already to the 
early 1990s onwards (Carayannis & Maldifassi, 1992; Carayannis, 1994a,  1994b; 
Carayannis, 1998; Carayannis, 2001; Carayannis & Gonzalez, 2003; Carayannis 
et al., 2003). The two co-creators of the “Quadruple and Quintuple Helix innovation 
systems” are Elias G. Carayannis & David F. J. Campbell in, 2009 and 2010 respec-
tively (Carayannis & Campbell, 2009, 2010). The conceptual and theoretical work 
on the Quadruple and Quintuple Helix innovation systems is original work, which, 
from the beginning, is work that was or is being designed as a four-helix or five-
helix model, and this is something very different from being a fourth (or fifth) helix 
to a Triple Helix model. The first publication on the Quadruple Helix is Carayannis 
and Campbell (2009), and the first publication on the Quintuple Helix is Carayannis 
and Campbell (2010). Both of these are peer-reviewed article publications in jour-
nals, which are also represented in standard journal databases. One secondary (open 
access) article release soon after is Carayannis et al. (2012).

The Quadruple and Quintuple Helix innovation systems was, of course, not created 
in a vacuum, but reflected and discussed the intellectual narratives that existed at its 
time. Therefore, the Quadruple and Quintuple Helix innovation systems more fully 
contextualized the “Triple Helix” (for example, Etzkowitz & Leydesdorff, 2000), the 
“Quattro Helix” (Danilda et  al., 2009), but also the “Mode 2 of knowledge produc-
tion” (Gibbons et al., 1994). Something which may be often overseen is the fact that 
the Quadruple Helix not only associates with the (later) created Quintuple Helix but 
also with the so-called concept of a “Mode 3 knowledge production” (Carayannis & 
Campbell, 2006). The article release of 2009 (Carayannis and Campbell) also had as 
main title: “‘Mode 3′ and ‘Quadruple Helix’: Toward a 21st Century Fractal Innova-
tion Ecosystem.” The first academic work on “Mode 3,” in terms of a way of a knowl-
edge production, was a book chapter, released in 2006 (Carayannis & Campbell, 2006). 
Consequently, the book of Carayannis and Campbell (2012)1 also has as title: “Mode 3 

1  See: http://​www.​sprin​ger.​com/​cda/​conte​nt/​docum​ent/​cda_​downl​oaddo​cument/​97814​61420​613-​c1.​
pdf?​SGWID=0-​0-​45-​12636​39-​p1742​50662
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Knowledge Production in Quadruple Helix Innovation Systems. 21st-Century Democ-
racy, Innovation, and Entrepreneurship for Development.”

In general, universities and higher education institutions have three main func-
tions: teaching and education, research (research and experimental development, 
R&D) as well as what is called “third mission” or “third party” activities or outreach 
actions and initiatives, for example, innovation, democracy, and civic education 
(Campbell & Carayannis, 2013b, p. 5). One question arising is as to whether, as to 
what degree and how the art universities are differing from the scientific universities 
(in the world of the sciences). Certainly, art universities emphasize the arts, and the 
arts are different from the sciences. Yet, even art universities themselves frequently 
refer to the sciences. Thus, art universities can help co-create and co-develop fur-
ther skills and competences for the teaching of the sciences and the conducting of 
research in the sciences. The other major challenge for art universities is to under-
take “artistic research” and “arts-based innovation.” In doing so, art universities and 
higher education institutions are also closely linked with national innovation systems 
and multi-level innovation systems. This widens the interdisciplinary and transdis-
ciplinary spectrum of higher education institutions. Artistic research complements 
art teaching in art universities (see also the analysis in Bast, 2013). Universities of 
the arts and universities of sciences can join forces, and these associations can sug-
gest new organizational structures to encourage creativity (Campbell, 2013a). When 
asking what the purpose of the arts is, the traditional answer is inclined to refer to 
“aesthetics”. However, the arts may also be considered to represent a manifestation 
of knowledge (see also Carayannis & Campbell, 2015). See Fig. 1 for a graphical 
visualization of this.

Academic research, in a traditional interpretation in context of universities of the 
sciences, focuses on basic research, often framed in a structure of academic disci-
plines and without a specific interest in the practical use of knowledge and inno-
vation. This model of university knowledge creation is being called “Mode 1” of 
knowledge production (Gibbons et al., 1994). Mode 1 appears to be compatible with 
linear models of innovation, which often are being referred back to Vannevar Bush 
(1945). The linear model of innovation asserts that there is first a basic research in 
a university environment. Gradually, this university research then diffuses out into 
society and the economy. It is then the economy and societies, taking up the discov-
eries and research results of the universities, and are transforming and developing 
these further to applications of new knowledge and to enable innovations. The inten-
tion here is to create finally economic and commercial successes in the markets out-
side of the higher education system. This linear innovation framework is character-
ized by a sequential “cause-effect” relationship, between basic research (knowledge 
production) and innovation (knowledge application).

The Mode 2 (of knowledge production) emphasizes a knowledge application 
for the purpose of a problem-solving, and incorporates and promotes the follow-
ing principles: “knowledge production in an application context,” “transdiscipli-
narity,” “heterogeneity and organizational diversity,” “social responsibility and 
reflexivity,” and “quality control” (see also Nowotny et al., 2001, 2003 and 2006, 
as well as furthermore Carayannis et al., 2017). In this context, the priority is to 
place an emphasis on the production of a knowledge for practical purposes. Mode 

2053



Journal of the Knowledge Economy (2021) 12:2050–2082

2 describes and encourages the use of clear references to innovation and innova-
tion models. The linear model of innovation has also been challenged by non-
linear models of innovation, which are interested and designed in making more 
direct connections between knowledge production and knowledge application. In 

Dimension of "traditional" understanding of art and arts:
the "aesthetic" dimension of arts.

Aesthetic 
dimension 
of arts.

Additional dimension of art and arts:
arts as a manifestation of knowledge.

Knowledge 
dimension 
of arts.

Other additional dimensions of art and arts:
further possible dimensions of arts.

Other
(possible)
dimensions
of arts.

……….
……….
……….

Source: Authors' own conceptualization
and adopted from Carayannis and Campbell (2009; 2014, p. 9).

Fig. 1   Dimensions of conceptualization and measurement of art and arts
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these nonlinear models, basic research and innovation are not seen as successive 
steps, but as parallel and equally important steps. Mode 2 therefore appears to be 
compatible with nonlinear innovation models and their ramifications.

The Triple Helix model of knowledge and innovation, with its particular relation- 
ship of academia, industry, and government, was proposed and introduced by Henry 
Etzkowitz and Loet Leydesdorff (2000, pp. 111–112). This approach is based on a 
knowledge and innovation production model, where three helices are interconnected 
and mutually referring to each other, thus shaping and creating a national innova-
tion system. These three helices represent the following systems or sectors: aca-
demia (universities or higher education institutes), industry (business), and the state 
(government).

When Etzkowitz and Leydesdorff approach this theme of university, industry and 
government relationships and networks, they emphasize “trilateral networks and hybrid 
organizations,” where the helices are inter-connected with each other in a hybrid fash-
ion. According to Etzkowitz and Leydesdorff (2000, p. 118), the Triple Helix model 
provides a model, which describes Mode 2 as a phenomenon of shift in scientific 
knowledge production, whereas the Triple Helix could be interpreted to represent the 
societal superstructure on top of the knowledge production or the knowledge produc-
tion shift (being postulated here). “[The] Triple Helix overlay provides a model at 
the level of social structure for the explanation of Mode 2 as an historically emerging 
structure for the production of scientific knowledge, and its relation to Mode 1.” More 
recently, Leydesdorff (2012) even introduced the “N-Tuple Helix” model (Park, 2014).

Mode 1 and Mode 2 also can be interpreted as “knowledge paradigms,” on which 
the knowledge production (and to some extent also the knowledge application) is based 
in universities and other higher education institutions. In accordance with Mode 1, 
quality and success may be defined in the following way: “academic excellence, which 
is a comprehensive explanation of the world (and of society) on the basis of ‘basic 
principlesʼ or ‘first principles’, as is being judged by knowledge producer communi-
ties (academic communities structured according to a disciplinary framed peer review 
system).” For Mode 2, quality and success are: “problem-solving, which is a useful 
(efficient, effective) problem-solving for the world (and for society), as is being judged 
by knowledge producer and knowledge user communities” (Campbell & Carayannis, 
2013b, p. 32; see also Campbell & Carayannis, 2013a, 2013c, 2016a and 2016b).

A “Mode 3” type university or higher education institution would represent (and 
does represent) a type of organization or system that seeks creative ways to combine 
and integrate different principles of knowledge production and knowledge applica-
tion (for example, as has been exemplified by Mode 1 and 2), while, at the same 
time, encouraging diversity and heterogeneity. This also should create creative and 
innovative contexts for research and innovation in organizations. Therefore, Mode 3 
clearly promotes “creative knowledge environments” (Hemlin et al., 2004).

Universities or higher education institutions of a “Mode 3” type of system are 
designed to enable a “basic research in the context of application” (Campbell & 
Carayannis, 2013b, p. 34). This aligns with qualities of nonlinear innovation. Govern-
ance decisions in or on higher education should be based on an understanding and sen-
sitivity to the particular Mode in which the organization operates, either (for example) 
Mode 1, Mode 2, or Mode 3. The concept of “epistemic governance” emphasizes that 
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the knowledge conceptions underlying knowledge production and knowledge appli-
cation (innovation) are addressed with strategies, policies and measures that ensure 
quality and continuous quality improvement (Campbell & Carayannis, 2013b, 2013c). 
Epistemic governance is referring explicitly to the “underlying understandings” that 
are underlying the structures and processes of an organization. Related to this is the 
proposed Fractal Education, Innovation and Entrepreneurship (FREIE) organizational 
governance design (Carayannis & Campbell, 2011).

The competitiveness and superiority of a knowledge system or the degree of devel-
opment of a knowledge system are particularly determined by their adaptive capabil- 
ity and capacity to combine and integrate several and different modes of knowledge 
and innovation through co-evolution, co-specialization and “co-opetition” (cooperation 
and competition), also of stock-and-flow dynamics (see Carayannis & Campbell, 2009, 
p. 201; in relation to “co-opetition,” see Brandenburger & Nalebuff, 1997). Analogies 
are drawn and a common development is suggested between diversity and heterogene-
ity in advanced knowledge societies and knowledge economies as well as the political 
pluralism in a democracy (knowledge democracy) as well as the quality of democracy 
or of a knowledge democracy. The “democracy of knowledge” refers to this overlap and 
co-relationship.

Thus, “The Democracy of Knowledge, as a concept and metaphor, highlights and 
underscores parallel processes between political pluralism in advanced democracy, 
and knowledge and innovation heterogeneity and diversity in advanced economy 
and society. Here, we may observe a hybrid overlapping between the knowledge 
economy, knowledge society and knowledge democracy” (Carayannis & Campbell, 
2012, p. 55). Therefore, the idea of “Knowledge Democracy” goes beyond that of 
the “Republic of Science” (Michael Polanyi, 1962) and is also related to the concept 
of the democratization of innovation (von Hippel, 1995, 2005).

The Triple Helix model emphasizes the relationship between academia, industry, 
and government (Etzkowitz & Leydesdorff, 2000). In this regard, it is a basic or a core 
model for explaining knowledge production and knowledge application. Contrary to 
this, the models of innovation systems based on the Quadruple Helix and the Quintuple 
Helix are designed in such a way that they already understand and refer to a wider com-
plexity and context of knowledge production and knowledge application (innovation). 
In this way, they are organically and proactively including and engaging civil society 
and environmental considerations. The analytical architecture of these models is there-
fore conceptualized on a broader basis. We can say metaphorically that the Quadruple 
Helix integrates and contextualizes the Triple Helix, while the Quintuple Helix inte-
grates and contextualizes the Quadruple Helix (and the Triple Helix) (see Fig. 9 later 
on). The Quadruple Helix adds as a fourth helix citizens influenced by the media and 
culture (“media-based and culture-based public”), “civil society,” as well as “art, arts, 
artistic research and arts-based innovation” but also democracy and knowledge democ-
racy, all in all creators, inventors, innovators, and entrepreneurs. The Quadruple Helix 
innovation model can be seen as a model that integrates the dimension of democracy 
or the context of democracy in order to promote knowledge, knowledge production, 
and innovation (Carayannis & Campbell, 2009, 2012, p. 14; Carayannis & Pirzadeh, 
2014; Campbell & Carayannis, 2016b; see also: Bast et al., 2015; Danilda et al., 2009; 
Eigelsreiter, 2017; Mitterlehner, 2014; Galan et al., 2018; Schallmo et al., 2017). The 
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innovation model of the Quintuple Helix is more complete in terms of its analytical 
and explanatory scope as well as in its design by adding additionally a fifth helix and 
perspective, which is “the natural environment of society” (“natural environments of 
society”). (Carayannis & Campbell, 2010, p. 62; Carayannis et al., 2012; Carayannis 
et al., 2018a, 2018b).

The Triple Helix is explicit in recognizing the importance of higher education, when 
it comes to innovation. However, one could argue that the Triple Helix sees knowledge 
production and innovation in a direct relation with the economy, and, therefore, the 
Triple Helix mainly considers economics and economic activity. In this sense, the Triple 
Helix frames the knowledge economy. The Quadruple Helix brings a new perspective 
about society and democracy. The Quadruple innovation system underlines the fact that 
a sustainable development of the economy and in the economy (the knowledge econ-
omy) requires that there is a common development of the knowledge economy, knowl-
edge society and of the knowledge democracy all together (see also section on Industry 
5.0 and Society 5.0 later on). The Quadruple Helix even promotes the perspectives of 
the knowledge society and knowledge democracy to support, strengthen and advance 
knowledge production (research) and knowledge application (innovation). Moreover, the 
Quadruple Helix is explicit that not only scientific universities (or other higher education 
institutions in the sciences) but also art universities (or other higher education institutions 
in the arts) must be seen as decisive and determining institutions for the further advance-
ment of knowledge and innovation systems: this enables and encourages interdiscipli-
narity and transdisciplinarity that allows for a mutual and mutually integrating network-
ing of the arts and sciences so to create an essential and creative mixture to encourage 
and reinforce innovation. This is where the keys to future success lie. The concept of 
“social ecology” refers to the interactions between society and nature (“society-nature 
interactions”), which is to say between “human society” and the “material world” (see, 
for example, Fischer-Kowalski & Haberl, 2007). The European Commission (2009) has 
identified the need for a socio-ecological transition of the economy and society as one of 
the greatest challenges ahead. It also recognizes that this is an opportunity for the future 
progress and for the advancement of the knowledge economy and the knowledge society 
and democracy. The Quintuple Helix refers to this socio-ecological transition of society, 
economy and democracy. This is the reason why the innovation system of the Quintuple 
Helix is designed so to be ecologically sensitive.

The Quintuple Helix innovation system bases its conception of knowledge production 
and knowledge application on social ecology. Environmental problems (such as global 
warming) represent matters of concern and survival issues for humanity and human civi-
lization. The Quintuple Helix, however, sees and interprets environmental and ecologi-
cal problems also as possible opportunities by identifying them as possible drivers for 
the production of future knowledge and the creation of future innovations (Carayannis 
et al., 2012). Finally, this refers to learning processes for the knowledge economy: “The 
Quintuple Helix supports here the formation of a win–win situation between ecology, 
knowledge and innovation, creating synergies between economy, society and democ-
racy” (Carayannis et al., 2012, p. 1).

2057



Journal of the Knowledge Economy (2021) 12:2050–2082

The Quintuple Innovation Helix and Industry and Society 5.0

The five dimensions of the Quintuple Innovation Helix clearly qualify to relate to 
themes of Industry 5.0 and Society 5.0, which are which are manifestations of institu-
tional, cultural, legal, social, political, economic and technological embodiments of the 
nexus of the government, university, industry, civil society, and environmental dimen-
sions (see also Carayannis et al., 2020).

Digital Transformation

In the recent years, digital transformation (DT) has received a growing attention 
both by academics and practitioners; however, despite numerous scholars that have 
addressed this topic, a reconciled definition of DT is still missing (Morakanyane et al., 
2017). One of the main reasons could lie in the fact that DT understanding requires an 
interdisciplinary approach (Hauseberg et  al.,  2019). Hausberg et  al. (2019) highlight 
that although several works are focused on the technological aspects of this transforma-
tion, the “human” component is fundamental as well. Therefore, on the one hand, there 
are those studies that consider technology as the main driver of this “radical change” 
( Nambisan et al., 2019), on the other side, there are those who describe digital tech-
nologies as an enabling factor for a new organizational shift (Morakanyane et al., 2017; 
Nambisan et al., 2019) and have also an impact on society, people as well as on the 
knowledge management (Braganza et al., 2017; Urbinati et al., 2018). On their in-depth 
literature review about DT Hausberg et al., 2019 have found that big data is the research 
stream with most contributions and the artificial intelligence and machine learning 
are those technologies that have a significant presence. Moreover, among the several 
research streams identified by authors, one was named “society”; it consists of works 
that deal with the role of digital technologies in the following issues:

Society and communication (Carolan, 2017; Gano, 2015; Madsen et al., 2016)
Policy and international (Chandler, 2015; Rothe, 2017)
Philosophy and ethics (Lake, 2017)

Thus, this stream, particularly relevant for our study, is characterized by a multidis-
ciplinary approach that takes into account the DT from a societal perspective, with a 
particular focus on not only the opportunities but also risks connected to the big data 
and digital technology adoption.

The Concept of Industry 4.0 in Review

Digitalization has completely changed the world of industry, determining what 
today is called the fourth industrial revolution, better known as the phenomenon 
of “Industry 4.0.” The term “Industrie 4.0” first appeared in a German strategic 
initiative in 2011 as a part of its high-tech program, and it was defined in the 
work of Kagermann et al. (2013, pp. 5) as “a new type of industrialization.” If the 
first three industrial revolutions were the result of mechanization, electricity, and 
IT, the fourth come with the introduction of the Internet of Things and Services 

2058



Journal of the Knowledge Economy (2021) 12:2050–2082

into the manufacturing environment. The economic impact of this revolution has 
a great potential, as it promises increased operational effectiveness as well as the 
development of entirely new business models, services, and products.

Currently, there is no consensus in the literature about the definition of Indus-
try 4.0 (Hoffmann & Rüsch, 2017) even if its implementation is at the center of 
the academic and political interest. Starting from the cited “High-Tech Strategy 
2020” promoted by Germany, which provided for the annual allocation of mil-
lions of euros for the development of highly innovative and cutting edge technol-
ogies in the production field, many other governments begun to promote different 
initiatives and actions at a national level to favor the adoption of Industry 4.0 
technologies by firms (Liao et al., 2017). Among them, the Advanced Manufac-
turing Partnership (AMP) promoted by the US government in 2011, the “Nou-
velle France Industrielle” in 2013, the long-term framework presented by the UK 
governments for its manufacturing sector called “The future of Manufacturing,” 
and the “Piano Industria 4.0” designed for Italian companies investing in techno-
logical transformation (see Fig. 2).

One of the main difficulties in defining Industry 4.0 derives from the different labels 
(industrial Internet, Internet of things, smart factories, human–machine-cooperation, 
smart manufacturing) used to indicate the same phenomenon: the application of digi- 

Fig. 2   Industry 4.0: techno-centric (Carayannis, 2019a, 2019b and 2019c; Carayannis & Campbell, 
2020) Source: Authors’ own conceptualization, adapted from 
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tal and interconnected technologies to the manufacturing sector. As Burrit and Christ 
(2016) claimed, Industry 4.0 is an umbrella term used to describe a group of connected 
technological advances that provide a foundation for increased digitization of the busi-
ness. Hermann et al. (2015) identify four components of Industry 4.0: cyber-physical 
systems (CPS), Internet of things (IoT), Internet of services (IoS), and smart factory. 
CPS are systems that integrate computation, networking and physical processes (Bag 
et al., 2018); they actually bring the physical and the virtual world together (Hofmann 
and Rüsch, 2017). In the manufacturing environment, CPS comprise smart machines, 
storage systems, and production facilities able to autonomously exchange information, 
trigger actions, and control each other independently (Kagermann et al., 2013). The fact 
that machines and devices of production lines and cells are transformed into a network, 
allow to collect data in real-time and use them to make decisions such as prioritiza-
tion of production orders, optimization of tasks, maintenance requirements, etc. (Lee & 
Lee, 2015). Their application to manufacturing process allows for a whole new degree 
of control, transparency, efficiency, and flexibility of production processes. The IoT, or 
the Internet of everything (Lee & Lee, 2015), was first described by Ashton (2009) 
as the phenomenon of adding new technologies (RFID) to everyday objects (Ashton, 
2009). Today, the term has evolved in a much broader meaning, which includes a net-
work of entities—which are called “Internet-connected constituent”—coupled to each 
other by any form of wireless sensors, actuators, mobile phones (Giusto et al., 2010). 
They allow the objects to provide information about their environment, context, and 
location (Ng, & Wakenshaw, 2017). According to this meaning, even physical objects 
can now become “intelligent objects” with which it is possible to dialogue thanks to the 
Internet (Haller et al., 2008). Similar to IoT, the IoS allows service vendors to offer their 
services via the Internet and consequently to add value to their offer. New Web tech-
nologies, such as services-oriented architecture (SOA), software as a service (SaaS), 
or business process outsourcing (BPO), enabled the rise of new business models where 
“one party grants temporary access to the resources of another party in order to per-
form a prescribed function and a related benefit. Resources may be human workforce 
and skills, technical systems, information, consumables, land and others” (Hofmann & 
Rüsch, 2017). As a result of application of IoT and IoS technologies in manufacturing, 
firms are shifting from offering products to offering integrated product–service bun-
dles, a phenomenon that in literature is called “servitization” (see Fig. 3).

Furthermore, the combination of CPS, IoT, and IoS enables the birth of what is called 
“smart factories.” Smart factory can be defined as a factory where CPS communicate over 
the IoT and IoS, assisting people and machines in the execution of their tasks (Hermann 
et al., 2015). In smart factories, human beings, machines, and resources communicate with 
each other as naturally as in a social network (Kagermann et al., 2013). By equipping man-
ufacturing with sensors, actuators, and autonomous systems, Industry 4.0 will help facto-
ries in becoming more intelligent, flexible, and dynamic (Kamble et al., 2018). Beyond the 
aforementioned four components, different authors identified other technologies that can 
be considered under the umbrella term of Industry 4.0: cloud computing (Bag et al., 2018), 
additive manufacturing, wearables, big data, augmented reality applications, wireless net-
work, smart cities. In particular, smart cities are cities that connect the physical, IT, social 
and business infrastructures in order to leverage the intelligence of the city’s community 
(Hollands, 2008) and to support added-value services for citizens. For example, an impor- 
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tant work of Martínez-Caro et al. (2018) acknowledges the importance of IoT for the well-
being and social care. In doing so, they also give companies more opportunities to innovate 
through the use of IoT and CPS technologies (Bresciani et al., 2018).

Within Industry 4.0, a further element of complexity is its interdisciplinarity, since 
it touches different field such as engineering, computer technology, manufacturing, 
logistic, human resources, environmental science, consumer behavior, etc. As a con-
sequence, as Piccarozzi et al. (2018, pp.16) pointed out in their literature review about 
Industry 4.0 in management studies, “the first insight that appear clear […] is that 
Industry 4.0 is a cross-cutting theme of many disciplines that influence each other 
[…] It is very difficult to find a research paper purely dedicated to the managerial and 
business aspects of Industry 4.0 because in every aspects the business aspect blend 
with those pertaining to technical engineering, ICT or sustainability” (see Fig. 4).

Companies and societies are becoming increasingly aware of the benefits derived 
by the application of these new technologies as they allow to gain long-term com-
petitiveness, to adapt more dynamically to customer changes and environmental 
requirements; to optimize decision-taking, resource productivity, and efficiency; and 
to create value opportunities through new services. However, some studies identi-
fied several factors that can either foster or hinder the adoption of Industry 4.0 by 
different organizations. For examples, Müller et  al. (2018) identified three differ-
ent opportunities which serve as antecedents: strategic opportunities (new business 
models, new value offers for enhanced competitiveness), operational opportunities 
(increased efficiency, decreasing costs, higher quality, increased speed and flex- 

Fig. 3   Industry 5.0: from techno-centric to human-centric (Carayannis, 2019a, 2019b, and 2019c; Caray-
annis & Campbell, 2020) Source: Authors’ own conceptualization, adapted from 
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ibility, load balancing, and stock reduction), environment and people opportunities 
(reduction of monotonous work, age-appropriate workplaces, reduction of environ-
mental impact). On the other hand, they find three main barriers: competitiveness 
and future viability (existing business models endangered, loss of flexibility, stand-
ardization, transparency); organizational and production fit (high implementation 
efforts regarding costs and standardization); employee qualification and acceptance 
(employee fear and concerns, lack of expertise).

One of the main issues in Industry 4.0 concerns the role of human resources in 
the digital revolution (Horváth & Szabó, 2019). On one side, new technology could 
actually increase labor shortages, reduce human work and allow firms and organiza-
tions to allocate human resources to higher value-added areas. On the other hand, 
digital revolution defined totally new disruptive paradigms requiring dynamic capa-
bilities and the acquisition of knowledge and technology from outside the organiza-
tion (Alavi & Leidner, 2001; Carayannis et al., 2018b) (see Fig. 5).

Finally, among the many driving forces of sustainable practices, Industry 4.0 
technologies are becoming more and more important since they can faster enable the 
development of green manufacturing processes, green manufacturing supply chain 
management, and also of green products (de Sousa Jabbour et al., 2018).

Fig. 4   Society 5.0: techno-centric and human-centric (Carayannis, 2019a, 2019b and 2019c; Carayannis 
& Campbell, 2020) Source: Authors’ own conceptualization, adapted from 
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Between Industry 5.0 and Society 5.0: a Parallel Path

Industry 4.0 impacts the whole society, where society may also be understood as a 
broader ecosystem. Digitalization processes intend to optimize processes of indus-
trial production (for example, supply of chain management, and the manufacturing 
and production in “smart factories”); at the same time, the digital transformation 
implies furthermore a reorganization of several “socio-cultural paradigms,” which are 
expressing also relations to (and with) different technological innovations (Nambisan 
et al., 2019).

By referring to the concept of “Society 5.0,” Carayannis, Draper and Bhaneja 
(2020, pp. 3–4) explain further:

“At the basis of this broadening, the idea of Society 5.0 (or “Super Smart Soci-
ety”) is defined. This prototypical philosophy originated in Japan and was pre-
sented as a core concept in the “Fifth Science and Technology Basic Plan” by 
the Japanese “Council for Science, Technology and Innovation”, and approved 
by Cabinet decision in January 2016 (Ferreira & Serpa, 2018; Salgues, 2018). 
It was identified as an overall growth strategy for Japan, and was reiterated in 
“The Investment for the Future Strategy 2017: Reform for Achieving Society 
5.0”. In essence, Society 5.0 tries to provide a common societal infrastructure 
for prosperity based on an advanced service platform. Industry 4.0 follows 
society 5.0 to a certain extent, but while Industry 4.0 focuses on produc-

Fig. 5   Society 5.0: techno-centric and human-centric (Carayannis, 2019a, 2019b, and 2019c; Carayannis 
& Campbell, 2020) Source: Authors’ own conceptualization, adapted from 
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tion, Society 5.0 aims to put human beings at the center of innovation, tak-
ing advantage of the impact of technology and the results of industry 4.0 with 
the deepening of technological integration in improving quality of life, social 
responsibility and sustainability (Onday, 2019). This innovative perspective is 
not restricted to Japan, as it has points in common with those of the UNDP 
SDGs (“United Nations Development Program” “Sustainable Development 
Goals” (www.​undp.​org). ….. Furthermore, unlike the concept of Industry 4.0, 
Society 5.0 is not constrained only to the manufacturing industry, but it solves 
social problems with the help of integration of physical and virtual spaces. In 
fact, Society 5.0 is the society where the advanced IT technologies already dis-
cussed (IoT, robots, artificial intelligence, augmented reality, etc.) are actively 
used in people common life, in the industry, health care and other spheres of 
activity not for the progress, but for the benefit and convenience of each person 
(Fukuyama, 2018).”

In a future era of Society 5.0, an emerging “post-nonclassical science of inter-
subjective management processes” may come together cybernetically with “Everget-
ics.” Evergetics in Greek (Eυεργέτης) has the meaning of a “benefactor,” and, con-
cerning its etymological origin, we already recognize a focus on “good actions” in 
processes of management and decision-making (Vittikh, 2014; Yousefikhah, 2017). 
Complementary to Society 5.0, there also should be a reference made to Industry 
5.0, which could and should be framed in no less terms than a renewed “human 
centered/human centric industrial paradigm,” which pushes for a re-organization of 
processes of production in industry (see further Lorenz et al., 2015).

As it is being stated in Carayannis, Draper and Bhaneja (2020, p. 3):

This is why the “… discussions on Industry 4.0 and Society have tended to 
focus on either a dystopian fearful future shaped by the IoT where robots 
(“CoBots”) with AI replace humans, or a future that will invariably be 
benevolent and prosperous for all with the introduction of the Industry 4.0. 
Both visions subscribe, however, to technological determinism (evolution in 
organizational behavior, acceptance of robots in the workplace, evolution in 
organizational structures and workflows, evolution in work ethics, discrimina-
tion against robots or people, privacy and trust in a human-robot collaborative 
work environment, education and training, redesign of workplaces for robots), 
and as if the emergence of Industry 4.0 and its societal shaping and impacts are 
preordained and inevitable they do not yet acknowledge the need to broaden 
the understanding of Industry 4.0 outcomes and its multiple possible futures in 
society (Pashek et al., 2019; Pereira et al., 2020).”

In addition, Skobelev and Borovik (2017) formulate, if the main attention of an 
industrial revolution is dedicated to the technical/technological aspects of its imple-
mentation and the man, with his mental and creative abilities and his human touch, 
lies beyond this ideology, the only key that risks monopolizing the agenda of joint 
discussions is based on negative changes of labor market caused by the Industry 4.0 
(Gehrke et al., 2015; Lorenz et al., 2015). This is why the central issues is “How can 
people and society benefit from Industry 4.0?” (Buhr, 2017). Hence, it is important 

2064

http://www.undp.org


Journal of the Knowledge Economy (2021) 12:2050–2082

that engineers and scientists improve their efforts in Innovation management by 
means of a new overall mindset guided by Design Thinking. In line with the con-
cept of “absorptive capacity” (Zahara & George, 2002), design thinking could be the 
answer to the wicked problem of innovation (Aslam et al., 2020; Buchanan, 1992; 
Pasisi et al., 2014). Stacey et al. (2000) and Dorst (2011) define the wicked prob-
lem as a complex and open-ended challenge and offer design thinking as a solution. 
Several scholars have emphasized the importance and role of design thinking for 
modifying the innovation management framework and creating an ecosystem for the 
IoT and Industry 5.0 era with a focus on human/user centeredness (Fauquex et al., 
2015; Nahavandi, 2019; Taratukhin et al., 2018; Vitali et al., 2017; Walch & Kara-
giannis, 2019). Similarly, Skobelev and Borovik (2017) and Ozdemir and Hekim 
(2018) discussed the role and importance of design thinking in Industry 5.0, which 
is more human-centered as compared to Industry 4.0. Design thinking helps to con-
nect innovation and technological policy with the corporate strategy of the firm, thus 
creating a suitable environment and ecosystem for IoT and Industry 5.0. Organiza-
tion for Economic cooperation and Development (OECD, 2005) first introduced the 
concept of “implement-ability” of innovation, which means that innovation should 
create value for its users and that if innovation is not creating any value or bring-
ing any change in the lives of its users, then it cannot be regarded as true innova-
tion. The concept of implement-ability of innovation puts the customer or user at the 
center of the whole innovation management process. Since the worker in a highly 
technologized and machine-assisted context would be “the user” of a reorganization 
of the work structure and measures; this involves finding the right configuration that 
would allow humans and machines to interact by incorporating various human char-
acteristics in the original design at different levels. One of the best ways to accom-
plish this is by identifying the prevailing roles of each party. For instance, human 
beings are better at interactions, intuition, empathy, and complex decision making 
while machines excel at the identification of patterns, processing of data, calcula-
tions, and data search. The goals are that future machines and smart devices will 
improve human life and work (Elim & Zahi, 2020; Ellitan & Anatan, 2019; Riesener 
et al., 2019).

Definitively, there is a need for new interdisciplinary research between science and 
engineering with the aim of developing the perfect human-technology collaboration 
in Industry 5.0. In addition to this, it is necessary to develop and conduct a multi-
level analysis, which takes into account three levels of framework: macro, meso, and 
micro. A smart industry must understand and update the situation inside and outside 
its boundaries, with a broad perspective of intraorganizational and interorganizational 
cooperation. In a business firm perspective, a micro level would concern the optimi-
zation of production processes and structure, with reference to the dynamics relat-
ing to worker-machine interaction and the implementation of new products and ser-
vices closer to the needs expressed by customers (and stakeholders in general). At a 
meso level, we can assume an analysis of the industry in which the firm is located, 
also including the territorial peculiarities within which to develop cooperative syner-
gies. Lastly, a macro analysis (completely external agents, such as political, economic, 
demographic, sociocultural conditions, legal aspects, technology, etc.) can be imple-
mented to support joint growth based on the new routes of an industry fully declined 
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in terms of 5.0 version. This multi-level path is still very relevant to the condition of 
Industry 4.0 toward Industry 5.0/Society 5.0. Starting with a clear vision and mission 
statement, then translated into strategies and operational plans, it can ensure the sus-
tainability of the firm and, in a synecdotal relationship, that one of its broader eco-
system, by taking into account all the Ethical, Legal, and Social Implications (ELSI) 
involved. Again, given the importance of the social aspects related to the concept 
of Industry 5.0, proposed a paradigm shift from cyber-physical systems (CPS) to 
cyber-physical-social systems (CPSS). The application of the (eco)logics that orbit 
around the quintuple helix innovation model (Carayannis & Campbell, 2009,  2010) 
can ensure the continuous interaction of the five dimensions involved: (1) industry, (2) 
government, (3) university, (4) society, and (5) natural environment, going toward an 
innovation eco-system design centered on a truly human-centered, “evergetical,” 5.0 
paradigm (furthermore, see also Carayannis & Campbell, 2019) (Fig. 6).

Conclusion

“Over the medium to long term, our fundamental belief and premise is that 
true and transparent democracy constitutes a sine qua non for smart, sustain-
able and inclusive growth and this constitutes our main motivation and guide 
for our focus on ways and means that concepts such as the Quadruple and 
Quintuple Innovation Helix, can better serve architect a better tomorrow for 
the peoples of the world.” (Carayannis and Campbell in Park, 2014, p. 5).

Fig. 6   Quadruple Helix matrix approach (Carayannis, 2019a, 2019b and 2019c; Carayannis and Camp-
bell, 2020) Source: Authors’ own conceptualization, adapted from 
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“The two endangered species of today: Democracy and Environment need 
a quadruple and quintuple innovation helix framework approach. The triple 
helix ennobles, empowers and enables autocratic policies and practices.” 
(Carayannis, 2020, p. 4: http://​ricon​figure.​eu/​wp-​conte​nt/​uploa​ds/​2020/​01/​
Inter​view-​with-​Elias-​Caray​annis_​2020_​Final.​pdf).
“We need to change the way we envision both business and society. The old 
ways have worn themselves out. We are having both a crisis of democracy 
and a climate crisis. They are both the result of a limited way of thinking.” 
(Carayannis, 2020, p. 3: http://​ricon​figure.​eu/​wp-​conte​nt/​uploa​ds/​2020/​01/​
Inter​view-​with-​Elias-​Caray​annis_​2020_​Final.​pdf).

“… finally, as a last note and thought: perhaps the economic successes of non-
democracies or autocracies (authoritarian and semi-authoritarian regimes) are being 
overestimated anyway, because autocracies are also benefitting from the knowledge 
production and innovation systems of democracies and semi-democracies, so in that 
sense autocracy is depending on democracy and the knowledge and innovation of 
democracy in a global system.” (Campbell, 2019, pp. 338–339: https://​link.​sprin​ger.​
com/​chapt​er/​10.​1007/​978-3-​319-​72529-1_7).

Again we want to refer to the main motivation of this analysis, which is the devel-
opment and evolution of Quadruple and Quintuple Helix innovation systems, in ref-
erence to a “democracy of climate” (climate of democracy, climate for democracy), 
and the analytical research interest to systematically compare the Triple, Quadruple, 
and Quintuple Innovation Helices from a theory, policy, and practice set of perspec-
tives. Therefore, in the following, the key features of Mode 3 knowledge production 
and the Quadruple and Quintuple Helix innovation systems again are summarized 
in a focused manner, finally referring to the innovation-guiding vision of democracy 
and ecology (see Fig. 7).

Summary of the Mode 3 Knowledge Production

Emphasizing again a more systemic perspective for the Mode 3 knowledge production, 
a focused conceptual definition therefore may be as follows (Carayannis & Campbell, 
2012, p. 49): Mode 3 “… allows and emphasizes the co-existence and co-evolution of 
different knowledge and innovation paradigms. In fact, a key hypothesis is, “the compet-
itiveness and superiority of a knowledge system or the degree of advanced development 
of a knowledge system are highly determined by their adaptive capacity to combine and 
integrate different knowledge and innovation modes via co-evolution, co-specialization 
and co-opetition knowledge stock and flow dynamics” (see Carayannis & Campbell, 
2009; on “Co-Opetition,” see Brandenburger & Nalebuff, 1997). Analogies are being 
drawn and a co-evolution is being suggested between diversity and heterogeneity in 
advanced knowledge society and knowledge economy, and political pluralism in democ-
racy (knowledge democracy), and the quality of a democracy or knowledge democracy. 
The “democracy of knowledge” refers explicitly to this overlapping relationship. As is 
being asserted, “The democracy of knowledge, as a concept and metaphor, highlights 
and underscores parallel processes between political pluralism in advanced democracy, 
and knowledge and innovation heterogeneity and diversity in advanced economy and 
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society. Here, we may observe a hybrid overlapping between the knowledge economy, 
knowledge society and knowledge democracy” (Carayannis & Campbell, 2012, p. 55).

There are different concepts and understandings of “learning”. Elias G. Carayannis 
(2001) has suggested the existence of different levels of learning, asserting the three 
different forms of learning may be identified: (1) learning, (2) learning to learn, (3) and 
learning how to learn learning.

Summary of the Quadruple and Quintuple Helix Innovation Systems

The approaches of the Quadruple Helix and Quintuple Helix innovation systems 
are designed to comprehend already and to refer to an extended complexity in 
knowledge production and knowledge application (innovation); thus, the analyti-
cal architecture of these models is broader conceptualized. To use metaphoric 
terms, the Quadruple Helix transcends the Triple Helix, while the Quintuple 
Helix embeds and contextualizes the Quadruple Helix. The Quadruple Helix 
emphasizes as a fourth helix the “media-based and culture-based public,” “civil 
society,” “arts, artistic research and arts-based innovation,” but also “democ-
racy and knowledge democracy” (Carayannis & Campbell, 2009,   2012, p. 14; 
Carayannis et al., 2012; Carayannis et al., 2018a, 2018b; see furthermore: Bast, 
Carayannis & Campbell, 2015, 2019; Danilda et al., 2009; Park, 2014). There-
fore, the Quadruple Helix also could be emphasized as the perspective that spe-
cifically brings in the “dimension of democracy” or the “context of democracy” 
for knowledge, knowledge production, knowledge application and innovation 
(Campbell, 2019, pp. 61, 343). The Quintuple Helix innovation model even is 

Quintuple Helix:
Social Ecology, 
Environment (Environments).

Quadruple Helix:
Knowledge Society,
Knowledge Democracy.

Triple Helix:
Knowledge Economy.

Source: Authors' own visualization, see also Carayannis and Campbell
(2009, p. 207; 2010, p. 62; 2014), Carayannis, Barth and Campbell (2012, p. 4),
Etzkowitz and Leydesdorff (2000, p. 112) and Danilda et al. (2009).
Furthermore, see Galan, Campbell and Carayannis (2018, p. 65).

Fig. 7   The multi-level helix structure of innovation and innovation systems
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clearly more comprehensive in its analytical and explanatory stretch and reach, 
contributing the fifth helix (and perspective) of the “natural environments of 
society” (Carayannis & Campbell, 2010, p. 62) (see Figs. 8 and 9).

For the Quadruple and Quintuple Helix innovation systems also the way how the 
higher education system and the firms (companies) are interacting and cooperating 

Natural
environment,
natural envrionments
of society and
economy
(knowledge
society and
knowledge economy)

Media-based and
culture-based public;
civil society;

arts, artistic research and arts-based innovation.

State,
government,
political
system

Academia, Industry,
universities, firms,
higher education economic 
system system

Source: Authors' own conceptualization and
adapted from Carayannis and Campbell (2010, p. 62; 2013).

Medidd aii -based and
culturerr -based public;
civilvv socieii ty;t

artrr s, artrr itt sii titt c rerr searcrr h and artrr s-based innoii vavv titt onii .

Academiaii ,
univevv rsrr ititt eii s,
higheii r educatitt oii n
system

Industrtt y,rr
fiff rmii s,
economic 
system

State,
govevv rnrr ment,t
polititt cal
system

Fig. 8   The Quintuple Helix (five-helix model) innovation system
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is of importance. In general, there is the assumption that knowledge and innovation 
are becoming increasingly important for the economy, also basic research (“basic 
research in the context of application”, Campbell & Carayannis, 2013b, p. 34), also 
the creation of networks, supporting a co-evolution of higher education institutions 
and companies, enabling a co-evolution of the world of academia and the world of 

Quintuple
Helix
(context of [natural]
environments of
society)

Quadruple
Helix
(context of society
and democracy
        for Triple Helix)

Triple
Helix
(basic model
of the
innovation core)

knowledge
economy (core)

knowledge society and knowledge democracy (context);
arts, artistic research and arts-based innovation (context)

social ecology, society-nature interactions, socio-ecological transition
(context of context)

Source: Author's own conceptualization
based on Carayannis and Campbell (2014, p. 15),
and adapted from Carayannis and Campbell (2009, p. 207).
Furthermore, see Carayannis, Barth and Campbell (2012, p. 4).
See also Etzkowitz and Leydesdorff (2000).

Quintuple
Helix
(c(( ontext xx of [na[[ turarr l]l
envivv rii onrr ments of
societyt )yy

Quadruple
Helix
(c(( ontext xx of societyt
and democrarr cy

foff r TrTT irr pii le HeHH lixii )xx

Triple
Helix
(b(( asic model
of the
innoii vavv tion corerr )e

Fig. 9   The Quadruple and Quintuple Helix innovation systems in relation to society, economy, democ-
racy, and social ecology
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business, but where the qualities of good academia and the qualities of good business 
prevail. The concept of the “academic firm” aims to elaborate on such developments 
(Campbell & Carayannis, 2016b). The academic firm (either as a whole firm or as 
a subunit of a firm) focuses on knowledge, knowledge creation, knowledge produc-
tion and knowledge application, and regards these as sources for innovation. The aca-
demic firm is interested in engaging with higher education institutions in networks. 
Furthermore, the academic firm regards an “academic atmosphere” and “internal 
academic environments” as being essential for fostering knowledge and innovation. 
Figures 10 and 11 present these structures and processes in a visualized form.

Democracy of Climate as Ultimate Outlook: Quadruple and Quintuple Helix 
Innovation Systems Are Based on Democracy and Ecology

In a recent interview, Carayannis (2020) coined the following metaphor: “Democ-
racy and the environment are endangered species.” In a certain way, the contem-
porary world may be seen as an unfolding race or as a competition of “developed 
democracies versus emerging autocracies” (Carayannis & Campbell, 2014). The 
concept and theory of the Quadruple and Quintuple Helix innovation systems is 
based on democracy and ecological sensitivity. “Democracy as innovation enabler” 
(Campbell, 2019) emphasizes a co-evolution of democracy (knowledge democracy) 
with knowledge and innovation (Campbell et al., 2015).

The approach of Quadruple and Quintuple Helix innovation systems provokes 
with the following two propositions:

1.	 Without a democracy or knowledge democracy, the further advancement of 
knowledge and innovation are seriously constrained. In this sense, knowledge 
and innovation evolution depend on democracy and knowledge democracy.

2.	 Ecology and environmental protection represent a necessity and challenge for 
humanity, but they also act as drivers for further knowledge and innovation (this 
should lead to a win–win situation for ecology and innovation).

For the Quadruple and Quintuple Helix innovation systems, democracy and 
ecology (environmental protection) are constituting categories, without these a 
Quadruple and Quintuple Helix innovation system not possible is. To elevate here 
to next levels, implications could be that climate (as a component and crucial 
category of ecology), so to say climate itself, is being integrated into understand-
ings of democracy and quality of democracy. “Democracy of climate” (creating 
a “climate for democracy,” desirably a “positive climate” for democracy), in co-
creation with a “democracy of knowledge” (emphasizing a co-evolution of politi-
cal pluralism and a diversity of knowledge modes in innovation), are referring 
to new designs and performances of innovation and innovation systems, being 
furthermore expressed in the principles, building blocks and design of Quadru-
ple and Quintuple Helix innovation systems. Democracy enables and encourages 
innovation, and the ecology and climate can act as drivers for further innovation.
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Model of linear innovation modes:

Universities University- Firms
(HEIs) related (commercial

institutions firms)

basic applied experimental
research research development

Model of non-linear innovation modes:

Firms:
Academic Commercial
firms / firms /
academic commercial
firm units firm units

basic research / applied research /
applied research / experimental

development /
"knowledge "knowledge
creation / diffusion / 
production" use"

Universities / University-related
entrepreneurial institutions
universities /
HEIs

Mode 3 Innovation Ecosystem

Source: Authors' own conceptualization
and adapted from Carayannis and Campbell (2009).
See also Campbell and Carayannis (2013a, p. 29; 2016a, p. 6).

Fig. 10   Linear and nonlinear innovation modes linking together universities with commercial and aca-
demic firms (firm units)
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“Democracy and climate change” (Hanusch, 2018) and “climate change and the future 
of democracy” (Deese, 2019) already are representing examples for academic research 
inquiry into such topics. These themes can be regarded as variations of “climate and 
democracy” or “democracy and climate.” Ecology, ecological challenges (such as global 
warming), and environmental protection are essential for the survival, but more so the pros-
perous development of human civilization, at least on Earth and beyond (Carayannis & 
Campbell, 2019). “Democracy of climate” (promoting a “climate of democracy”, ideally 
also a social, cultural, economic, and political “climate for democracy”) clearly advances 
and progresses here the conventional understanding, proposing further steps in the evolu- 

Knowledge Application Knowledge Application     
(Innovation) (Innovation)     

Commercial
Firm

Networks:
Cooperation,
Competition,
Co-Opetition.

University-related
Institutions

Higher Education System, Academic Firm
Higher Education 
Institutions (HEIs)

Knowledge Production Knowledge Production     
(Research) (Research)     

Source: Authors' own conceptualization based on Carayannis and Campbell
(2009, p. 211; 2012, p. 25) and on Campbell and Carayannis (2013b, p. 29).
Adapted from Campbell and Carayannis (2016b, p. 3).

Fig. 11   Knowledge production, linear and nonlinear innovation interaction between academic firms, 
commercial firms, and universities (higher education institutions)
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tion of innovation and innovation systems, where democracies as innovation enablers are 
creating innovation that regards the ecology as a crucial driver for further innovation and 
for responsible innovation. Through this, democracy, innovation, and ecology (climate) are 
being interwoven and are playing together, which should create sustainable development 
(Campbell, 2019).

The Triple Helix, which conceptual understanding does it have about democracy 
and ecology? Based on the two classical publications of Etzkowitz and Leydesdorff 
(2000,  2003), this is difficult to assess, because in Etkowitz and Leydesdorff (2000), 
democracy and ecology are not mentioned by word, and in Leydesdorff and Etzkowitz 
(2003) ecology is being not mentioned by word, democracy is mentioned, but only once, 
and only in reference to “technological democracy,” and this in reference to Latour and 
Weibel (2002). The direct quote from Leydesdorff and Etzkowitz (2003, p. 57) is, “The 
axis governance/citizenship is in need of new forms of representation in a ‘technological 
democracy’ (Latour & Weibel, 2002).” Furthermore, it should be added that in Etzkowitz 
and Leydesdorff (2000) and Leydesdorff and Etzkowitz (2003), also at no place there is 
the mentioning of the words or terms of “Quadruple” and “Quintuple.” We should add 
that Leydesdorff published in 2012 his model of “N-Tuple of Helices.” This could be inter-
preted as an (abstract) meta-reflection of different helices in innovation systems, by this 
also referring comparatively to already established helix models.

Indeed, the article of Leydesdorff and Etzkowitz (2003) had an interesting title: 
“Can ‘The Public’ be considered as a Fourth Helix in University–Industry–Government 
Relations?” However, Leydesdorff and Etzkowitz took the explicit decision of not to 
develop a fourth helix in addition to Triple Helix: “Three helices are sufficiently com-
plex to understand the social reproduction of the dynamics of innovation …; the three 
institutional spheres can be identified in our type of society as industry, academia, and 
government.” (Leydesdorff & Etzkowitz, 2003, p. 60).

Referring back to the approach of Kuhn (1962), the structure of scientific revolu-
tions, could the history of ideas about innovation have developed differently, if back 
in 2003, in their published article, Leydesdorff and Etzkowitz (2003) had decided to 
add the development of a fourth helix to Triple Helix? Our answer is: yes, for sure.

As already has been elaborated by Campbell, Carayannis and Bast (2019, pp. 
245–246): the “transformation of Industry 4.0 will destroy labor, and the transfor-
mation of Industry 4.0 will create new labor, so finally there even may more (new) 
labor (Bast et al., 2019). This requires, however, to reorganize labor and education 
in innovative and progressive approaches, so that then the net gain of new labor has 
the full potential of even to outpace the losses of old labor. Competences of persons, 
people and humans must be developed and developed further, to prevent that labor 
can be replaced by automation effects or by artificial intelligence (at least not in 
simple ways). Crucial are here multi-facetted competences, where disciplinary pro-
fessional knowledge is being augmented and recombined with interdisciplinary and 
transdisciplinary skills and competences (for this also the metaphors of “T-compe-
tences” and “M-competences” are being used). Creativity and creativity skills are 
crucial in driving innovation, which again is advancing the evolution of knowledge 
society, knowledge economy and knowledge democracy. Arts and artistic research 
represent crucial components in an advanced innovation system. Artificial intelli-
gence will not replace human intelligence, but artificial intelligence will complement 
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human intelligence. However, also here the challenge is to organize labor (and the 
economy, society and democracy) in a way, so that human intelligence is using arti-
ficial intelligence for the purpose of supporting (and carrying higher) human intel-
ligence and human labor. Therefore, the idea is to speak more of a co-evolution of 
artificial intelligence and of human intelligence, but where the humans are in the 
position of control and sovereign decision-making (also expressed in the metaphor 
of a “Centaur Intelligence”). Artificial intelligence can provide assumptions and 
guidance, however, the humans are the ones who are making the decisions or who 
engage in “making the decision-making”. There is this understanding that advanced 
knowledge manifests itself in a diversity of knowledge modes and innovation modes, 
and that this pluralism of knowledge also requires a political pluralism, which is a 
characteristic and component clearly of democracy. Democracy as innovation ena-
bler, or the quality of democracy as an innovation enabler, emphasize the connected-
ness and interconnectedness of (a) knowledge development and of (b) democracy 
development and democracy evolution. In reference to the example and metaphor 
of a society of free women and free men in ancient Greece (the democratic polis in 
Athens), we can speculate, how in Industry 4.0 the artificial intelligence and other 
advanced technological means could be used and can be used and utilized to carry 
out the (boring) standard work, whereas persons, people and humans then are focus-
ing more on the interesting work. This we may phrase and paraphrase as a type of 
Renaissance of (interesting) labor in the Age of Knowledge and Innovation. So what 
are then the new (and old) forms of entrepreneurship and of creative innovation in 
Industry 4.0 (or Industry 5.0 in a later phase), what can artificial-intelligence-based 
entrepreneurship possibly mean? What Industry 4.0 really needs and requires is a 
Democracy 5.0. If there is art and democracy, we also should think about the art of 
democracy.”
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