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Abstract While the Triple Helix and Quadruple Helix models are popular in inno-
vation studies, the relations between them have not been addressed extensively in
the literature. There are diverse interpretations of helix models in empirical studies
that apply them, but these sometimes deviate from the original theses of the models.
Such a situation can confuse newcomers to the field in terms of which helix model
to apply in their empirical research. We discern that the cause of this research chal-
lenge is a lack of systematic comparison of the two models. To bridge the research
gap, this paper compares the models from the perspectives of how they were intro-
duced and discussed in the literature and improved and how useful they are in
addressing the innovation processes in contemporary society. Our major findings are
as follows: First, reviewing the extant literature applying the two helix models for
identifying research gaps, we discover that these studies were influenced by three
views on the relations between the two models that were located on a continuum
between two extreme ends—namely, isolation versus integration of the two models.
Second, we provide a systematic comparison of both the advantages and weaknesses
of the two models, and this may help researchers choose suitable helix models as
conceptual/analytical tools in their empirical innovation studies. Third, our com-
parison of the two models shows that they are largely supplementary to each other
when analysing innovation processes in contemporary society, providing a ground
for potential synergy building between the two helix models.
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Introduction

Innovation studies are teeming with new concepts that attempt to capture the new
features of contemporary society. Among the most popular conceptual frameworks
used in innovation studies, the Triple Helix and Quadruple Helix models of inno-
vation are two seemingly competing concepts that have been broadly applied in
empirical investigations in innovation studies. The Triple Helix model was origi-
nally proposed by Etzkowitz and Leydesdorft (1995) to explain the dynamic inter-
actions between academia, industry and government for fostering entrepreneurship,
innovation and economic growth in a knowledge-based economy (Etzkowitz and
Leydesdorff 2000). Since then, the Triple Helix model has quickly become a popu-
lar concept in innovation studies. At the same time, its explanatory power has been
challenged by some sceptics (see examples in Cai and Etzkowitz 2020), particularly
after the development of the Quadruple Helix model, which incorporates public or
civil society as the fourth helix, by Carayannis and Campbell (2009).

Carayannis and Campbell (2010, 2013) also proposed the Quintuple Helix by
adding a fifth helix—the natural environments of society. The Quintuple Helix
addresses the socio-ecological transition of society and economy in the twenty-first
century, bringing an ecologically sensitive perspective to the discussion of innova-
tion and knowledge production (Carayannis and Campbell 2010, 2013). However,
it is less popular in empirical studies compared with the Quadruple Helix model,
probably because ‘the connection of the environmental helix with the other four
helices is a challenge’ (Konig et al. 2020: 8) in the conceptualisation of the Quin-
tuple Helix. In this paper, we exclude the Quintuple Helix from our focus because
it largely shares the theoretical rationale of the Quadruple Helix model (Carayannis
and Campbell 2021).

To Carayannis and Campbell, the development of the Quadruple Helix and Quin-
tuple Helix models was a response to the changing nature of the knowledge society.
(See more about the characteristics of contemporary society in the section: Advan-
tages and Disadvantages of the Triple Helix and Quadruple Helix Models). As
Campbell (2019: 59) explained, ‘the Triple Helix represents a basic core model of
innovation for the “knowledge economy,” while the Quadruple Helix describes the
“knowledge society” and “knowledge democracy,” whereas the Quintuple Helix also
refers to “social ecology, society-nature interactions, [and] socioecological transi-
tion”’. This is connected with an emerging perception: With growing public aware-
ness of socially responsible innovation, as well as the role of civil society in sci-
ence and technology development in governmental policies, people tend to find the
Quadruple Helix model more timely and suitable for addressing new features of the
society (Miller et al. 2018; De Oliveira Monteiro and Carayannis 2017).

The initiators of the Triple Helix model—Leydesdorff and Etzkowitz—were also
keen on the change in society and its implications for the Triple Helix model. In
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2003, they wrote an article titled ‘Can “the public” be considered as a fourth helix
in university-industry-government relations?’ (Leydesdorff and Etzkowitz 2003). In
it, they claimed that it is not necessary to transform the Triple Helix into a Quadru-
ple Helix because civil society is not an institutional sphere on the same level as a
university, industry or government; rather, the Triple Helix has most efficaciously
evolved in an overarching societal framework guaranteeing freedom of speech and
organisation-formation initiative. Instead of being ignored, civil society is consid-
ered too important to be a parallel helix to industry, university and government; it
is seen as a key enabling condition of triple helix interactions (Etzkowitz 2008; Etz-
kowitz and Zhou 2017).

As noted by Leydesdorff (2012), defending the Triple Helix model does not mean
being limited to the three helices for the explanation of complex developments. He
suggested that whether more than three helices are needed in the analysis depends
on the empirical context and the availability of empirical data (Leydesdorff 2012).
However, Leydesdorff and Etzkowitz (2003) expressed a warning: ‘So long as one
is not able to operationalize and show development in the relatively simple case of
three dimensions, one should be cautious in generalizing beyond the TH [Triple
Helix] model to an N-tuple of helices’ (33). This reflects ‘triadic interactions as an
Occam’s razor principle’ (Cai and Etzkowitz 2020: 202)—a theoretical core of the
Triple Helix model.

The debates on the two helix models often confuse newcomers to the field as to
which helix model should be applied in their empirical research. Partially to respond
to the situation, the originators of both the Triple Helix model and Quadruple Helix
model, sometimes together with their co-authors, tried to clarify both concepts and
the relations between them. For instance, Carayannis and Campbell (2021) articu-
lated the evolution of Quadruple and Quintuple Helix innovation systems by empha-
sising that the systems have emerged as a response to the transformation towards
Society 5.0, which ‘aims to put human beings at the centre of innovation, taking
advantage of the impact of technology and the results of industry 4.0 with the deep-
ening of technological integration in improving quality of life, social responsibility
and sustainability’ (15). The authors also highlighted the role of democratic regimes
by stating that the evolution of knowledge and innovation depends on democracy
and knowledge democracy, which is considered in the Quadruple and Quintuple
Helix models (22). Meanwhile, they emphasised that the Quadruple and Quintu-
ple Helix models are based on the Triple Helix model and fully conceptualise this
model. In their article on Triple, Quadruple and Higher-Order Helices, Leydesdorff
and Smith (2021) re-affirmed the importance of Simmel’s triad concept that the dif-
ferences between triads and larger cliques are insignificant. Therefore, Quadruple,
Quintuple, or N-tuple Helices ‘can—for analytical reasons—always be decomposed
and recombined into interacting Triple Helices’ (Leydesdorff and Smith 2021: 2).
Partially as a response to recent studies on helix models of innovation that transcend
the original triadic thesis, Cai and Etzkowitz (2020) highlighted the core theoretical
rationales of the Triple Helix model in its original form and discussed the current
development and future directions related to theorising the Triple Helix model.

Regardless of the claims by the initiators of the helix models, current research
applying Triple/Quadruple Helix models has not clearly delineated the two models’
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differences and similarities (as discussed in the Literature Review section). In some
studies, the authors even misunderstood the concepts. These efforts have been ham-
pered by a lack of studies systematically comparing the two models, resulting in
diverse interpretations of Triple or Quadruple Helix.

Our study aims to fill the gap outlined above by assessing the two models with
appropriate comparative approaches. Specifically, we raise the following research
questions:

(1) How were Triple Helix and Quadruple Helix models introduced and discussed
in the literature?

(2) What pros and cons of the two models should researchers consider when decid-
ing which models to apply in their empirical studies?

The rest of the paper is structured as follows. It starts with a literature review of
studies applying Triple Helix and Quadruple Helix models to identify the research
gap to be filled by this paper. In the next two sections, we answer the two research
questions by using appropriate comparative lenses. Finally, we conclude with the
major findings of our study, as well as its contribution to the literature.

Literature Review: The Use of Triple Helix and Quadruple Helix
Models in Innovation Studies

In this section, we briefly review studies in which the authors compared Triple Helix
and Quadruple Helix models when choosing one for their analyses. Based on our
search on Web of Science (in all relevant fields of social sciences) on 28 December
2020, there were 305 articles that applied the Triple Helix model, 51 articles that
applied the Quadruple Helix model and 37 articles that discussed both models. Our
analysis of the literature is primarily based on these last 37 articles (but is not lim-
ited to them). Because of word limitations, only some example articles are presented
here to illustrate our observations.

At the risk of oversimplification, it is evident that these studies are influenced by
the three following views on the relations between the two helix models: (1) The
Triple Helix model and Quadruple Helix model are competing concepts, (2) the
move from Triple Helix to Quadruple Helix is an evolutionary process and (3) the
Triple Helix and Quadruple Helix could supplement each other. The three perspec-
tives can be placed on a continuum (Fig. 1).

Triple Helix

and Quadruple " Triple Helix

Helix models . . andAQuadruplc

are isolated 1) The Triple Helix 2) The move from 3) ) The Triple Helix Helix models
model and Quadruple Triple Helix to and Quadruple Helix are highly
Helix model are Quadruple Helix is an could supplement each integrated

competing concepts. evolutionary process. other.

Fig. 1 Three perspectives on the relations between Triple Helix and Quadruple Helix on a continuum
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The Triple Helix Model and Quadruple Helix Model are Competing Concepts

The choice of Triple Helix or Quadruple Helix models in some studies is associ-
ated with the authors’ view of the two helix models as competing concepts. The
proponents of the Quadruple Helix model criticise the Triple Helix for its exclusion
of civil society from its analytical foci. For instance, in their study on community-
driven social innovation in a rural area, Nordberg et al. (2020) explained that they
prefer the Quadruple Helix to the Triple Helix as a conceptual framework because
the former, which adds civil society as a fourth helix, elucidates the variety of for-
mal and informal ways of fostering social innovation. They emphasised that the
Quadruple Helix model is especially useful for analysing the role of community in
the innovation process. By the same logic, the Triple Helix model has been consid-
ered inadequate for analysing multiple sectoral collaborations for entrepreneurship
in contemporary society (Mok and Jiang 2020).

The advocates of the Triple Helix model hold the position that the increasingly
complex society can only be better understood when there is a clear understand-
ing of the interactions of university, industry and government as the most important
innovation players. As Zheng (2010) argued, compared with other approaches to
innovation studies, including the Quadruple Helix, ‘the Triple Helix model reduces
the complexity of the dynamics at play in the innovation systems of the knowledge
economy’ (41). Such a reduction in complexity allows essential dynamics to be
more clearly discerned. Similarly, Porto-Gomez et al. (2019) chose the Triple Helix
model as an analytical tool for their study of innovation systems in Mexico by taking
the ‘systemness’ advantage of the model. Thus, ‘one can add as many players as one
would like to reinforce the strength of the territory under analysis, let it be a country
or a set [of] regions within a country’ (Porto-Gomez et al. 2019: 2).

The Move from Triple Helix to Quadruple Helix is an Evolutionary Process

Studies taking this perspective share the perception that civil society is not addressed
by the Triple Helix model. However, instead of seeing the Triple Helix as an out-
of-date concept, the authors value its conceptual elaboration on the interactions
of university, industry and government and include civil society in their analytical
framework. In other words, they see the transition from the Triple Helix model to
the Quadruple Helix model as an evolutionary process. For instance, although the
Quadruple Helix model was applied to study the role of non-profit organisations in
innovation systems, Arranz et al. (2020) appreciated the theoretical rationales of Tri-
ple Helix interactions. Specifically, their analytical framework centred on how non-
profit organisations interact with the traditional helices of university, industry and
government. By the same token, Marques et al. (2020) developed their Quadruple
Helix analytical framework to investigate the influences of multiple stakeholders’
motivations on technology transfer in the context of implementing a smart speciali-
sation strategy in Europe, largely based on the theoretical and methodological pow-
ers of the Triple Helix model.
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The Triple Helix Model and Quadruple Helix Model Could Supplement Each Other

Some sporadic studies have implied that the two helix models could supplement
each other for synergy building, especially when addressing issues concerning sus-
tainable innovations or innovation ecosystems. For instance, in a recent study on
strengthening the science—policy—industry interface towards sustainability, Saviano
et al. (2019) built a Triple Helix framework of sustainability by putting the inter-
actions between science, policy and industry in the triple helix context of society,
economy and environment. In so doing, they incorporate the insights of the Triple
Helix, Quadruple Helix, Quintuple Helix and ‘Triple Helix Twins’ (Etzkowitz and
Zhou 2006). A similar effort was made by Cai et al. (2019), who tried to construct a
citizen-engaged Triple Helix model to analyse innovation ecosystems by integrating
both Triple and Quadruple Helix models. These examples suggest the potential for
synergy building between the two models.

Research Gaps: Lack of Studies Comparing the Helix Models
and the Misunderstandings of the Helix Models

Our analysis of the literature (beyond the studies mentioned above as examples)
reveals two research gaps. First, although the three perspectives on the relations
between the Triple Helix and Quadruple Helix have been identified, none of them
have been strongly supported by a solid comparison of the two models. Indeed, few
studies have provided a systematic comparison of Triple Helix and Quadruple Helix
models, although some are adjacent to this direction. For instance, in one recent
publication, Konig et al. (2020) juxtapose the Triple, Quadruple and Quintuple
Helix models with insightful discussions on each, but they do not provide a compar-
ative analysis. A similar effort to describe Triple Helix and Quadruple Helix models
was made by Miron and Gherasim (2018). The most comprehensive discussions on
the Triple Helix and Quadruple Helix, to our knowledge, are provided by a spe-
cial issue on the topic of ‘Beyond “Triple Helix” toward “Quadruple Helix” mod-
els in regional innovation systems: Implications for theory and practice’ (McAdam
and Debackere 2018). However, because of the nature of the publication format as
a collection of works, there was no explicit and consistent comparative perspective
applied in the discussions.

Second, the theoretical rationales of Triple Helix or Quadruple Helix models
were often not fully comprehended when used for empirical studies. Many authors
have only superficially cited the literature on the Triple Helix and Quadruple Helix
topics. Particularly, we found three misunderstandings of the Triple Helix model, as
delineated below.

The first misunderstanding is the perception that civil society is missing in the
Triple Helix model, which serves as a major argument of many authors apply-
ing the Quadruple Helix model instead of the Triple Helix model (e.g., Nordberg
et al. 2020; Arranz et al. 2020). However, this is a simplistic understanding of Tri-
ple Helix because civil society has been considered ‘the launch pad for take-off
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[of] triple helix interactions’ (Etzkowitz 2014: 19) or an institutional ground of
the Triple Helix (Cai 2015). As Leydesdorff (2012: 30) stated, ‘the [triple] hel-
ices represent specialization and codification in function systems which evolve
from and within civil society’. Civil society is important for innovation because
effective interaction between the three spirals is also contingent on broad social
participation (Etzkowitz 2008). Nevertheless, the current Triple Helix model has
not explicitly elucidated civil society in its analytical framework.

The second misunderstanding is equating the Triple Helix model to an inno-
vation system. This is commonly seen in innovation studies (e.g., Arranz et al.
2020; Porto-Gomez et al. 2019). However, Etzkowitz and Zhou (2017) empha-
sised that the Triple Helix goes beyond innovation systems theory in that the
innovation system has its theoretical root in general systems theory, whereas the
Triple Helix model is grounded on Simmel’s triadic interactions as an Occam’s
razor principle. As such, an innovation system is expected to evolve through self-
organisation; in contrast, the Triple Helix model requires an organised accelera-
tion process and innovation organisers. As Leydesdorff (2012: 25) posited, ‘Using
the Triple Helix model of university—industry—government relations, one can
measure the extent to which innovation has become systemic instead of assuming
the existence of national (or regional) systems of innovations on a prior grounds’.

Although the originators of the Triple Helix model try to avoid mixing the
model with the concept of the innovation system, their elaboration on the dif-
ferences between the Triple Helix model and the innovation system occurs on
an abstract level (Cai 2020). This may explain why many scholars of innovation
studies treat the Triple Helix model and innovation systems as exchangeable.
However, it is worth noting that the development of Quadruple/Quintuple Helix
models is intended to allow better interpretation of the ecosystems of innovation
(Carayannis et al. 2018).

The third misunderstanding is that Triple Helix interactions are simply perceived
as collaborative relations within tri-lateral networks (e.g., Mok and Jiang 2020;
Farinha et al. 2016). Such an understanding does not help explain the following
phenomenon: Whereas the collaborative relations between university, industry and
government can be observed in most places in the world, the development of entre-
preneurship and innovation differ between the regions. From the perspective of the
Triple Helix model, only when the mechanism of ‘taking the role of the other’ exists
in the tri-lateral networks can collaborative relations become an enabling condition
fostering innovation and entrepreneurship (Etzkowitz 2008).

Comparing the Triple Helix and Quadruple Helix in Their Original
Forms

When comparing the Triple Helix and Quadruple Helix in their original forms, we
focus on the following three aspects: (1) How the models originated and were intro-
duced to the literature; (2) what the major theoretical rationales of the models are
and (3) how the models have been addressed by scholars.
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Triple Helix
Origin of the Triple Helix Concept

Etzkowitz (1993, 1994) and Leydesdorff (1994) simultaneously explored new per-
spectives of looking at the dynamics in regional innovation, with a particular empha-
sis on the role of academia and organised knowledge production, until they jointly
developed the concept of the Triple Helix model of academia—industry—government
relations based on their discussions in a workshop in Abisko, Sweden, in 1994 and
subsequent email interactions (Leydesdorff 2018). The original explanation of the
concept is captured in their seminal work (Etzkowitz and Leydesdorff 1995), which
is largely based on Etzkowitz’s observation of the successful collaboration between
entrepreneurial universities, such as the Massachusetts Institute of Technology and
Stanford University, and high-technology clusters at various stages of development
in Boston and Silicon Valley, respectively, mediated by strategic policy interven-
tions (Etzkowitz 1993). Etzkowitz and Leydesdorff (2000) expounded on the Tri-
ple Helix as model for studying knowledge-based economies. The central idea is
as follows: ‘The interaction among university, industry, and government is the key
to innovation and growth in a knowledge-based economy’ (Etzkowitz 2008: 1). In
developing the Triple Helix model, Etzkowitz and Leydesdorff drew insights from
multiple disciplines, such as ‘evolutionary economics, the sociology of science and
technology, and the sociology of higher education, as well as policy analysis with an
evaluative perspective’ (Zhou 2014: 4).

The Rationale of the Triple Helix Model

In a recent review and analysis of the theoretical development of the Triple Helix
model, Cai and Etzkowitz (2020) summarised the five major aspects of the model.
First, the complex relations among various players in regional innovation are sim-
plified according to Simmel’s social geometry of triadic interactions. Second, the
mechanism of Triple Helix interactions is ‘taking the role of the other’. Third, its
development is an evolutionary process, but the process needs to be pre-structured
or coordinated. Fourth, triple helix interactions require the integration of both top-
down coordination and bottom-up initiatives. Finally, the Triple Helix model is ena-
bled by certain tangible and intangible conditions.

Critiques and Recent Developments

Although the Triple Helix model has gained popularity over the 26 years since it
was proposed, it has also been criticised, mainly in relation to the three following
factors: First, the theoretical foundations of the model need strengthening (Cooke
2005; Shinn 2002: 609; Viale and Pozzali 2010). Second, the model is not sensi-
tive to contextual environments (Balzat and Hanusch 2004; Cai 2014). Third, new
and complex factors that emerge during societal transformations have not been fully
considered (Tuunainen 2002; Brundin et al. 2008; Reich-Graefe 2016; Drori et al.
2013).
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Responding to criticisms, particularly that the Triple Helix model is too norma-
tive and lacks theoretical foundations, scholars have attempted to improve the model
(Cai and Etzkowitz 2020) via two routes. The first approach, underlined by deduc-
tive reasoning, augments the theoretical core of the Triple Helix by using insights
from other theories. For instance, since the mid-2000s, the two founders of the Tri-
ple Helix model, Etzkowitz and Leydesdorff, have further elaborated on the mecha-
nisms of triple helix interactions from a neo-institutional perspective and a neo-evo-
lutionary perspective, respectively (Leydesdorff 2012). The former emphasises the
relations between the three spheres of university, industry and government, whereas
the latter focusses on the three selection mechanisms—namely, market, innovation
and control (Leydesdorff 2021). Moreover, Cai (2015) and Villanueva et al. (2006)
have attempted to enhance the theoretical foundations of the Triple Helix from the
perspective of institutional logics and social network theory, respectively.

The second approach, driven by inductive reasoning, seeks to further enrich the
Triple Helix model via nuanced observations of regional innovations. Some out-
comes of this approach are captured in the book Triple Helix: University-industry-
government innovation in action by Etzkowitz (2008) and its second edition (Etz-
kowitz and Zhou 2017). Other efforts include the distinction between the Triple
Helix core function and the Triple Helix sphere (Zhou 2014) and bring both central
and regional governments into the Triple Helix analysis (Cai and Liu 2015; Liu and
Cai 2018). Hladchenko and Pinheiro (2019) discovered the phenomenon of ‘means-
ends decoupling’ in implementing the Triple Helix model and explained it from the
perspective of institutional theory.

Quadruple Helix
Origin of the Quadruple Helix concept

While the Triple Helix concept was developed as an intellectual response to the
emerging knowledge-based economy in the 1990s, the Quadruple Helix model
was proposed to reconceptualise society in the twenty-first century. Carayannis and
Campbell (2012), who are considered the founders of the model, wanted ‘to develop
a more future-oriented outlook and vision, addressing the current challenges and
introducing a problem-solving that is interested in sustainable solutions, emphasiz-
ing a sustainable development perspective that brings together innovation, entrepre-
neurship, and democracy’ (2). The Quadruple Helix model was originally presented
by Carayannis and Campbell (2006) in their book Knowledge creation, diffusion
and use in innovation networks and knowledge clusters. It was later consolidated in
their article titled ‘““Mode 3" and “Quadruple Helix”: Toward a 21st-century fractal
innovation ecosystem’ (Carayannis and Campbell 2009). Carayannis and Campbell
(2009) developed the Quadruple Helix model by adding a fourth helix, defined as
‘the media-based and culture-based public and civil society’ (Carayannis and Camp-
bell 2012: 13). The fourth helix illustrates that in a modern knowledge society and
economy, aside from academia, industry and government, knowledge flows into all
spheres of the society and the innovation ecosystem.
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Some other scholars initiated similar efforts to extend the Triple Helix model
almost during the same period, but their works were published after those of Caray-
annis and Campbell (2006, 2009). For instance, at the 8th Triple Helix Conference,
Wallin (2010) presented a paper titled The co-evolvement in local development
— From the Triple to the Quadruple Helix model. She argued that ‘the stakeholders,
local employees and inhabitants ... should be disclosed as the fourth helix of the
development’ because ‘without their performance and their active role, the imple-
mentation of the high status policy projects might have failed and certainly not
gained the outcomes’ (Wallin 2010: 6). In an EU-funded research project, Arnkil
et al. (2010) proposed the concept of the Quadruple Helix to understand user-driven
innovation, and they defined the fourth helix as users. Marcovich and Shinn (2011)
proposed the addition of society as the fourth helix in their version of the Quadru-
ple Helix. They referred to society as the ‘interactions between groups of people,
institutions and knowledge’ (Marcovich and Shinn 2011: 177). It is likely that these
scholars were not aware of the work by Carayannis and Campbell (2009); at least,
they did not cite it in their publications.

The Rationale of the Quadruple Helix Model

Three aspects constitute the foundation of the Quadruple Helix model. First, democ-
racy or knowledge democracy is an important dimension in understanding the con-
text in which innovation players interact with each other for knowledge production
and innovation (Carayannis and Campbell 2017). This corroborates Campbell’s
(2019) proposition of the global quality of democracy as an innovation enabler.
Carayannis and Campbell (2021) further stressed that ‘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’ (1). In a climate of/
for democracy, “This Quadruple Helix Innovation System Framework puts innova-
tion users at its heart and encourages the development of innovations that are perti-
nent for users (civil society)’ (Carayannis et al. 2018: 150).

Second, the Quadruple Helix model centres on Mode 3 knowledge production,
which extends Mode 1 and Mode 2 knowledge production as categorised by Gib-
bons et al. (1994). Carayannis and Campbell (2012: 4) defined the Mode 3 knowl-
edge production as

the nexus or hub of the emerging twenty-first century Innovation Ecosystem,
where people, culture, and technology ... meet and interact to catalyze creativ-
ity, trigger invention, and accelerate innovation across scientific and techno-
logical disciplines, public and private sectors ... and in a top-down, policy-
driven as well as bottom-up, entrepreneurship empowered fashion.

They added that ‘the competitiveness and superiority’ of such a knowledge system
‘is highly determined by its adaptive capacity to combine and integrate different
knowledge and innovation modes’ (Carayannis and Campbell 2009: 221) via ‘co-
existence, co-evolution, and co-specialization of different knowledge paradigms and
different knowledge modes of knowledge production and knowledge use’ (Carayan-
nis and Campbell 2012: 4).
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Third, quadruple helix interactions occur in an innovation ecosystem, which is
conceptualised by the systems analysis approach (Carayannis and Campbell 2012).
As such, the Quadruple Helix framework is viewed as the ‘enabler and enactor of
regional co-opetitive entrepreneurial ecosystems, which we conceptualize as fractal,
multi-level, multi-modal, multi-nodal, and multi-lateral configurations of dynamic
tangible and intangible assets within the resource-based view and the new theory of
the growth of the firm’ (Carayannis et al. 2018: 148).

Critiques and Recent Developments

The first scholarly debate on the Quadruple Helix model was initiated by Leydes-
dorff and Etzkowitz (2003). In their view, ‘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 and Etzkow-
itz 2003: 57). Leydesdorff (2012) further stressed that perceiving civil society as an
additional helix is problematic because it does not have the same characteristics as
university, industry and government. In the same vein, Prainsack (2012) criticised
the Quadruple Helix model for using existing concepts differently from their origi-
nal definitions, such as in the model of knowledge production proposed by Gibbons
et al. (1994) and the democratisation of science proposed by Funtowicz and Ravetz
(1993). Moreover, Leydesdorff et al. (2014) implied that compared with the robust
measurement of triple helix interactions to test the validity of the model, the Quad-
ruple Helix model is weak in its methodological basis for quantitative measurement.

Unlike the clear focus of the Triple Helix model on the interactions between uni-
versity, industry and government, a consistent understanding of what represents the
fourth helix is missing. The fourth helix has been variously understood as consum-
ers (Ivanova 2014), users (Arnkil et al. 2010; Miller et al. 2018), non-governmental
organisations (Lindberg et al. 2014) and community (Doh 2018). Even in the work
of Carayannis and Campbell (2012), the fourth helix has four synonyms— ‘public’,
‘media-based and culture-based public’, ‘arts, artistic research and arts-based inno-
vation” and ‘civil society’. As Konig et al. (2020) noted, ‘there is not one Quadruple
Helix, but a continuum of models, or at least varieties where different additional
spheres become the focus: a “Triple Helix” +1) users model, +2) firm-centered Liv-
ing Lab model, +3) public sector-centered Living Lab model and + 4) citizen-cen-
tered model or simply private-public-people partnerships (PPPP)’.

Summary of the Comparison

Through the comparison, we identified some common theoretical assumptions of
both models, which are outlined as follows:

(1) The analysis of knowledge-based developments requires at least three relevant
dimensions: university, industry and government.
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(2) Given that both top-down coordination and bottom-up initiatives are crucial to
fostering regional innovation, a successful approach is the use of appropriate
mechanisms that mediate between them.

(3) Heterogeneous settings are important for innovation. Innovation is best created
through the joint actions of players across sectors.

(4) Innovation is associated with co-evolution processes in several domains, such
as the socio-economic, political, technological and cultural domains.

(5) Civil society is the most important condition/dimension for innovation.

Nevertheless, the two helix models approach these issues from different theoreti-
cal and analytical standpoints, as indicated in the rationales of the models discussed
above. Moreover, the two models have different understandings of the helix concept

(Table 1).

Table 1 Different understandings of the helix concept by the originators of helix models of innovation

Originators of
helix models

Perspectives

Understandings of helices

Henry
Etzkowitz

Neo-institutional

The Triple Helix model is composed of the triple helix spheres of
university, industry, government, which are parallel to the triple helix
spaces of knowledge, innovation and consensus (Etzkowitz and Zhou
2017; Etzkowitz 2008).

Loet
Leydersdorff

Neo-evolutionary

The Triple Helix is perceived as three functions—namely, wealth
creation, knowledge production, and normative control. The three
helices also operate ‘as selection mechanisms asymmetrically on one
another, but mutual selections may shape a trajectory as in a
coevolution’ (Leydesdorff 2012: 28).

Elias Carayannis
& David
Campbell

Eco-systemic

The government, university, industry and civil society represent four
basic dimensions of a Quadruple Helix innovation system (Carayannis
et al. 2018). However, the fourth helix, broadly understood as media-
based and culture-based public or civil society, contextualise the
Triple Helix (Carayannis and Campbell 2021).

Advantages and Disadvantages of the Triple Helix and Quadruple Helix

Models

This section first presents a comparative lens for the reader to understand our prem-
ises of comparison. We synthesise the most relevant literature in the field to describe
modern innovation and form a lens that is used to compare the two helix models in
the latter part of the section.

@ Springer




Triple Helix or Quadruple Helix 269

A Comparative Lens: Features of Contemporary Society Related to Innovation

Both Triple Helix and Quadruple Helix models deal with the mechanism of innova-
tion at the societal level. Thus, when deciding on which model to use in empirical
research, one must know about the nature of contemporary society. There are a few
concepts, such as knowledge-based society 2.0 (Rutten and Boekema 2012), globali-
sation 3.0 (Friedman 2005) and innovation ecosystems (Oh et al. 2016), that cap-
ture the fundamental changes in society that have occurred since the beginning of
the twenty-first century. Of the three, the innovation ecosystem is a more inclusive
concept, accentuating the ecological and sustainable aspects of innovation systems
(Oh et al. 2016). The innovation ecosystem fosters sustainable innovation (Carrillo-
Hermosilla et al. 2010), defined as ‘innovation that improves sustainability perfor-
mance, where such performance includes ecological, economic, and social criteria’
(Boons et al. 2013: 2). Cai et al. (2020) define innovation ecosystems as

co-innovation networks, in which actors from organizations concerned with
the functions of knowledge production, wealth creation and norm control
interact with each other in forming co-evolution and interdependent relations
(both direct or indirect) in cross-geographical contexts, and, through which
new ideas and approaches from various internal and external sources are inte-
grated into a platform to generate shared values for the sustainable transfor-
mation of the society.

By synthesising relevant literature on innovation ecosystems, knowledge-based
society 2.0 and globalisation 3.0, we identify the following three major aspects of
contemporary society: (1) the nature of knowledge and mode of knowledge pro-
duction, (2) the key innovation players and their relations and (3) the temporal and
spatial dimensions of social contexts of sustainable innovation. These aspects have
also been considered important in innovation studies (Fagerberg et al. 2013). For
instance, the first aspect resonates with basis of innovation processes in knowledge,
learning and production. We emphasise innovation players and their relations in the
second aspect because knowledge- and learning-based innovations are created by
multiple players and their interactions. These interactions take place in social con-
texts; therefore, we also examine context from both the temporal and spatial per-
spectives as the third aspect. The changes in society in terms of these three aspects
are discussed below.

The Nature of Knowledge and Mode of Knowledge Production

Regarding the nature of knowledge, it has been argued that in knowledge society
2.0, knowledge is not simply categorised as tacit or codified, as it is in knowledge-
based society 1.0; instead, it is context dependent (Rutten and Boekema 2012).
Further, the model of knowledge production extends from Mode 1 and Mode 2 to
Mode 3 (Carayannis and Campbell (2012), in which learning and knowledge pro-
duction occur in the context of social interactions rather than in organisational con-
texts e.g. universities or firms (Carayannis and Campbell 2012; Rutten and Boekema
2012). The new features of social interactions for innovation are characterised by
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democratising innovation, as well as hybrid innovation networks and knowledge
clusters (Carayannis and Campbell 2012).

Key Innovation Players and Their Relations

Compared with the innovation processes in innovation systems, in the ecosystem of
innovation, there are diverse core factors (e.g. technical, social, environmental), and
they are increasingly interdependent (Oh et al. 2016; Smorodinskaya et al. 2017;
Walrave et al. 2017; Sotarauta et al. 2016). Cai et al. (2019) argued that some hid-
den/unobvious relations between players across sectors/nations in innovation eco-
systems are important for building trust and co-innovation.

Social Contexts of Sustainable Innovation

In their study of tensions associated with sustainable development, Hahn et al.
(2015) distinguished between temporal and spatial dimensions, which we consider
useful for analysing the social context of sustainable innovation. The temporal
dimension is underlined by the concept of intergenerational equity, which ‘calls for
the consideration of the interests of future generations and it is usually assumed that
the time horizon of current decision making undervalues the interests of future gen-
erations’ (Hahn et al. 2015: 307). From a temporal perspective, sustainable innova-
tion must be socially responsible (Flipse 2013); this covers the social and ethical
aspects of research, development and innovation, such as environmental develop-
ment, societal sustainability and social desirability (von Schomberg 2011; Burget
et al. 2017). In short, innovation must be responsible for future generations.

The spatial dimension is underlined by the concept of intragenerational equity,
which refers to ‘equitable development opportunities between developed and under-
developed regions as well as within both of these’ (Hahn et al. 2015: 303). From
a spatial perspective, sustainable innovation must be inclusive, enabling ‘the pro-
cess of technological diffusion by which an already developed technology comes to
be widely available to poor consumers in developing countries’ (Foster and Heeks
2013: 335). The concept of inclusive innovation implies that innovations are often
created in developed countries and that the people in developing countries are their
recipients or users. However, owing to changes in both the nature of knowledge and
the model of knowledge production, innovation is increasingly taking place in global
networks that involve developed and developing countries (Barnard and Chaminade
2017). The role of the individual becomes vital in this process (Cai et al. 2019),
reflecting the reality described by Friedman (2005) that the cornerstone of globalisa-
tion has shifted from countries (globalisation 1.0) and companies (globalisation 2.0)
to individuals and groups (globalisation 3.0) .
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Strengths and Weaknesses of the Triple and Quadruple Helix Models vis-a-vis
Understanding Contemporary Society

Using the three main features of contemporary society as a lens, Tables 2 and 3 sum-
marise the strengths and weaknesses of the Triple Helix model and Quadruple Helix
model, respectively, in enhancing the understanding of society. These could consti-
tute the basis for deciding which Helix model is most useful in empirical research.

Table 2 Strengths and weaknesses of the Triple Helix model in enhancing understandings of innovation

ecosystems
Changing features in society as a | Strengths Weaknesses
comparative lens
Nature of knowledge and mode | The  fundamental  theoretical | Some emerging phenomena in

of knowledge production

Knowledge production (Mode 3)
now occurs in the context of social
interactions  rather than in
organisational contexts.

assumption of the Triple Helix
model deals with the creation of
knowledge and innovation in the
context of social interactions.

social interactions, such as
democratising innovation, are not
explicit in  the theoretical
elaboration of the Triple Helix
model.

Key innovation players

Key players in the innovation
process are diverse and
increasingly interdependent, with
unobvious links.

The core mechanisms of the Triple
Helix model are concerned with
relations between primary
innovation actors/sectors. Such a
simple structure makes the model
more operational.

The focus of the Triple Helix
model is on the three primary
actors/sectors, as well as the
relations among them. Although
the model acknowledges the roles
of other actors (as secondary
actors), it does not clarify how
these secondary actors can be
included in Triple Helix analysis.

The cornerstone of globalisation
has shifted from countries and
companies to individuals and
groups.

Social contexts of sustainable | Civic  engagement, as the | Civic  engagement, although

innovation (temporal | foundation of socially responsible | regarded as the foundation of the

perspective) innovation, is considered the | Triple Helix model, is not
institutional ground or ‘launch | explicitly  theorised in the

Social responsibility has become | pad’ of the Triple Helix. analytical framework.

the norm in innovation activities.

Social contexts of sustainable | The theoretical core of the Triple | The global dimension and

innovation (spatial perspective) | Helix model can potentially | individual focus are not well
explain emerging issues in the | elaborated in  the  current

global context of innovation, as
well as the Triple Helix
interactions at the individual level.

theorisation of the Triple Helix
model.
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In short, the advantage of the Triple Helix model is its stronger theoretical foun-
dations on the interactions of university, industry and government, whereas its
weakness is that the new features of society concerning innovation have not been
explicitly addressed in the theoretical elaboration of the model. The Triple Helix
model is firmly rooted in classical sociological theory and institutional economics.
Over the past years, the theoretical foundation of the model has been strengthened
via multiple disciplinary perspectives, such as the new evolutional theory (Leydes-
dorff and Meyer 2006), institutional logics (Cai 2015) and social network theory
(Villanueva et al. 2006). Even some critics of the Triple Helix model have acknowl-
edged that the model ‘represents a critical and sometimes stringent base for further
theoretical sociological reflection on innovation dynamics’ (Marcovich and Shinn
2011: 176). Meanwhile, Carayannis and Campbell (2009) noted that the origin of

Table 3 Strengths and weaknesses of the Quadruple Helix model in understanding the new features of

contemporary society

Knowledge production (Mode 3)
now occurs in the context of social
interactions  rather than in
organisational contexts.

foundation of the Quadruple Helix
model.

Changing features in society as a | Strengths Weaknesses

comparative lens

Nature of knowledge and mode | The Mode 3 knowledge production | The model lacks theoretical
of knowledge production system is conceptualised as the | accounts of the mechanism

underlying Mode 3 knowledge
production.

Key innovation players

Key players in the innovation
process are diverse and
increasingly interdependent, with
unobvious links.

The Quadruple Helix model is
flexible enough to include new
factors and actors in the focal
analysis via the fluid construct of
the fourth helix.

Compared with the Triple Helix
model, it is more complex to apply
the Quadruple Helix model to
empirical analysis because more
elements need to be considered.
Particularly, since the Quadruple
Helix model is enabled by a
democratic regime, challenges
emerge when applying the model
to compare innovation processes
between democratic  and
authoritarian states.

Social contexts of sustainable
innovation (temporal

perspective)

Social responsibility has become
the norm in innovation activities.

Socially responsible innovation is
addressed through the fourth added
helix—the public or civil society
and the concept of democratising
innovation.

Since civil society does not share
the same characteristics as
academia, industry and
government, perceiving it as a
helix parallel to the other three can
be problematic.

Social contexts of sustainable
innovation (spatial perspective)

The cornerstone of globalisation

has shifted from countries and
companies to individuals and

groups.

The  Quadruple  Helix is
conceptualised in the context of
innovation ecosystems, which
embrace the global dimension, as
well as the new trend in
globalisation.

The emerging glocalisation is the
starting point for developing the
Quadruple Helix model, but
relevant issues are elaborated on at
a conceptual level that is not
concrete enough for guiding
empirical analysis.
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the Triple Helix model was mainly based on Modes 1 and 2 of knowledge produc-
tion. However, the recent theoretical development of the Triple Helix reflects an
attempt to explain the dynamics of innovation in contemporary society (Cai and Etz-
kowitz 2020).

The advantages and disadvantages of the Quadruple Helix are almost the oppo-
site of those of the Triple Helix. Basically, the Quadruple Helix model is more sen-
sitive to the changing nature of society, but it is relatively weak in its theoretical
explanatory power and analytical complexity. The fluid construct of the model is
both its biggest advantage and its weakness. On the one hand, the model offers con-
ceptual space for the fourth helix, which can be added algorithmically depending on
the study’s needs (see also Miller et al. 2018; Arnkil et al. 2010); this can stimulate
researchers to propose new conceptualisations of the ever-changing social dimen-
sion. On the other hand, the new fourth dimension is sometimes difficult to tie down
to a solid analytical basis. Nevertheless, efforts have been made to enhance the ana-
lytical power of the Quadruple (and Quintuple) Helix model in approaching innova-
tion ecosystems (Carayannis et al. 2016, 2021).

Towards an Ideal Theory of Innovation?

The comparison discussed above suggests that the Triple Helix model has a rela-
tively strong theoretical foundation, but it still needs to be improved to address the
emerging characteristics of contemporary society. In contrast, the Quadruple Helix
model has been developed with the specific purpose of addressing phenomena aris-
ing from contemporary society, but it is relatively abstract in its theoretical founda-
tion. This raises the following question: Can synergy be built between them to better
theorise sustainable innovation in contemporary society?

An ideal theory of innovation can be said to meet the following three criteria:
First, the theory can address emerging issues in the innovation process; as Lundvall
noted, ‘what qualifies as a good theory of innovation is not carved in stone but has
to evolve as a result of changes in society and our attempts to understand these chal-
lenges’ (Fagerberg et al. 2013: 7). Second, the theory must enable effective empiri-
cal analysis to avoid being overly complicated in its analytical framework. This is
in line with the Occam’s razor principle, which advocates including complex con-
structs only if essential (Braithwaite 2017). Third, the theory should focus on the
conditions and mechanisms fostering sustainable innovation, which consists of envi-
ronmental, social and economic dimensions (Elkington 1998). In Table 4, we illus-
trate how the Triple Helix and Quadruple Helix models offer useful and supplement-
ing insights through the lens of the three criteria.
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Table 4 Useful insights from the Triple Helix and Quadruple Helix models through the lens of building
an ideal innovation theory

Criterion

Insights from Triple Helix

Insights from Quadruple Helix

University, industry and government, brought
in focus by the Triple Helix model, are also the
main components in (sustainable) innovation
processes in contemporary society.

The model’s freely defined fourth helix helps
to include new elements in (sustainable)
innovation processes.

2 The principle of triadic interactions between | Civic engagement as emphasised in the model
primary helices ensures a simple but feasible | is an emerging issue in contemporary society in
analytical framework. relation to sustainable innovation.

3 The mechanisms underlying the triple helix | The model was developed with the concept of

interactions that foster innovation can be
further adapted for strengthening the
theoretical foundations for understanding the

an innovation ecosystem; thus, it directly
contributing to the conditions and mechanisms
fostering sustainable innovation.

processes of sustainable innovation.

It can be seen from the table that the two helix models have opposite emphases
and strengths. In other words, they can be supplementary to each other. Thus, inte-
grating the two models has the potential to offer a useful analytical framework to
better understand the mechanisms of the innovation process in contemporary soci-
ety. However, there are challenges to accomplishing this because of the different
propensities of the two models. The Quadruple Helix model provides a relatively
loose conceptual framework for its flexibility in bringing different elements (e.g.
civil society, users, stakeholders) to the fourth helix and its inclination to extend to
a quintuple model. This helps include emerging elements in innovation ecosystems
into analytical foci. However, for the same reason, the model tends to be too com-
plicated to be operationalised in the empirical analysis. At the same time, the Triple
Helix model, with its underlying Occam’s razor principle and its focus on the three
most essential helices, may limit the inclusion of new factors into the analytical fold
of the Triple Helix framework. Thus, the key to synergy building lies in developing
an integrated analytical framework that is flexible enough to incorporate emerging
factors on the one hand and adheres to the Occam’s razor principle on the other.

Conclusions

Through analysing the state-of-the-art studies using the Triple Helix or Quadruple
Helix model, we found a research gap in terms of a lack of studies that system-
atically compare the two models. For this reason, researchers—especially newcom-
ers to the field—are often confused about which model to apply in their empiri-
cal research. To respond to this gap, we compared the Triple Helix and Quadruple
Helix models from two perspectives. One focussed on the origins, theorisation and
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criticisms of the two models; the other focussed on the advantages and disadvan-
tages of the two models in terms of addressing innovation issues in contemporary
society.

Our study’s findings contribute to the scholarly discussions on the Triple Helix
and Quadruple Helix in three ways. First, for the first time, we provide a comprehen-
sive comparison of the two models from multiple perspectives. Our literature analy-
sis revealed that when authors choose which model to use, their decisions are driven
by several perspectives, which are as follows: (1) The two models are competing
concepts, (2) the move from Triple Helix to Quadruple Helix is an evolutionary pro-
cess, and (3) the two models could be supplementary to each other. The last view is
supported by the results of our comparative analysis of the two models: Both Triple
Helix and Quadruple Helix share some common theoretical assumptions on innova-
tion; the advantages of one model may make up for the weaknesses of the other.

Second, we discovered some misunderstandings of the helix models in the exist-
ing literature. For instance, the primary misperception is that when civil society
or other non-traditional triple helices are under observation in research, the Triple
Helix model is considered useless or out-of-date. However, according to the origi-
nators of the Triple Helix model, the model does not prevent researchers from add-
ing new players/layers around the core helices of universities, industry and govern-
ment. Particularly, civil society is seen as the social context in which triple helix
interactions evolve.

Third, the results of our comparative analysis provide a basis for researchers to
choose between the two models to serve their needs in empirical studies. Specifi-
cally, we provide the following suggestions: First, each helix model could offer use-
ful insights serving as conceptual or analytical tools for studying various innova-
tion issues in contemporary society, but in doing so, the theoretical rationales of the
model must be fully comprehended to avoid superficially applying a concept. Sec-
ond, since the two models differ in their perspectives on what key innovation players
are and how they interact, choosing one over the other depends on specific empirical
settings and the main subjects to be investigated, in addition to the researchers’ theo-
retical preferences. Third, researchers are encouraged to advance helix models by
building synergies between them, making them supplementary to each other.

As a preliminary effort to compare the Triple Helix and Quadruple Helix mod-
els (which has also been constrained by space limitations), our study is limited by
the scope of literature to be included in our analysis, as well as our inclusion of
other possible comparative lenses. While calling for future research to continuously
advance the comparison and dialogue between the two models, we expect to see
more studies to build synergy between them. To this end, collaboration between Tri-
ple Helix and Quadruple Helix scholars is needed. In the Triple Helix Conference
2020, the Panel ‘Triple Helix vs. Quadruple and Quintuple Helix Dialogue’ chaired
by Yuzhuo Cai as the first author of the article, with Loet Leydesdorff, Elias Caray-
annis and David Campbell as the panellists, was a good example demonstrating such
collaboration (Zheng and Cai 2020). An optimised helix model of innovation (devel-
oped through synergy building between the Triple Helix and Quadruple Helix) con-
cerns not only the configurations of helices but also changes within each helix. One
example of conceptualisation of the evolution in the university sector, as one of the
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helices, can be seen in Cai and Ahmad’s (2021) recent article ‘From an Entrepre-
neurial University to a Sustainable Entrepreneurial University’.
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