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Abstract

In the quantitative, macro-oriented triple helix literature, synergy is measured indi-
rectly, through patent data, firm data and other secondary statistical sources. These 
macro-level quantitative studies do not open up for understanding how different 
processes of cooperation create different outcomes, in terms of synergies. This article 
presents an alternative method of measuring quantitatively how different networks 
of innovation in a variety of ways create different types of complex synergies. This 
opens up for an empirical analysis of variations of synergy formation, seen as innova-
tion networks with different structures, formed within and between helices, regions 
and geographical levels. Data was collected through a snapshot survey in 10 regional 
cases in the Baltic Sea Region. The analysis presents how different networks of innova-
tion within and between helices are formed by different combinations of expectations, 
experiences and gaps.
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شبكات الإبداع: قياس البنية والديناميكيات بين وداخل المراوح 
يات المكانية. بيانات تجريبية من منطقة بحر  والمناطق والمستو
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创新网络：测量螺旋、区域和空间层次之间和各
自内部的结构和动态。波罗的海地区的实证经验

Seija Virkkala and Åge Mariussen 

摘要

在宏观层面进行量化分析的三螺旋文献中，协同效应是通过专利数据、公司数据和

其他次要统计数据间接衡量的。这些宏观层面的量化研究并没有为理解不同合作过

程如何创造不同协同效应的结果而敞开大门。本文提出了一种替代方法，用于定量

测量不同创新网络如何通过多样的方式创造类型各异的复杂协同效应。这种方法将

形式各异的协同效应视为在螺旋、区域和地理层面内部和他们之间形成的具有不同

结构的创新网络，由此对形成不同形式协同效应的实证研究另辟蹊径。研究中的数

据是通过对波罗的海地区 10 个区域案例的快照调查收集的。对数据的分析展示了

螺旋内部和螺旋之间的不同创新网络是如何形成的，而创新模型的差异取决于网络

成员的预期和经验以及预期与经验之间的差距。

关键词

螺旋测量，创新网络，协同效应，连通性，波罗的海地区，卢曼
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Réseaux d’innovation : Mesurer la structure et la 
dynamique entre et au sein des hélices, des régions 
et des niveaux spatiaux : preuves empiriques de la 
Région de la Mer Baltique

Résumé

Dans la littérature quantitative et macro-orientée Triple Hélice, la synergie est mesu-
rée indirectement par les données sur les brevets ou les entreprises et d’autres sources 
secondaires de statistiques. Ces études quantitatives au niveau macro ne permettent 
pas de comprendre comment différents processus de coopération créent des résul-
tats différents, en termes de synergie. Cet article présente une méthode alternative 
pour mesurer quantitativement comment différents réseaux d’innovation à travers 
différents moyens créent différents types de synergies complexes. Cela conduit à 
une analyse empirique des variations de la formation de la synergie, vue comme des 
réseaux d’innovation avec des structures différentes, formés au sein et entre les hélices, 
les régions et les niveaux géographiques. Les données ont été collectées grâce à une 
enquête instantanée dans 10 unités administratives de la Région de la Mer Baltique. 
L’analyse se focalise sur comment sont formés différents réseaux d’innovation au sein 
et entre les hélices par diverses combinaisons d’attentes, d’expériences et d’écarts.

Mots-clés

Mesures d’hélices – réseau d’innovation – synergie – connectivité – région de la mer 
Baltique – Luhmann
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Redes de inovação: Estrutura e dinâmica de 
medição entre e dentro de hélices, regiões e níveis 
espaciais. Evidência empírica da região do  
Mar Báltico

Resumo

Na literatura quantitativa e macro-orientada da hélice tripla, a sinergia é medida 
indiretamente, por meio de dados de patentes, dados de empresas e outras fontes 
estatísticas secundárias. Esses estudos quantitativos em nível macro não permitem 
compreender como diferentes processos de cooperação geram diferentes resultados, 
em termos de sinergias. Este artigo apresenta um método alternativo de medir quan-
titativamente como diferentes redes de inovação de várias maneiras criam diferentes 
tipos de sinergias complexas. Isso abre para uma análise empírica das variações da 
formação de sinergias, vistas como redes de inovação com diferentes estruturas, for-
madas dentro e entre hélices, regiões e níveis geográficos. Os dados foram coletados 
por meio de uma pesquisa instantânea em 10 casos regionais na região do Mar Báltico. 
A análise apresenta como diferentes redes de inovação dentro e entre hélices são for-
madas por diferentes combinações de expectativas, experiências e lacunas.

Palavras-chave

Região do Mar Báltico – Conectividade – Medidas de hélices – Rede de inovação – 
Luhmann – Sinergia
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 Russian

Инновационные сети: оценка структуры и 
динамики между и внутри спиралей, регионов 
и стран. Эмпирические данные Балтийского 
региона.

С.Вирккала, А.Мариуссен

Аннотация

В количественной макроэкономической литературе, посвященной теории трой-
ной спирали, синергия измеряется косвенно, через оценку количества патентов, 
фирм и другие вторичные источники. Подобный макроуровень количествен-
ного анализа не дает понимания о том, как разнонаправленные процессы коо-
перации способствуют созданию различных продуктов в условиях синергии. В 
настоящей работе представлен альтернативный метод количественного измере-
ния различий в инновационных сетях, учитывающий многообразие возникаю-
щих синергий. Работа открывает путь к эмпирическому анализу разновидностей 
синергии, рассматриваемых как инновационные сети с различными структу-
рами, сформированными внутри и между спиралей, регионов и стран. Данные 
получены по итогам 10 кратких интервью, проведенных с представителями 
компаний в Балтийском регионе. Результаты анализа позволяют сформировать 
модель, характеризующую процесс формирования различных инновационных 
сетей внутри и между спиралями в условиях различных комбинаций ожиданий, 
опыта и ошибок.

Ключевые слова

изучение спиралей – инновационная сеть – синергия – взаимосвязанность – 
Балтийский регион – Лухманн
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Redes de innovación: estructura y dinámica de 
medición entre y dentro de hélices, regiones y 
niveles espaciales. Evidencia empírica de la región 
del mar Báltico

Resumen

En la literatura de triple hélice cuantitativa y macro-orientada, la sinergia se mide indi-
rectamente, a través de datos de patentes, datos de empresas y otras fuentes estadísti-
cas secundarias. Estos estudios cuantitativos a nivel macro no permiten comprender 
cómo los diferentes procesos de cooperación generan diferentes resultados, en tér-
minos de sinergias. Este artículo presenta un método alternativo para medir cuanti-
tativamente cómo diferentes redes de innovación en una variedad de formas crean 
diferentes tipos de sinergias complejas. Esto abre para un análisis empírico de varia-
ciones en la formación de sinergias, vistas como redes de innovación con diferentes 
estructuras, formadas dentro y entre hélices, regiones y niveles geográficos. Los datos 
se recopilaron mediante una encuesta instantánea en 10 casos regionales en la región 
del mar Báltico. El análisis presenta cómo las diferentes redes de innovación dentro y 
entre hélices están formadas por diferentes combinaciones de expectativas, experien-
cias y brechas.

Palabras clave

Región del Mar Báltico – Conectividad – Mediciones de hélices – Red de innovación –  
Luhmann – Sinergia

1 Introduction

The article responds to the call by Cai and Etzkowitz (2020) for new method-
ological approaches in understanding helix dynamics, as well as Meyer et al. 
(2014: 170): 
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more enriched indicators that are multilayered and multi-dimensional 
are required to unpick the situation from different and differing angles, 
thus allowing for the heterogeneity of the different actors to be voiced 
and heard. 

State of the art studies use qualitative case-studies and quantitative analysis 
of secondary macro-level statistical sources, such as patents, co-authorships, 
citation indexes etc. to build analysis of synergy indicators between helices 
(Leydesdorff and Etzkowitz, 1998; Leydesdorff et al., 2017b; Meyer et al., 2014). 
Synergy means interaction giving rise to a whole that is greater than the simple 
sum of its parts (see section 2). We suspect that there are important synergies 
which are not captured by secondary macro-level data. 

Our research questions are: 
How can we build indicators which measures synergies within and between 

helices in innovation networks through primary data collected from infor-
mants participating in these processes? What can we learn from this approach?

The approach presented in this article use primary micro-level data which 
was collected in our studies of connectivity between organizations within and 
between helices in selected regions. Connectivity analysis has been developed 
since 2013 (Virkkala et al., 2014, Virkkala et al., 2017; Mäenpää, 2020) in the con-
text of a regional innovation development policy called Smart Specialization 
Strategy. It has been developed both as an analytical approach and as policy 
model, originally in cooperation with regional development authorities in 
Ostrobothnia, Finland. Connectivity between actors, measured through expec-
tations, experiences and importance is an important feature in the approach, 
which has been used in analyzing both triple helix (TH) (Mäenpää, 2020) and 
quadruple helix (QH) arrangements (Mariussen et al., 2019; Vilkė et al., 2020; 
Gedminaitė-Raudonė et al., forthcoming 2021). We are now applying these 
data on analysis of synergies. 

Our data is a snapshot of one point in time based on stratified samples 
of actors, collected from 167 informants in 10 different regions and different 
industrial sectors and clusters around the Baltic Sea Region (BSR). Our infor-
mants are a variety of actors in different helices. Based on these variations, we 
argue that our data captures core aspects of the dynamic where expectations 
and experiences create and shape perceptions of importance, indicating syn-
ergies within and between helices in innovation networks.

Our analysis is related to and draw upon Niklas Luhmann’s analysis of how 
social systems emerge through creation and protection of expectations (for a 
comparison of our approach and Luhmann, see section 3.2). 
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By using individual-level primary data this article explores how the dynamic 
(or functions) between expectation, experience and importance resulting in 
synergies is different in different helices. In this article, the notion of synergy 
and connectivity are used as synonymous. The article documents differences 
between helices in the perceptions of the importance of relations to other 
helices, as well as in the ability to overcome gaps between expectations and 
experiences. 

There are variations in synergies (connectivity) between regions, and varia-
tions between organizations within regions. Synergies (measured as impor-
tance) at regional, national and international levels are cumulative.

The next section presents the state of the art of measuring helix synergies. 
After that we present the background of connectivity analysis. The fourth sec-
tion describes the data and method, and the fifth section our findings on syn-
ergy measurement in innovation networks. The relevance of our analysis for 
synergy measurements is discussed in the next section, and the final section 
concludes the article. 

2 State-of-the-Art of Helix Measurement 

2.1 Triple Helix and Quadruple Helix Models
The concept of knowledge-based society emphasizes the role of science and 
universities in innovation processes and networks (Etzkowitz and Leydesdorff, 
2000; Etzkowitz, 2003). The core of the TH model developed by Etzkowitz and 
Leydesdorff (Etzkowitz and Leydesdorff, 2000; Leydesdorff and Etzkowitz, 
1998) is the dynamic in arrangements of university-industry-government rela-
tions at regional, national and international levels. (Etzkowitz, 2003; Etzkowitz 
and Zhou, 2017). The synergy between the helices strive to create a process of 
self-reinforcement for innovation and economic development (Galvao et al., 
2019). The TH model focuses on the societal conditions of knowledge-based 
society and innovation, which can be enhanced in interaction between univer-
sity, industry and government. This capacity can be described with the notion 
of “Innovation in Innovation” (Etzkowitz, 2003; Cai and Etzkowitz, 2020). The 
potential of knowledge-base can be realized in different mechanisms like start-
up support or technology transfer. (Etzkowitz and Zhou, 2017). 

TH arrangements consist of several key characteristics, which are compo-
nents (institutional spheres), functions (processes within spaces), and rela-
tionships (networking within and among helices), (Ranga and Etzkowitz, 
2013). The TH model is used to describe dynamic interaction between these 
institutional spheres (universities, firms and public organizations). They have 
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different selection environments (Leydesdorff and Meyer, 2006) or functions: 
Universities’ activities are based on novelty production, on discovery of tech-
nological opportunities and they act as a globalising force. Firms aim at wealth 
generation and operate in markets. Public organisations’ activities are based 
on normative control, established rules and have a stabilizing effect. The heli-
ces provide a selective force (Ranga and Etzkowitz, 2013) and follow different 
codes of conduct. Universities, as scientific systems, communicate and func-
tion in accordance with the code of true/false, business in accordance with the 
code of profit/loss, and the public sector in accordance with the code of right/
wrong. This article is focusing on networking of helix actors as self-organising 
innovation network. 

According to the TH model, the best environments for innovation are cre-
ated at the intersection of the helices, where different types of knowledge 
and institutional logics intermingle. The non-linear interactions between the 
helices can generate new combinations of knowledge and resources that can 
advance innovation. (Ranga and Etzkowitz, 2013; Etzkowitz and Zhou, 2017). 
At these intersections the boundary walls may be transformed into “boundary 
spaces” and new formats for interaction are invented, drawing from different 
spheres (Champenois and Etzkowitz, 2018; Cai and Etzkowitz, 2020). In the TH 
literature (Etzkowitz and Leydesdorff, 2000) this ideal situation on overlap-
ping functions is called balanced model contrary to the model in which the 
state controls business and universities or laissez faire model with separate 
institutional spheres with strong boundaries. 

In the TH model the potential source for innovation is the situation when 
the helices “take the role of the other” (Etzkowitz, 2008), carrying out new roles 
from the other helices in addition to their traditional functions. For instance, 
firms continue to produce goods and services, but also do research and devel-
opment. The government is responsible for public policies and establishing 
market rules, but it can also involve in business for instance making available 
venture capital to start new enterprises.

According to Leydesdorff and Etzkowitz (2003) the three helices “repre-
sented specialization and codification in function systems which evolve from 
and within society”, so society was broadly represented by the three helices. 
However, TH model has been criticized of neglecting the civic engagement, 
and the quadruple helix (QH) approach was developed as an extension of the 
TH model, adding civil society as forth helix. According to the QH approach, 
actors of science, industry, and governments should interact together with 
citizens to promote knowledge co-creation. (Carayannis and Campbell, 2012; 
Höglund and Linton, 2018). The forth helix consists of consumers and inno-
vation users (Arnkil et al., 2010), non-governmental organizations (Lindberg 
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et al., 2014), non-profit organizations representing citizens, businesses and 
workers (Gianelle et al., 2016), as well as community (Nordberg et al., 2020). 
However, there are many definitions for the forth helix. 

The cooperation between QH actors creates more opportunities for inno-
vative interaction, which can expand the intersection between helices. 
Individuals in civil society can belong to other spheres in their working life 
(like teachers, civil servants, businesspeople, or workers) but in civil society, 
they are representatives of citizens and the fourth helix. In everyday life, they 
may follow the specific mechanisms of coordination within their helices. 
(Nordberg et al., 2020)

The QH literature describes the helices as encompassing differing rationales 
and selection environments. (Borkowska and Osborne, 2018; Carayannis and 
Campbell, 2012; MacGregor et al., 2010; McAdam et al., 2016). However, the QH 
approach is often used in a rather abstract way, as a general backdrop to inno-
vation related activities. Some efforts have been made to operationalize the QH 
approach (Arnkil et al., 2010; Miller et al., 2016). Hasche et al. (2019) argue, that 
the fourth helix should be viewed as an arena where triple helix actors take on 
different roles and where they create value to civil society. 

2.2 Helix Measurements 
In the context of TH arrangements, the notion of synergy means that the helix 
actors are transcending institutional borders in order to create conditions for 
innovations. At macro level, synergy can be seen as innovation for innovation 
(Etzkowitz, 2003). Synergy is needed for self-sustaining growth processes in 
knowledge and innovation spaces. This article focuses on synergy created by 
innovation cooperation between helix actors. We use the notions synergy and 
connectivity between helix actors as synonymous, since the purpose for inno-
vation interaction is to create something new. 

Most studies have taken a macro-perspective on helices and helix measure-
ment. Visual presentations have captured the situation in different regions 
and countries. The overlay of the functions in TH cooperation has been mea-
sured with synergy indicators based on quantitative methods and statistical 
data. Synergy indicators were initiated by Leydesdorff (2003) and Leydesdorff 
and Meyer (2003) who explained TH dynamics with scientometric mea-
surement. TH indicators have been developed by Leydesdorff and others to 
measure synergies through correlations in patent data, firm data and other 
secondary statistical sources, and they have been applied to many geographi-
cal contexts like Hungary, Germany, Sweden Russia, China and South Korea 
(Leydesdorff and Park, 2014). The quantitative measurements like synergy 
indicators enable the comparison between regions and nations, and give a 
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more accurate understanding on the TH dynamics than just visual expression 
of TH arrangements. 

According to Leydesdorff and Park (2014: 3): 

The specification of how the codes operate as selection environments 
upon one another requires a systems perspective on the distributions of 
both relations and non-relations in terms of correlations. Specific rela-
tions can also be functionally equivalent. The correlations carry the latent 
functions that can operate synergetically to a varying extent. The synergy 
is an interaction effect among the distributions: do the functions fit? 

The strength of existing TH indicators is that they can be used to document 
that a given system is not a priori integrated or synergic at a specific level 
(Leydesdorff and Park, 2014). However, according to the evaluation of 109 arti-
cles on synergy indicators, Meyer et al. (2014: 169) wonder that 

intriguingly for a research field that scrutinizes interaction between 
practitioners in academe, industry and government; there is relatively 
little work that is immediately relevant to TH practitioners. Many of the 
contributions reviewed are still concerned with capturing, measuring 
and mapping TH relations and activities and a large share of them are 
descriptive rather than explanatory in approach. This may not be sur-
prising because the body of work studied is primarily about indicators. 
Impact on practice may well go beyond the scope of work on indicators. 
Nevertheless, more applied work would be desirable. 

One explanation for the limited concrete relevance of the synergy indicators 
to the practitioners might be the macro-level approach of the indicators. The 
latent functions seen in correlations on macro-level might be too abstract 
to use in practical development activities by the practitioners. (Leydesdorff, 
2000, 2018; Leydesdorff and Deakin, 2011). These indicators might not capture 
individual level innovative actions or specific relationships involving emerg-
ing niches or cooperation on innovation. The helix actors can be better taken 
account in micro-level analysis (McAdam and Debackere, 2018). Recent calls 
have suggested to research the helix arrangements, synergies, and collabora-
tions from a micro perspective (Höglund and Linton, 2018; Cai and Etzkowitz 
2020, Hasche et al., 2019).

The second limitation is the databases and statistics used in calculating 
the synergy indicators, which are not based on surveys on relationships and 
innovation cooperation. However, social network theory has been used for 
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analyzing the patterns of interactions among different actors (Pinto, 2017). The 
starting point is individual actors, and their networking. 

The second way to measure helix cooperation is based on qualitative meth-
ods and data capturing individual actors. The most common method is case 
studies on the helix relationships, which can be historical analysis, narratives, 
and snapshot based on interviews. Synergy between TH helices has been ana-
lyzed in comparative case studies: Etzkowitz and Klofsten (2005) analyze the 
development of University of Linköping as an entrepreneurial university in 
innovating region compared to the Stanford University and some other uni-
versities in the USA. Teräs and Ylinenpää (2012) compare regional dynamics in 
two non-metropolitan hi-tech clusters: Oulu in Finland and Luleå in Sweden.

This article aims to overcome the limitations of macro-level synergy indi-
cators based on statistical databases with measuring micro-level dynamics as 
emergence and development of innovation network. We argue that synergy 
can be measured at the micro level as the individual or system level benefits of 
cooperation between the helix actors. 

3 Theoretical Framework of Connectivity Analysis and Measurement 
of Helix Synergy 

Innovation research has pointed the fact that a major share of innovations 
arise from interaction between firms as well as between firms and research 
institutions (Lundvall, 1992). Inter-organizational interaction has played a cru-
cial role in the literature on regional innovation systems and clusters, but the 
structure of this interaction has not been enough assessed empirically in quan-
titative terms (Ter Wal and Boschma, 2009). 

Cooperation between helix actors within a region promotes synergies 
between helices, which is improving the innovation capability and the per-
formance of regional economy (Krätke, 2010). However, regional economies 
operate in an open world and extra-regional and global connections might 
be equally important for innovation purposes. In regional innovation studies, 
the interplay between actors’ intra-regional innovation cooperation and extra-
regional cooperation has been referred with the phrase ‘local buzz and global 
pipelines’. (Bathelt et al., 2004). Innovative performance of regional economy 
might depend on the appropriate combination of cooperation with regional as 
well as national and global partners. The strengthening only intra-regional net-
working may lead to regional lock-in (Grabher, 2006; Boschma, 2005), that is 
why regional networking is often necessary to complement by wider network 
of national and global linkages. 

Downloaded from Brill.com01/05/2022 11:44:20AM
via free access



295Networks of Innovation

triple helix 8  (2021) 282–328

We apply notions of Luhmann’s theory, which has also inspired the develop-
ers of TH model (Leydesdorff, 2008, 2013, 2018). Luhmann’s theory of system 
has also been applied and developed by organization researchers (Bakken and 
Hernes, 2003), but not in explaining the structure and dynamics of innova-
tion networks between helix actors, which is the focus of this article. A net-
work between helix actors can be seen as a(n) (second level) organization (see 
Åkerstrøm Andersen 2008), in which the partner organizations have innova-
tion as a common vision. 

We first explain the notions of network theory used in describing the struc-
ture of the helix network. Second, we explain the Luhmann’s notions which 
we use in analyzing the emergence and dynamics of helix networks. However, 
structure and dynamics are interlinked: structure influences dynamics but is 
also constituted by the dynamics through the feedback loops of expectations 
and experiences in the helix network. Third, we clarify how we use the con-
cepts in connectivity analysis.

3.1 Measuring Structure of Helix Networks 
The helix actors in a regional innovation ecosystem are becoming increasingly 
interdependent to each other through different links. We are interested in how 
innovation networks consisting of different actors within and between helices 
emerge and develop. Our method is align of neoinstitutional helix approach 
(Etzkowitz and Ranga, 2011). 

In this article we define helix actors in a broad way: To the academia/uni-
versity helix belong all types of educational and research institutes. Different 
types of public organizations including municipalities and regional councils 
are important, not just the government. In the empirical analysis of the article 
we use QH arrangement approach, and define the forth helix as NGO s repre-
senting different interest organizations (trade unions, business organizations) 
and intermediary organization like cluster organization in innovation system. 
They can also be environmental organizations, consumer organizations, for 
instance, in other words, a helix organization. 

We define innovation broadly, not only new products, processes, markets 
or organizations, but also new ways to act. Innovation can occur in all helices, 
for instance in the form of policy, social or institutional innovation. The broad 
definition of innovation is important especially in regional development and 
for policy agents, which develop lagging regions and have no possibility for 
high-tech innovations. 

We follow Ranga and Etzkowitz (2013) by defining the helices as nodes 
and the relationships between helices as linkages or ties (see Figure 1). The 
innovation networks consists of helix actors and their cooperation for the 
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purpose of innovation. We are interested in the characteristics of the coop-
eration: strength and tension between the relations of helix actors. What kind 
of structure do the helix networks have, and what is the driving force in the  
networks?

We follow the main principles of network analysis, according to which the 
focus of the study is on linkages between actors; these actors are interdepen-
dent; the linkages between the actors are channels for flows or transfer of 
resources; the actors see the network as their environment, and structure is 
conceptualized as patterns of relations among actors (Wassermann and Faust, 
1994). However, instead of collecting full network data (roster recall methodol-
ogy), we measure so-called ego-centered networks, which consists of a focal 
actor, termed ego, as set of alters who have ties to ego, and measurements on 
the ties among these alters. (Wassermann and Faust, 1994). The egos in this 
ego-centric networks are helix organizations like universities, public organiza-
tions, firms and NGO s.

We approach the structure of a helix network measuring the strength of 
its relations. Granovetter (1973) has studied the role of strength of relation-
ship in social network, and it has been applied in innovation network analy-
sis (Kauffeld-Monz and Fritsch, 2010). The argument ‘strength of weak ties’ 
(Granovetter, 1973) for example is based on the premise that strong ties char-
acterize a dense cluster of actors who are all mutually connected to each other 
with trustful relations. Granovetter posits that new information is obtained 

Figure 1 Mapping innovation network. Helices as nodes, the relations between helices  
as ties
Source: Mariussen et al. 2019, p. 27       
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through temporary contacts (weak ties) rather than through close personal 
friends (strong ties). Weak ties are important channels for acquisition of new 
knowledge for innovation, and strong ties for the long term path of the innova-
tion. We apply the notions of strong and weak ties measuring the importance 
of relations between helix actors: We interpret strong ties as important rela-
tions and weak ties as less important relations. 

In this article, the tie between helix actors is a cooperation for innovation. 
We examine the strength of the innovation cooperation with a specific helix 
actor with other helix actors with questions referring to its importance. We 
ask: how important is the other helix organization (universities, public organi-
zations, firms, NGO s) as your innovation partner in scale 1-10, when 0 indicates 
now importance. (Table 4) One helix actor can have both strong and weak ties 
with other helix actors, that is: both important and less important innovation 
partners belonging to different helices. The relationship between helix actors X 
and Y can be different from the point of view of partner X than that of partner 
Y. The ego-centric networks can be analyzed in two ways: First, what kind of 
helix actors (universities, firms, public organizations or NGO s) are important 
for a specific helix actor, and second, how important this specific helix actor is 
as an innovation partner for the other helix actors? In empirical analysis of this 
article, both ways are used. 

QH arrangements can vary between different innovation networks: for 
some of helix actors innovation networks are unimportant, for others univer-
sities are very important, etc. The importance of innovation partners reveals 
the structure of the network; cooperation with many important partners is a 
more integrated network than network consisting of fewer and less important 
partners. The more there are highly important relations in the network, the 
more integrated the network, and vice versa: the less important the relations 
between helix actors are in the network, the more fragmented is the network. 
Integrated networks consists of important relations (strong ties) and frag-
mented networks of less important relations (weak ties). 

The importance and the level of integration can be studied with the help of 
indicators: new analytical variables based on factor analysis, which reveal the 
degree of integration in an innovation network. 

The actors in a regional innovation system cooperate with other actors in the 
same region but increasingly with those outside the region in the same nation 
and the regions across national borders. Innovation networks are often open 
and extended outside the regions. We have mapped the innovation networks 
of studied regions on three spatial levels: regional, national and international. 
This means that the respective region’s innovation networks are stretching on 
national and international levels. The proximity is not only geographical, it can 
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also be social, organizational etc. (Boschma, 2005). The innovation network 
from a specific respondent consisting of different helix organization can be 
regional embedded, nationally embedded or global embedded or it can be 
embedded in all these spatial scales at the same time. 

In this article, we do not measure the change of size or shape of a network 
through entry and exit of the nodes according to the principle of homol-
ogy (Wassermann and Faust, 1994; Ter Wal and Boschma, 2009), instead the 

Table 1 Notions of network analysis in measuring innovation networks 

Notion in 
network 
analysis

Notion in 
Connectivity 
analysis 

Operationalization  
in empirical  
research

Actor level 
analysis

Network 
level analysis

Node Helix actors Respondents  
representing the 
helix organizations

Egocentric net-
work from one 
helix actor

Which helix 
actors belong 
to the innova-
tion network 
of the sector?

Tie Relation, 
innovation 
cooperation, 
communication 

Innovation  
cooperation 
towards other helix 
actors 

With which 
helices the 
organization is 
cooperating for 
innovation?

How many 
ties in the 
network?

Feature of 
tie

Strength: strong 
and weak ties 
(Granovetter 
1973)

Importance of  
innovation  
cooperation with  
different helix  
actors to the 
respondent 

How important 
is the innovation 
cooperation with 
different helix 
actors?

In what 
degree the 
innovation 
network (of 
the sector) is 
integrated? 

Spatial 
levels 

Local buzz and 
global pipeline
(Bathelt et al. 
2004)

Importance of  
different spatial  
levels to the 
respondent

How important 
is the innova-
tion cooperation 
with regional, 
national and 
international 
helix actors for 
the respondent?

In what 
degree the 
innovation 
network is 
regionally, 
nationally or/
and inter-
nationally 
embedded?
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dynamism of a network is measured studying tensions in the relationships 
between helix actors. This tension is caused by expectation of the relationship, 
which may be confirmed and strengthened, or frustrated. The role of expecta-
tions driving changes in innovation networks is the application of the social 
system perspective of Luhmann (1995).

3.2 Measuring Dynamism of Helix Networks – Applying Luhmann’s 
Theory of Systems

According to Leydesdorff (2013) Niklas Luhmann’s theory of autopoiesis, or 
self-organising networks is particularly relevant for TH analysis of the dynam-
ics of the emerging, complex knowledge-based society. However, Luhmann 
(1995) applies autopoiesis as a general theory of society as a social system, with 
sub-systems, such as economy, policy and science. Systems are constituted by 
communication within relations provided by synergies. Autopoiesis is the self-
organization enabling these processes of communication to form and evolve. 
Autopoiesis becomes relevant when it can explain communication across the 
institutionalized boundaries between the helices. 

Luhmann defines system by a boundary between the system itself and its 
environment. Outside the system the world is chaotic. Inside the system, com-
plexity is reduced. Shared meaning is created. System can communicate only 
with a limited amount of information from the outside. The process of reduc-
tion of complexity is made with meaning as the selection criterion. Each sys-
tem has its own identity. Meaning must be reproduced through decisions of 
what is excluded and included to the system. The system is emerging when 
it reflects what is outside and what is inside of its borders. (Mörcol, 2011) This 
process of self-organization through the creation and reproduction of shared 
meaning is what Luhmann calls autopoiesis. 

When social systems are created through communication around functions 
like economy, government, law, and science, organizations are the concrete 
carriers of the functions. Observed through the guiding distinction system/
environment, organizations are systems of communication communicating 
through decisions. As autopoietic systems, organizations create themselves 
and all their elements through decisions. Function system close around the 
fact dimension and organizations around the social dimension (+/- member-
ship). (Åkerstrøm Andersen, 2003). TH studies have concern on functions like 
wealth generation, novelty production, and normative control, but the carri-
ers of these functions are industry, university and government (Leydesdorff 
and Meyer, 2006), which are organizations like firms, universities and public 
organizations. 

Downloaded from Brill.com01/05/2022 11:44:20AM
via free access



300 Virkkala and Mariussen

triple helix 8  (2021) 282–328

Autopoiesis means reproduction of shared meaning, where exchange 
of information at one point in time, in one event, may lead to expectations, 
enabling expectations of expectations, and new exchanges at later events. 
According to Luhmann, this continuity through time is achieved through 
observations of expectations and experiences, involving sequences of self-
observation, self-reference and self-reflection. These observations have to be 
recognized by both communication partners. In this way, autopoiesis builds on 
“multiple constitutions”, or a double contingency which create shared expecta-
tions. Expectations may be rewarded and reinforced through feedback loops, 
positive experiences.

According to Luhmann, events of information exchange build on mutual 
references to previous events, and self-observations based on expectations. 
This chain of events, the continuity of the system, is not self-evident. It must 
be maintained. Complex systems face the dilemma of continuation or disinte-
gration. It can be broken through expectations which are not met. If there is no 
expectation, there is nothing to build on. Creation and reproduction of expec-
tations feeds a process of differentiation, guided by expectations and experi-
ences. The process of communication grows a closed structure, expectations 
are selective, directed towards positive experiences, which has expectations of 
expectations as its function. 

We apply the Luhmann’s theory of systems when explaining the emergence 
of an innovation network from the point of view a helix actor or organization, 
and in measurements of helix synergy. The helix organizations build systems 
(innovation network) from the elements of their environment. Formation of 
autopoiesis through innovation networks outside the borders of own organi-
zation means that parts of what used to be environment becomes inside, con-
necting the organization and its network. This change of the border between 
what is inside and outside increases complexity, and environments are created 
in new ways. In our approach, communication refers to innovation coopera-
tion with different helix organizations on three specific spatial levels, regional, 
national and international. In the first phase of autopoiesis (self-observation), 
the helix actors ponder what is important for their innovation processes. They 
may innovate without external relations or rely more or less on external rela-
tions. They observe first their own organization and decide whether the inno-
vation process can occur inside their own organization or whether they are 
searching innovation partners outside the organization. In the second phase 
of autopoiesis (self-reflection), organizations search innovation partners by 
matching their own needs with the features of their potential innovation part-
ners. The third phase is the selection of the relevant partners. Having commu-
nication with innovation partners, and repeating the communication so that 
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there is reciprocity between the partners, the innovation network is emerging 
and the organization creates a new environment. There is a broad variability 
in the scope and depth of this process. Innovation networks can be regional, 
national and/or international and they can consist of many types of helix 
organizations, including the organizations of its own helix. In this way, orga-
nizations create their own space and spatial levels. Some have more regional 
innovation space, other national and international, and third ones mixture of 
spatial levels. 

Autopoiesis is a process which may flow in a variety of ways, leading to a 
broad variety of innovation network integration. Autopoiesis may be locked 
into a university, a firm, or a government office. Autopoiesis in a helix arrange-
ment does not emerge anywhere. According to Leydesdorff (2013), the process 
of autopoiesis is primarily important in the complex innovation networks of 
the emerging knowledge-based economy. 

In our view, autopoiesis is the process of structuring (creating, maintaining 
and changing) the organization and its innovation network. This process cre-
ates meaning for the organization and its innovation partners and this occurs 
through positive feedback loop, which we measure through questions of 
importance of partners. According to the theory of autopoiesis, these cognitive 
processes, where shared meaning emerge, are characterized by double contin-
gency, and they are accordingly likely to take a variety of forms, some large and 
highly integrated, some more fragmented. They create functions: expectations. 
Expectations describe what an organization can achieve in the innovation 
cooperation, and experience in what degree the expectations have fulfilled. 
Experience is the feedback of expectation. Expectations may be rewarded and 
reinforced through feedback loops, positive experiences. Or expectations may 
meet experiences below expectations, what we refer to as gaps. Below, we will 
show how we mapped and measured expectations and experiences of part-
ners in innovation networks. This helped us to identify gaps, tensions in the 
networks. Through expectation and experience, an organization is building 
networks of innovation, which creates the system dynamics. 

A strong structure consists of many important innovation partners at differ-
ent spatial levels and in different helices. Structure can be also inside helices, 
like networks of firms. In this study, we refer the deviation (by Luhmann) as 
gap between expectation and experience (see Table 2). When expectations are 
repeated, the structure is repeating the change (and there will be a process of 
institutionalization). 

Luhmann’s theory has also inspired the developers of TH model 
(Leydesdorff, 2008, 2013, 2018). The theory has also been applied and devel-
oped by organization researchers (Bakken and Hernes, 2003), but not in 
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explaining the structure and dynamics of innovation networks between helix 
actors. A network between helix actors can be seen as an (second level) orga-
nization, in which the partner organizations have common vision like innova-
tion (Åkerstrøm Andersen, 2008).

3.3 Summary: Measuring Synergy in Helix Networks with Connectivity 
Analysis

Cooperation between helix actors creates synergy, which is measured here 
with the help of variables expectation, experience and importance. The rela-
tion between them is not linear. We illustrate the relations with a model 
(Figure 2), which combines causal relations and feedback loops. The driver of 
a change in a relationship between two actors is caused by expectations, which 
may be confirmed and strengthened, or frustrated. High expectations may lead 
to large frustrations (gaps). Large frustrations provide dynamics, they may lead 
to destructive consequences, or to an innovative reassessment and improve-
ment of the relation. Similarly, a combination of high expectations and good 

Table 2 Applying Luhmann’s systems theory in connectivity analysis

‘Object’ of  
the study

Emergence  
of Structure/  
closure

Communication, 
interaction 

Function Dynamic,  
distinction  
from 
environment 

Luhmann Autopoiesis
Self-
organization 

Self-observation, 
self-reference 

Communication Expectation Deviation, 
closure

Connectivity 
analysis
(Method in  
this paper)

Helix  
organization 
and its  
innovation 
network

Defining  
innovation  
needs (self- 
observation)
Searching  
innovation part-
ners (self- 
reference)
Selection of  
innovation 
partners 

Innovation 
co-operation

Expectation 
towards  
innovation 
partner 

Gap
Expectation 
vs experience
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experiences may lead to strong and stable long-term relations, where partners 
recognize each other as important.

The dynamism originated from expectations and experiences creates struc-
ture of a network, which in this article is measured as importance of partners 
in innovation cooperation (Table 1 and Table 3). There is another feedback loop 
since structure (importance) begins to influence the dynamism of the network 
(Figure 2). Creation of synergies can be seen as formation of more or less stable 
expectations, which may be reinforced by positive experiences or challenged 
by negative experiences (gaps). This leads to perceptions of importance in spe-
cific relations. The quantitative analysis of this model is presented in section 5.

According to Leydesdorff et al. (2017a: 5): 

From the evolutionary perspective, the analysis of relations is not a pur-
pose but a means to study the potential synergy in new arrangements…. 
Institutional arrangements evolve because of new options for knowledge 
production, wealth generation and regulation 

In the cases of this article, the potential synergy created in the cooperation with 
helix actors has been studied in the context of smart specialization strategies 
of the European Union. The aim has been to create synergy in exploring new 
fields (business domains) which can be discovered in the cooperation between 
helix actors (Foray, 2015; Virkkala and Mariussen, 2019). Connectivity analysis 
has been used as a method to reveal and energize the innovation potential 
for the purpose of regional entrepreneurial discovery processes (Mariussen 

expecta�on experience, 
gaps

importance 
(synergies)

Figure 2 Creation of synergies: expectation, experience and importance
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et al., 2019; Mäenpää, 2020; Gedminaitė-Raudonė et al., 2021). Better coopera-
tion creates more opportunities for innovation cooperation, which can expand 
the intersection between helices and form a point of departure for additional 
entrepreneurial discoveries.

In this article, we do not construct an overall indicator for synergy in a helix 
network. Instead of building a composite indicator, we aim to build a typol-
ogy of helix networks across the structure (integration vs. fragmentation) and 
dynamism (dynamism vs. static). In order to do that synergy is measured with 
the values of indicators describing structure and dynamism of a helix network, 
and with the correlations of these values. An indicator (factor) IMPORTANCE 
was created with the help of factor analysis to reveal the strength of the helix 
relations and the structure of the helix network. The indicator EXPECTATION 
describes the dynamism of relationships, and the indicator EXPECTATION 
the satisfaction or frustration of the expectations. If both are high, the relation 
is demanding but satisfying. The indicator GAP is a difference between experi-
ences and expectations describing the tensions in relations. A high score in 
indicator GAP means that the relationship needs more attention. (Table 3)

Table 3 Indicators describing structure and dynamism of helix networks

Dimension Data Regional level 
indicator

Then what?

Strength of  
relation/  
network 
centrality

Importance  
of relations

IMPORTANCE
the general level of 
network centrality

A high score on 
IMPORTANCE means that 
respondents  
recognize that relations to 
other helices and inside 
own helix are important.

Quality of 
relation

Expectation
Experience

EXPECTATION
EXPERIENCE

A high score on expectation  
and experience means that  
the relation is demanding  
and satisfying

Tension in  
relation/ 
network 
dynamics 

Expectation 
Experience

GAP: Difference 
between expecta-
tion and experience

A high score on GAP means  
that the relation is trou-
bling and needs attention
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Synergy in an innovation network means that the values of the indicators 
of importance, expectations, and experiences are correlated. (Figure 2). The 
synergy is high, when there is high expectations and experiences in impor-
tant relations of the networks. In this case, the partners are likely to contribute 
to innovation. Some regions are characterized by high levels of synergy, both 
inside the region and into wider areas. Other networks are characterized by 
various forms of gaps between expectations and experiences. Important rela-
tions combined with low levels of expectation and experience or big gaps indi-
cate a dynamic and integrated helix network. In these cases there might be 
potentially harmful relation between helix actors, where a deep gap or a miss-
ing relation between helices might disrupt innovation (Gedminaitė-Raudonė 
et al., 2021). By measuring importance, expectations and gaps, it is possible to 
identify multi-level spatial mixtures of synergies in helix networks.

4 Research Data and Method

The data is gathered in the project LARS (Learning Among Regions on Smart 
Specialisation) implementing the INTERREG Baltic Sea Region program 
2014–2020. The participants of the project represented regional and national 
governments, educational and research institutes and NGO s. The data con-
sists of mapping innovation network in ten value chains/clusters in different 
regions: circular economy in Hamburg, metal cluster in Latvia, bio economy 
in Lithuania, robotics in Lithuania, wood cluster in Oppland (Norway), energy 
technology in Ostrobothnia (Finland), ICT and energy in Pomorskie (Poland), 
grain cluster in Päijät-Häme (Finland) and bio economy in Västerbotten 
(Sweden). The selected value chains and clusters are important in the regional 
or national smart specialization strategies of the regions. 

The data was gathered though a detailed survey (interviews) in ten cases 
(regions) in BSR. The interviews were made by the project partners, who were 
familiar with the selected cluster, sector or value chain. In the first phase, the 
relevant stakeholders representing helix organizations in the selected sectors, 
clusters or value chains were selected based on their salience for the cluster 
(power, urgency and legitimacy defined by Mitchell et al., 1997). The selected 
informants were representatives of organizations located in different helices. 

In the second phase, interviews were conducted using standardized ques-
tionnaires in the case regions. The questionnaire measured relationships of 
respondents with their innovation partners in three spatial levels: own region, 
own country and international level. (Figure 1). Innovation partner was defined 
to respondents as any organization, which is important to the innovation 
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activities of the interviewed organization and in which both sides are genu-
inely interacting with one another. 12 different types of relationships for one 
respondent were measured. A distinction between four types of possible part-
ners was made based on the QH approach: firms, public organizations, univer-
sities, and NGO s, which were non-profit interest organizations and operate on 
issues regarding business, environment, social security, public policy, educa-
tion, etc. The relationships were mapped in a quite detailed questionnaire. For 
instance, the relationships towards universities from other helix actors were 
mapped based on their functions like research, education and development 
(see Table 5).

During face-to-face interviews, respondents reported first the importance 
of their partners by helices and geographical levels (regional, national, inter-
national) on a scale from 1–10 (from lowest to highest and using 0 to denote no 
connection, see Table 4). Second, collaboration was reported in terms of expec-
tations and experiences of the relationships with innovation partner of differ-
ent helices (Table 5). Expectation means what the cooperation should be in an 
ideal situation. This was measured with a value from 10 to 1, 10 indicating very 
high expectations, 1 very low expectations, and 0 = no expectations. Experience 
means the collaboration in practice which was measured from very good (=10) 
to very bad (=1) experiences (=1) (Mariussen et al., 2019; Mäenpää, 2020).

At least three respondents from each helix was interviewed in every region, 
which made 13–23 interviews per region. From 167 informants 61 were firms, 
36 universities, 38 public organizations and 32 NGO s. Every interviewed 
responded on his/her organization’s relationships towards innovation part-
ners in all four helices in three different spatial units (regional, national and 
international). Altogether, it was at least 12 relations per value chain. However, 
not all interviewed had relationships with partners in all helices and all spatial 

Table 4 Example of a question on structure of a network (based on Virkkala et al. 2014,  
p. 147 and Mäenpää 2020)

How important are following  
partners for your innovation  
work? (scale: 1–10, or 0)

Firms Public 
organizations

Universities NGO s

Regional partners   
National partners   
International partners   
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levels. The values of these relationships (expectation, experience) were treated 
as zero. The survey was conducted during the years 2018–2019 by the partners 
of project LARS. 

The gained data is quite detailed, since every individual relationship 
between helix organizations were still differentiated, which resulted in a sta-
tistical database more than 100 basic variables. This data and especially gaps 
between expectations and experiences were verified in the focus group meet-
ings of relevant stakeholders organized by project partners, and the gaps, the 
problems in connectivity between helices and possible good practices were 
discussed. 

The data consists of relations of 167 respondents. In analysis, we study the 
relational data on helix actors at different levels: individual, helix specific, spa-
tial, and structural levels. (see also Ranga and Etzkowitz, 2013). We focus on 
data regarding the importance of partners and data regarding expectations 
and experiences of relationships. The analysis explores innovation networks 
and their connectivity with different indicators describing the innovation 
cooperation between helix organizations. Our framework is based on interac-
tive co-evolution between three variables (see Figure 2), not causal relations 
between independent and dependent variables which is analyzed through 
regression analysis. In the analysis, we use mostly factor analysis, correlation 
analysis and scatter diagrams. We illustrate the connections also with plot dia-
grams and cubic diagrams (see Table 6). 

Table 5 Example of a question on dynamics of a network (based on Virkkala et al. 2014)

Cooperation with universities

Aspect of  
cooperation 
(scale 1–10,   
or 0)

Regional 
cooperation

National 
cooperation

International
cooperation

Expecta-
tions

Experi-
ences

Expecta-
tions 

Experi-
ences 

Expecta-
tions 

Experi-
ences 

Cooperation  
in education
Cooperation  
in development
Cooperation  
in research
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Table 6 Research methodology and process

Step 1. Selection of 
relevant stakeholders in 
10 smart specialization 
cases in BSR 

Selection of leading informants based on Mitchell’s et al. 
(1997) methodology: power, urgency and legitimacy of 
stakeholders:
1. Firms; 2. Public organizations; 3. Universities; 4. NGO s

Step 2. Interviews 
based on standardized 
questionnaire

Aspects of collaboration among QH actors:
1. Importance of innovation partners
2. Expectations and experiences in regional, national and 
international collaboration
3. Collaboration with business, public organizations, 
universities and NGO s
4. Collaboration for different dimensions like research, 
education and development with universities

Step 3. Verification  
of the data 

Focus groups in target regions organized by project 
partners

Step 4. Building  
indicators (factors)

Factors on importance on regional, national and  
international levels 
Factors on importance on helices in general (all),  
on firms, public organizations, universities, NGO s. 
Factors on expectation (all)
Factors on experiences (all)
Factors on gaps (all), factors on gaps per helices
Factors on importance on ten cases (Ostrobothnia, 
Pomorskie, Hamburg etc.)
Factors on gaps in innovation network of ten cases

Step 5. Analysis:  
correlation analysis
Scatter diagrams on  
distribution of values  
of indicators (factors) 
Comparison of the role 
of spatial levels, helices, 
regions.

Correlation between the indicators (factors) 
Scatter diagrams: expectation and structure across helices, 
expectation and experience across helices, gap and struc-
ture (importance) across helices
Comparison of importance of helices and geographical 
levels for helix actors
Comparison of degree of integration and dynamism of 
different innovation networks across cases
Typology of cases based on comparison
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We expect that our respondents have given replies, which are more or less 
based on unique, individual circumstances. As we will see below, this gener-
ates a lot of variation. Looking across these individual variations, it is possible 
to discover deeper patterns where general factors, that are shaping innovation 
networks, come into play. The scales of new variables generated from many 
variables by factor analysis results in comparisons between respondents 
along a new analytical variable where the average is 0. An indicator (factor) 
IMPORTANCE was created to reveal the strength of the helix relations, and 
the degree of integration in the network. Further indicators (factors) were 
developed based on importance of different spatial levels, different helices 
and cases. The indicators EXPECTATION, EXPERIENCE and GAP as differ-
ence between experience and expectation were also created. Some relations 
are important with high expectations and equally high experiences (close  
to 10), and some are less important with low expectations and experiences 
(close to 1). 

The data has also limitations, since it is based only on 167 interviews, and 
some helices in the researched regions and value chains are represented only 
for three interviews. Second, the values are based on subjective evaluations 
of the interviewees regarding expectations and experiences of the relation-
ships and importance of innovation partners. However, it was tried to guide 
the interviewers to use common scales. Third, the use of means reduces the 
variation but this limitation was approached by adding scatter diagrams to see 
the variations in the data.

5 Findings 

The innovation network of a helix organization has emerged through a pro-
cess what Luhmann refers to as self-observation and self-reference (measured 
through expectations, experiences and gaps), and system closure or selection 
of important innovation partners (measured through importance). 

The network consists of partners at different spatial levels and in different 
helices, which are described in the first section. We examine how important 
different helices and geographical levels in innovation processes actually are, 
having in mind that the cases are selected as existing or emerging specializa-
tions in the regions. Second section examines the dynamics of innovation 
networks, and the connections between structure (importance), expectations 
and gaps. We analyse the responses of interviewees on importance of helix 
specific relationships and expectations with the help of correlation analysis 
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(scatter diagram). Third section compares the variation of some indicators like 
IMPORTANCE and GAP among regions, and fourth section discuss summary 
on the findings. 

5.1 Synergies Between Helices in Innovation Networks
Figure 3 is based on four separate IMPORTANCE factors for each of the 
four helices across all informants and spatial levels. A high score on the 
IMPORTANCE UNIVERSITY factor means that the respondent has impor-
tant relations to global, national and regional universities. The colored line 
indicates the average of the respondent own helix. The position of the red line 
on each of the four factors indicates the position of respondents from universi-
ties. The figure shows that universities regard other universities as important, 
and, to a somewhat lesser degree public sector organizations and firms. 

Informants from the public sector and NGO s has an average score on the 
IMPORTANCE UNIVERSITY factor, and firms score lower. Similarly, infor-
mants from the public organizations regard other public organizations and 
NGO s as important. Compared to informants from other helices, informants 
from firms score relatively low. Firms are less interested in other firms than 
universities are. But this is based on averages, in the next section we will look 
at variance. 

Different helices have different functions and mechanisms of selection. 
Accordingly, the finding in Figure 3 is not surprising. There are different per-
ceptions between helices on the significance of synergies, seen as important 
relations. 

The more general IMPORTANCE indicator is based on all questions of 
importance in the survey across spatial levels and helices. The result of this 
calculation is showed in Figure 4, which shows how important the QH rela-
tions are for informants from different helices. The blue column is the stan-
dard deviation. Half of the respondents in the helix are within the range of 
the blue column. The line inside the blue column is the median value of the 
score. The thin line is the range between maximum and minimum. Similar to 
the previous figure, we see that QH relations are regarded as more important 
for informants in universities, public organizations and NGO s than for firms. 
However, among firms there is a broad variation, some firms regard QH rela-
tions as important, while others do not to the same extent. 

Figure 5 describes the importance of helix partners across spatial levels 
for each respondent. The respondent’s helix is colored circle in the cubic. 
Importance of actors in different spatial levels is in most cases cumulative. 
The more important regional partners are, the more important also are the 
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Figure 3 Importance between and within helices (all actors)

Figure 4 IMPORTANCE of quadruple helix relations across helices (N=141, without Polish 
cases)
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national and international partners for respondent’s innovation activities. 
Spatial differentiation would mean that there are firms, which are embedded 
only at national or international levels. However, we find some respondents for 
which only regional firms and public organizations are important (see Figure 6 
for firms) but these are exception in the data. For some other respondents, 
regional innovation partners were highly important but national and interna-
tional partner less important. 

This finding is in line with earlier studies on innovation processes, accord-
ing to which geographical proximity is important for innovation processes of 
firms, but the innovation processes stretch in space taking place at multiple 
sites. (Bathelt et al., 2004; Nygaard Tanner, 2018; Boschma, 2005). 

The indicator IMPORTANCE also describes the network integration; that 
is how integrated or fragmented is the network. In Figure 5 and Figure 6, frag-
mented network is at bottom and right of the cubic. There are some very frag-
mented networks, but generally the innovation networks seem to be quite 
integrated especially for firms and universities. High levels of IMPORTANCE 
means that networks both within and between the helices are relatively strong. 

Figure 5 Importance of partners across the spatial levels. (N=167)
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The more integrated the network is at regional level the more important are 
the national and international level partners.

5.2 System Integration and the Strength of Weak Ties 
The data shows a strong connection between structure (importance) and 
expectation (correlation coefficient 0,567), which means that the more 
important the partner the higher the expectation towards it in innovation 
cooperation (Table 7 and Figure 7). There is also a high correlation between 
expectations and experiences, and between experiences and importance. 
Most of the time, experiences confirm and strengthen expectations, and posi-
tive experiences and expectations strengthen importance, or integration of 
the system. These are the positive feedback loop which feeds innovation sys-
tem integration (importance). 

However, there is no correlation between structure (importance) and gap 
(correlation coefficient 0,065). 

The connection between structure and expectation differs across helices, 
which can be seen in the scatter diagram of Figure 8. Dots are respondents and 
color of dots indicates helix of respondent. The exponential blue line going 
up shows the relation between importance and expectations for firms. The 
function of the business helix is wealth generation according to profitability. 
The firms focus on efficiency and predictability, hence a high positive correla-
tion between expectations and importance of QH. This means that in order to 
integrate firms within innovation network, the networks need to be predict-
able and able to provide the right kinds of interaction with firms, satisfying 

Figure 6 Importance of firms as helix partners across spatial levels (N=61) 
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Table 7 Correlations between the structure, expectation, experience and gap

Structure Expectation Experience Gap

structure Pearson Correlation 1 ,567** ,531** ,065
Sig. (2-tailed) ,000 ,000 ,403
N 167 167 167 167

expectation Pearson Correlation ,567** 1 ,842** ,281**
Sig. (2-tailed) ,000 ,000 ,000
N 167 167 167 167

experience Pearson Correlation ,531** ,842** 1 –,281**
Sig. (2-tailed) ,000 ,000 ,000
N 167 167 167 167

gap Pearson Correlation ,065 ,281** –,281** 1
Sig. (2-tailed) ,403 ,000 ,000
N 167 167 167 167

** Correlation is significant at the 0.01 level (2-tailed).

Figure 7 Structure (IMPORTANCE) and expectation (N=167)
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high expectations. Put it differently, firms are not likely to attach importance 
to unstable partners. 

NGO s are on the other end of this scale. NGO s often have clients, members 
or opponents characterized by tensions or conflicts. Similarly, public organiza-
tions (normative control) and universities (novelty production) often exist in 
environment where they may allow themselves to have frustrations to their 
expectations, wide gaps. 

One might say that gaps are not just factors of disintegration and disrup-
tion. They may also be sources of exploration and learning through weak rela-
tions (Granovetter, 1973). Data shows a strong connection between structure 
(importance) and expectations, but not with structure (importance) and gap 
(Figure 9). 

Universities and public organizations allow themselves big gaps in impor-
tant relations. This can be interpreted as move towards knowledge-based 
society. Universities and public organizations are less restricted by structures. 
Public organizations have high correlation between expectations and experi-
ence, and large gaps, which are weakly correlated with the structure (Figure 10).

The relation between structure and gap is illustrated in Figure 9. 
Figure 10 seems to illustrate the over-all differences between helices we 

have observed above. However, there is a great deal of variation. The reason for 
this is that the dynamic between expectations, experiences and importance is 
influenced by a contextual variable: region. 

Figure 8 Structure (IMPORTANCE) and EXPECTATIONS across helices
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5.3 Regional Level Variation 
According to previous empirical findings, TH emergence and configurations 
vary across countries. (e.g. Lengyel and Leydesdorff, 2011; Leydesdorff and 
Park, 2014). Scholars have also recognised variances across regions to promote 
QH structures for the implementation of regional innovation (Carayannis and 
Rakhmatullin, 2014). Our findings among the regions in BSR confirm these 
findings, measured with the variation of importance and gap. 

Figure 9 Structure (IMPORTANCE) and GAP (N= 167)

Figure 10 Structure (IMPORTANCE) and GAP by helices (N= 167)
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High levels of IMPORTANCE mean that networks both within and 
between the helices are relatively strong. The regions with the highest lev-
els of IMPORTANCE (Lithuania bio economy and Latvia metal) meaning 
more integrated networks than regions with lowest score (Oppland wood and  
Hamburg circular economy, see Figure 11). Regions with high level of helix 
integration (high score on IMPORTANCE) have more possibilities for self-
organization in helix arrangements than regions with fragmented networks. 
However, the regions with low level of helix integration might have other 
forms of self-organization in knowledge-based economy, like innovation coop-
eration inside firms. 

Regions with low scores on IMPORTANCE, such as Oppland (Norway) and 
Päijät-Häme (Finland) are aware of their challenges. They work in different 
ways to improve connectivity in the QH innovation network. A typical pattern 
is public sector support to NGO s and knowledge brokers connecting research-
ers and small firms, like the initiatives in Oppland (Mariussen et al. 2019).

Figure 11 shows the mean of IMPORTANCE by regions. Figure 12 shows the 
mean of GAP.

The GAPS are generally larger in Baltic countries and Pomorskie (Poland) 
than in Nordic countries and in Germany, which leads to two somewhat con-
tractionary implication. In one hand, large gaps mean frustrations in the coop-
eration between the QH actors and fewer possibilities to discoveries, but on 
the other hand, high gaps in important relations with high expectations are an 

Figure 11 Mean IMPORTANCE of QH integration across regions
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indication that the system is evolving fast, since there is a tension that is driving 
towards change. The higher gaps in Baltic countries compared to Nordic coun-
tries can be explained with diverging historical context and with cultural fea-
tures of the path dependent development of the cases. (Gedminaitė-Raudonė 
et al., 2021). The Swedish region Västerbotten indicates a stable system, since 
the network is integrated and the gaps are small, and there is a high correlation 
between IMPORTANCE and EXPECTATION. 

These differences indicates that regional innovation networks may be influ-
enced in different ways by the functions of different helices. 

We can derive following typology:
1 Firm-dominated synergies in networks of innovation. Regions with 

strong or medium strong networks (high importance) and small or aver-
age gaps. Examples are Västerbotten (Sweden), Päijät-Häme (Finland), 
Lithuanian robotics and Pomorskie ICT (Poland). 

2 Public sector dominated synergies. Regions with strong networks and big 
gaps. Examples are Lithuania (BIO) and Latvia.

3 Weak or no synergies. This is regions where the innovation network is 
regarded as less important. Innovation is taking place inside firms or other 
organizations. Examples are Oppland (Norway) and Hamburg. (Virkkala  
et al. 2021) 

Figure 12 Mean GAP in innovation networks (towards firms and public organizations) 
across regions
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5.4 Summary of the Empirical Analysis
What can we learn from indicators which measure synergies within and 
between helices in innovation networks through primary data collected from 
informants? Helices are not “taking functions from each other”, instead we 
find creation of increased complexity through multi-level systems, where helix 
functions are combined with varieties of synergies (Table 8).

The driver of this dynamic is the differences between helices when it comes 
to inclusion or acceptance of partners, in other words, the relation between 
importance and gaps. Firms, driven by regards for profitability, have a focus on 
important, efficient relation with small gaps. This might lead into a productiv-
ity trap where exploitation triumphs exploration. In a firm-dominated region, 
this might lead to innovation strategies where universities adapt and support 
the firm strategy of innovation in a close cooperation with low gaps. 

Universities, public organizations, and NGO s have other motives for coop-
eration. This opens up for wider inclusion of cooperative relations, to include 
and spend time with somewhat less important partners, and acceptance of 
surprises and frustrations, gaps, on the road. If regional embedded networks 
have different power and legitimacy relations between different helices, this 
is likely to open up for networks with different structures, different trajecto-
ries and probably also different strategies. A case in point is the Lituanian BIO 
region, where a pro-active public organization is driving a strategy of radical 
circular economy innovation, and in doing so accepts constructive disagree-
ments with private entrepreneurs and businesses they involve with. Similarly, 
one might think of a university in the role as a broker between business sector 
restricted by a tight productivity regime and a pro-active public sector with, 

Table 8 Helix functions and synergy

Helices Helix functions Synergy

Firms Profitability, wealth  
generation

Focus on important relations with 
low tolerance for gaps

Universities True-false, cognitive,
Novelty production

Accept gaps in weak and sometimes 
also strong relations

Public 
organizations

Normative control / 
guidance towards goals

NGOs/ 
communities

Membership 
Inclusion
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say, a political agenda on green transition. In this situation, the university 
might decide to take a fight, based on a scientific theory of green energy and 
global warming. So maybe, after all, the firms will open up? If so, the helices 
open up to each other and form a more complex, multi layered network of 
innovation. The key to this process of transformation is the ability of universi-
ties, public sector organizations and NGO s to work and live with cooperative 
relations which also include tensions and gaps. This new network might of 
course result in publications and patents, but the main function is likely to be 
a new regional strategy of innovation.

6 Discussion 

In the TH and QH analysis the helices are often treated uniform, but they are 
heterogeneous. The case studies were focused on specific cluster, value chain 
or sector, varying among the cases from ICT and robotics to bio economy 
and circular economy. However, the specific sectors or clusters consisted of 
smaller and larger firms, and firms embedded only in regional level, as well as 
firms operating at regional, national and international levels. Also the govern-
ment has a multilayer character, from municipalities, to regional councils, to 
national authorities, and to EU authorities, which were captured analyzing the 
stretching of innovation networks on different geographical scales (see also 
Cai and Etzkowitz, 2020). 

The connectivity analysis has been used both in TH and QH arrangements, 
but this article used QH approach NGO s representing the forth helix. The 
NGO s were both interest organizations like trade unions, farmers’ unions and 
employers’ associations typical for the Nordic societies, and development 
agencies, which have often hybrid character. It would have been possibly to 
categorize the interest organizations to business since they have wealth gen-
eration functions. The development agencies could have been accounted to 
public organizations (government), since their functions are normative like 
promoting regional development. The inclusion of the forth helix as NGO s 
made the analysis quite complicated. Accordingly, we agree the recommenda-
tion of Cai and Etzkowitz (2020) and Leydesdorff (2012) to limit the empirical 
analysis in the three helices whenever it is possible. However, we argue that 
when the main focus is civil society, like local communities, and social innova-
tion, QH might be a useful approach (see Nordberg et al., 2020). 

Second limitation of the empirical analysis in this article is the focus on 
bilateral relations of the respondents. We know what kind of helix actors a spe-
cific respondent is cooperating, but not how the partners of this respondent 
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relate to each other. The gathering of data of full network instead of egocentric 
network would have been quite a big effort. In spite of this limitation, we have 
made overall assessments of the role of helices in the innovation cooperation 
in terms of importance and gaps. 

The connectivity analysis captures many features of helix models, but for 
instance not the feature of dynamic interactions through “taking the role of the 
other”. Instead the helices might complement each other in innovation strate-
gies. The data on BSR reveals that firms have a focus on important, efficient 
relation with small gaps, when universities, public organizations and NGO s 
allow large gaps even in important relations. We find creation of increased 
complexity through multi-level systems, where helix functions are combined 
with varieties of synergies. 

The method presented in this article is quite heavy, since it is based on inter-
views, and there should be at least three respondents per helix to make the 
calculations possible. We have made another study based on web based ques-
tionnaire, but so far that has not been successful, since the data was biased and 
not representative (Johnson et al., 2019; Mäenpää, 2020). 

The advantages of the use of connectivity analysis is that it captures the 
structure and dynamics of helix network, the data can be used in comparative 
analysis, and it has practical value for the regional developers. 

The analyzed data was not longitudinal, so the statements of the emergence 
and development are indirect. The dynamic dimension of the measurement 
is derived from Luhmann’s notion of expectation. Even a snapshot survey can 
capture the dynamics in the system measured with expectations and gaps. 
However, the measurement is not mechanistic: not all gaps are relevant. Only 
gaps in important relations are relevant and that is the reason why importance 
and gaps should be related. Using the connectivity analysis needs deep under-
standing of the dynamics and character in the target region. In LARS report 
(Mariussen et al., 2019) the context of the regions and cases are analyzed. 

The indicators of the connectivity analysis presented in the article enable 
the comparison of the role of different helices on different spatial scales in 
innovation networks, as well as the different processes of structuring and 
dynamics of innovation networks. In this article we compared ten cases, but 
even comparing two cases or one case in two different time has proved to be 
fruitful for the deeper understanding of the dynamics of regional innovation 
networks (Mäenpää, 2020; Johnson et al., 2019). 

Connectivity analysis is also a policy tool. The indicators of the analysis 
like GAP can and have been used by the regional actors in reflecting their own 
innovation ecosystem and improving the connectivity between helices in their 
regions, often with extra-regional linkages (self-reflection). The indicators 
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have been used as an input in a structured dialogue in focus groups in which 
relevant helix actors participate. Discussions on gaps can open the door to the 
discovery of emergent connections (weak relations that may be strengthened) 
and structural holes (lack of relations), which may reveal an opportunity for 
discovery processes in the region as actors resolve the issues hindering coop-
eration on various aspects of innovation. The indicators have also been used 
on systems level as a basis on transnational learning when good connectivity 
has been the subject of benchmarking and learning for helix actors in other 
regions (LARS project, 2020). 

7 Conclusion 

This article has introduced an alternative way to measure synergy in helix 
arrangement, called connectivity analysis. The unique data on perceptions of 
helix actors in BSR has been used to overcome the limitations of the earlier 
synergy indicators based on macro-level statistical databases. 

The article has contributed to the operationalization of helix arrangement 
in analyzing structure and dynamics of actor based innovation networks. In 
explaining the connections between the structure and dynamics of innovation 
networks, Luhmann’s theory of systems proved to be useful. A helix organi-
zation evaluates with whom it is innovating, both within and across helices 
through self-reflection. Sets of important innovation partners make up the 
self-organizing networks. The framework model consisting of expectations, 
experience, and importance combines causal relations and feedback loops. 

According to our findings there is correlation between the three core vari-
ables expectation, experience and importance. Different organizations create 
their networks in different ways, and we found large variation among organiza-
tions even in the same helix. 

Large gaps are concentrated in medium-weak relations, in terms of impor-
tance. This is consistent with the Granovetter theory of the strength of weak 
ties. Based on measurement of importance and gaps, we derived typology of 
helix synergy based on strength (importance) and dynamism (gap) of the net-
work: some regions have well-functioning systems of innovation, other regions 
high innovation potential with strong networks and big gaps, and third frag-
mented networks with weak networks and small gaps. 

According to the findings, firms have a lower ability to accept gaps in impor-
tant relations than other helix actors. Universities, public organizations and 
NGO s are able to work and live with cooperative relations which also include 
gaps even in strong (highly important) relations. Universities adapt and support 
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the firm-based innovation strategy in a close cooperation. Universities can also 
act as brokers between firms and pro-active public sector, which might after all 
open up firms and lead the four helices to form a more complex, multi-layered 
network of innovation leading to transformation of regional economy. The 
transformative ability of universities, public sector organizations and NGO s is 
due to their propensity to tolerate tensions in cooperative relations and work 
with them.

However, further research is needed on the relations of complementarities 
and synergies of helices from the micro-level perspective. 
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