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Abstract: The paper investigates the socio-technical transition pathways related to innovation niches 
formation merging the theoretical framework of Strategic Niche Management (SNM) with the Social 
Network Analysis (SNA) technique. Specifically, focusing on the niche of the virtual and augmented 
reality, this work tries to shed light on the understanding of the niche development and the related 
transition towards sustainability. Combining SNM with SNA and utilizing a specific taxonomy, the 
study allows appreciating the actual cognitive interaction among niche members that determine the 
transition to succeed. Results show that the investigated niche is characterized by an embryonic stage 
of development which needs a better support to advance technological shift in order to reinforce the 
link between Industry 4.0 paradigm and Circular Economy (CE). 
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1. Introduction  

Socio-technical transitions are considerably complex, characterized by multi-scalar relations 
between actors in different domains of society [1]. Accordingly, the work of promoting them is 
challenging [2]. Literature on innovation studies dealing with socio-technical transitions provide 
relevant contributions analyzing the development of a technological niche by combining Strategic 
Niche Management (SNM) and Social Network Analysis (SNA).  
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The SNM was conceptualized to include innovation and experimentation-oriented strategies to 
allow the expansion of technological niches possibly able to supplant the existing regime [3]. Its 
perspective focuses on the key function of niches, defined as a protective space for path-breaking 
innovative technologies [4]. In seminal SNM contributions, based on insights from innovation studies 
and evolutionary economics on technological shifts, three (internal) important mechanisms were 
recognized for assessing the effective niche development: (i) convergence of expectations (i.e., 
consensus in early stages of implementation), (ii) networking (i.e., collaborations among stakeholders), 
and (iii) learning processes (i.e., diffusion of knowledge) [5]. 

Therefore, SNM is an analytical framework that is proposed specifically to depict the introduction 
and diffusion of radically new sustainable technologies through an integral combination of 
technological progress and system-wide social-institutional transformation [6,7] where actors play a 
pivotal role. Actors might present a different “identity” at each relational interface; thus, the dynamic 
process through which actors interact is more important than the actors, themselves, or their 
organizational attributes [8]. Actors can represent different types of organizations (e.g., firms, public 
authorities, research institutions), as well as independent persons or members of an organization [9] 
and are crucial to explore the antecedents which prevailed in the past and still play a vital role [10]. 
Through interaction, their activities and properties can be shared, exploited and/or adapted with the 
aim of advancing the development of an innovation system [11,12]. The enrollment of new actors with 
field expertise into a niche can increase credibility and resources and thereby enhance the niche 
evolution [13]. It is widely acknowledged that network configuration plays a key role in explaining 
the potential diffusion of emerging technologies [5]. Accordingly, the SNA methodology is gaining 
increased attention among social scientists and practitioners [14], due to its ability to investigate 
complex relations among actors and actors’ economic and socio-political behavior [15]. 

In 2008 Caniëls and Romijn [16] were among the first to systematically investigate the relational 
network of a niche using SNA. With this study they opened up the ‘black box’ in literature pertaining 
to the structure and functioning of the actor networks to explain the determinants of the successful 
functioning of a new niche technology. Later on, Lopolito et al. [17] presented a methodological 
conceptualization of innovation niches and suggest an empirical methodology, based on a SNA, aimed 
at capturing and measuring the internal development status of innovation niches. In 2013, Hermans et 
al. [5] uses the evolutionary perspective of SNM to investigate and explain the network dynamics of a 
collaborative innovation network of an agricultural niche. Falcone et al. [18] analyzed networking 
dynamics for fostering a sustainable transition looking at the evolutionary stage of the niche. 
Notwithstanding this interdisciplinary academic interest in the research topic, there is a lack of 
exploration with respect to circular economy (CE) concept and its relevance towards sustainability 
transition [19–23]. The analysis proposed in this paper tries to shed light on the relevant role of niche 
actors to understand the degree of development of a technological niche, namely, the European niche 
of the virtual and augmented reality. To the best of our knowledge, it is the first attempt to look at the 
virtual and augmented reality niche development using social network analysis. Specifically, by 
applying such methodology, the paper analyses the state of development of the European niche of the 
virtual reality (VR) and augmented reality (AR), extending its purpose to the recognition of the 
achievement of a sustainability transition by means the integration of CE and Industry 4.0 paradigm. 
The former refers to a system restorative and regenerative by design, which aims to maintain products, 
components and materials at their highest utility and value [24]. The latter describes an industrial 
paradigm that sees its building block in the adoption of the following technologies: big data and 
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analytics, autonomous robots and vehicles, additive manufacturing, simulation, virtual and augmented 
reality, horizontal/vertical system integration, the Internet of Things (IoT), cloud, fog, edge 
technologies, blockchain and cyber-security [25]. Although there is an important distance 
between theory and practice [26], much literature discusses these two paradigms from different 
perspectives [27,28]. Regarding to CE, although scholars examine challenges and opportunities [29–31], 
only few contributions treat the technological approach for its implementation, in particular in Small 
and Medium Enterprises [32,33]. When moving to Industry 4.0, even though different contributions assess 
the support offered to companies by Key Enabling Technologies representing the paradigm [26,34], only 
few of them show that the environmental benefit is significantly achievable [35,36]. However, advanced 
technologies such as VR and AR can play an important role in the adoption of CE concepts and 
programs by governments, companies and society as a whole [37] providing a flywheel effect for our 
society to catalyze the shift towards sustainability. The concept underlying these considerations is that 
of Sustainability Transition (STR), that represents a radical transformation toward a sustainable society 
as a response to persistent problems challenging the contemporary modern society [38]. Sustainability 
transitions are long-standing, multi-dimensional, and essential transformation processes through which 
traditional socio-technical systems move towards new and more sustainable approaches of 
consumption and production [2]. The peculiarity of this new perspective is the central role played by 
the sustainability dimensions (i.e., environmental, social and economic) whose guidance and 
governance often play a fundamental role for the transition to succeed [39,40]. The multilevel 
perspective (MLP) is one of the main theoretical approaches to frame this change. Essentially, in the 
MLP, transitions occur as a result of the interface among three different levels: landscape (i.e., overall 
sociotechnical setting involving both tangible and intangible values), regime (i.e., dominant practices, 
rules and technologies that provide stability) and niches (i.e., protective spaces) [41]. Landscape 
factors could exert pressure on the incumbent regime and open windows of opportunities for niches to 
break through and conduce to radical shifts in socio-technical regimes (see Figure 1). 

 

Figure 1. Multi-level perspective on transitions. Source: [42]. 

The MLP emphasizes that transition arises only when some pre-conditions are present: (1) 
alterations at the landscape level produce a suitable pressure upon the current regime, and (2) an 
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innovation niche has adequately developed. Therefore, the ultimate success of a new technology 
crucially depends on the niche readiness (i.e., sufficiently mature) [43]. 

In this work, by apply the empirical methodology proposed by Lopolito et al. [17], our research 
objective was to capture and measure the internal development status of the European niche of the VR 
and AR looking at three niche mechanisms: i) willingness (i.e., convergence of expectations among 
relevant actors); ii) power (i.e., networking processes among relevant actors); and iii) knowledge (i.e., 
learning interaction among actors). Therefore, this paper presents in section 2 a description of the niche 
mechanisms. In section 3, materials and methods are reported. This allows to explore the results of 
this investigation in section 4. In section 5, some discussions are deduced. Finally, major conclusions 
are presented in section 6. 

2. Willingness, power and knowledge 

Once described the composition of MPL—to reach the purpose of the research—we need to 
focus our attention on the mechanisms belonging to micro level of the analysis, i.e., the technological 
niche (Figure 2).  

 

Figure 2. Multi-level approach and niche formation. Own elaboration. 
The Figure 2 represents the interconnection between Multi Level Perspective and the niche 

formation.  
In the upper part—that graphically shows the MLP approach—we can see that the socio-technical 

landscape and the innovation niches exert pressure on the incumbent technological regime. At the 
bottom are present three mechanisms (willingness, power and knowledge) that lead to a socio-technical 
transition once reached a sufficient degree of maturity at niche level [3]. Willingness refers to the 
convergence of actors’ expectations towards a common view about the new technology which, in turn, 
determines a diffused willingness to actively participate in the innovation niche. Power considers the 
presence of powerful actors in the network as a crucial requirement for its development. Nevertheless, 
their presence only will not guarantee the prompt of the niche development, because it also depends on the 
distribution of power within the network of local actors [44]. Knowledge refers to the acquisition of an 
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adequate amount of knowledge among the members of the network [45,46]. These three mechanisms are 
interrelated and mutually reinforcing, thus there is not always a clear causal relation among them [47]. The 
advancement along this logic allows us to categorize four stages of niche development, using a 
scientific taxonomy [17] as shown in Table 1. 

Table 1. Niche development status. Adapted from [17]. 

 Stage 1 Stage 2 Stage 3 Stage 4 
Willingness - ✓ ✓ ✓ 
Power - - ✓ ✓ 
Knowledge - - - ✓ 
Niche Status Absence Embryonic Proto-niche Full 

In the first stage the three mechanisms are absent and the niche does not exist at all. In the second 
one the actors’ expectations converge and we talk of “embryonic niche”. In the third stage we add the 
presence of powerful subjects and the niche is called “proto-niche”. In the fourth one the members of 
the network reach an adequate amount of knowledge too and the niche achieves the “full” status. 

These three mechanisms represent also the meeting point between the Strategic Niche 
Management and the Social Network Analysis. SNM captures and measures the internal development 
status of the innovation niche. It represents a theoretical framework designed to facilitate the 
introduction and diffusion of radical new technologies, according to which intensive networking 
among social actors constitutes a crucial process for their incubation. SNA studies the network 
structure helping to explain the spread of emerging technologies [48]. It allows the generation of in-
depth insights into the composition of the network and its effects on the innovation performance, being the 
success of the latter related to the structure and functioning of such network [16]. 

3. Materials and methods 

3.1. Methodology 

The application of the Social Network Analysis to the Strategic Niche Management allows us to 
draw attention to the cognitive interaction among niche members that determine the willingness and 
the knowledge, as well as the resource interdependence that is at the basis of the power. Among the 
indicators functional to measure the willingness can be considered the mean of the values attached by 
each actor to the niche option and the proportion of actors assigning a value equal to or greater than a 
recognized threshold. The analysis of the distribution of the power within the niche can be instead 
realized by means of the in-degree network centralization index [49], accrediting to a single actor a 
central and powerful position in the network when the index shows an high value.  

It is calculated with the following formula:  

                                                                   ∑n
 i = 1 [C*in-D − Cin-Di]                                                                       

Cin-D = ——————————                                                     (1) 
                                                                                (n − 1)2                                                                                             

where Cin-Di is the sum of received ties by actor i; C*in-D is the largest sum of received ties observed, 
and n is the number of niche members.  
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Finally, the presence of adequate knowledge flows in the network is detected by measuring the 
density of knowledge flows Dk—an effective and well-known measure of knowledge flows within a 
system [50]—that represents the communication relations with a knowledge content existing among 
any pair of actors.  

Denoting these with Lk, the density of knowledge relations can be calculated as follows:  

                                                                                   Lk              
 Dk = ——————                                                           (2)                   

                                                                                n(n − 1)/2            

where the denominator represents the maximum possible number of ties, depending on the number of 
actors n. The maximum attainable value by this measure is 1, and this happens when the network—
fully saturated—shows as already existent all the possible knowledge relations. Instead, the minimum 
value that indicates the absence of an interactive learning process is 0. 

Yet, the internal knowledge dynamics can also be affected by structural features like the presence 
of cliques and small world properties [51].  

3.2. Case study 

VR and AR are technologies that could be conceptualized on a spectrum spanning reality to 
virtuality.  

There is no established and widely accepted definition of them due to the rapid developments 
occurring in the VR/AR technology landscape. VR is a computer-generated scenario that simulates a real-
world experience [52], it is a technology that allows people to experience a virtual environment [53]. 
Instead, AR combines real-world experience with computer-generated content [54], it allows virtual 
imagery information to be overlaid onto a live direct or indirect real-world environment. Both involve 
the interaction with virtual objects in real time, but while the first permits a full immersion—in which 
the user is submerged into a full 3D experience where the physical objects are linked to the virtual 
world [55]—the second presents the user with virtual overlays on a real environment. However, rather 
than be considered as two distinct technology outcomes, VR and AR should be evaluated as part of a 
spectrum of outcomes that span from reality to virtuality. 

The data utilized in this research for the application of SNM and SNA are extrapolated from the 
report “Virtual reality and its potential for Europe”, a study that provides a snapshot of this industry in 
Europe during the period 2016/2017 [56]. The total production value of the VR/AR European industry 
was expected to increase between €15 billion and €34 billion by 2020, showing as frontrunner 
countries France, the UK, Germany, the Netherlands, Sweden, Spain and Switzerland, followed by 
Finland, Denmark, Italy, Greece, Poland, Estonia and the Czech Republic [56]. 

The analyzed actors were identified considering the following map (Figure 3) and deemed as 
exhaustive for the representativeness of the VR and AR European ecosystem.  
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Figure 3. VR and AR ecosystem map by type of player. Source: [56]. 

The network is represented by 121 actors divided in 8 categories, most of these containing 
subcategories too. The category of VR ecosystem support is divided in 5 Associations and 11 Support 
institutions. The one of Awareness and community building in 9 Events and 3 Blogs. Then we have 14 
VR research centers, 39 VR companies representing the supply and 20 representing the demand. Policy 
makers contain 1 European and 3 Local actors. Funding actors are 5 Private and 5 Public. Finally, the 
Services are split in 3 Consulting & training and 3 Rental companies. 

Gathering for countries of origin and starting from the most representative ones, data present: 
France, with 35 actors; the United Kingdom, 28; the Netherlands, 15; Germany, 12; Sweden, 8; Italy, 3; 
the European Union itself, 3; Greece, Scotland, Switzerland and Estonia, 2; Belgium, Finland, 
Hungary, Ireland, Poland and Spain, 1. In the network are present two foreigner countries too: 
California and Taiwan, respectively with 2 and 1 actors.  

Once the network has been defined, for the application of SNA was necessary to investigate the 
three mechanisms through a questionnaire-based exercise. First a pilot questionnaire was administrated 
to a subnetwork of actors to retrieve some feedbacks. The selection of such subnetwork was based 
upon a hypothetical consideration of a representative actor for each category. Thus, eight actors were 
primarily interviewed by telephone. Building on this exercise a more robust set of questions have 
been prepared and successively circulated by email to the all sample over the time period January to 
April 2021. After two reminders we were able to obtain the full list of actors taking part to the 
questionnaire. The goal was the exploration of the local expectations, the existence of networking 
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activities with powerful actors, and the presence of exchange of knowledge. The questions were the 
following: 
Q. Willingness 
A project for the development and use of supports of virtual reality and augmented reality is going to 
be planned in the European Union. The plan envisages experiments in the realization of applications, 
the establishment of facilities for their production and tax exemptions for some categories of users. 
Would you like to join the project?  
(1 = very low, 2 = low, 3 = medium, 4 = high, 5 = very high)  
Q. Power 
In your opinion, in order to make this project successful, the participation of which actors is 
important? 
(1 = because of its capability to support the VR and AR ecosystem empowerment, 2 = because of its 
awareness and community building, 3 = because of its research applied experience, 4 = because of 
its capability to commercially apply the VR and AR technology, 5 = because of its capability to 
politically coordinate the development, 6 = because of its capability to finance projects, 7 = because 
of its capacity to offer traversal services) 
Q. Knowledge 
Could you mark, among the following actors, those with whom you have/had knowledge exchange on 
virtual and augmented reality? 
(1 = received, 2 = exchanged, 3 = transmitted) 

In Table 2 are summarized research procedures and measurements adopted, taking into 
consideration their potentials and limits.  

Table 2. Research procedures and measurements: potentials and limits. 

 Willingness Power Knowledge Potentials Limits
Procedure 1 Analysis of categories 

and subcategories of 
the entire network 

Analysis of categories 
and subcategories of the 
entire network 
 

Analysis of 
categories and 
subcategories of the 
entire network 

Procedure useful in 
the next steps 
without considering 
the structure of the 
countries. 

Structural 
characteristics not 
considered could 
present relevant 
information.

Procedure 2 - Analysis of the 
composition of each 
cluster representing a 
single country 
considering the possible 
internal and external 
interactions. 

Analysis of the 
composition of each 
cluster representing 
a single country 
considering the 
possible internal and 
external interactions.

Possibility to 
discover potential 
new connections 
among actors. 

No rule able to 
describe the method.

Procedure 3 
 

- - Comparison with 
power results. 

Change to justify 
previous results. 

No rule able to 
describe the method.
 

Measurements Individuation of the 
mean of the values 
attached by single 
actors and 
consideration of the 
proportion of actors 
assigning a value equal 
to or greater than a 
recognized threshold 
 

            ∑ n i=1 [C*in-D − Cin-Di] 
Cin-D = —————————
                         (n−1)2 
 

              Lk 
Dk = —————— 
          n(n − 1)/2 
 
Detection of cliques 
and small world 
properties 
 

Making tangible data 
collected, 
understanding the 
status of the niche 
and elaboration of 
solutions to reach the 
full status. 

Exclusive focus on 
sought parameters. 
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4. Results 

Willingness represents an important step in moving towards the initial uncertainty and distance 
from the adoption of the new technology that can affect the way goals are defined and arranged. The 
challenge related to this process of convergence is to analyze how contrasting visions and expectations 
enroll actors into coalitions of support, come to define their interests, and shape the way that they seek 
to respond to selection pressures [39]. The system used in this paper for the measurement of 
willingness was the simple individuation of the mean of the values attached by each actor to the niche 
option and the consideration of the proportion of actors attaching a value equal to or greater than a 
specific threshold [17].  

Table 3. Willingness results. 

Willingness
Value 1 2 3 4 5 Tot 
Nodes/Arcs 0 0 56 45 20 121 

As we can see in Table 3, 56 (46%) out of 121 expressed a medium value of willingness, 45 (37%) 
a high one and 20 (17%) a very high value. No one showed a low or very low interest. The mean value 
expressed is the medium, that represents the threshold too. Having all the other answers (in total 54%) 
with a higher value, we can say that the measurements reveal that the network has developed a certain 
convergence of expectation towards these technologies.  

In order to achieve a sufficient level of power, the second mechanism of niche formation, it is 
necessary the development of a real networking process among actors. The presence of powerful 
players within the niche—considered as a small network of dedicated actors—becomes a fundamental 
requirement for its growth. However, the existence of powerful actors only does not allow a niche to 
spur. Power is both an individual and a network feature.  

Using the in-degree network centrality we were able to measure it, obtaining a value of 0.057. 
                                                                          ∑n

 i=1 [C*in-D − Cin-Di]                                                                         
Cin-D = ——————————;                                              (3)                   

                                                                                      (n−1)2 

                                                                              830 
Cin-D = —————— = 0.057                                                 (4) 

                                                                             (121−1)2                                        

Just for recalling what we said above, here we sum ∑ the differences between the largest value of 
received ties observed C*in-D (in our case 8) and all the single actors’ ties received Cin-Di (from 1 to 121). 
The result is then divided for the difference between the number of the members of the network n 
and 1, all squared. 

The larger is the indicator, the more likely is that a single actor would be quite central, and thus 
powerful, with the remaining actors less central. In our case the value is low, also if the network shows 
three nodes receiving in proportion more connections than the other.  

Let’s see now the graphical representation of the network realized through the software 
SocNetV (Figure 4). 
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Figure 4. The network of power. 

The network in figure shows in red the connections outside the countries and in black the arcs 
among the members of the same nation. As we can see, there is convergence in the choice of the three 
actors of the EU as point of reference, that are the same that own the largest value of received ties 
observed C*in-D. 

The Q. Power index allowed us to understand the importance of the actors in the network and 
their motivation. 

Table 4. Power results. 

Power
Value 1 2 3 4 5 6 7 Tot
Arcs/Connections 22 23 8 33 11 28 5 130

Looking at Figure 4 and Table 4 is possible to realize that the motivation is related to the category 
to which each actor belongs. In order of preference, 33 actors are chosen for the capability to 
commercially apply the VR and AR technology, 28 for the capacity to finance projects, 23 for the 
ability of awareness and community building, 22 actors for the competence to support the VR 
ecosystem empowerment, 11 for the potential to politically coordinate the development, 8 for the 
matured research applied experience and 5 for the possibility to offer traversal services.  

It is quite interesting the fact that the three actors mentioned above—those that own the largest 
value of received ties observed—don’t belong to the category of those actors that are chosen for the 
capability to commercially apply the VR and AR technology. 

The next key mechanism for innovation niche development is the acquisition of an adequate 
amount of knowledge that depends on the complex character of socio-technical systems transitions, 
where the knowledge of a large group of experts needs to be integrated in order to consider all relevant 
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expertise and interests. As tacit and un-codified knowledge, the learning process within the niche, can 
only be acquired by means of in-depth and direct interactions that are influenced by the architecture 
of the network in which actors operate. The last mechanism was measured by means of the density of 
knowledge flows that assumes the value of 0.018. It shows that only around 1% of all possible learning 
patters are actually active, showing a rather poor performance related to the third mechanism of niche 
creation.  
                                                                                       Lk                                   

Dk= ——————;                                                        (5) 
                                                                                 n(n − 1)/2 

                                                                                133 
Dk= ———————— = 0.018                                              (6) 

                                                                         121(121 − 1)/2 

At the numerator we found the communication relations with a knowledge content existing 
among any pair of actors Lk, and at the denominator the number of actors n, multiplied by the number 
of actors minus 1, all divided by 2. 

As for the network of the power, it follows the graphical representation (Figure 5) of the network 
of the knowledge through the software SocNetV. 

 

Figure 5. The network of knowledge. 

The composition of the knowledge’s network is quite similar to the Power one (all the same actors 
participate to the sharing of knowledge). Also, the figure shows in red the connections that come from 
the outside of the countries and in black arcs among the members of the same nation. The actors that 
share more knowledge among the network are again the EU ones. 

Following, the overall results of the questionnaires. 
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Table 5. Knowledge results. 

Knowledge
Value 1 2 3 Tot
Arcs/Connections 84 2 47 133

Looking at Table 5 it is possible to see that 84 actors receive, 2 share and 47 transmit knowledge 
to the other. As mentioned above, despite the measurement of the density of knowledge flows is an 
effective method for the appraising of the knowledge inside the network, it is fair to acknowledge that 
the internal knowledge dynamics can also be affected by structural features like the presence of cliques 
and small world properties [51].  

A network is commonly considered a small world when the average distance among two any 
nodes grows as the logarithm of the number of nodes log(N), [57]. “Grows as” meaning the values of 
distances close to log(N), and at the same time the clustering coefficient remains high.  

The average shortest path length—represented by the sum of pair-wise distances divided by the 
number of existing shortest paths—in the network is equal to 1.579. Instead, the logarithm of 121 is 4.79. 

Let’s see now the Clustering Coefficient, that quantifies how close each node and its neighbors 
are to be a complete clique, a sub-graph. Its value ranges from 0 and 1, which indicates that the node 
is involved in many transitive relations. In the examined network the local Clustering Coefficient is 
equal to 0 and the Group Clustering Coefficient too. This means that there are no cliques. Therefore, 
also through this structural analysis, we can assume that the network does not show adequate 
knowledge flows, not presenting features like cliques and small world properties. 

5. Discussion 

5.1. Niche mechanisms performance 

The results obtained show that the 46% of the actors show a medium willingness (the threshold) 
to join the project for the development of the VR and AR technologies, as well as the remaining 54% 
express the values “high” and “very high”. The level of willingness needed for the formation of the 
niche has been therefore reached. 

Regarding to power, the analysis shows an in-degree network centrality of 0.057, a very low result 
due to the absence of very powerful actors in the network (also if those belonging to EU received more 
connections than the others). Thus, the needed level for the formation of the niche has not been 
reached. 

Finally, the measured density of knowledge flows of 0.018 and the absence of structural 
features (cliques and small world properties) indicate that the learning process, needed for the sharing 
of common experience and so for reaching the full niche level, is still low. 
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Table 6. Niche development status. 

 Stage 1 Stage 2 Stage 3 Stage 4
Willingness - 46% medium, 54% higher ✓ ✓ 
Power - 0.057 ✓ ✓ 
Knowledge - 0.018  

no cliques and small world properties
- ✓ 

Niche Status Absence Embryonic Proto-niche Full

Looking at the niche development status, as showed in Table 6, we can conclude that the VR and 
AR niche in the European contest is still in an embryonic stage. It exists a certain interest towards the 
new technology, but a more extensive networking with powerful actors and an intensive process of 
knowledge sharing is needed in order for a full niche to occur. 

However, after years of development and research, is possible to state that VR and AR technology 
has achieved a turning point for large scale adoption going beyond its early exploratory stage. As 
illustrated in the Gartner hype cycle below—having passed the peak of expectations—virtual and 
augmented reality are entering in a period of acceleration and growth, where a significant part of the 
population is expected to adopt the VR in about 5 years and in 10 the AR [56].  

 

Figure 6. Gartner hype cycle VR and AR. 

VR is currently ahead of AR when it comes to realistic expectations and real potential of use in 
business area, as well as in the consumer one. Its industry is expected to growth in the years to come, 
considering that over 50% of the companies observed in the research indicated to have expanded their 
VR teams, that the number of new related start-ups has increased, and that an increasing number of 
consumers are actively requesting VR solutions. Considering these results with a view to CE—as 
already said—advanced technologies such as VR and AR can play an important role, despite has not 
been deeply analyzed yet the way in which such technologies favor the transition [58,59]. However, 
in the last years, several contributions tried to support the thesis. In 2014 Baines and Lightfoot [60] 
discussed about how Industry 4.0 technologies—radically reshaping the way companies deliver 
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existing services [61]—allow the introduction of sterilized business models facilitating the transition 
towards CE [62,63]. De Sousa Jabbour et al. [64] emphasized how Industry 4.0 and CE have motivated 
the business organizations to move beyond the linear supply chain and offered a new outlook of 
production and consumption. Ávila-Gutiérrez et al., [65] considering a standard framework for 
sustainability from CE 4.0, underlined the synergistic effects between the implementation of 
sustainability through the CE paradigm and the approach of Industry 4.0, showing a greater scope and 
efficiency of the frameworks, techniques and tools, together with multilevel and multiscale Triple 
Bottom Line integration. 

In relation of such considerations concerning the importance role of VR and AR in the adoption 
of CE concepts and programs, let’s see how the methodology can help the niche in reaching the full 
status of development. 

5.2. Reaching the full niche 

The key actor for encouraging the growth mechanism of the niche is the European 
Commission (node 102), an actor that in the last years: supported European researchers and 
entrepreneurs in the scaling up of the ICT innovation system through the EU Research and innovation 
program (Horizon 2020) with a found of €80 billion available from 2014 to 2020; assisted small and 
medium enterprises with another found of €2.8 billion; introduced—in cooperation with the European 
Investment Found (EIF)—the Pan-European Venture Capital Founds-of-Founds to boost the levels of 
investment in new generations of highly innovative European firms; aided the progress in internet 
access and connectivity through the Digital Single Market Strategy; and urged Europe’s cultural and 
creative sectors to catch the opportunities of digital age with the Creative Europe program [56]. 

Focusing our attention on power, if the European Commission reaches 62 connections (1 unit and 
half more than the half of the total number of actors), C*in-D will be equal to 62 and we will obtain an 
in-degree network centrality equal to 0.507; the first considerable value for the needed level of 
power. (Here is suggested the reading of the Spread sheet N.2). 

                                                                          ∑n
 i=1 [C*in-D − Cin-Di]                                                                         

Cin-D = —————————— ;                                               (7) 
                                                                                     (n − 1)2       

                                                                                 7309          
Cin-D = —————— = 0.507                                                  (8) 

                                                                                 (121 − 1)2 
                                 

Let’s see now the graphical representation in Figure 7. 
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Figure 7. The network of Power 2 with SocNetV. 

The graph shows the physical structure of the network that reached a sufficient level of power. 
For achieving this result, 62 actors should indicate node 102 as important actor to participate to the 
project.  

Once again, we remember that the choice of an actor in Q. Power is related to the category to 
which it belongs, and in this case does not exist a better actor than a political one to encourage the 
growth mechanism of this niche. Let’s see now if with the same addition of connections, we will be 
able to reach the needed level of knowledge too.  

To replicate the simulation, 53 actors (62-9, already pointed by 102) should answer to Q. 
Knowledge declaring to receive information from the European Commission. (Be aware, if they 
claimed to “share” information the added arcs would be double, undirected). 

Coming back to the first calculation, we add this value to the previous Lk and divide for the 
denominator. The density of knowledge flows assumes value of 0.025, still far from a valid level for a 
full niche to occur.  

                                                                                  Lk                                   
 Dk= ——————;                                                            (9) 

                                                                             n(n−1)/2 

                                                                      186 
Dk= ———————— = 0.025                                                    (10) 

                                                                121(121−1)/2 
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As said above, the internal knowledge dynamics can also be affected by structural features like 
the presence of cliques and small world properties [51].  

Aware that the logarithm of the number of nodes remains equal to 4.79, we need to compare it 
with the new average shortest path length and calculate the Clustering Coefficient considering the 
presence of cliques.  

The average shortest path length of our network is 1.460 (very far from the value of the logarithm 
of the number of nodes), the local Clustering Coefficient is equal to 0 and there are no cliques in the 
network. Thus, it does not achieve the needed level of knowledge for an innovative niche to occur.  

Nonetheless—coming back to the formula—we can use it to know the value of Lk that would 
allow Dk to reach the level needed. We do that replacing Lk with X and multiplying the denominator 
for 0.51. Solving the calculation, we will obtain an X equal to 3703, that represent the communication 
relations with a knowledge content existing among any pair of actors needed.  

                                                                                   Lk                                      
Dk = ——————;                                                          (11) 

                                                                             n(n−1)/2 

                                                                                 X 
Dk = ———————— = 0.51                                           (12) 

                                                                               7260 

X = 7260・0.51 = 3703 

The achievement of 3703 transmissions of information inside the network—together with the 
level of power already implemented—will allow the niche of virtual and augmented reality to reach 
the status of full niche.  

6. Conclusions 

The proposed study tries to shed light on an empirical methodology relevant for the understanding 
of the development of a technological niche. Such methodology—that sees the application of SNM 
together with SNA—is capable of interacting with the structural characteristics of the network to 
achieve a complete socio-technical transition. Its employment in the study of the European ecosystem 
of the virtual and augmented reality shows as it is still in an embryonic stage, presenting a poor 
presence of powerful actors and a weak amount of knowledge among the members of the network. 
Although its application showed the potential for the understanding of the development of such 
technological niche, the research procedures and measurements used revealed limits due to the 
utilization of data not directly obtained from the actors considered, but extrapolated from available 
information and from the structure of the niche itself. However, the study of such ecosystem does not 
end in itself but tries to extend its contribution to the recognition of the achievement of sustainability 
transition by means the integration of Industry 4.0 paradigm and CE. This, in view of the literature 
examined that underlines the need for more researches aimed at highlighting the way in which 
technologies belonging to Industry 4.0 can actually play an important role in the transition to CE. 

Moving away from the methodological and transitional perspective, assuming a pragmatic point 
of view, what emerges from the analysis is that the European VR and AR industry still needs to face 
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the lack of: risk funding, a pro-risk and experimentation mentality, cooperation among European 
countries, links between market and research, and an adequate infrastructure and resources. To 
stimulate the growth of the niche, policy makers should: re-address funding schemes for start-ups [66], 
cut the application processes to obtain funding, focus on supporting incubators and accelerators, fund 
more applied research and demonstrators, support educational and training programs, train 
entrepreneurial skills, and support networking and help showcase success stories across Europe. 
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