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INTRODUCTION 

This analysis aims to shed light on the collaboration between the public, private, and academic spheres 

in Serbia, and identify if they create new knowledge to drive innovation.  The concept of cross-

organizational collaboration emerged in innovation theories during the 1990s with economists’ 

understanding that the complexity of innovation requires interactions within the organization itself, 

but also a collaboration with other organizations and systems. The hypothesis was that innovation 

does not take place in isolation but in collaboration and interdependence with other parties (Edquist, 

1997). In the Serbian context, the development of the innovation activities was in the past 

characterized by the lack of links between various spheres of the national innovation system (NIS), 

and as a result, weak collaboration within it (Kutlača, Semenčenko, 2015). At the same time, NIS in 

Serbia is pretty young; it emerged only at the beginning of the 21st century, this potentially being one 

of the reasons for such situation (Miletić, 2019). 

Against this background, the study examines the existence of linkages between different types of actors 

in order to identify which parts of the NIS have been creating the densest networks. This analysis is 

the first step in depicting the collaboration potential of the Serbian innovation system. It highlights 

the most important dimension of the collaboration, leaving the nature of networking of actors and 

the intensity of their collaboration for next research phase. With this broad aim in mind, the analysis 

shall provide insights into a milieu in which business innovation in Serbia takes place, while also 

pointing to potential changes regarding the collaboration between different innovation actors in 

Serbia.  

The paper is composed of four parts: the Conceptual Framework, Methodology, Results and 

Conclusion. The data collection and analysis were carried out from September until December 2021 

within the Project Serbia Innovates, supported by USAID in Serbia. 

CONCEPTUAL FRAMEWORK 

Collaboration in innovation ecosystem 

Collaboration in an innovation ecosystem envisages a network of interconnected stakeholders, 

organized around a central topic or a platform that incorporates both production and use side 

participants, and focuses on development of new value through innovation. As complexity of 

innovation requires interactions in the organization itself (among its units), but also a collaboration 

with other organizations (Bhardwaj, 2019), developing relationships with different actors becomes a 

cornerstone of innovation. Members of an ecosystem are interlinked by common objectives (value 

propositions or market goals), and involved in the joint creation of value (Adner, 2006). They need to 

make the most of each other’s resources and capacities (collaboration resources) to achieve those goals 

(Adner & Kapoor, 2010; Nambisan & Baron, 2013; Panetti, et. al., 2020). From the collaborative 

perspective of an innovation-driven system, interconnected relationships outline the network through 

which stakeholders overcome their resource constraints (Cooper & Folta, 2008). Networking provides 

stakeholders with the knowledge they need for seizing new opportunities through a flow of 

information in extended networks (Owen-Smith & Powell, 2004).  
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Networking is often compared to social capital (Woolcock & Narayan, 2000), which is defined as 

‘social, non-formalized network that is created, maintained, and used by the network’s nodes/actors 

in order to distribute values, preferences, and other attributes and characteristic, but which also emerge 

as a result of actors sharing some of these attributes (Westlund, 2006). For Putnam (1993), social 

networks are one of three components of social capital, and they can be both informal and formal 

(e.g., strategic alliances, joint ventures). A well-functioning economic system will surely have 

accumulated social capital (Putnam, 1993).  

From triple helix to multi-helix model of collaboration 

Scholars increasingly conceptualize innovation ecosystems as a multiple sectors environment, i.e., a 

set of actors who collectively play an important role in influencing innovative performance. This kind 

of model reflects the increasing complexity of knowledge creation and innovation and emphasizes 

that multi-actor innovation ecosystems rely on the dynamic and flexible interaction of diverse spheres, 

rather than a number of synchronized, stable processes. However, it is not easy to design unique 

criteria for reliable analysis of collaboration due to the complexity of networks between various and 

heterogeneous stakeholders. A helix model is an analytical framework for explaining knowledge-based 

socio-economic changes and innovation-driven development. The various helix models define 

collaboration and consequently bidirectional flows of knowledge over different timescales between 

the multiple stakeholders. 

One of the well-known theoretical frameworks that explain the relationship between the collaboration 

and innovation process is the triple-helix model (Etzkowitz & Leydesdorff, 2000; Etzkowitz, 2003). 

It emphasizes the importance of cross-sectoral collaboration and deems innovation dependent on 

networking between the public, private, and academic spheres to create new knowledge to drive 

innovation. As suggested in Leydesdorff and Fritsch (2006), the triple-helix concept tried to emphasize 

that the exchange of information in the triangle universities-industry-government leads to the creation 

of knowledge and its commercialization. 

However, contemporary practices stress the need for novel approaches that will modify and exceed 

the triple-helix model, by outbuilding wider concepts of Quadruple or Quintuple innovation helices 

aimed to include additional stakeholders in the network (Carayannis & Campbell, 2009; Carayannis & 

Rakhmatullin, 2014). Such theoretical design often stems from various, ecosystem-specific, innovation 

networks and allows other actors to be considered as an important part of an innovative system, giving 

them the role of intermediate actors, or innovation-enablers in cross-sector collaborative schemes 

(Ponchek, 2016). Whether it is SMEs, large companies, startups, science, civil society, financial sector, 

or government, they all are specific nodes in knowledge circulation and innovation creation structure. 

They together foster innovations while these same innovations must arise from ideas that in turn arise 

in research and development and altogether generate scalable economic and social impacts (Lopes & 

Farinha, 2018). 

Regardless of the number of actors in the helix model(s), they have been associated with two primary 

claims: first, the ability to describe and explain the growing interactions between different societal 
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subsystems as basic characteristics of contemporary innovation processes, and second, the ability to 

evaluate and actively promote or revise the nature and interactions within and between the respective 

spheres.  

Empirical evidence and multi-helix models 

Most of the empirical studies have referred to the triple-helix framework, focusing on relations 

between industries and universities (Leydesdorff & Park, 2014) as the most developed form of 

collaboration in creating innovation. The evidence of networking within national ecosystems stresses 

out either high level of industry-business interactions or university-industry interactions. In the 

Netherlands (Leydesdorff, et. al., 2006), Germany (Leydesdorff & Fritsch, 2006), and the most 

innovative Czech regions (Kadlec & Blazek, 2015) the first model prevails. Other studies pointed to 

the strong university-industry collaboration. Finland, Austria, Belgium, Denmark, and Sweden were 

also identified as systems with the intensive and well-balanced university-industry collaboration. On 

the opposite side are Poland and Bulgaria where university-industry interactions were identified as the 

weakest (Seppo, et. al., 2014).  

Within this framework, university and particularly research institutions continue to be in a strong 

position as knowledge generators (Schütz, et. al., 2018). However, their conventional role is called into 

question. Practices showed that knowledge and innovation are no longer produced solely within 

academic institutions, but also by heterogeneous groups of actors, through so-called mode 2 

knowledge production as the result of collaboration between industry and university (Schütz, et. al., 

2018). When it comes to government as the third party in triple-helix framework, depending on the 

structure of the innovation ecosystem, government actors play the role(s) of “enabler”, “decision 

maker”, “supporter”, “utilizer”, “developer”, “marketer”, and/or “quality controller in processes of 

innovation creation (Arnkil, et. al., 2010). In that sense, they continue to be one of the key actors in 

this triple-helix equation.   

Identifying empirical studies in the context of the Quadruple/Quintuple helices is more demanding 

task. Studies by Carayannis and Grigoroudis (2016) emphasized the role of civil society in the 

innovation ecosystem using the experience of European regions in implementing smart specialization 

strategies. The authors explained that civil society is a key actor in innovation processes along with 

university, industry, and government. Civil sector is frequently the end-user of innovation and thus 

has a strong influence on the generation of knowledge and technologies via its demand and user 

function. Some other authors (Mineiro, et. al., 2021) expand the collaborative scheme, pointing out to 

incubators and science parks as enablers in innovation networks. However, this kind of empirical 

research remains limited in scope. 

As noted, majority of studies have explored the triple-helix connections while networking in more 

extended models has started to draw interest of researchers only recently. In this regard, our research 

setting is framed to explore collaboration between heterogeneous actors within multiple-helix model.  

METHODOLOGY 

The theoretical framework to identify actors in the Serbian economy relied on the multiple-helix 

model. In this paper, collaboration is understood as networking of different actors such as industry, 
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startups, university, government, financial institutions, and civil society, with the aim to jointly drive 

knowledge and generate innovations within the national innovation system. Our analysis is based on 

the assumption that all these actors create a collaborative network in the Serbian innovation system. 

For instance, most of the previous analyses of networks carried out in other countries mainly included 

traditional companies, not taking into account the actors who are very important generators of 

innovation - startups. Furthermore, the absence of financial institutions and other supporting actors 

from the innovations network has been also noticeable. We believe that such innovation system that 

stimulates collaboration between different types of stakeholders would result in accelerated economic 

growth of the Serbian economy. 

Network Analysis 

We use Network Analysis to examine relationships between the identified innovation actors. Network 

analysis, as “a distinct research perspective within social and behavioral sciences” (Wasserman, 1994), 

is a set of analyses used to examine relationships between entities in a system or a system as a whole. 

A network is a set of nodes and edges that connect and “transmit information” between nodes. In 

addition to the nodes and edges themselves, networks contain information about the nature of the 

relationship between these components. Network Analysis can help us understand the structure and 

relationships of the analyzed system, as well as the most influential actors in that network, offering 

conclusions about individual actors as well as the whole system.  

Network Analysis offers a graphical representation of the analyzed system, but also a number of 

different statistics used to quantify and determine the importance of different nodes or edges in the 

network. It is usually important and valuable to understand which nodes are of greater importance in 

the network to be able to better understand the analyzed relationships. Since in most networks, more 

connected, i.e., more important nodes are algorithmically placed closer to the center of the networks, 

nodes which are more centered than others are usually more important for the system.  

Centrality indices allow us to quantify and examine the centrality of nodes in the network. Freeman 

(1978) states that central nodes have three basic advantages over peripheral nodes in the network. 

Concretely, they have more connections, can reach other nodes in network faster (via shorter paths) 

and control the flow between nodes in the network. There are different indices defined to quantify 

centrality, but in the context of innovative networks, highest importance is placed on the degree 

centrality, followed by the betweenness centrality. Degree centrality represents the number of all direct 

connections a node has in the network, i.e., with how many nodes it is directly connected. The higher 

degree centrality indicates that organizations are having more direct connections, that they are likely 

to hold and store information and quickly distribute high levels of information and connect to 

different parts of the network. We believe that this centrality is of utmost importance when discussing 

networks of innovative collaboration as high degree centrality indicates the most important 

organizations in the network. Additionally, betweenness centrality could also be important when 

analyzing innovative networks. It measures how often a node lies on the shortest path (the shortest 

path represents a path that takes least number of edges to connect a pair of nodes) between all other 

pairs of nodes, showing the extent to which, the node facilitates the flow of information through the 

network. The high betweenness could indicate nodes (organizations) which could impact the flow of 

the information around the system, as they lie on paths which connect many nodes. 
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Research design  

The multiple-helix model was chosen because it more completely encompasses different actors of the 

economy compared to the other models. Our data is a snapshot of one point in time based on stratified 

samples of actors, collected from informants from different sectors. Thus, the multiple-helix model 

within our analysis includes six main sectors:  

1) business sector (traditional industry, i.e., small, medium, and large companies); 

2) startups (entrepreneurs, small innovative teams, and newly-founded companies);  

3) academia and research sector (universities, institutes, and other research organizations); 

 4) civil sector (non-governmental organizations which support innovations in the NIS); 

5) public sector (government and its organizations and bodies);  

6) financial sector (financial organizations, i.e., banks, VC funds, insurance companies, etc.). 

  

Figure 1. Multiple-helix model 

Two helices, startups and financial sectors were added to the model to better reflect the reality of the 

Serbian innovation system mapped through previous research.   

Each participant in the study, representing its organization, is asked whether they had collaboration 

with other organizations in developing, exchanging, using and monetizing knowledge, technologies 

and/or innovation in the last 5 years, and that question was asked separately for each of the six-parties 

in the multiple-helix model. If the answer to the question(s) is positive, i.e., they have established 

collaboration, participants were asked to cite up to three organizations they are cooperating with in 

that multi-helix model. Therefore, each organization could state from 0 up to 18 possible partners in 

a collaboration process regarding innovations. However, since the same organization could be cited 

by others as a partner, the potential number of connections was higher than 18. The answers we 

obtained are the base for building the network.  

Multiple- helix

Business 
sector

Academia 
and 

research 
sector

Public 
sector

Civil sector

Financial 
sector

Startups
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Sample  

The nodes in the network consisted of both participants who participated in the survey - 360 

representatives of organizations operating in Serbia and of 407 organizations which were named as 

collaborators by the participants in the survey. In total the sample consisted of 767 nodes. The 

organization structure of the sample is presented in Table 1.   

The analyzed network encompasses all mentioned organizations, regardless of whether they are in the 

sample (participated in the survey) or are only mentioned as collaborators by the survey respondents 

and not encompassed by the sample. Thus, the presented network exploits all available information. 

However, the piece of information is missing about the organizations which were mentioned by survey 

respondents but were not in our sample.  We only know that they are collaborators of our respondents 

from the sample but we don’t have access to the information about their collaborators.  

Data analysis  

The network analysis is performed in the graph package for R computing language according to the 

approach and procedure developed by Epskamp et. al. (2012). The matrix used for the network has 

rows and columns which represent organizations. Each cell had a value of either 1 or 0, 1 signifies the 

existence of collaboration between organizations while 0 signifies the absence of collaboration. The 

network is symmetrical, meaning that if the organization A states that it collaborates with organization 

B, but organization B doesn’t state the organization A, their collaboration was considered as if both 

organizations are stated by each other and indicated as such in the input matrix. This is done because 

the question which is the basis for the network doesn’t examine direction of the influence but only 

the existence of collaboration. According to that, it is assumed that if the organization A is not cited 

by organization B (but B is cited as a partner by organization A), that the organization A is not in the 

top three collaborators of the organization B. The algorithm used for network graphing is force-

directed algorithm which iteratively places the nodes with most connections near the center of the 

graph, while the less connected nodes are positioned further away from the center. The length of the 

edge is only the byproduct of the force directed graph algorithm and node positioning. Therefore, it 

has no meaning in itself. 

Limitations 

Some of the organizations could not state their collaborators because of confidentiality agreements 

and policies. Thus, it is possible that real connectedness of organizations is somewhat higher (in 

addition to this reason, non-existent answers in general and invalid / wrong answers are also the reason 

for the lack of certain connections). There were 80 organizations which stated they collaborate with 

at least one sector, but did not give an answer (or gave invalid answer) when asked to state concrete 

collaborators. This was prevalent in highest degree amongst the participants from industry and startup 

sector (59 out of 80 cases) so it is possible that the real connectedness of organizations from these 

sectors is somewhat higher. 

Another limitation relates to the dimensions examined.  This analysis leaves out the nature of 

networking of actors and the intensity of their collaboration for the next research phase.  
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RESULTS 

Descriptive statistics  

In total, there are 1794 edges i.e., collaborations between the 767 nodes. Each node is having in an 

average 2.34 edges (SD = 4.01) to other nodes which signifies on average low collaboration. Sectors 

that seem to be at the forefront of innovative collaboration, at least in terms of the number of 

collaborative activities, are academic and research sector and public sector. The business, 

financial and startup sectors on the other hand, seem to have the least number of links with 

other market players in innovations development. Inspection of the network graph (Figure 2) 

offers some additional conclusions. For example, there are 147 organizations that do not have 

any innovative collaboration, and most of them are from the business sector (n = 129, 87.7%), 

while none are from the academic and research or public sector. It seems that financial sector 

institutions are mostly on the periphery of the network, which is expected as the financial sector acts 

primarily as a facilitator and as such it is rarely directly involved in the innovation activity. Center of 

the network is populated mostly by academic and research sector and public sector organizations, but 

also with business sector organizations that collaborate with them. Startups, civil sector and business 

sector seem scattered all over the network, possibly indicating different fields in which they cooperate 

and innovate.  

If we compare the organization structure of the sample and all nodes, the biggest increase, ratio wise, 

emerges for the public sector which has more than 12 times more representatives when all information 

is considered.  

This analysis clearly shows the cleavage between those actors with the collaboration potential and the 

ones that are lacking it. Prominent role of the public sector in collaboration can be explained by the 

fact that the innovation activities in Serbia are mainly driven by the state.  

Table 1. sample distribution and average edges per multiple-helix member in the network 

 Within sample 
(participants) 

All nodes Average number of 
edges (all nodes) 

Academic and research 
sector 

44 (12.2%) 126 (16.4%) 5.25 

Business sector 250 (69.4%) 439 (57.2%) 1.32 

Startup sector 41 (11.4%) 58 (7.6%) 1.90 

Civil sector 14 (3.9%) 60 (7.8%) 2.85 

Public sector 5 (1.4%) 67 (8.7%) 3.75 

Financial sector 6 (1.7%) 17 (2.2%) 1.29 

Total 360 767 2.34 
Source: Author’s calculation 
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Figure 2. The network of innovative collaboration in the Serbian economy 

Intra and inter-sectoral collaboration 

Average collaboration of sectors i.e., average number of edges, with its own and other multi-helix 

sectors is presented in Table 2. The intra-sectoral collaboration is presented in the diagonal. Highest 

level of intra-sectoral innovative collaboration is present in the academic and research sector 

where an average institution is connected to more than two academic and research 

institutions. For all other sectors, average number of intra-sectoral collaborations is lower, 

lowest being for financial sector which had no intra-sectoral collaboration. Academic and 

research and public sectors, on average, have most links with other sectors, primarily with businesses. 

Prototypical institution from the academic and research sector has almost 2 collaborations with 

business sector, while public sector organization has on average 1.5.  Business sector, i.e., traditional 

industry has on average most links to academic and research sector (0.56) and public sector (0.23). 

Average startup has most connections with academic and research sector and business sector. Civil 

sector organizations on average have similar levels of connections with academic and research, 

business and public sectors.  

The analysis shows that most of the innovative actors still reside in their silos and rarely collaborate 

even among themselves. Some insights into newly formed innovative companies in Serbia also suggest 

that often these companies have a very short value chain (Udovički, et. al., 2019) which at least partly 

explains low level of collaboration among businesses.  
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Table 2. Average number of edges (collaborations) between sectors 

 Academic 
and 
research 
sector 

Business 
sector 

Startups 
sector 

Civil sector Public 
sector 

Financial 
sector 

Academic and 
research sector 

2.05 1.97 0.24 0.31 0.63 0.06 

Business sector 0.56 0.33 0.09 0.09 0.23 0.02 

Startups sector 0.52 0.69 0.21 0.17 0.29 0.02 

Civil sector 0.65 0.67 0.17 0.63 0.63 0.10 

Public sector 1.18 1.49 0.25 0.57 0.24 0.01 

Financial sector 0.41 0.41 0.06 0.35 0.06 0.00 
Source: Author’s calculation 

Degree and betweenness centrality  

In total, there were 30 nodes with degree centrality over 10, i.e., had more than 10 direct 

connections, which is considered as high. Amongst those nodes, 60% of them belong to 

academic and research sector, 23.3% are from public sector and 16.7% percent are from civil 

sector. In case of betweenness centrality, academic and research sector is represented by 20 (66.7%) 

organization amongst the 30 top rated ones. The remaining 10 organizations are coming from public 

sector (5), civil sector (4) and business (1). In order to better understand the innovative collaboration 

in the network and the role of the most connected organizations, ten most connected organizations 

are named and presented on the network (Figure 3.) and in the Table 3. There is a high degree of 

similarity between degree and betweenness centralities as the 4 most connected nodes also make up 

the top 4 nodes with betweenness centrality, and amongst the 10 nodes with highest betweenness 

centrality there are only 2 of the 10 nodes with highest degree centrality missing. Amongst the 10 

most connected organizations, large faculties occupy 7 out of 10 spots.  This indicates that 

academic and research institutions are central organizations when it comes to innovative 

collaboration in the Serbian economy. On the other hand, there are also some public sector 

organizations which appear amongst the most connected, namely Innovation fund and 

Ministry of Education, Science and Technological Development, which indicates the 

importance of state and its facilitator role in the process of innovation.  

The results also reflect the concentration of the public innovation institutions in Belgrade and 

concentration of the major academic and research institutions in Belgrade and partly Novi Sad. It 

remains to be seen whether recent investments tend to worsen a more regionally balanced innovation 

system. 
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Table 3. Key organizations in terms of network centrality 

Node – organization Degree 
centrality 

Degree 
ranking 

Betweenness 
centrality 

Betweenness 
ranking 

Faculty of Economics, 
University of Belgrade 

42 1 22845.4 3 

Faculty of Electrical Engineering, 
University of Belgrade 

40 2 26363.6 1 

Innovation fund 27 3 22519.0 4 

Ministry of Education, Science and 
Technological Development 

25 4 23362.6 2 

Faculty of Technology, University of 
Novi Sad 

24 5 12643.4 9 

Faculty of Mechanical Engineering, 
University of Belgrade 

24 6 14048.0 6 

Faculty of Transport and Traffic 
Engineering, University of Belgrade 

22 7 11181.0 10 

Faculty of Medicine, University of 
Belgrade 

20 8 9754.4 13 

Faculty of Agriculture, University of 
Belgrade 

20 9 9930.9 12 

Chamber of commerce of Serbia 19 10 12905.6 7 
Source: Author’s calculation 
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Figure 3. The network of innovative collaboration in the Serbian economy with 10 organizations with 

most collaborations named. On this network, organizations which have no connections to the central 

part of the network are removed (organization cluster which resembles crescent moon shape on Figure 

2. is removed) in order to make network easier to interpret. 

CONCLUSION AND NEXT PHASE 

The network analysis of the Serbian economy based on the multi-helix model offers some novel 

insights when it comes to the landscape of national innovation system in Serbia. Our results show 

that the organizations from academic and research sector are dominating nodes in the Serbian 

NIS. Additionally, the public sector and civil sector are playing an important role as well. If 

we observe public sector and publicly financed sector in an integral manner, we are coming 

to conclusion that the state is playing exorbitant role in national innovation system in Serbia.  

On the other hand, financial sector seems to have the least influence on the network when it comes 

to innovative collaboration. This result is not surprising because organizations from the financial 

sector are under strong-legislative regulation. Financial organizations are rarely, if at all, directly 

involved in innovation projects or financing high-risked innovative undertakings.  

Maybe surprisingly, startups and business sector, i.e., traditional companies have similar pattern of 

innovative collaborations as it is the case by financial institutions. Node with most collaborations 

had 10 edges in case of the business sector and 7 in case of startups, while average traditional 

company and startup had between 1 and 2 direct connections. As noted earlier some of the 

organizations could not state their collaborators because of confidentiality agreements so it feasible 

that real connectedness of organizations is somewhat higher. Regardless, at the lower level of the 

development of national innovation system, traditional companies and startups are lacking 

capacities and resources to engaging in innovative activities in broader scale solely driven by 

incentives coming from the market. It confirms our initial and central finding that the further 

development of national innovations system requires strong partnership with the state. 

However, further research is needed to deepen our understanding of innovation system in Serbia, 

especially regarding the quality of innovation linkages within it. For instance, our network shows the 

existence of the connections but not their fruitfulness or importance. For example, some actors may 

have created their own “small worlds” where they collaborate with only few parties but in very prolific 

manner which results in important innovations from business and/or societal perspectives. On the 

opposite side, some actors with lot of linkages may not have collaborations of such importance. Thus, 

exploring the nature and patterns of successful collaboration in Serbia between different actors may 

help us create seductive innovation processes which bring added value not only to particular actors in 

the innovation system but to the system as a whole.  
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