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Abstract
This paper aims to examine the relationship between the structures of inter-organizational connections and innovation results in the context of small and medium enterprises (SMEs). Existing literature shows that inter-organization connections can benefit firms in terms of innovation. However, there is a theoretical gap regarding how a combination of various structures of inter-organization connections affects innovation results. To close this gap, innovation network theory is employed to support our hypotheses. Consistent with prior research, we find that SMEs’ innovation can benefit from having sparse connections and interlocked connections. However, in contrast to prior research, our research emphasizes the importance of the combined network effect between sparse and interlocked connections.
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Interest in understanding how inter-organization connections influence innovation has recently increased (Rothwell and Dodgson, 1991; Borgatti and Halgin, 2011; Söderholm et al., 2019). Inter-organizational connections are important to a firm’s innovation capacity in business innovation modes, Science, Technology and Innovation (STI) mode and Doing, Using and Interacting (DUI) (Jensen et al., 2007; Parrilli and Heras, 2016). The increase of a firm’s innovation capacity through inter-organizational connections are evident in Europe (Fitjar and Rodriguez-Pose, 2013; Nunes and Lopes, 2015; Apanasovich et al., 2016; Thoma, 2017), North America (Ferrary and Granovetter, 2009) and Asia (Chen et al., 2011). 

An interaction effect is a situation that the combined effect of independent variables on a dependent variable is greater (or less) than the sum of each independent variables individually (Jaccard et al., 2003). Including an interaction effect in a study is important, since it shows how independent variables work together to influence the dependent variable (Siemsen et al., 2010). It provides a better understanding of not only the relations between the independent and dependent variables, but also how the independent variables work together. However, the efforts of prior studies have almost exclusively focused on the variety of inter-organization connection structures that influence innovation results, over-looking one of the interaction effects between them. Thus, the novelty of this research is to explore whether various inter-organization connection structures can benefit from or conflict with each other. In this study, we aim to answer the question of how small and medium enterprises’ (SMEs’) innovation can be affected by a combination of different structures of inter-organization connections. Therefore, by advancing a conceptual framework as to how SMEs’ connection could boost innovative activities, we aim to provide important theoretical and practical insights for SME managers and policy makers. To achieve this, this study performs network analysis on a dataset consisting of 1,056 firms.  

A gap in the current theories concerns whether firms can take advantage of the combination of both sparse and interlocked network structures in innovation. SMEs are usually connected together in complex structures to achieve innovation. It is important to find out if the combined sparse and interlocked structures of SMEs’ connections are valuable to innovation. Thus, the results of our research can advance the innovation network theory from seeking the effect of each network structure to the interaction effects of various combined network structures. 
 
This paper is organised as follows. Section 2 presents the theoretical framework and hypotheses relevant to the study. Section 3 introduces the data and research method, and in Section 4 the results are presented and discussed. Section 5 draws conclusions from this study.

[bookmark: _Toc290544302][bookmark: _Toc454393970]2. Theoretical framework and hypothesis development

Previous research (Fernandez-Olmos and Ramirez-Aleson, 2017) suggested three factors of SMEs can affect the success of innovation. They are the macro-economic condition (macro level), the life cycle of the business (industry level), and the age of the SME (firm level). In addition, how entrepreneurs perceive business information and resource (individual level) can also affect the success of innovation (Solomon and Linton, 2016; van Weele et al., 2017). However, theories in this area can still be improved by considering the effects of inter-organizational connections among SMEs from a micro-level perspective (Van Lancker et al., 2016). Complex innovation processes cause SMEs to form networks in innovation to obtain access to external information and resources (van de Vrande et al., 2009; Zeng et al., 2010). The growing use of networks in SMEs’ innovation is considered as a competitive advantage providing flexibility and rapid response (Narula, 2004; Vos, 2005). Thus, it is necessary to clarify and examine the effects of inter-organizational connections in SMEs’ innovation.   

Inter-organization connection in innovation is usually an ambiguous concept across academia and business practice. The degree of ‘openness’ in inter-organization connections is positively correlated to a firm’s innovation performance (Laursen and Salter, 2006). ‘Openness’ means firms using a wide range of external business sources are more likely to achieve success in innovation. It has been supported by the observation that innovation usually consists of collaborative work to combine formerly separated knowledge into new knowledge and ideas (Aalberset al., 2016; Leenders and Dolfsma, 2016; Oh et al., 2016). Innovation emphasizes gaining access to resources and knowledge through connections with external parties (Weiblenand Chesbrough, 2015; Mun et al., 2019; Pancholi et al., 2019). In innovation, the complex inter-dependency and connections among organizations need to be clarified and examined (Ritala and Almpanopoulou, 2017). Especially, inter-organization connections are critical to innovation in SMEs in obtaining external resources and knowledge (Cooke and Wills, 1999; Batjargal, 2003 and 2007; Liao and Welch, 2005; Müller et al., 2018). Thus, our study draws on the literature on innovation network theory to examine the relations between the various structures of inter-organization connections and innovation results in SMEs.

The agents of combining separated knowledge are firms, and as such network analysis has emerged as a robust method to link these micro-behaviours of firms and the macro-results from them (Cross et al., 2015). The work of Uzzi (1996) and Burt (1992 and 2015) suggests that efficient network structures of firms are either interlocked, featuring dense clusters of firms, or sparse, featuring loosely connected firms with a few connections. ‘Connections’ represent collaborations and investments in firm relationships, so, to combine knowledge and resources at minimum cost, firms should avoid similar or redundant connections between them. Sparse networks are usually taken advantage of by centrally located firms who aggregate knowledge and resources from others (Baker et al., 2016; Lynch et al., 2016). On the other hand, interlocked networks have short connection (or path) lengths which are conducive to the quick spread of knowledge and resources. Thus, firms in high-density networks are likely to be effective in innovation (Schleimer and Faems, 2016). Those firms in interlocked networks may not have the same intellectual reach as firms in sparse networks, but have higher levels of efficiency. Thus, in our model, we assume both sparse and interlocked network structures are related to a firm’s innovation results. 


Innovation networks can reflect the collaborations among firms. In firm collaborations, the choice of partner firm is usually not random (Carroll and Teo, 1996; Candi et al., 2013). For a collaboration to be innovative, business resources and information being combined are often sufficiently ‘distant’ from each other that their combinations are not ‘obvious’. Thus, innovation networks can be abstracted away from the business communication aspects of SMEs to focus on the structures. SMEs interact through innovation networks, exchanging business resources and information and retaining resources and ideas that are innovative or innovation related. A successful innovation is usually initially unknown or unfamiliar to most of the SMEs in a network. It is assembled by combining a series of information and resources from connected SMEs. 

A connection between organizations is a purposeful social unit that shares business information and resources to achieve the collective target (Levin and Cross, 2004; Lovejoy and Sinha, 2010). Building up connections between SMEs is usually time consuming and therefore has an opportunity cost. This is because SMEs only have finite or limited capacity for collaborations with each other. Collaborations take time and have labour cost and SMEs usually have a small number of staff with limited working hours in a day. Therefore, SMEs can only have a finite number of connections with others. SMEs’ connections are not easily replaced or alternated by new connections. The connections among SMEs enable information and business resources exchange, but constrain their abilities to find alternatives. Once SMEs are connected, their connections constrain their ability to build new connections. In the short term, an SME sticks to its ego network structure and position, once its connections are built up. Thus, this research seeks efficient innovation network structures, those that can lead to SMEs’ innovation success.

The connections among organizations can facilitate the integration of diverse resources and knowledge in innovation. Particularly in the case of SMEs’ innovation, accessing diverse resources and knowledge in other SMEs through collaboration, albeit necessary, is not enough to enhance innovation results significantly (Thorpe et al., 2005; Konsti-Laakso et al., 2012). Although prior empirical evidence demonstrated that bridging connections between SMEs correlate positively with their innovation results, less attention has been devoted to combining various structures of those connections and the effects of combined connection structures. 

The literature on organizational connections in innovation has recognized that sparse ties are positively associated with obtaining access to external knowledge and resources in innovation. Sparse connections are inter-organizational ties between a focal organization and otherwise disconnected alter organizations. There are no connections among those alter organizations. They are connected centrally to a focal organization. The number of an SME’s sparse connections is positively associated with the diversity of accessible external resources and knowledge in innovation. Sparse connections are beneficial to firms’ innovative capabilities. Sparse connections reaching outside an organization are significantly related to the individual (Gilsing and Nooteboom, 2005; Ibarra et al., 2005; Cross et al., 2015) and organizational level of innovative results (Walker et al., 1997; Tsai and Ghoshal, 1998; Tsai, 2000; Gargiulo and Sosa, 2016). For instance, McEvily and Zaheer (1999) found that resource and advice seeking in innovation can be effective through sparse connections across organizational boundaries. SMEs with sparse connections can effectively gather the required business resources and information in innovation.  

Sparse connections are usually central to an organization. In this case, an organization has the advantage in recombining business resources and knowledge from the others. For instance, a disconnected pair of an IT device design firm and an engineering firm can be bridged to create a new device by a third firm (Dan, 2014; Javaid, 2014). This third firm does not only take the advantage from the innovative products, but also can be a representative to lead this three-firm cluster. Meanwhile, a firm with sparse connections can usually be a gatekeeper to this recombined new business, given that obtaining and managing access to one firm takes less time and resources than doing so to two separate ones. Thus, SMEs with sparse connections are more likely to be successful in innovation than those without.  









Figure 1: Sparse connections
Based on the above discussion, we propose our first hypothesis.
Hypothesis 1: Sparse connections are positively associated with SMEs’ revenue growth.

SMEs also need interlocked connections and to be embedded in a cluster. A limit to SMEs generating innovation through sparse connections is that having new business resources and ideas is fundamentally far away for them to turn them into innovation results. Having interlocked connections helps SMEs to confirm and corroborate the view that innovation is developing in a promising area and the technological expertise attained is generating innovation. For instance, SMEs share and recombine diverse resources and knowledge into innovative outcomes, a new product or service. At the same time, they work against the difficulties associated with the uncertainties in their market, substitutes and technological evolutions. In fact, an innovation can easily be replaced or wiped out in the market by another, similar innovation or newly emerged technologies, even before it is formally launched (Gabbay and Zuckerman, 1998; Edelman et al., 2004; Fleming and Waguespack, 2007). Building on these insights, we argue that connections among SMEs are combined structures consisting of not only sparsely bridging ties but also interlocked ties.

In addition, interlocked connections provide SMEs with a number of equivalent communication channels which can monitor and confirm the direction of innovation. Interlocked connections are better than sparse ones when the resources and knowledge are clearly valuable from the source organization’s view but not certain from the recipient organization’s view. Reagans and Zukerman (2001) highlighted that interlocked connections are positively associated with the results of knowledge transfer in innovation. Furthermore, other prior research showed the advantages of interlocked connections in achieving a common view in inter-organizational innovation (Krackhardt, 1992; Uzzi, 1996; Pittaway et al., 2004). In the specific case of SMEs’ innovation, interlocked connections can facilitate mutual understanding and help to build a common basis of implementing new ideas. Therefore, interlocked connections can support the transfer and implementation of diverse business resources and complex information in innovation. 




Figure 2: Interlocked connections

Based on the above discussion, we propose our second hypothesis.
Hypothesis 2: Interlocked connections are positively associated with SMEs’ revenue growth.

Moreover, there are reasons to expect positive interaction effects between sparse and interlocked connections for SMEs’ innovation results. Innovation is considered as behavioural consequences of SMEs with both sparse and interlocked connections. Both sparse and interlocked connections are important drivers of innovative results for organizations (Inkpen and Tsang, 2005; Galaskiewicz, 2007). From the network structure perspective, an SME’s connection can be either sparse or interlocked, but cannot be both within a short time period. In addition, sparse connections increase the diversity of business resources and knowledge, and interlocked connections increase common understanding of complex implementation problems. 

Although sparse connections are effective in gathering and obtaining access to external resources and knowledge, those connections do not automatically and directly generate innovation (Gulati, 1999; Obstfeld, 2005). As the external business resources and knowledge acquired across organizational boundaries are usually heterogeneous and diverse (Burt, 2015; Popa et al., 2017), sparse connections may lack the necessary common base to integrate them (Granovetter, 1973 and 1985; Krackhardt, 1992; Sydow and Windeler, 1998; Joshi, 2006). Moreover, business resources and knowledge are hard to mobilize and transfer across organizational boundaries, because of the lack of a common business language and shared approach (Podolny and Baron, 1997). As Obstfeld (2005) and Burt (2015) noted, obtaining new business resources and ideas through different perspectives and implementing them into innovation are two distinct innovative processes. The diversity of business resources and knowledge provided by sparse connections might be an obstacle to their implementation. For instance, people belonging to different organizations might be subject and limited to their own responsibilities and tasks towards the implementation and transfer of business resources and knowledge into separated innovative results. Thus, SMEs that innovate through sparse connections often lose control and lack coordination.  

The features of interlocked connections among SMEs could help to overcome those limitations of sparse connections. Interlocked connections refer to inter-connected ties among organizations (Granovetter, 1985; Nohria and Eccles, 1992). Interlocked connections are usually considered as structural redundancy in networks. In this case, each organization in interlocked connections is not considered as a unique bridge to connect any others. Prior research (Uzzi, 1996; Borgatti and Halgin, 2011) showed some specific advantages associated with interlocked connections. In addition to connecting cross-organization resources and knowledge to create innovation, the innovative prospect and value of these external resources and knowledge can be compared and confirmed by organizations located in different parts of an interlocked structure. Although certain resources and knowledge are not significantly valuable to some organizations, they can still be hugely beneficial to the others who are able to implement them in innovation (Kraatz, 1998; Koka and Prescott; 2002; Nebus, 2006). To sum up, SMEs’ innovation through sparse connections can be affected by a lack of control and coordination, and interlocked connections can help to overcome this disadvantage of sparse connections. This means sparse and interlocked connections together can have more effect than the sum of their effects individually on the innovation results. Thus, we suggest there is an interaction effect between sparse and interlocked connections. Based on the above discussion, we propose our third hypothesis and model (see Figure 3).
Hypothesis 3: Sparse and interlocked connections are jointly and positively associated with SMEs’ revenue growth.
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[bookmark: _Toc454393979]                              Figure 3: The theoretical framework 
3.  Methodology
This study performs network analysis on a dataset collected from the OECD ORBIS Database. The dataset consists of 1,056 firms. The data was collected for the purpose of calculating firms’ sparse and interlocked connections. Previously, sparse and interlocked connections were tested separately. This research uses network analysis and regression modelling to test sparse and interlocked connections together, and also includes the interaction effects. 

3.1 Dataset and Source
We collected data from Firm-Level Micro-Data in the OECD ORBIS Database. According to the OECD firm category (2019), the data includes small and medium firms with less than 250 employees and turnover less than 50 million euros, and also large firms with more than 250 employees and turnover more than 50 million euros. The sample comprises all the firms with product development expenditures in their financial statement in the information and communication technology (ICT) in the area of Beijing and Shanghai. We collected data for 1056 firms including 724 SMEs (369 from Beijing and 355 from Shanghai) and 332 large firms[footnoteRef:1] (142 from Beijing and 190 from Shanghai). All the firms are from the information and communication technology (ICT) sector, as this sector is one of the most innovative and interconnected. We identified and included each firm based on whether it has product development expenditure in its financial statement in the dataset. Thus, the data we collected covers all firms that financially declared product development. The data covers joint innovation bank loan between 2009-2011[footnoteRef:2] as recent research (Potrafke, 2015) has suggested that they are the most active areas and time period in product development, in terms of volume of products and number of firms. The data contains three years’ (from 01/2009 to 12/2011) detailed ﬁrm-speciﬁc information including company profiles, collaboration partners, investment, sales, number of employees, and revenue. The data regarding collaboration partners provides information about the name list and connections in product development, which is then used to generate our independent variables. Firms’ profiles, such as number of employees and revenue, are used to generate our control variables to distinguish the effects of firm size from the effects of firm connections. Since the dataset only includes company information, the analysis results do not cover connections between firms and non-profitable organizations, such as universities and governments.  [1:  We had to include large firms in the sample as SMEs alone cannot be connected. Therefore, we considered only those large firms which are connected with that particular SME.]  [2:  We also use data for the period of 2009-2014 for robustness of the results as the ICT sector in China showed strong revenue growth, on average by 13.5% annually, during this period (EUSME, 2015).] 


The reason for selecting this dataset is to represent the active interactions among firms. In China, there are about 38 million SMEs, which is 97% of firms, providing 80% of employment, and contributing 60% of the total GDP in 2019 (OECD, 2020). Recent research (Potrafke, 2015) suggested that China has the most active SMEs in terms of volume of products and number of firms. The number of SMEs in China is increasing by a rate of about five million each year, which is a 10% yearly increase (OECD, 2020). Therefore, this research selects the dataset in the area of China to represent the active interactions among SMEs.   

3.2 SMEs’ Concept

The nature of SMEs has been under debate for decades. SMEs are considered as a source of product development, since they are more flexible and sensitive to changes in theologies than large companies (Thorpe et al., 2005). However, the definition of SMEs is not unified. The original purpose of introducing this concept was for taxation (Mulhern, 1995; Berger and Udell, 2006). This is because SMEs need support and protection policies. In product development, SMEs as organizations have less research and development power than large firms (Thorpe et al., 2005). There is no doubt that SMEs are distinguished from large firms by size. However, it has been argued that the size of a firm is not related to its results in product development (Pittaway et al., 2004). Product development SMEs are more likely to be based on incremental changes in technologies rather than radical and fundamental changes (Thorpe et al., 2005). Thus, the firm size matters even less in product development. 

The definition of SMEs has a number of components. This includes number of employees, turnover level, legal status, and method of production (Storey, 1994). Size wise, SMEs have less than 50 workers and a turnover of less than 50 million euros; in contrast, large firms have 500 or more workers and a turnover of 500 million euros or more (Elaian, 1996; Weston and Copeland, 1998). Using size to define SMEs has been challenged as all firms are small in some sectors, for example, creative design, whilst no firms are small in other sectors, for example, car manufacturing (Storey, 1994). An SME has a relatively small share of the market and its contribution to GDP is also relatively small. Thus, in this research, SMEs are treated as firms with less than 50 workers and a turnover of less than 50 million euros. The dataset includes 724 SMEs (with less than 50 workers and 50 million euros in revenue) and 332 large firms (with more than 50 workers or 50 million euros in revenue). Therefore, in the analysis, the samples are inter-firm connections rather than inter-SMEs connections. 


3.3 Firm Connection
The nature of firm connections in product development is considered as inter-firm-level collaborations (Gulati, 1999; Burt, 2012 and 2015; Cross et al., 2015). To reflect more relationships amongst firms, we use the data about joint financial commitments in product development. The nature of the connections is analyzed as collaborations and joint investments in firm relationships. To combine knowledge and resources at minimum cost, firms need connections between them (Baker et al., 2016; Lynch et al., 2016). Firms aggregate knowledge and resources with each other in product development. In product development, the connection between two firms is a purposeful social unit that shares business information and resources to achieve the collective target (Levin and Cross, 2004; Lovejoy and Sinha, 2010; Alam et al., 2019). Thus, the nature of these firm connections in product development is collaboration and joint investment. Joint financial commitments are formal collaborations among firms and also have no ambiguity. Since informal connections are often ambiguous and mixed with other types of connections, they are not recommended for analyzing big datasets (Burt, 2012 and 2015). Thus, we use joint innovation loan as the firm connections in product development. 

The connections between small and large firms need to be effective for the rapid spread of knowledge and resources (Burt, 2007). Small firms are considered as ‘satellites’ surrounding large firms. Large firms usually have a high density of connections which are likely to be effective in product development (Schleimer and Faems, 2016). Small firms interact with large firms through these connections, exchanging business resources and information and retaining resources and ideas that are product development related. In our results, the connections do not tend to connect with either small or large firms. They are almost evenly distributed in the results. The extent of the connections is analyzed as the total network level. We included all the firms in the dataset to generate a total network rather than a partial one. All the firms with product development activities in the region are included. These include firms of all different sizes and all contracted product development partners. 

We performed network visualization by using the Netdraw function in the Ucinet software package. Firms are analyzed as nodes in the network snapshots (see figures 4 and 5), joint innovation loans are lines between firms representing their collaboration in product development, and each firm’s overall revenue growth in the three years after the joint innovation loan was approved is distinguished by the size of the node. Then, each firm’s connections are quantified as the number of each firm’s sparse connections and the number of each firm’s interlocked connections by using the Netdraw function. Later on, they are tested against the firm’s revenue growth in regression modelling to show the effect of firm connections. The snapshots provide information about the overall structure of the firm cluster as a whole and each firm’s network structure of sparse and interlocked connections.


3.4 Measurement & Method
The independent variables are network structures including each firm’s sparse connections and interlocked connections. The numbers of each firm’s sparse and interlocked connections are calculated using the Ego Network Structure Count function in Ucinet. They are our proposed independent variables. Sparse connections are measured as the number of structural holes (Burt, 2015). Each structural hole is a network structure consisting of three firms, as presented in Figure 1 previously. Interlocked connections are measured as the number of triads (Wasserman and Faust, 1995), which is the network structure presented in Figure 2 previously. 

Non-network factors influencing product development are used as the control variables. Specifically, we control the number of employees and the revenue to rule out the effects of firm size on product development. Also, in our pilot data analysis, we included locations as controlling variables; however, none of the locations (Beijing and Shanghai) is significant. Therefore, locations are not included in the model. 

The dependent variable is firm’s revenue growth. We use three years’ revenue growth from new product developments as the measure of each firm’s SMEs innovation results. We also use five years’ revenue growth from the new product development to test the robustness of the results. Previous research has used revenue growth as a dependent variable to compare a firm’s performance in innovation (Thornhill, 2006; Oke, Walumbwa and Myers, 2012). An alternative can be measuring innovation performance by a questionnaire survey with managers (for example: Rodan and Galunic, 2004; Burt, 2015); however, an innovation performance questionnaire survey is often measured through managers’ self-assessments, which may not be comparable at the firm level. Thus, this research uses revenue growth as the dependent variable. 

We adopt randomized permutation regression to test the correlations between firms’ connection structures and the SME innovation. Network data about organizational connections can have some outliers in distribution. Randomized permutation regression can provide better results from the model coefficients to resolve the issue of overlying influencing outliers in network data (Wasserman and Faust; 1994; Hanneman and Riddle, 2005). Thus, our choice of analysis provides a more robust model. 

4. Results & Discussion

In the analysis, the samples are inter-firm connections and we used number of employees and revenue to control firm size; however, we did not find any results supporting large firms as the nexus for any type of connection. Figures 4 and 5 show the SME connections in the information and communication technology (ICT) sector in Beijing and Shanghai. The nodes are firms. The lines between them are joint SMEs’ innovation loan from the Bank of Communication, which represents innovation collaborations and partnerships in this research. The size of each node represents each firm’s overall revenue growth three years after the joint SMEs’ innovation loan was approved. This is used to measure SMEs’ innovation results in this research. Table 1 shows the descriptive statistics. 
[image: C:\Users\edleu\Desktop\New folder\S\20200102\2.jpg]
Figure 4: SMEs’ innovation network in the information and communication technology (ICT) sector in Beijing (369 SMEs and 142 large firms).
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	511
	527
	1172
	123
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Figure 5: SMEs’ innovation network in the information and communication technology (ICT) sector in Shanghai (355 SMEs and 190 large firms)
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Table 1:	Descriptive statistics


	
	Variable
	Mean
	S.D.
	Min
	Max
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	3 years revenue growth (million Euro)
	2.71
	6.16
	-1.25
	6.5
	0.77∗∗
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

2
	5 years revenue growth (million Euro)
	3.97
	7.72
	-2.08
	11.12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

3
	Company age (years)
	9.36
	8.68
	3
	56
	 −0.27∗∗
	−0.32∗∗
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	



4
	Budget (SMEs innovation loan received in million Euro)
	3.62
	3.12
	0
	12
	 −0.21†
	−0.04
	0.03
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

5
	IT design SME
	0.12
	0.29
	0
	1
	  −0.09
	0.03
	0.01
	−0.07
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

6
	IT engineering SME
	0.32
	0.47
	0
	1
	  −0.30∗∗
	−0.29∗∗
	0.17∗
	0.41∗∗
	0.23∗
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

7
	Number of employee
	24.80
	14.90
	10
	250
	0.37∗∗
	0.32∗∗
	0.05
	0.16†
	−0.07
	0.11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

8
	Sparse connections
	2.64
	17.01
	0
	315
	0.38∗∗
	0.47∗∗
	0.29∗∗
	0.04
	0.03
	 −0.04
	0.03
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

9
	Revenue (million Euro)
	11.75
	6.72
	0.02
	29
	0.21∗
	0.15
	0.00
	−0.03
	−0.10
	0.07
	−0.24∗∗ −0.05
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	0.24∗
	0.27∗∗
	
	−0.06
	−0.10
	−0.01
	−0.09
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

10
	Interlocked connections
	 0.22
	1.40
	0
	22
	
	
	0.12
	
	
	
	
	0.08
	0.09
	
	
	
	
	
	
	
	
	
	
	
	

	11
	
Sparse connections x Interlocked connections
	0.21
	1.12
	N/A
	N/A
	0.10
	0.14
	0.01
	−0.14
	−0.06
	−0.12
	0.04
	0.06
	0.08
	0.07
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


†p < 0.1; ∗p < 0.05; ∗∗p < 0.01
As we discussed earlier, sparse and interlocked connections can influence innovation results. Table 2 shows the results of regression modelling. 
	
	Table 2:Multivariate regression models
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Model 1
	Model 2
	Model 3
	Model 4
	
	Model 5
	Model 6
	Model 7

	
	
	
	
	
	

	
	
	
	       3 years revenue growth
	
	5 years revenue growth

	
	
	
	
	
	
	
	
	

	Constant
	
	−0.507
	−0.423
	−0.202
	−0.176
	0.123
	0.012     0.022

	
	
	(0.721)
	(0.812)
	(0.890)
	(0.891)
	(1.007)
	(0.928)     (0.912)

	
Company age
	−0.022∗∗
	−0.021∗∗
	−0.023∗
	−0.028∗
	−0.022∗
	−0.022∗∗    −0.023∗∗

	
	
	(0.014)
	(0.012)
	(0.011)
	(0.016)
	(0.012)
	(0.019)     (0.017)

	
Number of employee
	−0.005
	−0.007†
	0.002∗
	 0.003∗
	0.036
	0.041∗     0.042∗

	
	
	(0.024)
	(0.022)
	(0.029)
	(0.007)
	(0.024)
	(0.023)     (0.021)             

	
Revenue
	
	0.052
	0.120∗
	0.126
	0.134
	0.171∗
	0.287∗     0.299∗

	
	
	(0.104)
	(0.117)
	(0.126)
	(0.132)
	(0.122)
	(0.231)     (0.21)

	Budget (SMEs innovation loan received) 
	
	0.077
	0.006
	0.033
	 0.033
	0.112
	0.067     0.052

	
	
	(0.11)
	(0.114)
	(0.147)
	(0.152)
	(0.177)
	(0.151)     (0.143)

	
IT design SME
	0.218
	0.053
	0.082
	0.082
	−0.527
	−0.427      −0.402

	
	
	(0.293)
	(0.322)
	(0.361)
	(0.367)
	(0.371)
	(0.322)     (0.306)

	
IT engineering SME
	0.272
	0.213
	1.007†
	 1.006†
	−0.700
	−0.227     −0.201

	
	
	(0.572)
	(0.636)
	(0.592)
	(0.581)
	(0.682)
	(0.608)     (0.601)

	
Sparse connections
	
	
	0.272∗
	0.324∗∗
	 0.337∗∗
	
	0.271∗
	0.322∗∗      0.337∗∗

	
	
	
	
	(0.17)
	(0.142)
	(0.136)
	(0.187)
	(0.171)     (0.167)

	
Interlocked connections
	
	
	
	0.280∗∗
	 0.286∗∗
	
	
	0.472∗∗      0.469∗∗

	
	
	
	
	
	(0.135)
	(0.136)
	
	
	(0.146)     (0.152)

	
Sparse connections x Interlocked connections
	
	
	
	
	
	
0.172∗∗ (0.072)

	
	
	             0.160∗∗
             (0.062)  


	
	
	
	
	
	
	
	
	
	

	R2
	
	0.442
	0.562
	0.677
	0.699
	0.576
	0.712     0.723

	R2 increase
	
	
	0.120
	0.115
	0.022
	0.134
	0.136     0.011

	N
	
	1,056
	1,056
	1,056
	1,056
	1,056
	1,056     1,056



†p  ≤0.1;∗  p  <0.05;∗∗  p  <0.01; Robust standard errors in parentheses.

We use three years’ revenue growth as a dependent variable for models 1[footnoteRef:3], 2, 3 and 4.Our result suggests sparse and interlocked connections have a significant influence on SMEs’ innovation results. Sparse connections calculated by each SME’s structural hole count are added in Model 2. Our results show that sparse connections are positively associated with SMEs’ innovation results (β = 0.2717, p = 0.042). This finding is consistent with previous research (Burt, 2015; Cross et al, 2015; Gargiulo and Sosa, 2016). Model 3 adds interlocked connections calculated by each SME’s triad connection count. Our Model 3 shows that the correlation between interlocked connections and three years’ revenue growth is positive and significant, meanwhile sparse connections are also positively associated with the revenue growth (β sparse-connections = 0.3239, p = 0.007 and β interlocked-connections = 0.2802, p = 0.004). Model 4 suggests interaction between sparse and interlocked connections can contribute to innovation results (β = 0.1721 p = 0.041). This finding adds a new point to the existing theories (Burt, 2015; Cross et al., 2015; Gargiulo and Sosa, 2016; Garcia-Perez-de-Lema et al., 2017). This new point is that sparse and interlocked connections together can influence innovation outcomes.  [3: In Model 1, we use only the control variables to show the difference without the proposed independent variables.] 


Results remain the same when we include five years’ revenue growth as a dependent variable. This indicates the robustness of the results. The five years’ revenue growth is used as a dependent variable for models 5, 6 and 7. Our models 5 and 6 show similar results concerning the correlations between these two structures of SMEs’ connections and SMEs’ five years’ revenue growth. Model 5 suggests sparse connections can contribute to innovation results (β = 0.2709, p = 0.041). Our Model 6 includes interlocked connections; the influence on five years’ revenue growth increased (β sparse-connections = 0.3221, p = 0.006 and β interlocked-connections = 0.4716, p = 0.005). Model 7 shows the interaction effects are also significant. 

The R2 increase indicates our hypotheses are supported and the model is robust. In our results, the R2 increase shows the influence of SMEs’ connections on innovation results (see Table 2). For example, compared to Model 1, R2 in Model 2 is increased by adding sparse connections. Adding interlocked connections in Model 3, the results show increased R2 compared to Model 2. Model 4 adds the interaction effects of sparse and interlocked relations, and the R2 increased further. Similar results are shown in models 5, 6 and 7 testing against five years’ revenue growth. 


Table 3:  Results of regression analysis

	                    3 years revenue growth
	5 years revenue growth

	Sparse connections
	0.3367∗∗
	0.3373∗∗

	Interlocked connections
	0.2861∗∗
	0.4691∗∗

	Interaction effects
	0.1721∗∗
	0.1602∗∗

	Constant
	−0.176
	0.0221

	R2                           0.6993
	0.7217

	R2  Increase                0.2572
	0.2796


                †p  ≤0.1;∗  p  <0.05;∗∗  p  <0.01.


 (
Revenue growth
)


Figure 6: Interaction effect graph (3 years’ revenue growth)

The results support our three hypotheses (see Table 3 and Figure 6). Whilst Model 1 shows SMEs’ characteristics matter for innovation, the results show sparse and interlocked connections have a more significant influence. Moreover, the influence of sparse connections is even more significant when interlocked connections are added in the model. This suggests that sparse connections are less beneficial without interlocked connections. Finally, our models 4 and 7 show there is a significant interaction effect between sparse and interlocked connections. 




Table 4: Summary of findings

	                      3 years revenue growth
	5 years revenue growth

	Sparse connections
	Hypothesis 1 supported
	Hypothesis 1 supported

	Interlocked connections    Hypothesis 2 supported
	     Hypothesis 2 supported

	Interaction effects        Hypothesis 3 supported
	     Hypothesis 3 supported



[bookmark: _GoBack]A positive interaction effect is spotted in Table 2. Figure 6 shows that sparse connections have a stronger influence on the dependent variable when thre are more interlocked connections, therefore, it is a moderation effect between sparse and interlocked connections. The influence of sparse connections is higher when there is a higher level of interlocked connections. In contrast, the influence of sparse connections is lower when there is a lower level of interlocked connections. Thus, the influence of sparse connections is moderated by interlocked connections.     

In addition, the correlation coefficients of number of employees are too small (between .002 and .04). Although the correlations are significant, the number of employees can hardly have an influence on the revenue growth in the models due to the small correlation coefficients. Revenue is not significant in Model 4; however, it is significant in Model 7. Due to this, the findings do not support any correlation between the size of firm and revenue growth.


5. Conclusion

Our results show that sparse and interlocked connections have a significant influence on SMEs’ revenue growth. In particular, there is an interaction effect of sparse and interlocked connections in firm networks which can influence innovation. We present two findings. First, both sparse and interlocked connections are beneficial to SMEs’ innovation. Second, the presences of both sparse and interlocked connections provides further positive effects on SMEs by making them more active and able to innovate further. Our findings show that sparse and interlocked connections together can provide more effects than the sum of their effects individually on revenue growth. Thus, we suggest there is a positive interaction effect between sparse and interlocked connections.

The novelty of this research is suggesting that various inter-organization connection structures can benefit from each other, rather than conflict with each other. Firms can increase their innovation capacity through inter-organizational connections (Chen et al., 2011; Fitjar and Rodriguez-Pose, 2013; Nunes and Lopes, 2015; Apanasovich et al., 2016; Thoma, 2017); however, it was not clear whether it is beneficial or harmful to have different inter-organizational connections at the same time. Due to the variety of inter-organization connections (Thomä and Zimmermann, 2019), SMEs need to optimize their inter-organization connection structures. This research suggested that SMEs with both sparse and interlocked connections perform better in innovation.  

With regard to theory, our study fills the gap on different combinations of structures that have an impact on inter-organization connections and the subsequent impact on their ability to innovate. As discussed in the hypothesis development, SMEs that innovate through sparse connections may face to lack of control and coordination and   interlocked connections among SMEs may help to overcome it. Figure 6 showed that sparse connections can have a higher level of influence when there are more sparse connections. This finding supports that interlocked connections can help to overcome the disadvantage of sparse connections by raising the influence to a higher level. Prior research did not combine different structures of organizational connections. Our findings show that a combined network structure of sparse and interlocked connections is more beneficial to SMEs’ innovation than either only sparse or interlocked. This combined structure provides extra effects as the interaction effects in the model showed. This means having a combination of sparse and interlocked connections can provide the positive effect of each plus an extra effect on innovation results. On the other hand, the results show that sparse and interlocked connections do not reduce each other’s effect on innovation results. One does not decrease the other. Thus, sparse and interlocked connections are an effective combination in innovation.
 
Our results are consistent with prior empirical evidence in supporting the observation that both sparse and interlocked connections are positively associated with innovation results (Burt, 1992 and 2015). This prior empirical evidence showed a positive correlation between organizational connections and innovation results (Rodan and Galunic, 2004; Lovejoy and Sinha, 2010). Our results confirm this positive correlation between the number of sparse and interlocked connections and innovation results. More importantly, sparse and interlocked connections have a similar level of effects. The R2 changes from sparse and interlocked connections are almost equal. This means that they can influence innovation results almost equally. 

In addition, our findings provide evidence and motivation to seek more effective combinations in the future. Firm connections are highly complex in the nature of their innovations. Sparse and interlocked connections are simple structures. This research includes the combined structure of both as a more complex structure. The results showed that this complex structure has more effects than the simple structures. Thus, in order to understand the complex structures of firm connections more effectively, combined structures need to be explored. This can further improve the understanding about how firms can collaborate together more effectively. 

In terms of the contributions to management practices and policies, this research has implications for how firms can improve their external connections to achieve better innovation results. Our findings add evidence regarding the combined network structures to this research area. They suggest that firms with both sparse and interlocked connections are more likely to have better innovation results. Managers can contribute to the innovative nature of their firms by exploring the networking opportunities possible amongst dispersed and interlocked connections. More specifically, SME managers need to take a very active role in exploring the nature of the connections in their own industry. Policy makers need to develop policies that encourage SMEs to make use of both sparse and interlocked connections.

Due to the limitation of the dataset, this study only takes revenue growth into account. The findings reflect only the results of innovation rather than the processes. For example, this study is not able to distinguish radical and incremental innovation in the dataset. This is the limitation of this study. Further research is planned to improve our model with more data across different sections and contexts. Our results show the importance of combining various inter-organizational connection structures in the context of SMEs’ innovation; this finding can be more generalized with similar data from different business contexts.    

[bookmark: _Toc454393983]

References
Aalbers, R., Dolfsma, W. & Leenders, R. (2016) Vertical and horizontal cross-ties: Benefits of cross-hierarchy and cross-unit ties for innovative projects. J. Pro. Innov. Man., 33, 141-153.

Alam, A., Uddin, M. & Yazdifar, H. (2019). Financing behaviour of R&D investment in the emerging markets: the role of alliance and financial system, R&D Man., 49, 21-32.

Apanasovich, N., Heras, H. A., & Parrilli, M. D. (2016). The impact of business innovation modes on SME innovation performance in post-Soviet transition economies: The case of Belarus. Technov, 57, 30-40.

Baker, W. E., Grinstein, A. & Harmancioglu, N. (2016) Whose innovation performance benefits more from external networks: Entrepreneurial or conservative firms? J. Pro. Innov. Man, 33, 104-120.

Batjargal, B. (2003). Social capital and entrepreneurial performance in Russia: A longitudinal study. Organ. Stud., 24, 535–556.

Batjargal, B. (2007). Internet entrepreneurship: Social capital, human capital, and performance of internet ventures in China. Res. Pol., 36, 605–618.

Berger, A. N., & Udell, G. F. (2006). A more complete conceptual framework for SME finance. J. Bank. Fin., 30(11), 2945-2966.

Borgatti, S. P., & Halgin, D. S. (2011).On network theory. Org. Sci., 22(5), 1168-1181.

Burt, R. S. (1992). Structural holes the social structure of competition. Harvard Uni. Pres., Cambridge, MA.

Burt, R. S. (2015) Reinforced structural holes. Soc. Net., 43(1), 149-161.

Candi, M., Beltagui, A. & Riedel, J. C. K. H. (2013) Innovation through experience staging: Motives and outcomes. J. Pro. Innov. Man, 30, 279-297.

Carroll, G.R. & Teo, A.C. (1996).Social networks of managers. Acad. Man. J.,39, 421–440.

Chen, J., Chen, Y., & Vanhaverbeke, W. (2011). The influence of scope, depth, and orientation of external technology sources on the innovative performance of Chinese firms. Technov, 31(8), 362-373.

Cooke, P. & Wills, D. (1999). Small firms, social capital and the enhancement of business performance through innovation programmes. Smal. Bus. Econ., 13, 219–234.

Cross, R., Ernst, C., Assimakopoulos, D., & Ranta, D. (2015). Investing in boundary-spanning collaboration to drive efficiency and innovation. Organ.  Dyn., 44(3), 204-216.

Dan, C. (2014). Matters arising from SMEs E-Commerce adoption: Global perspective. Int. J. Int. Thing., 3(1), 1-7

Edelman, L.F., Bresnan, M., Newell, S., Scarborough, H. & Swan, J. (2004). The benefits and pitfalls of social capital: Empirical evidence from two organizations in the United Kingdom. Brit.  J. Man., 15, 59–69.

Elaian, K. (1996). Employment implications of small scale industries in developing countries: Evidence from Jordan, Science, Tech. Devel., 14(1), 80-101.

Fernandez-Olmos, M., & Ramirez-Aleson, M. (2017). How internal and external factors influence the dynamics of SME technology collaboration networks over time. Technov., 64, 16-27.

Fitjar, R. D., & Rodríguez-Pose, A. (2013). Firm collaboration and modes of innovation in Norway. Res Pol, 42(1), 128-138.

Fleming, L. & Waguespack, D.M. (2007). Brokerage, boundary spanning, and leadership in open innovation communities. Org. Sci., 18,165–180.

EUSME (2015). The ICT market in China, EU SME Centre report

Ferrary, M., & Granovetter, M. (2009). The role of venture capital firms in Silicon Valley's complex innovation network. Eco and Soc, 38(2), 326-359.

Gabbay, S.M. & Zuckerman, E.W. (1998). Social capital and opportunity in corporate R&D: The contingent effect of contact density on mobility expectations. Soc. Sci. Res., 27, 189–217.

Galaskiewicz, J. (2007). Has a network theory of organizational behaviour lived up to its promises? Man. Org. Rev. 3, 1-18.

Garcia-Perez-de-Lema, D., Madrid-Guijarro, A., & Martin, D. P. (2017). Influence of university–firm governance on SMEs innovation and performance levels. Tec. Forcast. Soc. Cha., 123, 250-261.

Gargiulo, M. & Sosa, M. E. (2016). Common third parties and coordination disruptions in new product development organizations. J. Pro. Inno. Man., 33, 132-140.

Gilsing, V. & Nooteboom, B. (2005). Density and strength of ties in innovation networks: An analysis of multimedia and biotechnology. Euro. Man. Rev., 2, 179–197.

Gilsing, V., Cloodt, M. & Roijakkers, N. (2016) From birth through transition to maturation: The evolution of technology-based alliance networks. J. Pro. Inn. Man., 33, 181-200.

Granovetter, M.S. (1973). The strength of weak ties," America. J. Soc., 78(6), 1360-1380.

Granovetter, M. (1985). Economic action and social structure: The problem of embeddedness. America. J. Soc, 91, 481–510.

Gulati, R. (1999). Network location and learning: The influence of network resources and firm capabilities on alliance formation. Strat. Man. J. , 20, 397–420.

Hanneman, R.A., & Riddle, M. (2005). Introduction to social network methods. Riverside, CA: Uni. of Cali., Riverside (published in digital form at http://faculty.ucr.edu/ ~hanneman/) 

Iacobucci, D. & Hoeffler, S. (2016). Leveraging social networks to develop radically new products. J. Pro. Inno. Man., 33, 217-223.

Ibarra, H., Kilduff, M. &Tsai,W. (2005). Zooming in and out: connecting individuals and collectivities at the frontiers of organizational network research. Org.  Sci., 16, 359–371.

Inkpen, A.C. & Tsang, E.W.K. (2005). Social capital, networks, and knowledge transfer. Aca. Man. Rev., 30, 146–165.

Jaccard, J., Turrisi, R., & Jaccard, J. (2003). Interaction effects in multiple regression. New York: Sage.

Javaid, M. A. (2014). Implementation of cloud computing for SMEs. World J. Com. Appli. Technol.2(3), 66-72.

Jensen, M. B., Johnson, B., & Lorenz, E. L. (2007). Forms of knowledge and modes of innovation. Res Pol, 36(5), 680-693.

Joshi, A. (2006). The influence of organizational demography on the external networking behavior of teams. Acad. Man. Rev., 31,583–595.

Koka, B.T. & Prescott, J.E. (2002). Strategic alliances as social capital: A multidimensional view. Str. Man. J., 23, 795–816.

Konsti-Laakso, S. Pihkala, T. and  Kraus, S., (2012). Facilitating SME innovation capability through business networking, R&D Man., 21, 93-105

Kraatz, M.S. (1998). Learning by association? Interorganizational networks and adaptation to environmental change. Aca. Man. J., 4, 621–643.

Krackhardt, D. (1992). The strength of strong ties: The importance of philos in organizations. In Nohria, N.and Eccles, R. (eds), Networks and Organizations: Structures, Form and Actions. Boston, MA: Harvard Bus. Sch. Pres., pp. 216–239.

Laursen, K., & Salter, A. (2006). Open for innovation: the role of openness in explaining innovation performance among UK manufacturing firms. Stra man j, 27(2), 131-150.

Leenders, R. T. A. J. & Dolfsma, W. A. (2016). Social networks for innovation and new product development. J. Pro. Inn. Man., 33, 123-131.

Levin, D.Z. & Cross, R. (2004). The strength of weak ties you can trust: The mediating role of trust ineffective knowledge transfer. Man. Sci.50, 1477–1490.

Liao, J. &Welsch, H. (2005). Roles of social capital in venture creation: Key dimensions and research implications. J. Smal. Bus. Man., 43, 345–62.

Lovejoy, W. S. & Sinha, A. (2010). Efficient structures for innovative social networks. Man.  Sci., 56(7), 1127-1145.

Lynch, P., O'toole, T. & Biemans, W. (2016). Measuring involvement of a network of customers in NPD. J. Pro. Inn. Man.t, 33, 166-180.

McEvily, B. &Zaheer, A. (1999). Bridging ties: A source of firm heterogeneity in competitive capabilities. Str. Man. J., 20, 1133–1156.

Mukherjee, S., Uzzi, B., Jones, B. & Stringer, M. (2016). A new method for identifying recombinations of existing knowledge associated with high-impact innovation. J. Pro. Inno. Man., 33, 224-236.


Mulhern, A. (1995). The SME sector in Europe: A broad perspective. J. Smal. Bus. Man., 33(3), 83.

Mun, C., Kim, Y., Yoo, D., Yoon, S., Hyun, H., Raghavan, N., & Park, H. (2019). Discovering business diversification opportunities using patent information and open innovation cases. Tec. Forcast. Soc. Cha., 139, 144-154.

[bookmark: _Toc236053390][bookmark: _Toc233689811]
Müller, J. M., Buliga, O., & Voigt, K. I. (2018). Fortune favors the prepared: How SMEs approach business model innovations in Industry 4.0. Tec. Forcast. Soc. Cha., 132, 2-17.

Narula, R. (2004). R&D collaboration by SMEs: New opportunities and limitations in the face of globalisation. Technov., 24(2), 153-161.

Nebus, J. (2006). Building collegial information networks: A theory of advice network generation. Aca. Man. Rev., 31, 615–637.

[bookmark: _Toc454393984][bookmark: _Toc450077427][bookmark: _Toc437879421][bookmark: _Toc410681897][bookmark: _Toc406748228][bookmark: _Toc402901579][bookmark: _Toc394506580][bookmark: _Toc320539332][bookmark: _Toc318137279][bookmark: _Toc290544314][bookmark: _Toc288831076][bookmark: _Toc288078256][bookmark: _Toc288075298][bookmark: _Toc287874777][bookmark: _Toc286020865][bookmark: _Toc276332963][bookmark: _Toc263114611][bookmark: _Toc261590745][bookmark: _Toc258840160][bookmark: _Toc255651040][bookmark: _Toc255650911][bookmark: _Toc252379743][bookmark: _Toc245727310][bookmark: _Toc245462379][bookmark: _Toc241506731][bookmark: _Toc240744028]Nohria, N & Eccles, R.G [eds] (1992), Networks and organisatlons, Harvard Business School Press, Boston, Mass., USA

Nunes, S., & Lopes, R. (2015). Firm performance, innovation modes and territorial embeddedness. Eur Plan Stud, 23(9), 1796-1826.

[bookmark: _Toc454393985][bookmark: _Toc450077428][bookmark: _Toc437879422][bookmark: _Toc410681898][bookmark: _Toc406748229][bookmark: _Toc402901580][bookmark: _Toc394506581][bookmark: _Toc320539333][bookmark: _Toc318137280][bookmark: _Toc290544315][bookmark: _Toc288831077][bookmark: _Toc288078257][bookmark: _Toc288075299][bookmark: _Toc287874778][bookmark: _Toc286020866][bookmark: _Toc276332964][bookmark: _Toc263114612][bookmark: _Toc261590746][bookmark: _Toc258840161]Obstfeld, D. (2005). Social networks, the tertius Iungens orientation, and involvement in innovation. Adm. Sci. Quart.. 50: 100-130.

OECD (2016). Globalisation and small and medium enterprises, Synthesis report 

OECD (2020), Trends in SME and entrepreneurship finance in China, in Full Country Profiles report, OECD

Oh, D.-S., Phillips, F., Park, S., & Lee, E. (2016). Innovation ecosystems: A critical examination. Technov., 54, 1-6.

Oke, A., Walumbwa, F. O., & Myers, A. (2012). Innovation strategy, human resource policy, and firms' revenue growth: The roles of environmental uncertainty and innovation performance. Dec Sci, 43(2), 273-302.

Pancholi, S., Yigitcanlar, T., & Guaralda, M. (2019). Place making for innovation and knowledge-intensive activities: The Australian experience. Tec. Forcast. Soc. Cha., 146, 616-625.

Parrilli, M. D., & Heras, H. A. (2016). STI and DUI innovation modes: Scientific-technological and context-specific nuances. Res Pol, 45(4), 747-756.

[bookmark: _Toc454393988][bookmark: _Toc450077431][bookmark: _Toc437879425][bookmark: _Toc410681901][bookmark: _Toc406748232][bookmark: _Toc402901583][bookmark: _Toc394506584][bookmark: _Toc320539336][bookmark: _Toc318137283][bookmark: _Toc290544323][bookmark: _Toc288831085][bookmark: _Toc288078265][bookmark: _Toc288075307][bookmark: _Toc287874786][bookmark: _Toc286020874][bookmark: _Toc276332972][bookmark: _Toc263114620][bookmark: _Toc261590754][bookmark: _Toc258840169][bookmark: _Toc255651049][bookmark: _Toc255650920][bookmark: _Toc252379752][bookmark: _Toc245727319][bookmark: _Toc245462388][bookmark: _Toc241506740]Pittaway, L., Robertson, M., Munir, K. & Denyer, D.(2004). Networking and innovation: a systematic review of the evidence. Int. J. Man. Rev., 5(6), 137–168.

[bookmark: _Toc454393989][bookmark: _Toc450077432][bookmark: _Toc437879426][bookmark: _Toc410681902][bookmark: _Toc406748233][bookmark: _Toc402901584][bookmark: _Toc394506585][bookmark: _Toc320539337][bookmark: _Toc318137284][bookmark: _Toc290544324][bookmark: _Toc288831086][bookmark: _Toc288078266][bookmark: _Toc288075308][bookmark: _Toc287874787][bookmark: _Toc286020875][bookmark: _Toc276332973][bookmark: _Toc263114621][bookmark: _Toc261590755][bookmark: _Toc258840170][bookmark: _Toc255651050][bookmark: _Toc255650921][bookmark: _Toc252379753][bookmark: _Toc245727320][bookmark: _Toc245462389][bookmark: _Toc241506741][bookmark: _Toc240744030][bookmark: idBIB44]Podolny, M. & Baron J (1997). Resources and relationships: Social networks and mobility in the workplace. Ame.  Soc.  Rev., 62(1), 673 - 693.

Popa, S., Soto-Acosta, P., & Martinez-Conesa, I. (2017). Antecedents, moderators, and outcomes of innovation climate and open innovation: An empirical study in SMEs. Tec. Forcast. Soc. Cha., 118, 134-142.

Potrafke, N. (2015). The evidence on globalisation. Worl. Econ., 38(3), 509-552.

[bookmark: _Toc454393990][bookmark: _Toc450077433][bookmark: _Toc437879427][bookmark: _Toc410681903][bookmark: _Toc406748234][bookmark: _Toc402901585][bookmark: _Toc394506586][bookmark: _Toc320539338][bookmark: _Toc318137285][bookmark: _Toc290544330][bookmark: _Toc288831092][bookmark: _Toc288078272][bookmark: _Toc288075314][bookmark: _Toc287874793][bookmark: _Toc286020881][bookmark: _Toc276332979][bookmark: _Toc263114627][bookmark: _Toc261590761][bookmark: _Toc258840176][bookmark: _Toc255651056][bookmark: _Toc255650927][bookmark: _Toc252379759][bookmark: _Toc245727326][bookmark: _Toc245462395][bookmark: _Toc241506747]Reagans, R. & Zuckerman, E.W. (2001). Networks, diversity, and productivity: The social capital of corporate R&D teams. Org. Sci., 12, 502–517.

Ritala, P., & Almpanopoulou, A. (2017). In defense of "eco" in innovation ecosystem. Technov., 60, 39-42.

[bookmark: _Toc454393991][bookmark: _Toc450077434][bookmark: _Toc437879428][bookmark: _Toc410681904][bookmark: _Toc406748235][bookmark: _Toc402901586][bookmark: _Toc394506587][bookmark: _Toc320539339][bookmark: _Toc318137286][bookmark: _Toc290544331][bookmark: _Toc288831093][bookmark: _Toc288078273][bookmark: _Toc288075315][bookmark: _Toc287874794][bookmark: _Toc286020882][bookmark: _Toc276332980][bookmark: _Toc263114628][bookmark: _Toc261590762][bookmark: _Toc258840177][bookmark: _Toc255651057][bookmark: _Toc255650928][bookmark: _Toc252379760][bookmark: _Toc245727327][bookmark: _Toc245462396][bookmark: _Toc241506748]Rodan, S. & Galunic, C. (2004). More than network structure: how knowledge heterogeneity influences managerial performance and innovativeness. Str. Man. J., 25, 541–562.

Rogers, E (1995). Diffusion of Innovation. New York: Free Press.

Rothwell, R. and Dodgson, M. (1991). External linkages and innovation in small and medium-sized enterprises, R&D Man., 21, 125-137

[bookmark: _Toc454393992][bookmark: _Toc450077435]Schleimer, S. C. & Faems, D. (2016). Connecting interfirm and intrafirm collaboration in NPD projects: Does innovation context matter? J. Pro. Inn. Man., 33, 154-165.

Siemsen, E., Roth, A., & Oliveira, P. (2010). Common method bias in regression models with linear, quadratic, and interaction effects. Org Res Meth, 13(3), 456-476.

Solomon, G. T., & Linton, J. D. (2016). Standing at the crossroad of knowledge: Technology, innovation, entrepreneurship and the small business management - Policy perspectives. Technov., 57, 1-3.

Söderholm, P., Hellsmark, H., Frishammar, J., Hansson, J., Mossberg, J., & Sandström, A. (2019). Technological development for sustainability: The role of network management in the innovation policy mix. Tec. Forcast. Soc. Cha., 138, 309-323.

Storey, D., (1994). Understanding the Small Business Sector. Routledge: London.

[bookmark: _Toc454393997][bookmark: _Toc450077440][bookmark: _Toc437879432][bookmark: _Toc410681908][bookmark: _Toc406748239][bookmark: _Toc402901590][bookmark: _Toc394506591][bookmark: _Toc320539343][bookmark: _Toc318137290][bookmark: _Toc290544344][bookmark: _Toc288831107][bookmark: _Toc288078287][bookmark: _Toc288075329][bookmark: _Toc287874808][bookmark: _Toc286020896][bookmark: _Toc276332994][bookmark: _Toc263114642][bookmark: _Toc261590776][bookmark: _Toc258840191][bookmark: _Toc255651071][bookmark: _Toc255650942][bookmark: _Toc252379774][bookmark: _Toc245727341][bookmark: _Toc245462410][bookmark: _Toc241506762]Sydow, J. &Windeler, A. (1998). Organizing and evaluating interfirm networks: A structurationist perspective on network processes and effectiveness. Org. Sci., 9, 265–284.

Thomä, J. (2017). DUI mode learning and barriers to innovation—A case from Germany. Res Pol, 46(7), 1327-1339.

Thomä, J., & Zimmermann, V. (2019). Interactive learning—The key to innovation in non-R&D-intensive SMEs? A cluster analysis approach. J Small Bus Man, 6, 1-30.
[bookmark: _Toc406748240][bookmark: _Toc402901591][bookmark: _Toc394506592][bookmark: _Toc320539344][bookmark: _Toc318137291][bookmark: _Toc290544345][bookmark: _Toc288831109][bookmark: _Toc288078289][bookmark: _Toc288075331][bookmark: _Toc287874810][bookmark: _Toc286020898][bookmark: _Toc276332996][bookmark: _Toc263114644][bookmark: _Toc261590778][bookmark: _Toc258840193][bookmark: _Toc255651073][bookmark: _Toc255650944][bookmark: _Toc252379776][bookmark: _Toc245727343][bookmark: _Toc245462412][bookmark: _Toc241506764]
Thornhill, S. (2006). Knowledge, innovation and firm performance in high-and low-technology regimes. J. Bus. Ven, 21(5), 687-703.

[bookmark: _Toc454393999][bookmark: _Toc450077442][bookmark: _Toc437879434][bookmark: _Toc410681910]Thorpe, R., Holt, R., Macpherson, A. & Pittaway, L.(2005). Using knowledge within small and medium sized firms: a systematic review of the evidence. Int. J. Man.  Rev., 7,257–281.

[bookmark: _Toc454394000][bookmark: _Toc450077443][bookmark: _Toc437879435][bookmark: _Toc410681911][bookmark: _Toc406748241][bookmark: _Toc402901592][bookmark: _Toc394506593][bookmark: _Toc320539345][bookmark: _Toc318137292][bookmark: _Toc290544346][bookmark: _Toc288831111][bookmark: _Toc288078291][bookmark: _Toc288075333][bookmark: _Toc287874812][bookmark: _Toc286020900][bookmark: _Toc276332998][bookmark: _Toc263114646][bookmark: _Toc261590780][bookmark: _Toc258840195][bookmark: _Toc255651075][bookmark: _Toc255650946][bookmark: _Toc252379778][bookmark: _Toc245727345][bookmark: _Toc245462414][bookmark: _Toc241506766]Tsai, W. (2000).Social capital, strategic relatedness and the formation of interorganizational linkages. Str. Man. J., 21, 925–939.

[bookmark: _Toc454394001][bookmark: _Toc450077444][bookmark: _Toc437879436][bookmark: _Toc410681912][bookmark: _Toc406748242][bookmark: _Toc402901593][bookmark: _Toc394506594][bookmark: _Toc320539346][bookmark: _Toc318137293][bookmark: _Toc290544347][bookmark: _Toc288831112][bookmark: _Toc288078292][bookmark: _Toc288075334][bookmark: _Toc287874813][bookmark: _Toc286020901][bookmark: _Toc276332999][bookmark: _Toc263114647][bookmark: _Toc261590781][bookmark: _Toc258840196][bookmark: _Toc255651076][bookmark: _Toc255650947][bookmark: _Toc252379779][bookmark: _Toc245727346][bookmark: _Toc245462415][bookmark: _Toc241506767]Tsai, W. and Ghoshal, S. (1998). Social capital and value creation: The role of intrafirm networks. Acad. Man. J., 41, 464–476.

[bookmark: _Toc454394002][bookmark: _Toc450077445][bookmark: _Toc437879437][bookmark: _Toc410681913][bookmark: _Toc406748243][bookmark: _Toc402901594][bookmark: _Toc394506595][bookmark: _Toc320539347][bookmark: _Toc318137294][bookmark: _Toc290544349][bookmark: _Toc288831114][bookmark: _Toc288078294][bookmark: _Toc288075336][bookmark: _Toc287874815][bookmark: _Toc286020903][bookmark: _Toc276333001][bookmark: _Toc263114649][bookmark: _Toc261590783][bookmark: _Toc258840198][bookmark: _Toc255651078][bookmark: _Toc255650949][bookmark: _Toc252379781][bookmark: _Toc245727348][bookmark: _Toc245462417][bookmark: _Toc241506769]Uzzi, B. (1996). The sources and consequences of embeddedness for the economic performance of organizations: The network effect. Americ. Sociol. Rev., 61, 674–698.

van de Vrande, V., de Jong, J. P. J., Vanhaverbeke, W., & de Rochemont, M. (2009). Open innovation in SMEs: Trends, motives and management challenges. Technov., 29(6), 423-437.

van Lancker, J., Mondelaers, K., Wauters, E., & Van Huylenbroeck, G. (2016). The organizational innovation system: A systemic framework for radical innovation at the organizational level. Technov, 52, 40-50.

vanWeele, M., van Rijnsoever, F. J., & Nauta, F. (2017). You can't always get what you want: How entrepreneur's perceived resource needs affect the incubator's assertiveness. Technov., 59, 18-33.

Vos, J. P. (2005). Developing strategic self-descriptions of SMEs. Technov., 25(9), 989-999.

[bookmark: _Toc454394005][bookmark: _Toc450077448][bookmark: _Toc437879440][bookmark: _Toc410681916][bookmark: _Toc406748246][bookmark: _Toc402901597][bookmark: _Toc394506598][bookmark: _Toc320539350][bookmark: _Toc318137297][bookmark: _Toc290544352][bookmark: _Toc288831117][bookmark: _Toc288078297][bookmark: _Toc288075339][bookmark: _Toc287874818][bookmark: _Toc286020906][bookmark: _Toc276333004][bookmark: _Toc263114652][bookmark: _Toc261590786][bookmark: _Toc258840201][bookmark: _Toc255651081][bookmark: _Toc255650952][bookmark: _Toc252379784][bookmark: _Toc245727351][bookmark: _Toc245462420][bookmark: _Toc241506772]Walker, G., Kogut, B. & Shan, W. (1997). Social capital, structural holes and the formation of an industry network. Org. Sci., 8, 109–125.

[bookmark: _Toc454394006][bookmark: _Toc450077449][bookmark: _Toc437879441][bookmark: _Toc410681917][bookmark: _Toc406748247][bookmark: _Toc402901598][bookmark: _Toc394506599][bookmark: _Toc320539351][bookmark: _Toc318137298][bookmark: _Toc290544354][bookmark: _Toc288831119][bookmark: _Toc288078299][bookmark: _Toc288075341][bookmark: _Toc287874820][bookmark: _Toc286020908][bookmark: _Toc276333006][bookmark: _Toc263114654][bookmark: _Toc261590788][bookmark: _Toc258840203][bookmark: _Toc255651083][bookmark: _Toc255650954][bookmark: _Toc252379786][bookmark: _Toc245727353][bookmark: _Toc245462422][bookmark: _Toc241506774]Wasserman, S. & Faust, K. (1994). Social network analysis methods and applications. Cambridge: Cambridge Uni. Pres..

Weiblen, T., & Chesbrough, H. W. (2015). Engaging with startups to enhance corporate innovation. Calif. Man. Rev., 57(2), 66-90.

Weston, J. F. and Copeland, T. E., (1998). Man. Fin., CBS College Publishing: New York. 

Zeng, S. X., Xie, X. M., & Tam, C. M. (2010). Relationship between cooperation networks and innovation performance of SMEs. Technov., 30(3), 181-194.

The effect of sparse connections when the number of interlocked connections is high	Sparse connections	0.1721	0.33700000000000008	The effect of sparse connections when the number of interlocked connections is low	Sparse connections	0.12670000000000001	0.27200000000000002	image1.jpeg




image2.jpeg
SN

-





