Institutions, technological diversity and distant search: The innovation performance of ICT firms across European regions
Abstract
We explore interactions between institutions, technological diversity and geographically distributed R&D strategies on the innovation performance of knowledge intensive firms. We submit that institutional features of a firm’s environment impact on its ability to generate high performing innovations. However, the extent to which a firm’s R&D efforts are negatively affected by unfavorable institutions is moderated by the organizational context for innovation. We argue that firms with higher levels of technological diversity and geographically distributed R&D are better positioned to insulate themselves from unfavorable institutional environments. We test our hypothesis in a sample of 1294 ICT firms and their 88, 765 patents across a diverse range of European regions. 

Introduction
Recently, researchers have been placing a renewed emphasis on the geography of innovation (Vasudeva, 2009; Laursen et al. 2012) reflecting trends towards increased internationalisation and decentralisation of research and development (R&D) activities (Lahiri, 2009; Arora et al. 2013). Research has tended to treat geography and innovation as a vector of distance between firms and organizations performing related R&D (Owen-Smith et al. 2004; Funk, 2014). However, this narrow perspective is increasingly being extended to embrace geographic space as “unique collections of social, economic and political characteristics” (Gilbert and Campbell, 2015: 312). Social and political influences on organizational activity can be thought of collectively as institutional features of the environment (North, 1990; Oliver, 1997). Due to the highly localized nature of innovation (Jaffe and Tratenberg, 1999) and its dependency on “place-specific factors and conditions” (Boschma and Martin, 2010: 20), the local geographic space of a firm plays a critical role in R&D and knowledge creation strategies (Boschma and Martin, 2010). Geographic spaces and their constituent institutions not only shape policies pertaining to technological development but, they also influence the nature of a firm’s interactions within that environment. As such, “innovation is as much a social and political activity as it is a technical and rational process” (Vasudeva, 2009: 1249). 

An extensive body of literature has now firmly established the significant impact that institutions have on the behavior, strategy and performance of organizations (North, 1991; Oliver, 1997; Greening and Gray, 1994; Li and Atuahene-Gima, 2001). In technology development literatures, perspectives such as national innovation systems (NIS) (Dosi et al. 1988; Nelson, 1995) have become popular means of perceiving contingencies between institutional features of the external environment and innovative activities (Lundvall et al. 2002). The NIS literature argues that successful innovation relies on an ecosystem of supportive institutions. However, as noted by van Waarden (2001: 766), “the concept of institutions has mostly been reduced to organization sets that provide resources, possibilities and constraints for innovation”. This ecosystem of organizations such as universities, research institutes, banks, technical training centers and professional service providers play an important role in supporting firms that are active in R&D, but are themselves subject to and influenced by exogenous institutions. In a more specific sense, institutions are the “norms, habits, conventions and rules” of a society (van Waarden (2001: 766) but, the impact of institutions on innovation performance and knowledge creation strategies of firms is underdeveloped. 

In particular, it is unclear how institutions can influence a firm’s knowledge creation strategies and innovation performance. In this study, we are particularly interested in how regional governmental institutions impact on firm level innovation performance. A recent report by the OECD suggests that variations in the innovative performance of advanced nations can largely be reduced to the role of government (OECD, 2007). Innovating firms depend on government institutions to provide economic stability and to ensure that critical resources are deployed effectively and equitably (AMR papers). Previous studies have demonstrated that regional institutions impact on innovation productivity (Rodriguez-Pose and Cataldo (2014), but research is lacking on how these institutions impact on firm-level innovation outcomes, particular the quality of a firms R&D output. 

A further critique of existing institution-based approaches to innovation, such as NIS, is that innovation is more likely to be influenced by subnational (that is local) institutions than by national level institutions (Cooke et al. 1997). This relates to the well-established concept of path-dependency in knowledge creation activities that typically manifests in knowledge localization, that is, an over reliance on local search (Jaffe et al. 2003; Wagner et al. 2013; Rosenkopf & Almeida, 2003). The regional innovation systems (RIS) (Cooke et al. 1997)  focuses on interactions between firms, people and institutions at a subnational level, however, the link between important regional institutions and the innovation performance of firms remains under explored. With firm innovation activity geographically localized, institutional characteristics of the local environment arguably play a central role in determining the quality of innovative outcomes. In this case we are interested in the impact of institutions at the level of subnational regions. Regions contain “an extraordinarily complex manifestation of societal relations and productive activity” (Storper and Walker, 1989: 1) and have been examined extensively as systems of innovation and economic growth. The socio-economic and institutional configurations of a region therefore set the localized conditions under which a firm’s innovation occurs.

In this paper we explore the impact of institutions on firm-level innovation outcomes through adopting the organizational learning perspective (Huber, 1991; Argote and Miron-Spektor, 2011). Organizational learning is based on the premise that organizations internally develop and externally acquire new information, ideas and knowledge to facilitate adaptability, growth and innovation (Levitt & March, 1988; Huber, 1991). The aspect of organizational learning that we focus our attention on is knowledge creation, which occurs when a unit generates knowledge that is new to it (Amabile, 1997). 

Argot and Miron-Spektor (2011: 1124) state that “Organizational knowledge occurs in a context that includes the organization and the environment in which the organization is embedded”. Building on this premise we submit that features of the organizational context for learning interact with the environmental context to produce variation in the ability of firms to create high performing innovations. We posit that institutions condition the experience of a firm and, therefore, impact on knowledge creation. The organizational context for knowledge creation concerns the opportunities for firms to combine knowledge in novel ways (Kogut and Zander, 1992). An organizational context for knowledge creation that has the capacity for drawing on a large, diverse and novel knowledge base contributes to innovation because it “increases the number of potential paths a firm can search and the number of potential new combinations of knowledge” (Argot and Miron-Spektor, 2011: 1129). More specifically, we argue that the organizational context for knowledge creation is characterized by the technological diversity of a firm and geographical distribution its knowledge creation activities. We see the organizational and environmental context for knowledge creation as inter-woven. More specifically, we submit that the institutional context of a firm impacts on the quality of a firm’s innovation but, that this is moderated by a firm’s technological diversity and the geographical distribution of its R&D. In the following sections we develop hypotheses to further develop the underlying mechanisms of these relationships. 

Theoretical development
Institutions and innovation 
Institutions, the “rules of the game” (North, 1991), concern the humanely devised governing principles, norms, regulations and patterns of behavior that permeate soceity. The focus of this study is principally on institutions that are formal in nature (i.e. government and regulation), but we recognize that informal institutions (e.g. trust and social capital) may also impact on innovation. The impact of institutions on firms and other organizational forms have been examined across a wide and diverse range of contexts and the importance of institutions in affecting firm behavior and performance is well established. However, the relationship between institutions and innovation is complex and ambivalent (van Waarden, 2001).  On the one hand, economic theory suggests that institutions, particularly those concerning government and regulation, are bad for innovation, because they have the capacity to infringe on the freedom and creative capacity of firms. On the other hand, institutions form an important role in creating economic conditions that are conducive to innovation. As noted by Rodrıguez-Pose and Cataldo (2014: 3), “Government institutions contribute to define the degree of economic uncertainty in the society and the way in which collective decisions are made. They are responsible for regulating learning processes, supporting the formation of mutual trust and facilitating the transmission of knowledge between innovation players.” Innovating firms depend on government institutions to provide economic stability and to ensure that critical resources are deployed effectively and equitably within the locale. The relationship between institutions and the innovation performance of firms stems from the role of uncertainty in the knowledge creation process.

Indeed, perhaps one of the defining features of innovation, in comparison with other economic activities, is the high degree of out-come uncertainty. For example, for innovative activities Jorde and Teece (1990: 76) state that “‘dry holes’ and ‘blind alleys’ are the rule, not the exception”. Firms invest significant amounts of capital into R&D but, there is no guarantee of economic returns, with many new research projects being abandoned before fruition or ignored after completion. Indeed, even innovations that are patented often do not lead to marketable or profitable new products. Whitely (2000) argues that risk and uncertainty are a function of the type of innovation that the firm is engaging in. Incremental innovations intended to refine, extend and augment existing technologies are less likely to be affected by uncertainty than are radical innovations that are more complex, risky and explorative. As noted by van Waarden (2001: 769), “obviously, when risk and uncertainty are greater…the need for firm strategies and supportive institutions that can reduce is risk is higher”. 

With institutions playing a central role in both creating an environment conducive to innovation but, also, in reducing environmental uncertainty, we would expect firms that are based in regions with higher quality institutions are in a better position to engage in R&D that is more conducive to the creation of high-performing innovations. Therefore;

Hypothesis 1: Institutional quality is positively related to a firm’s innovation performance

Institutions and geographically distributed R&D
A recent phenomenon of globalisation is the increasing propensity for firms to geographically distribute their research and development (R&D) activities both within and across national borders (OECD, 2009; Lahiri, 2010). New technologies are increasingly the outcome of local and non-local (distant) knowledge combinations (Singh, 2005). However, geographically distributing R&D may impede a firm’s ability to communicate, disseminate and integrate new knowledge in an effective way (Feinberg and Gupta, 2004). While some studies have highlighted the benefits of distributed R&D, such as access to a greater diversity of geographically dispersed knowledge (Kafouros et al. 2008; Leiponen and Helfat, 2011), others have demonstrated that too much distributed knowledge creation activities can have a negative impact on firms’ innovation performance (Lahiri, 2009). 

Existing theory has placed emphasis on the importance of geographically concentrated business clusters for firms performing R&D in knowledge intensive industries (Audretsch and Feldman, 1996). Geographic colocation amongst firms and organizations performing related R&D increases opportunities for formal and informal interactions that are conducive to information and knowledge sharing (Jaffe et al. 1993; Whittington et al. 2009). This is because tacit, difficult to codify, knowledge is more easily transferred between geographically proximate actors, which subsequently impacts on innovation quality (Laursen et al. 2012; Funk, 2014; Belderbos et al. 2014). The role of geographical proximity in generating knowledge spillovers has been well documented in the innovation literature (Audretech and Feldman, 1995; Jaffe et al. 2003). 

However, as firms increasingly adopt distant search strategies, beyond their primary region and country, there is a need to understand how regional geographic space influences and impacts on these increasingly used paths to innovation (Wagner et al. 2013; Fitjar and Huber, 2014: Doloreux and Shearmur, 2012). While the field of economic geography has established the foundation for understanding socio-economic systems, there is much to learn about how these factors influence the distant knowledge development strategies of firms. In fact, recently, it has been argued that local knowledge building and non-local (distant) knowledge development and acquisition are intrinsically interwoven (Bathelt and Cohendet, 2014). In order for firms and regions to “maintain competitiveness…it is crucial to identify and acquire appropriate knowledge pools that exist beyond easily accessible ‘comfort zones’” (Bathelt and Cohendet, 2014: 871). Existing research points to the benefits that geographically distributed R&D can bring to a firm, but also highlight, that the relationship with innovation performance is curvilinear as coordination costs begin to outweigh the benefits of knowledge diversity. Building on the discussion above we suggest that a firm’s usage of geographically distributed R&D should be considered in the broader context of the environment in which it operates. 

Witt and Lewin (2007) suggest that geographical expansion of firms can, under conditions of unfavorable institutions, be viewed as an ‘escape response’. Their argument suggests that when there is a misalignment between firm needs and institutional conditions, firms may use geographical expansion as a means of reducing dependency on the unfavorable environment. This logic of an escape response to negative institutional conditions can be extended to understand the geographical distribution of R&D. When institutional conditions are misaligned with a firm’s innovation needs, a firm’s capacity to focus on more demanding, complex and potentially high-performing projects will be diminished. In many ways, firms depend on institutions for support, resources, investment and for engendering an environment that is conducive to innovation (Whitely, 2000). Firms operating in favorable institutional environments are likely to suffer less from uncertainty and will benefit from consistent regulation and the flow of resources and investment into the locale (Rodrıguez-Pose and Cataldo, 2014). However, in contexts in which a firm’s needs are misaligned with institutional conditions, overreliance on that environment is likely increase uncertainty and deter the pursuance of novel ideas. In this case, geographically distributed R&D may provide an organizational context through which the firm can reduce its uncertainty whilst increasing the novelty of its innovative efforts. Hillman, Withers and Collins (2009) state that “the rapid pace of globalization in the past three decades raises new opportunities for organizational forms designed to reduce interdependencies across different institutional settings.” Therefore, while we acknowledge that an important motivation for geographically distributed R&D is to access sticky knowledge that is spatially dispersed, we also submit that this is a means through which firms can create an organizational context for innovation that militates against unfavorable institutions. Therefore: 

Hypothesis 2: When institutional quality is weak, the innovation performance of firms with higher levels of geographically distributed R&D, is stronger

Institutions and technological diversity
Technological diversity refers to the breadth of a firm’s technology portfolio. “Technological diversity enables
firms to conduct “search” widely and relate new knowledge to what is already known” (Lahiri, 2010).  The technological diversity of innovating firms has attracted an increasing amount of attention from management scholars in recent years. However, the interaction of a firm’s technological diversity with its environment has been ignored. We explore the role of technological diversity as an organizational context for reducing the harmful effects of unfavourable institutions to innovation performance. 

As previously mentioned unfavourable institutions can negate against a firm’s willingness to pursue, and ability to generate, projects with the potential to produce high performing innovations. However, it is probable that an organizational context that can draw on a greater diversity of internal knowledge, capabilities and specialised skills can better insulate itself against the obstacles that weak quality institutions may inflict on the innovation process. This is because technological diversity increases the potential for novel knowledge combinations within the organizational context of the firm (Kogut and Zander, 1992; Argot and Miron-Spektor, 2011). In instances when institutions create environments where co-located firms are less willing to collaborate and share knowledge (for example, because of weak commitment to protecting intellectual property rights), a firm with greater technological diversity is less likely to be negatively affected because it is has more ‘in-house’ knowledge pools to draw on. Furthermore, Miller (2006) notes that technological diversity should be viewed as technological opportunity because it “presents managers with a set of investment opportunities that could be pursed through various arrangements (e.g. licensing)”. Therefore, technological diversity may providea firm with more paths to overcome the harmful effects associated with an unfavorable institutional environment. Therefore, we suggest that following hypothesis: 

Hypothesis 3: When institutional quality is weak, the innovation performance of firms with higher levels of technological diversity is stronger

Data and methodology
This study combines firm-level data from the AMADEUS dataset, with data drawn from the European patent office (EPO). This research is based on a study of 1,294 firms in the European ICT industry, covering the period between 2003-2012. The study utilises data from the firms’ patents to construct variables pertaining to each firms’ innovation performance and knowledge creation strategies. In total, the researchers analysed 88, 765 patents that have been granted to the 1294 firms in the sample. The location of the firms in the sample is taken as the NUTS level 2 region to which the majority of their patents originate from. This is effectively the location of each firm’s ‘core research facility’ (Funk, 2014). Firm level data was combined with regional level data drawn from three sources: (1) the Gothenburg Quality of Government Institute, (2) the World Bank Governance indicators, and ; (3) REGIS Data. The variable correlations and initial models can be seen in table 1 and 2 respectively. Further models test hypothesis 2 and 3 through splitting the sample into regions with high quality and low quality institutions. 
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Table 1: Variable correlations
Tables
	#
	Variable
	Mean
	Std. Dev.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	Innovation quality
	2.73511
	26.64912
	
	
	
	
	
	
	
	
	
	

	2
	Technological diversity
	0.440338
	0.4083686
	0.0992
	
	
	
	
	
	
	
	
	

	3
	Geographic distribution
	0.3098176
	0.3775367
	0.1469
	0.2673
	
	
	
	
	
	
	
	

	4
	Quality of institutions
	0.2882143
	1.563384
	0.0295
	0.01
	0.1489
	
	
	
	
	
	
	

	5
	Firm innovation share
	0.9700949
	0.1095457
	0.0119
	-0.0323
	-0.1849
	-0.014
	
	
	
	
	
	

	6
	Firm regional innovation share
	0.9973894
	0.0381301
	0.0069
	0.0257
	-0.0196
	-0.0499
	-0.0069
	
	
	
	
	

	7
	Number of patents
	9.765193
	73.11053
	0.8379
	0.1172
	0.1823
	0.0491
	0.0161
	0.0074
	
	
	
	

	8
	Size (log os sales)
	11.10899
	1.445106
	0.3028
	0.2934
	0.3336
	0.1341
	-0.0269
	0.0112
	0.3876
	
	
	

	9
	Age
	27.66828
	27.09431
	0.2392
	0.084
	0.0917
	0.0347
	0.0084
	0.0314
	0.2995
	0.3078
	
	

	10
	Regional concentration of innovation
	0.6796074
	0.3004543
	0.0416
	0.0247
	0.1137
	0.2104
	0.0018
	-0.0065
	0.0521
	0.0845
	0.0743
	

	11
	Social filter
	-0.6623781
	0.7193292
	-0.0174
	-0.0047
	-0.1031
	-0.4204
	-0.0243
	-0.005
	-0.0451
	-0.1097
	-0.0599
	0.0435











Table 2: Preliminary models
	
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4

	Variables
	Coef
	
	S.E.
	
	Coef
	
	S.E.
	
	Coef
	
	S.E.
	
	Coef
	
	S.E.

	Technological diversity (TD)
	1.31
	*
	(0.53)
	
	1.04
	*
	(0.45)
	
	1.31
	*
	(0.53)
	
	1.03
	*
	(0.44)

	Technological diversity squared(TDsq)
	-0.3
	
	(0.55)
	
	0.03
	
	(0.46)
	
	-0.3
	
	(0.54)
	
	0.04
	
	(0.44)

	Geographic distribution (GD)
	2.91
	***
	(0.49)
	
	2.9
	***
	(0.5)
	
	2.79
	***
	(0.49)
	
	2.76
	***
	(0.51)

	Geographic distribution squared (GDsq)
	-2.23
	***
	(0.51)
	
	-2.22
	***
	(0.53)
	
	-2.06
	***
	(0.51)
	
	-2.04
	***
	(0.53)

	Quality of institutions (QI)
	0.31
	*
	(0.16)
	
	0.29
	†
	(0.16)
	
	0.31
	*
	(0.15)
	
	0.28
	†
	(0.15)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TD*QI
	
	
	
	
	0.63
	*
	(0.27)
	
	
	
	
	
	0.65
	**
	(0.25)

	TDsq*QI
	
	
	
	
	-0.74
	**
	(0.29)
	
	
	
	
	
	-0.76
	**
	(0.27)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	GD*QI
	
	
	
	
	
	
	
	
	0.27
	
	(0.35)
	
	0.32
	
	(0.37)

	GDsq*QI
	
	
	
	
	
	
	
	
	-0.35
	
	(0.38)
	
	-0.39
	
	(0.4)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Firm innovation share
	1.5
	†
	(0.88)
	
	1.51
	†
	(0.88)
	
	1.51
	†
	(0.88)
	
	1.53
	†
	(0.89)

	Firm regional innovation share
	-0.72
	
	(2.07)
	
	-0.67
	
	(2.07)
	
	-0.71
	
	(2.07)
	
	-0.66
	
	(2.08)

	Number of patents
	0.01
	***
	(0)
	
	0.01
	***
	(0)
	
	0.01
	***
	(0)
	
	0.01
	***
	(0)

	Size (log os sales)
	0.45
	***
	(0.07)
	
	0.44
	***
	(0.07)
	
	0.45
	***
	(0.07)
	
	0.45
	***
	(0.07)

	Age
	0
	
	(0)
	
	0
	
	(0)
	
	0
	
	(0)
	
	0
	
	(0)

	Regional concentration of innovation
	0
	
	(0.3)
	
	-0.02
	
	(0.31)
	
	-0.01
	
	(0.3)
	
	-0.02
	
	(0.31)

	Social filter
	1.12
	**
	(0.4)
	
	1.11
	**
	(0.4)
	
	1.12
	**
	(0.4)
	
	1.11
	**
	(0.4)

	Constant
	-7.75
	***
	(2.26)
	
	-7.77
	***
	(2.26)
	
	-7.79
	***
	(2.26)
	
	-7.82
	***
	(2.27)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dependent variable: Innovation quality (5 year citation window)
	
	
	
	
	
	
	
	
	
	
	
	

	Method: Mixed effects negative binomial
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Robust standard errors are reported in parantheses
	
	
	
	
	
	
	
	
	
	
	
	
	

	Number of firms: 1294
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Number of observations: 4610
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	*** p< 0.001; ** p< 0.01; * p< 0.05 and † p< 0.10.
	
	
	
	
	
	
	
	
	
	
	
	
	
	



