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INTRODUCTION 

While continuous technological innovation has been considered crucial for economic growth and 

regional adaptation (Acs, 2000; Acs, Anselin and Varga, 2002; Braczyk, Cooke and Heidenreich, 

1997; Cooke and Morgan, 1998; Sweeney, 1987), empirical research remains somewhat limited 

because few approaches to measuring regional innovation exist. The situation is particularly 

troublesome when one needs to account for different kinds of innovation that together comprise 

regional innovation dynamics (Acs, Anselin and Varga, 2002; Acs and Audretsch, 1993; 

Doloreux and Dionne, 2008). Obviously, innovation may take various forms – from grand 

innovation that implies genuinely new-to-the-world breakthroughs to more localized innovation 

when new ideas are transferred from technological leaders to less advanced recipients to mere 

updates in locally adopted technologies aiming at more efficient use of the resources at hand 

(Autio, 1998). Therefore, extant approaches to studying regional innovation by analyzing 

patenting and R&D efforts can only provide limited insights into the nature of innovative 

patterns, and received research on regional innovation has called for alternative measurement 

approaches to capture the dynamics of this phenomenon (Bottazzi and Peri, 2001; Carlsson, 
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Jacobsson, Holmen and Rickne, 2002). As such, there is a scholarly need in new methods to 

analyze regional innovation; specifically in methods capable of distinguishing between 

alternative kinds of innovation trajectories that regions may choose to follow yet providing some 

common metrics to assess relative progress in levels of regional technological innovation 

regardless of trajectories chosen. In fact, measurements that simultaneously capture different 

kinds of innovation are needed in order to facilitate scientific progress related to better 

understanding of regional innovation development patterns. Absent such measures, empirical 

research is hampered.  

This paper aims to offer such an approach to the scholarly community. It presents an 

approach based upon Data Envelopment Analysis (DEA) and the Malmquist productivity index 

and illustrates how they may be utilized to assess and make sense of regional technological 

innovation. DEA is a nonparametric programming technique that has been known in economics 

and operations literature for some time (Färe et al, 1994), but has only recently gained interest in 

the literature on innovation (Thursby and Thursby, 2002). The paper conceptually develops and 

empirically illustrates the use of this technique for estimating regional technological innovation 

by using a Swedish longitudinal data set that contains information on all twenty-one Swedish 

counties over a five-year period from 2002 to 2006. In doing so, it shows that the technique can 

be used to simultaneously explicate regional technological expansions (introducing genuinely 

new, better technologies), regional catching-up improvements in technologies aimed to close the 

gap between the lagging and leading regions, and mere shifts in regionally used technologies that 

do not necessarily lead to catching up or expanding the technological frontier. The paper 

identifies the regions that possess higher levels of different types of regional innovation and 

validates its findings by investigating the associations of the resulting effective measure of 

innovation to known proxies of entrepreneurial activity.  
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THREE KINDS OF REGIONAL INNOVATION: INSIGHTS FROM SCHUMPETER, 

KIRZNER, AND HAYEK 

 

Philosophical Approach to Capturing Regional Innovation 

To develop a conceptualization of different kinds of regional innovation, we turn our 

attention to the works of the three prominent economists whose intellectual stance owes much to 

the Austrian school of economics: Schumpeter, Kirzner, and Hayek. Schumpeter’s early 

development as an economist could be traced back to his years under Von Böhm-Bawerk, whose 

other student Von mises greatly influenced Hayek. Hayek, in turn, provided inspiration for 

Kirzner. Thus, in some way, the works of Schumpeter, Hayek, and Kirzner are intricately linked 

by the common philosophical lineage, although it in no way implies that they are mere extensions 

of each other’s. In fact, Schumpeter’s conceptualization of economic development owes perhaps 

as much to Walras as it does to the Austrian school. Nevertheless, all three contribute with 

complementary views applicable for the understanding of innovative expansions, catching ups 

and shifts. 

Shumpeter’s (1934) conceptualization of innovation is perhaps among the most inclusive 

in the literature and as such is fundamental to our study. Thus, before we proceed to 

differentiating between three kinds of regional innovation, we consider Schumpeter’s overall 

approach to innovation as it sets the stage for those fine-grained distinctions. At the heart of his 

definition of innovation lies the notion of ‘new combinations’, which to Schumpeter may be 

manifested in new inputs, new products, new methods of production, new markets, and new ways 

of organising (Schumpeter, 1934). The  underlying commonality between all possible loci of 

innovation, to Schumpeter, is better overall resource allocation efficiency stemming from these 



 4 

new combinations: one can do more with less as a result of innovation. In other words, increase 

in resource allocation efficiency signifies innovation success. Schumpeter’s view of innovation is 

similar to technological development as conceptualized by Hill and Rothaermel (2003) who 

conceived of it as employing advanced methods and materials to achieve a commercial or 

industrial objective. Accordingly, where appropriate, in this paper we refer to innovation and 

technological development interchangeably. 

Schumpeter’s writings have had their highest impact on the field of entrepreneurship 

because of the central role he allotted to the entrepreneur as the force behind these innovative 

combinations of resources that increase resource allocation efficiency. As is well recognized in 

the entrepreneurship literature, his views of entrepreneurship have undergone significant 

transformation over the years. Whereas individual entrepreneurs were the driving force in his 

early writings (e.g., Schumpeter, 1934), larger firms were conceptualized as the agent behind 

innovation later on (e.g., Shumpeter, 1942). It is commonplace to refer to these Schumpeterian 

views as Mark I and Mark II. What is less talked about, however, is that his views implied that 

the state (policy makers) would eventually assume a more active role in entrepreneurship and 

innovation because individual entrepreneurs will be unable to carry out new combinations due to 

scale limitations/resource constraints and corporations will be unwilling to creatively self-

destruct through introducing new combinations that invalidate their established ones. As such, 

one may expect the policy makers – be that at the level of nations or regions – to become a unit of 

analysis at which innovation is to be investigated. This reading of Schumpeter’s legacy is 

sometimes referred to as Mark III in the literature (Granstrand & Alänge, 1995). Importantly, the 

human agency behind the innovation itself remains undisputed. What is different is the 

aggregation of purposeful (or serendipitous) actions of individuals to higher levels of analysis. 

While the individual is the one discovering and exploiting new combinations under Mark I, Mark 
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II suggests that such innovation is effectuated through the intermediation of the corporation and 

with the use of corporately-controlled resources (and hence the corporation becomes a ‘surrogate’ 

innovator). Actions of many corporations and individuals – when considered collectively – 

contribute to the innovative dynamics of regions and countries according to Mark III. Regional 

policy makers may facilitate regions’ innovativeness by adopting policies conducive to free 

enterprising by individuals and corporations. Taken together, this is what makes possible the 

discussion of regions as more or less innovative.  

When looked through this perspective, innovation at the regional level is not necessarily 

reflected in higher R&D spendings. Enterprising individuals and entrepreneurial companies may 

bring about innovative advancements and do more with less indirectly – for instance, by 

employing more effective machinery than before or utilizing better qualified employees. Besides, 

qualitative change in the region’s business population – replacing less effective firms with more 

effective ones – will also propel the region towards higher overall efficiency and thus should be 

considered a kind of innovation. Such renewal of the region’s production base represents 

Schumpeter’s (1934) new way of organizing, and, together with new products and methods of 

production typically analyzed in the study of innovation before, should be included in the 

investigation of regional innovation dynamics. Rather than looking at innovation as relates to 

R&D, here we treat this phenomenon holistically by looking at the aggregate impact of all types 

of ‘new combinations’ identified by Schumpeter but not necessarily differentiating between them 

by their source (i.e., products, methods, way of organizing, etc.) 

 

Three kinds of regional innovation 

Looking at innovation from this holistic perspective that emphasizes resource 

combinations efficiency, it is possible to distinguish between three major kinds of innovation: (i) 
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innovation that through a better resource combination expands best nationally known technology 

(classic Schumpeterian creative destruction), (ii) innovation that bridges the gap between 

regionally adopted and the best nationally known (relevant) technology (consistent with the 

writings of Kirzner), and (iii) innovation that shifts the technologies adopted within the region 

although the shift does not necessarily propel the region to the national forefront or help it catch 

up to the technological leaders (could be framed in line with Hayek) (Acs, 2000).  

The first kind of regional innovation is known as expansion and could be thought of as 

innovation in its grand sense: introduction of more effective ‘new-to-the-world’ resource 

combinations that are visibly superior to available alternatives. In other words, innovation of this 

kind surpasses known alternatives and expands the technological frontier within which all regions 

operate. It corresponds very closely to Schumpeter’s ‘creative destruction’ – a creative 

introduction of more effective new combinations that have the potential to destroy the foundation 

on which the competitive advantage of incumbents rests. Such expansions are most likely to be 

associated with innovation in its traditional, technical, narrow sense (e.g., patenting). Of course, 

this association is not likely to be particularly strong, because many patents are never meant to be 

put to effective use but are rather intended to keep competitors at bay, much like many inventions 

are kept in secret for the same basic reason. Still, one should expect some link between these two 

related concepts to exist. Innovations of this kind require intense communication and 

collaboration between multiple parties such as firms, universities, research and innovation centres 

and government agencies. Naturally, metropolitan regions are better positioned to provide access 

to those parties as well as to the needed infrastructure to the innovating organisations. As such, 

introduction of the “best” technologies – and accompanying Schumpeterian expansion – is more 

likely to originate in such regions. Overall, prior research indicates that R&D activity, major 

product innovations and patents tend to be concentrated in metropolitan regions (Feldman and 
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Audretch, 1999; Simmie, 2003). Metropolitan regions are known to lead this grand technological 

development as knowledge spillovers are often constrained to these centres (Audretsch and 

Feldman, 1996; Baptista, 2003). Because metropolitan regions are natural magnets for talented 

individuals (Tödtling and Trippl, 2005), the innovative advantage of such regions is further 

facilitated through a constant inflow of novel and complementary knowledge that supports the 

development of frontier technologies. Accordingly, Cooke and Morgan (1998) notice that 

metropolitan regions generally have better capacity to bring about fundamental leaps in 

technology and organisational practices. Moreover, given the general trend toward bottom-up 

approach to policy (including innovation policy), metropolitan regions are increasingly 

characterized by “challenge cultures”, which trigger the organisations to always search for more 

effective and better functioning technologies (Cooke and Morgan, 1998). In responding to the 

increased demand for various kinds of knowledge, key actors in such regions are better in 

accessing and adapting important knowledge from leading consultants, agencies and universities. 

Accordingly, the actors in those regions can become dominant technology leaders. Peripheral 

regions, on the contrary, are considered to be less innovative, and tend to have less patents and 

R&D investments, which leads to a focus on process and incremental innovations (Fritsch, 2000; 

Tödtling, 1992), which is less likely to be related to Schumpeterian expansions.  

The second kind of regional innovation has to do with lagging regions – those that are not 

at the technological frontier – trying to catch up with regions exhibiting exemplar innovativeness 

in a Kirznerian fashion. To Kirzner (1973), the key is not the creation of new means-ends 

frameworks but rather a recognition – and subsequent exploitation – of the more effective ways 

to combine resources by those entrepreneurially inclined. The exact fashion in which this is 

effectuated is less relevant from the regional perspective. Whether it is corporate entrepreneurs 

who recognize and adopt the more effective technology introduced elsewhere, or new entrants 
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who do the same thing and replace the regional incumbents who fail to respond to the creation of 

the more effective technologies, the end result is the improved efficiency with which the 

resources are combined at the regional level. This kind of innovation is often explained in terms 

of knowledge spillovers from leading regions to lagging ones (Tödtling and Trippl, 2005) where 

lagging regions innovate by mimicking or replicating know-how developed by leaders. Although 

catching-up innovation may seem straightforward, in reality this is a rather complicated process, 

and deploying resources in accordance to the best-known means-ends framework does not 

happen automatically. The flow of knowledge between regions is dependent upon interaction 

(Berglund and Johansson, 2007; Cooke, 1998; Garofoli, 1994), and interaction may be restricted. 

Partly, restrictions to effectively absorb new knowledge have to do with a poor supporting 

infrastructure and limited knowledge infrastructure in which the lagging regions’ innovators are 

often embedded. Thus, the critical mass of key regional actors – the innovative milieu of sorts 

(Camagni, 1991) – that has been shown to be extremely important for successful regional 

innovation (Cornett, 2009; Doloreux and Dionne, 2008) is not reached. Accordingly, collective 

services are sub par and may limit rather than facilitate technology transfer, thus hindering 

catching up and perpetuating the lag. An even more significant threat for catching up can be 

found in the very mechanism of replicating the frontier technology and transferring the respective 

knowledge. Knowledge transfer is difficult without transfer of people (Maskell and Malmberg, 

1999). Peripheral regions are disadvantaged in terms of attracting highly skilled individuals 

qualified to effectuate technology transfer. Accordingly, such regions face a number of 

roadblocks to catching up with the frontier regions, and run a high risk of constantly trailing 

behind (Feldman, 1994). In fact, it is not unlikely that lagging regions located in close proximity 

to the leading ones will not be able to commit to a catching-up technological trajectory since their 

best and brightest individuals may rather seek employment in neighbouring metropolitan regions 
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such that the requisite knowledge transfer never happens. In some sense, being at a distance from 

the magnets like capital regions may better prepare lagging regions to harness catching-up 

opportunities. Needless to say, this kind of regional innovation is very unlikely to be captured 

with traditional proxies for innovation such as patents, as it does not imply the creation of new 

commercially valuable knowledge but rather deals with diffusion of the already created (and 

perhaps patented) know-how.  

A third kind of regional technological innovation focuses on shifts in a region’s 

technology, and could be framed in terms of Hayek (1945). Interestingly, regions’ technological 

innovation trajectories are subject to conflicting forces. On the one hand, regions may exhibit a 

tendency for smaller and incremental changes because of path dependencies and regional 

competence traps. That path dependencies apply in the context of innovation has been well 

documented (Tödtling and Trippl, 2005). Regions are unlikely to seriously consider modifying 

the underlying technological basis due to presence of lock-in effects. Hayek (1945) would see 

this as an issue of local search, local knowledge and contextual information. Having developed 

expertise in a particular set of technologies, regions simultaneously have erected barriers to 

understanding alternative technologies. Accordingly, to decision makers the very thoughts of 

shifting/changing their technologies are fraught with significant uncertainty. Thus, for a region 

that historically has relied on tourism and agriculture switching to capital-intensive 

manufacturing is by no means a certain exercise. Similarly, dedicating to investments with 

uncertain returns can discourage organisations in lagging regional clusters to seek benefit from 

developing something new even though the current returns are disappointing. Besides, as Lawson 

and Lorentz (1999) would argue, regions may develop skills indicating they are quite good in one 

thing and become trapped in their own competences. This further limits their capacity to absorb 

new ideas from leading technologies. In addition, innovation is also embedded in social 
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relationships. Acknowledging that such relationships develop over time and are restricted due to 

culturally determined lines, norms, routines and values among regional actors may also restrict 

the development of substantially differing technologies (Johnson, 1992; Lorenzen, 1998).  

On the other hand, environmental forces exert their own pressure on the development of 

regional technologies. Following the logic suggested by Dimaggio and Powell (1983) in the 

concept of institutional isomorphism, one may expect that regardless of variation among regions’ 

actors and organisations in their innovation outlook, regions will strive towards homogeneity 

with their innovation paradigms. Political and institutional legitimacy, the norms developed in 

professional spheres that organisations draw upon, reliance upon sources of information and 

interaction with benchmarks trying to identify technologies to mimic and copy constitute the 

important sources of how regional technology is developed. Accordingly, regions lagging behind 

in terms of their innovation performance are likely to shift their technologies following the 

leaders even though immediate improvements in resource deployment may not be anticipated 

(Lucas, Sands and Wolfe, 2009; Storper, 1997). To Hayek (1945), with his fascination by the 

open market efficiency, this would serve as an indication of the majority following the lead of a 

better-informed small fraction (the leading regions, in our case) with respect to most appropriate 

ways of organizing the resources. The logic of the Hayek’s views sees the multitude of actors 

turning to the most productive use of the resources even though each of them searches for 

relevant contextual information locally. Aggregating such actions of individual and corporate 

actors to the regional level, one may expect to see rather consistent shifts of the dominant 

resource combination approaches, in line with what is truly efficient. Thus, most regions could be 

expected to follow the direction of change suggested by technological leaders such as gradual 

replacement of labour with capital.  
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The challenge of aggregation to the regional level 

Before proceeding further, it is critical to address an important issue. Scholars 

investigating innovativeness at any level of aggregation must deal with a peculiar problem. While 

they need to assess innovativeness of firms, networks, regions, countries, etc., it is actually 

individual actors who (independently or jointly) propose innovative ideas: non-random new 

combinations of resources require human agency (Schumpeter, 1934). Yet, this notion of human 

agency is typically assumed away when dealing with aggregated data. That is, for instance, when 

two regions are compared in terms of their innovative output, the fact that one region has 

successfully applied for more patents or launched more new products than its counterpart does 

not imply that all companies operating in the leading region are necessarily highly creative and 

innovative. Yet, the superior creativity exhibited by some companies is carried over to the entire 

region. As such, when assessing innovativeness and creativity of different regions, respective 

estimates are typically aggregated by pooling individual characteristics together. Such is the 

nature of extant proxies for regional creativity (Lee, Florida and Acs, 2004) and innovation 

(Armington and Acs, 2002). In other words, the benefits that the aggregation provides – such as 

the opportunity to empirically assess the effectiveness of various regional policies – come at a 

cost of losing the ability to differentiate between, say, inter-industry variation in innovativeness 

within regions. The problem is especially complicated when one tries to compare different 

countries along certain dimensions such as entrepreneurial activity (Reynolds et al., 2005) but 

even at the level of regions within a single country – arguably, the most relevant level of analysis 

for most economic development research (Bosma, Stam and Schutjens, 2009) – it is quite 

pronounced. In other words, it is important to recognize that while it is possible and desirable to 

compare regions in terms of their ability to constantly innovate by doing more with less, once the 

data is aggregated to the regional level, the finer-grained picture of innovative dynamics may be 
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masked by the logic of aggregation. The region appears as a de facto actor engaged in innovative 

activities although most innovations are introduced by the individual actors operating within the 

region. It is thus important to acknowledge that even regions deemed less innovative may have 

highly successful firms and entire industries (Anokhin, Wincent and Autio, 2011). 

 

DISSECTING REGIONAL TECHNOLOGICAL INNOVATION: A DEA APPROACH  

As indicated before, the current state of the economic development literature does not 

present a single technique that could simultaneously capture the various aspects of regional 

innovations. This paper outlines how a DEA approach could be used to estimate the above-

mentioned kinds of regional technological innovations. Namely, it maintains that DEA could 

estimate the extent to which regional innovations expand the historically best-known use of 

technology, particular regions catch up with the technological advancements of others, and how 

regional innovations have the potential to shift the use of current technologies in regions. 

Although there have been successful attempts to utilize DEA in the regional context before (see, 

e.g., Bernard and Cantner, 1999; Martic and Savic, 2001), our use – and interpretation of the 

results – of DEA provides novel insights that could help shed light on the issue of regional 

innovation not fully addressed by the extant research.  

Current empirical literature is conspicuously lacking in explicit acknowledgment of 

different types of regional innovations. The issue is often treated as a matter of researchers’ 

convenience. Thus, the earlier literature (1950s and 1960s) has primarily focused on regional 

R&D expenditures, which obviously are restricted to inputs into innovative processes and only 

capture budgeted resource re-allocation to new combinations (Acs, Anselin and Varga, 2002). 

Such early studies did not concentrate on innovative outcomes or types of regional innovation. In 

the 1970s, the availability of patent databases shifted attention to a number of patented 
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innovations as a representation of innovativeness. Since patenting implies significant novelty, this 

approach was suited for the study of technological expansions but could not be adequately 

applied in the context of catching-up innovations or technological shifts. Besides, although 

patents may better reflect innovation than R&D expenditures, scholars suggest that patents 

neither capture the economic value or impact of technologies (Hall, Jaffe and Trajtenberg, 2001), 

nor account for the fact that many technological advancements are not patented (Griliches, 1979). 

In some sense, patents as a measure of innovation reflect an output if R&D expenditures are 

conceptualized as inputs. Alternatively, patents may be conceived of as inputs into the innovative 

process if commercialized new products are envisioned as an output.  

A more creative approach that considers the outputs of the innovative process – new 

products – has recently been explored to estimate expansion innovation by scholars such as Acs 

and Audretsch (1993) and Kleinknecht (1991). In that approach, new resource combinations are 

tracked by studying trade and technical journals for new product announcements. In this case 

frontier innovation metrics captures the ultimate commercialization of new technical ideas as 

recorded in the industrial literature. Although such sampling of trade and technology journals 

restricts attention to larger-firm innovation and may not be available for certain areas (Acs et al, 

2002), this technique is considered a robust assessment of frontier resource combinations.  

While those approaches have informed the development of regional research and policy, 

one of the major concerns with deploying them to measure regional innovation is the lack of 

comparable regional data, which makes it all the more difficult to differentiate between 

alternative types of innovation. It is in this context that researchers such as Fritsch (2002) call for 

new innovation metrics that would promote cross-regional comparisons. Namely, they suggest 

the use of input-output-based calculations that consider publicly available parameters to capture 

different aspects of regional innovation including innovations of catching-up and shifting 
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character. Such calculations should have the advantage of assessing and comparing innovation 

potential across regions, and also capture the quality and economic impact of the new resource 

combinations above and beyond those employed by the previous research.        

As with the techniques described above, this paper’s approach to measuring different 

kinds of regional innovation builds to a significant extent on the works of Schumpeter who 

effectively equated innovation with new resource combinations. Such novel resource 

combinations, it is argued, may result in new products or services, new inputs/sources, new 

manufacturing processes, new markets, and new ways of organising (Schumpeter, 1934). This 

seminal work emphasizes the key role of better, more effective resource combinations in 

innovation: innovation happens when a new combination of resources is found that enables one 

to do more with less. In the more recent literature on entrepreneurship and innovation (Eckhardt 

and Shane, 2003) researchers have used the terminology of new ends (which corresponds to 

Schumpeter’s new products or services and perhaps new markets), new means (including new 

inputs, processes, and ways of organising) and new means-ends frameworks that combine the 

elements identified by Schumpeter.  

In the final analysis, however, innovation is necessarily concerned with finding new 

combinations of resources that would be more effective than the existing ones thus enabling the 

innovator to do more with less and appropriate the extra value created. As such, a technique 

required to understand regional innovation must be able to capture improvements in resource 

combination (the ways regions combine resources such as labour and capital) while 

simultaneously allowing to distinguish between three kinds of innovation identified above 

(expansion, catching up, and shifting). In this sense, economically sustainable and viable 

innovation shall result in increased regional productivity. Otherwise, even if it creates new 

product categories or new industries, it will not be able to command support from resource 
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providers who will instead choose other, more effective product categories and industries – 

especially since there is no history behind the new product or industry that would suggest path 

dependencies supporting the less effective resource combination. Thus, true innovation has to 

result in higher efficiency and productivity. It makes little sense to invest valuable resources in 

mastering new innovation if it is economically inferior to the existing resource uses. Of course, it 

is also important to keep in mind that new innovations may require time to surpass mainstream 

technologies in terms of their efficiency. As such, a study of regional innovations and their 

economic effects would be wise to consider the temporal dimension. 

Unlike the existing measures of innovation that concentrate either on inputs or outputs of 

the innovative process, the technique proposed by the current study to measure regional 

innovation – data envelopment analysis – considers both inputs and outputs and in a sense could 

be used to estimate innovation throughput. It tackles the issue of innovation in a rather creative 

way, can be used to define various types of innovations, and only requires limited information on 

input and output variables to operate. Applied to regions, DEA scrutinizes how regions’ actors 

combine their resources when generating gross regional product and thus determines the best or 

most innovative ways or ‘technologies’ existing at a point in time. All the regions are assessed 

against the best-known resource combination alternative. In other words, DEA constructs a so-

called production frontier that represents the most innovative ways to combine regional 

resources. By comparing all regions with this frontier, it can suggest the room for catching up 

that the regions have. Regions that are most innovative and that define the frontier itself will only 

have grand innovation as an option. Regions that fall short of the most innovative status do not 

necessarily need to engage in grand innovation but may benefit from exploring the ‘new-to-the-

region’ innovative ideas that are based on innovative resource combinations demonstrated by the 

leading regions. Figure 1a could serve as an illustration of this idea. Points A0, B0, C0, D0, and E0 
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represent combinations of labour and capital that regions A, B, C, D, and E employ to produce 

the same amount (say, SEK 1 million) worth of gross regional product at time 0. The closer the 

points are to the left and bottom (i.e., the less labour and capital they employ for the same task) 

the better, more innovative their technologies are deemed by DEA. Conversely, the points more 

to the right and top of the plot are least innovative and least efficient: they waste resources by 

tying them in inferior combinations. Importantly, to assess regions’ innovativeness DEA does not 

force all regions to be compared to the identical ‘best’ technology but allows for each region to 

be assessed against the innovative technology most favourably related to that employed by the 

region. In practical terms it means that labour-intensive regions may be deemed to exhibit very 

low innovativeness if compared to capital-intensive regions; DEA avoids this problem by 

comparing regions to a meaningful benchmark. Accordingly, DEA-derived frontiers are known to 

be ‘piecewise’ rather that being represented by a straight line. For instance, in Figure 1a (which is 

a somewhat naïve representation of the DEA methodology) the piecewise frontier goes through 

points A0, B0, C0 such that each of the inefficient points D0 and E0 could be compared against the 

most relevant segment of that frontier.  

 

------------------------ Insert Figure 1 about here ------------------------ 

 

While one can learn a lot about a region’s innovativeness by just considering its standing 

with respect to the technological frontier, the technique’s true potential to measure three kinds of 

regional innovative practices referred to above becomes realized when one adds a temporal 

dimension to the notion of the frontier. Typically, over time three kinds of changes may occur 

that would be reflected in the DEA results. First, as regions keep working on developing newer 

and better technologies, some of them – most likely current technological leaders – may develop 
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a novel resources combination superior to the dominant frontier. In Figure 1a, region B at time 1 

has demonstrated such innovation by finding a better combination of labour and capital required 

to produce a given amount of gross regional product (and thus creatively destroyed the old 

equilibrium), while other regions demonstrated no change in their technologies and thus did not 

move relative to their position at time 0. The new frontier at time 1 recognizes this more 

innovative technology discovered in region B as it goes through the points B1, C1 (there are not 

points closer to the left and bottom, respectively). It is interesting to note that to expand the 

frontier an innovation should be novel in a sense of ‘new to the world’. When doing research at 

the level of national regions, the more appropriate term would be ‘new to the nation’. Thus, an 

innovation by region B has shifted the best technology known to all regions. Such kinds of 

changes in ways to combine resources over time represent the first type of innovation discussed 

in the theoretical development, namely the Schumpeterian expansion of the historically best-

known use of technology. 

Second, those regions that fall short of defining the frontier may improve their 

performance without having to introduce the kinds of novelty that are ‘new to the world’ or new 

to their countries and may rather engage in diffusing leading innovation developed by other 

regions in a Kirznerian fashion thus dealing with innovation in a sense of ‘new to the region’. In 

Figure 1a regions D and E had such opportunities at time 0 while regions A, D, and E have those 

opportunities at time 1. In Figure 1b both regions A and D have taken advantage of the 

opportunity to introduce technologies new to their regions and moved closer to the frontier to 

catch up with the most innovative technologies available (points A1 and D1 are closer to the new 

frontier than points A0 and D0 would have been). As Cook and Uchida (2002) explain, such 

movement is believed to represent diffusion of innovation generated by leaders to laggards and as 

such corresponds precisely to the second type of regional innovation practices described above. 
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Third, as regions explore alternative ways of combining their resources, modifications in 

dominant technologies may entail disproportionate changes in the relative amount of resources 

they employ to generate a given amount of gross regional product. Figure 1c illustrates this 

situation. It depicts the ratio of labour to capital utilized by a particular region to produce a 

certain amount of gross regional product. At time 0 the technology adopted by that region is 

represented by the line L0C0. If the change in technology is genuinely incremental from year to 

year (i.e., the regions are simply able to ‘squeeze out’ more from the same combinations of 

resources due to, perhaps, economies of learning), then at time 1 the region may use a slightly 

better but effectively similar technology L1C1. As L1C1  is parallel to L0C0, it follows that the 

change in the amount of labour and capital from time 0 to time 1 is proportionate. Line L2C2 

represents a different case. Here, the change in the quantities of resources utilized to produce the 

same amount of gross regional product is disproportionate: the new technology appears to not be 

as effective in terms of capital as L1C1, but more effective than L1C1 in terms of labour. Line 

L3C3 represents yet a more efficient kind of radical change of the original technology, where new 

technology is advantageous to the old one both in terms of labour and capital. DEA allows a 

researcher to determine the reference technology against which each region is assessed to track 

the dynamics of slope from year to year. Note however that by itself it does not tell the researcher 

if a region has expanded the frontier as other regions may have experienced an even more 

impressive innovation breakthroughs. Higher variance of slope would indicate higher degree of 

radicalism in the regional technological innovation. It is also possible to assess such shifts of 

technology employed by each particular region. As such, this allows to address the third kind of 

regional technological innovation described above. Two kinds of shifts could potentially be 

identified. The first kind has to do with lagging regions simply copying the leading ones due to 

institutional isomorphism (Hayek’s shift). In this case the regions considered by the lagging 
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region as benchmarks are likely to stay the same. The second kind of shift goes against the 

technological trajectory chosen by the leaders. In that case one may see that the benchmark 

regions change for the lagging region. In Figure 1b, region D seems to follow this particular 

trajectory: rather than being compared to regions A and B as in time 0, region D could be 

compared to regions B and C in time 1 since its technology has undergone a substantial 

transformation. In extreme cases, the resource combination adopted by a region may so 

drastically differ from those adopted by innovative regions that it could become problematic to 

find suitable benchmarks. 

Mathematically, the DEA model with u = 1, . . . , U regions using n = 1, . . . , N resources 

xu,t in stage s to produce yu,t in period t = 1, . . . , T may be expressed by a programming problem 

of the following form: utututu MaxyxD ′−′′′ = θ1,,, ),( , tu
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0≥ , where the inverse of u′θ  is a measure of the distance of u′  from the frontier. If 1/ u′θ =1, then 

u′  lies on the frontier; otherwise, u′  does not reach the frontier, and 1/ u′θ  represents the fraction 

of possible output produced by u′  and has to do with inefficiencies or room for catching up – that 

is, innovation of the second kind identified by this paper.  

As said above, in the DEA model the frontier is ‘piecewise’ – i.e., different regions’ 

innovativeness may be assessed against different segments of the frontier. In practice it means 

that a different linear programming problem is solved for each region trying to find the weights z 

for the combination of resources that maximize that region’s efficiency ratio.  In other words, 

DEA permits each region to have its own set of weights that give it the highest score. Thus, it 

finds idiosyncratic weights that are most favourable to each region. This may be seen as strength 

of the method because each region is assessed against the relevant segment of the frontier as there 

is no theoretical reason to expect that all regions adopt (or should adopt) comparable technologies 



 20 

and to impose additional constraints on the method (Anokhin, Wincent, and Autio, 2011). 

Importantly, for each of the regions DEA routinely reports the regions used to determine the 

comparable technology thus making it possible to address the notion of shifts in technologies 

utilized by regions. 

Importantly, in this paper we adopt the variable returns to scale (VRS) assumption for our 

DEA models. No matter how desirable constant return to scale may be to proponents of certain 

theories in economics, the reality clearly suggests that at present the vast majority of industries 

and settings display the pattern consistent with the variable returns to scale assumption: larger 

entities tend to have more advantageous cost structure and better efficiency. As such, we 

acknowledge it by adopting the VRS formulation of DEA in this paper (Coelli, 1996). Although 

it makes it necessary to estimate a number of additional parameters (e.g., pure efficiencies and 

scale efficiencies), we believe it is more suitable for adequately representing the real world 

conditions.  

To incorporate the temporal dimension into the considerations this paper relies on the 

approach offered by Färe et al. (1994) known as the Malmquist productivity index 

decomposition. Namely, it calculates and decomposes total factor productivity change by solving 

the following problem: m( 1, +′ tux , 1, +′ tuy , tux ,′ , tuy ,′ ) = 
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term is essentially a ratio of the efficiency measure u′θ  in period t+1 to u′θ  in period t; it is the 

component of productivity change due to movement toward (away from) frontiers from period t 

to t + 1, or the growth (decline) due to catching up (lagging). It represents the diffusion of the 

leading innovative approaches through adopting them by the lagging regions and allows to 
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capture the diffusion of best practices by the regions (i.e., innovating by adopting ‘new to the 

regions’ but not necessarily ‘new to the world’ technologies).  

The second bracketed term is the component of productivity change due to frontier 

expansion between t and t + 1. It represents innovation that could genuinely be termed ‘new to 

the world’ (or, in this case, more accurately be called ‘new to the nation’) and as such allows to 

operationalize regional innovation of the first type. Additional technical details on calculating the 

frontiers and disaggregating them into components can be found in the work of Coelli (1996), 

Charnes, Cooper, Lewin, and Seiford (1994), Färe et al. (1994), and Thursby and Thursby (2002).  

 

EMPIRICAL ILLUSTRATION 

The suggested approach to measuring regional technological innovation is illustrated 

based on a sample of Swedish regions over the course of five years (2002-2006). 

Administratively, Sweden is divided into 21 counties (which are somewhat different from the 

U.S. counties in terms of size and more closely correspond to the notion of labour market areas 

with some political independence below that accorded to the U.S. states). As in most economies, 

however, these regions differ with respect to the structure and history of their industries and 

businesses, spanning the spectrum from expanding capital or metropolitan regions (such as the 

Stockholm region) to non-metropolitan regions with a historic heritage of industries such as 

agriculture and/or forestry (e.g., the counties of Gotland and Jämtland). While the first-mentioned 

type of regions today are often characterized as national hubs for inward and outward relations 

for international/global industries and knowledge-based services, the development of the latter 

category to a high degree is dependent on industries exploiting unique but often small-scale 

technologies, a thriving tourism sector and conventional services offered by public or private 

actors. A third category of regions is represented by counties such as Norrbotten, Västernorrland 
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(both located in the northern part of Sweden) and Blekinge (in the southern part of the country), 

where a traditional industry based on natural resource exploitation during recent decades has been 

confronted with an increasing global competition – a challenge that with varying degrees of 

success has been met by significant investments in efficiency improvement and capital 

rationalization.  

Following existing literature the paper utilizes physical assets (capital) and employment 

(labour) as regional resources combined to produce a gross regional product. This combination of 

resources is typical in many DEA studies (e.g., FÄRE et al., 1994) thus making the estimates 

comparable to those reported by other researchers before, which facilitates the development of a 

dialogue among scholars interested in adopting and furthering this technique.  

Labour force indicators and gross regional product dynamics are both readily available 

statistics in Sweden and could be accessed via the Regionfakta database. Physical assets (capital) 

estimates, in turn, are based on the dynamics of previously made capital investments, which is 

consistent with how the DEA literature approaches this issue (see, e.g., Anokhin, Wincent and 

Autio, 2011). While there is no single pre-specified rate of depreciation to be employed for 

estimating capital in DEA studies, most researchers employ rates ranging from 3% to 15% (Kim 

and Lee, 2004). Because Sweden makes substantial investments in capital and infrastructure and 

is located at the forefront of the global development (OECD, 1997, 1999), here a six-year equally 

paced depreciation period was adopted, which is close to the recommended 15% rate. All 

investment data for Swedish counties throughout 1997-2006 were obtained from the Regionfakta 

database. To ensure data accuracy, the estimates were aggregated to the country level and 

correlated with the numbers reported for Swedish investments in fixed capital by the United 

Nation’s World Development Indicators database (which, unfortunately, only has information at 

the national and not regional levels). In all cases highly significant, positive correlations reaching 
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as high as 91.85% were obtained. Because a number of years is lost when considering previously 

made investments to assess capital, to estimate capital from 2002 to 2006 the data on investments 

made during the ten year period from 1997 to 2006 were utilized. The final sample thus consists 

of 105 observations of 21 counties over five years. DEAP computer program (Coelli, 1996) was 

used to perform data envelopment analysis and Malmquist productivity index decomposition as 

recommended by Hollingsworth (2004).  

Table 1 summarizes the dynamics of regional innovation in Sweden as conceptualized in 

this study over the course of five years. Average technological change represents expansion of 

the national frontier – the grand innovation – against which individual counties are assessed, and 

reflects the first component of regional technological innovation described earlier 

(Schumpeterian expansion). As could be seen, most counties utilize comparable production 

functions thus indicating that overall Swedish economy is rather homogeneous in terms of its 

industrial organisation.  

Importantly, we are not saying that Swedish regions invest equal amounts in research and 

development. As extant research indicates, R&D activities are very unevenly distributed across 

them. What we are witnessing, however, is that despite of where a particular technology 

originated, most regions appear to align their use of resources with the dominant paradigm. 

Certainly, they may pay a higher price for access to the new ways of resource organizing since 

innovators probably extract their rents from those wishing to benefit from their inventions. On the 

other hand, those regions that are typically viewed as ‘disadvantaged’ do not have to incur the 

costs associated with producing the breakthrough and bear the ensuing uncertainty. Thus, they are 

seen as rather homogenous when looked at from the outside, and are analyzed as such. It is in this 

sense that extant literature considers Sweden homogenous and finds it possible to compare it to 
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other aggregate-level territorial units such as the U.S. State of Ohio (e.g., Braunerhjelm & 

Carlsson, 1999)   

On average, technological change that counties dealt with throughout the period under 

study was 1.053, which means that the national technologies improve at about 5.3% per year, an 

evidence of Schumpeterian expansion. We checked how it compared with the more traditional 

proxy for innovation – patenting – by collecting country patenting dynamics from the Swedish 

patent and registration office database and regressing one variable on another while taking into 

account the panel character of the data, the autocorrelation, and the nature of the efficiency 

estimates that may complicate the use of conventional statistical techniques (specifically, we 

employed feasible generalized least squares estimation). As expected, there is a statistically 

significant positive relationship between the two (p<.05). Three counties demonstrate 

substantially higher rates of technological change – Stockholm, Gotland, and Jämtland – which 

suggests that the reference technology for them differs from those that apply to most counties. 

While this was expected for Stockholm county – which is the major metropolitan county in 

Sweden – the results were somewhat unexpected for more peripheral and non-metropolitan 

regions such as Gotland, and Jämtland. Interestingly, two of those counties (Stockholm and 

Jämtland) in fact define the national frontier itself and as such could not be measured with the 

same yardstick. Relevant national technology against which the majority of counties are assessed 

typically represents a weighted combination of the technologies employed by the leading 

innovators. Figure 2 graphically depicts innovativeness of Swedish counties throughout 2002-

2006. The figure suggests that regions bordering the leading Stockholm county often fail to 

pursue catching-up strategies in line with the conceptual development above, very much in line 

with our expectations voiced during the introduction of regional innovation of the Kirznerian 

type. Also, as expected, there is no statistical relationship between this kind of innovation and 
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more traditional proxies such as patenting (non-significant correlation coefficient of 0.00). What 

it implies is that we provide insights into regional innovation where traditional research would 

not be able to identify innovative dynamics. 

 

------------------------ Insert Table 1 about here ------------------------ 

------------------------ Insert Figure 2 about here ------------------------ 

 

The results appear to have high face validity in that they mirror the activities that have 

been going on in the Swedish economy. For example, the reason behind why non-metropolitan 

counties such as Jämtland and Gotland score high on innovativeness in Table 1 likely has to do 

with three specific characteristics of these regions. During the actual period of time under study 

(2002-2006) both regions have made significant investments in the tourism sector, involving 

new/renovated hotel facilities, leisure cottages and leisure-time activities, and an infrastructure 

allowing the counties to host more tourists, conferences and other visitors to the regions. They 

have also been target counties for relocation of different government organisations from the 

capital region (partly as a compensation for the reconstruction of the national military defence) 

during these years, which facilitated the inflow of highly qualified and connected individuals that 

is very important for regional innovation as argued above. That is, as laid out in our conceptual 

development, the state (policy makers) start playing a significant role in innovative activities 

taking place within regions above and beyond that which is attributable to purposeful or 

serendipitous actions of individual and corporate entrepreneurs – much like Schumpeterian 

Mark III reasoning would suggest.  

Also the regional institutions for higher education have expanded during these years. 

Gotland University was established in 1998 and is among the youngest and expanding university 
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colleges in Sweden. The Mid Sweden University (with one campus in the county of Jämtland) 

has gradually developed during these years and received a university status on January 1, 2005. 

Taken together, this has implied significant investments in both new physical premises and in 

highly skilled people, which results in noticeably improved productivity in combining resources 

reflected in frontier expansions. 

 Figure 3 illustrates the expansion of the best national technology from 2002 to 2006. In 

that figure counties are plotted with respect to the amount of resources (labour and capital) they 

combine to produce SEK 1 million worth of gross regional product. Generally, the closer to the 

origin (left bottom corner of the plot) the county is located, the more innovative it is. Counties far 

to the right and top (e.g., Blekinge county in 2002 that was suffering from restructuring of the 

region’s industrial base) clearly demonstrate inferior performance with respect to regional 

innovativeness. Those counties that are high on one dimension but low on another (such as 

Norrbotten county in 2006) are not necessarily problematic because they tend to substitute one 

resource with another (e.g., labour with capital) and as such are assessed against a respective 

section of the same frontier which is most favourable to them. From this perspective, the 

development of Norrbotten county between 2002 and 2006 illustrates the effect of substantial 

investments in the regional basic industries and infrastructure for communication, implying cost 

reduction and less need for human labour – a rather innovative endeavour in its own right that 

would not be necessarily captured by traditional proxies for innovation such as patents or R&D 

investments. In theory, a county that utilizes the least amount of a particular resource to produce 

a given amount of output could be deemed innovative and efficient even if it uses a 

disproportionate amount of another resource. DEA is equipped with tools to address such 

occurrences. In this current example, however, such situations are not observed.  
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------------------------ Insert Figure 3 about here ------------------------ 

 

In DEA literature the room for catching up is commonly referred to as ‘inefficiency’. 

Thus, the average rates of efficiency change reported in Table 1 have to do with whether or not 

counties get closer to the national frontier as the frontier expands every year. In that it is not 

necessary to invent something that is ‘new to the world’ to get closer to the frontier but is 

sufficient to adopt the leading practices established elsewhere (i.e., diffuse others’ innovative 

ideas by adopting something that is new for the county but not necessarily to the world) this 

second parameter deals with the second component of regional technological innovation 

described above – Kirznerian catching up. As it has to do more with individual counties than the 

national frontier, one may observe more variance with respect to this parameter. The rates of 

efficiency change vary from 0.976 (Västernorrland county) to 1.013 (e.g., Norrbotten county). 

Values of efficiency change below 1.000 indicate that the county is farther away from the newly 

expanded frontier than it was with respect to the last year’s frontier. Values of efficiency change 

above 1.000 suggest that the county is closer to the expanded frontier. Together with improving 

levels of nationally available technologies, this would suggest that such counties demonstrate 

impressive levels of economic development. On average, however, the rates of efficiency change 

are 0.997, which indicates that most counties fail to catch up to the technological innovation 

exhibited at the national level. It also suggests that such counties contain multiple opportunities 

for improvement without having to create something radically new and as such may boast rich 

opportunities for technological arbitrage (Anokhin, Wincent, and Autio, 2011). Naturally, the 

counties that define the frontier – Stockholm and Jämtland – have their rates of efficiency fixed at 

1.000 because their relative position with respect to the frontier does not change. 
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As could be seen from Figure 4, the pace of technological and efficiency change is 

markedly different from year to year. Most interestingly, it appears that when technological 

frontier expands significantly (e.g., as it did during the 2003-2005 period), most regions fail to 

catch up to the productivity gains demonstrated by the leading counties. Instead these counties 

bridge the resulting gap during periods when technological development somewhat slows down 

(as it did e.g., 2001-2002 and 2005-2006). Spillover effects between “lead regional innovators” 

and “followers” hence operate with an inbuilt time delay. Yet, the situation in Sweden in this 

respect appears to be advantageous compared to the global success at catching up as reported in 

Anokhin et al. (2011).  

 

------------------------ Insert Figure 4 about here ------------------------ 

 

Finally, the last column in Table 1 represents a snapshot of the individual counties’ total 

factor productivity dynamics over the course of five years. On average, Swedish counties have 

demonstrated a remarkable improvement in the way they utilize resources toward productive 

ends: the average value of total factor productivity change is 1.050 that suggests a steady 5% 

increase in productivity throughout the period under study. Importantly, progress was observed in 

all counties. Further study of Figure 4 indicates that the regions’ total factor productivity changes 

exceeded 1.000 throughout the period under study without exceptions. Thus, even the counties 

that could not completely catch up to the expanding frontier benefited from technological 

development. Acknowledging the dynamics of total factor productivity change is useful in order 

to better understand the third component of regional technological innovation identified above.  

Further insights into understanding the nature and dynamics of technological shifts could 

be gained from studying in-depth the changes of the relevant segment of the technological 
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frontier against which individual counties are assessed. In this study most counties are assessed 

against the identical segment of frontier (determined by either Stockholm and Jämtland or 

Stockholm and Gotland counties), which somewhat simplifies the task. As Figure 5 suggests, the 

frontier contracted substantially between 2002 and 2006. However, of most interest is the fact 

that such contraction was disproportionate (of the kind illustrated by the shift from line L0C0 to 

line L3C3 in Figure 1c): innovative improvements in capital utilization outpaced those in labour 

utilization. Whereas capital utilization required to produce a given level of gross regional product 

in 2006 was only about 70% of the level required in 2002, labour utilization contracted slower 

(the 2006 to 2002 ratio was about 76%). As such, one can observe a gradual shift in the nature of 

technologies being employed in Sweden, which illustrates Hayek’s kind of innovation. 

 

------------------------ Insert Figure 5 about here ------------------------ 

 

The paper also investigated whether its earlier claim regarding most counties’ following 

the pattern of shifting technological organisation suggested by the leading – and often largest – 

county is supported by the empirical evidence. The metropolitan Stockholm county has been 

identified by DEA as a clear technological leader and naturally qualified as one region potentially 

affecting other counties’ technological trajectories based on the requirements of both 

technological leadership and size. As such, the ratio of capital to labour that describes the 

technological processes employed by the county was investigated. For Stockholm county a steady 

decrease in all years from 2002 to 2006 could be observed. The same ratios for other counties in 

the dataset during the specified period were also examined. Whenever significant differences in 

resource combination patterns between the years were observed (namely, the differences between 

2002 and 2003 and between 2003 and 2004), they were in line with the trend set by Stockholm 
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county (i.e., the decline in the ratio indicating technological shift consistent with that of 

Stockholm). The differences were significant at p<0.01 level (e.g., 2002-2003 difference of 1.41 

was significant at 0.006 and 2003-2004 difference of 1.68 was significant at 0.002). 

More surprising is however that non-metropolitan regions such as Jämtland and Gotland 

in this study come forward as regional front-runners utilizing the measures employed here. 

Reasonable explanations behind this have already been suggested, but may also relate to specific 

cultural factors outside the scope of this article. Both Jämtland and Gotland may hence be 

characterized as counties where small and medium-sized companies traditionally have had an 

important role in the regional economy fostering a more entrepreneurially oriented regional 

culture vis-à-vis such regions as Norrbotten and Blekinge where large companies traditionally 

have been cornerstones of the regional economy. As suggested by Martin and Sunley (2006), 

such path-dependencies contribute to fostering a more endogenous view of the world and the 

opportunities that it provides for innovation and development. Further inquiries into this issue 

would therefore be welcomed.  

 

Validating and linking aggregate regional innovation indicators to entrepreneurial activity 

To provide a degree of validation for the provided results, this study investigated the 

relationship between the estimates of innovation and entrepreneurial activity observed in each 

county. According to Schumpeter (1934), innovation is a product of entrepreneurial initiative. As 

such, there should exist an unequivocal link between entrepreneurship and innovation in a region. 

To quantify this link and thus to validate this new measurement approach, total factor 

productivity change levels in each of the counties (i.e., the effective rate of expansion, catching-

up, and technological shift combined) were correlated with two indicators of entrepreneurship 

utilized by the extant research. In addition to the per capita number of new ventures – an 
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indicator that is commonly used in the entrepreneurship literature (e.g., Armington and Acs, 

2002) – the paper employed an alternative operationalization offered by Gartner and Shane 

(1995) and validated in an empirical examination of entrepreneurial dynamics (Shane, 1996): per 

capita number of all existing businesses, regardless of their age. This latter indicator of 

entrepreneurship, as Gartner and Shane explain, is consistent with the “ownership theory” of 

entrepreneurship (Hawley, 1907) and compensates for the fact that businesses created in previous 

years may still be highly entrepreneurial. Moreover, should those businesses be successful and 

avoid failure, entrepreneurs who started them would have no need to initiate yet another venture 

in a new year. Then, a measure of entrepreneurship that only accounts for new businesses may 

significantly underestimate the scale of the phenomenon. Thus, a number of firms and not just a 

prevalence of new ventures may be a better – or at least equally good – indicator of 

entrepreneurial activity. Indeed, the data demonstrates significant positive association between 

total factor productivity change (effective county-level rate of innovation) and entrepreneurship. 

The average 2003-2006 levels of innovation are correlated at r=0.47 (p<0.05) with per capita 

number of existing businesses and at r=0.51 (p<0.05) with the per capita number of new ventures. 

Figure 6 illustrates the relationship between county-level innovation and two alternative 

indicators of entrepreneurship. 

 

------------------------ Insert Figure 6 about here ------------------------ 

 

Given the non-parametric nature of DEA-based estimates, it is questioned sometimes 

whether correlation/regression analysis could be employed to investigate their relations to other 

variables of interest (see, e.g., Daraio and Simar, 2007). Yet, recent investigations of this issue 

suggest that OLS provides adequate results when utilized with this kind of data (Hoff, 2007). 
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Besides, several special techniques have been proposed by the literature to be suited for this kind 

of data. Thus, we used feasible generalized least squares estimation that is said to operate 

adequately in the presence of independence assumption violations, which makes it suitable for 

the study of DEA-based estimates (Anokhin and Schulze, 2009). We also re-evaluated the 

association between regional innovation and new and total business per capita (reported above) 

with the help of fractional logit model (robust standard errors) that takes the panel character of 

the data and autocorrelation into account based on Papke and Wooldridge (1996) and has been 

shown to perform effectively in the context such as ours (Mcdonald, 2009). The results show 

strong positive association between regional innovation and the number of all businesses in a 

region (p<.05) and the number of new businesses in the region (p<.05). 

As a further validation of our estimates of regional innovation, we partialed out the 

variance shared by our estimates with conventional determinants of regional innovation, and 

compared the correlation of the residuals with our initial estimates. The idea was that if our 

estimates capture unique variance that is not easily captured by the existing proxies for regional 

innovation, such correlation would be high and significant. To that end, we collected secondary 

information from every region for the period under study on its industry structure (share of 

different sectors that collectively account for about 60% of regions’ gross regional product such 

as agriculture, mining, pulp, steel, retail, hotel-restaurant-hotel, research and development), 

unemployment, patenting activity, political leanings of the population (specifically, percentage of 

votes cast for the main right-wing party), estimates of business-friendliness of politicians as 

perceived by region residents, and the number of bankruptcies. The data was collected from the 

following data sources: the Swedish statistics database of regional statistics, the Swedish patent 

and registration office database, the official Swedish enterprising statistics of local business 

environments.   
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The share of the variance in our estimates of the different components of regional 

innovation that could not be explained by such ‘usual suspects’ of innovation analysis was rather 

high: about 91% (p<.001) for Schumpeterian technological extension, about 85% (p<.001) for 

Kirznerian catching-up innovation, and slightly over 86% (p<.001) for the overall factor 

productivity change. This indicates that our estimates of regional innovation capture substantial 

unique variance that is not a part of more traditional proxies for regional innovation and as such 

should be considered for inclusion into researchers’ toolkit.  

 

CONCLUSIONS 

This paper explores how the DEA method and the Malmquist productivity index can be 

used to understand three kinds of regional technological innovation trajectories recognized by the 

current literature. It should be seen as an introductory attempt to present a robust measurement 

technique to estimate regional technological innovation in a way that has not received much 

attention in the regional development research so far and illustrate how the resulting estimates 

can be applied in regional studies. Although existing measures of regional innovation such as 

patenting clearly have their uses and could be very informative, DEA and the Malmquist index-

based estimates presented in this paper may play a unique role in better understanding the 

complexities inbuilt in different regional innovation patterns. Among clear advantages of the 

proposed method is that the estimates of innovation are derived from objective raw data that are 

typically easily accessible worldwide yet even with limited inputs (one only needs information on 

regional resources and gross regional product) the resulting estimates are instructive in 

understanding a rather broad scope of regional innovation matters. As the paper has shown, the 

technique allows research and policy to differentiate between different kinds of regional 

technological innovation based on how regions combine their resources. Specifically, one may 
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assess (i) whether regions innovate to expand the historically best-known use of technology (the 

grand innovation), (ii) how a particular region catches up with technological advancements 

introduced by other regions, and (iii) whether regional technological trajectories indicate a 

shifting trend hinting at the redirection of current regional technologies. Consistent with this 

perspective (and evident in Figure 3), Swedish counties such as Stockholm and Jämtland are 

empirical illustrations of the grand-innovation-based regions that expand the best-known use of 

technology, while e.g. Blekinge county comes forward as an obvious example of a region in the 

process of catching-up with technological advancements made in other regions. At the same time, 

one needs to keep in mind that the technological base in counties such as Stockholm and 

Jämtland is quite different, since the metropolitan region of Stockholm tends to rely on front-end 

new technologies exploited by a growing media and ICT sector while Jämtland thrives more on 

the basis of investing in and exploiting specific and often small-scale technologies in its industry 

and service sector. 

 The Norrbotten county here could be seen as an illustrative example of a region shifting 

its technological trajectory toward capital-extensive production less dependent on human capital. 

In that historically such state of affairs corresponded well to Norrbotten’s technological base, it 

seems to be reinforcing the basis of its competitive advantage. Alternatively, it could be seen as a 

mere reflection of path dependency or competence trap discussed earlier in the paper. As could 

be seen in Figure 3, Norrbotten’s development differs markedly from the mainstream 

development paths of most regions in Sweden. Whether it is a matter of conscious choice or path-

dependent necessity is an unrelated but important issue that is worth additional scholarly 

attention. Overall, the results are highly consistent with prior research and policy reports thus 

validating the patterns observed in the examined data. This implies that this new measurement 



 35 

approach has face validity. Therefore, the empirical illustration of Swedish regions should 

encourage further attention to such analyses in other countries and regions. 

By tracking technological changes over time and simultaneously analyzing the scope of 

such innovations in different regions, it may be possible to understand whether and when 

different regions in a given country are making progress. Coupled with studies utilizing more 

traditional approaches to measuring regional innovation, the technique suggested here may shed 

more light on the issues of when, how and why technological advancements occur in regions, as 

well as inform the researcher about the nature of these processes. Obviously, the most significant 

theoretical contributions will be in identifying factors that may influence the three different forms 

of innovation presented in the paper and conceptually elaborated upon in previous research.  

From a policy perspective, recognition of the fact that regions are inherently different and 

may rely on differing means to ensure success is the first step toward designing policy initiatives 

targeted to specific regions. The benefits of such tailored policies are self-evident. While 

substantial resources may be channelled by the governments of different levels at support of 

innovative activities in counties, the realization of most suitable technological trajectories for a 

region’s success may amplify the effects of support provided by the policy makers. In the 

illustrative example provided in Figure 3 it is obvious, for instance, that policies that worked for 

the Blekinge county are unlikely to succeed if applied unchanged to the Norrbotten county. 

Conceptually, this is nothing new, but the paper provides an approach that could be used 

empirically for such distinctions. 

Apart from some tentative suggestions for future work already presented in this paper, it 

is possible that similar ideas may be applied well beyond the context of this particular study. 

While this study focused at the regional level of analysis, DEA, the Malmquist approach and 

similar techniques could also be employed at the industry level. The true potential may lie in the 
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integration of regional and industry analyses, and novel insights for studying regional innovation 

may be gained from such integration. Specifically, for regions with larger scope, diverse industry 

profiles and significant heterogeneity of industry characteristics, such analysis could contribute to 

improved policies for economic development. This is especially true for poorly performing or 

lagging regions. Although clearly beyond the scope of this paper, such multi-level reasoning 

could significantly enhance the utilization of DEA and similar techniques in regional economic 

development studies.  
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Figure 2. Innovativeness of Swedish counties, 2002-2006 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6. County-level innovation and entrepreneurship in Sweden, 2003-2006 
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Table 1 
 

Swedish county Average technological 
change, 2002-2006 

Average efficiency 
change, 2002-2006 

Average total factor productivity 
change, 2002-2006 

Stockholm 1.065 1.000 1.065 
Uppsala 1.048 0.989 1.036 
Södermanland 1.048 1.007 1.056 
Östergötland 1.048 0.993 1.041 
Jönköping 1.048 0.992 1.040 
Kronoberg 1.048 0.996 1.044 
Kalmar 1.048 0.994 1.042 
Gotland 1.097 1.013 1.108 
Blekinge 1.048 0.994 1.041 
Skåne 1.048 0.989 1.037 
Halland 1.048 0.986 1.033 
Västra Götaland 1.048  1.000* 1.048 
Värmland 1.048 0.984 1.031 
Örebro 1.048 1.010 1.058 
Västmanland 1.048 0.996 1.044 
Dalarna 1.048 1.007 1.055 
Gävleborg 1.048 1.001 1.049 
Västernorrland 1.048 0.976 1.023 
Jämtland 1.084 1.000 1.084 
Västerbotten 1.048 1.006 1.054 
Norrbotten 1.048 1.013 1.061 
Region average 1.053 0.997 1.050 
 
*Because Table 1 presents average five-year indicators of counties’ innovative performance, the value of efficiency change of 1.000 
for Västra Götaland is a result of averaging and should not be interpreted as an indication of Västra Götaland’s not changing its relative 
position with respect to the frontier. In reality, efficiency change for this county varied from 0.952 to 1.030 during the period under 
study. 
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