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The aim of this master thesis is to investigate the drivers for eco-innovation in Norway using 

multilevel analysis both at the enterprise level and at the regional level. As a secondary goal 

of this master thesis, we also assessed whether the drivers for eco-innovation in Norway were 

distinct from the drivers of general innovation. Although the drivers tested in this thesis at the 

enterprise level, enterprise size, productivity, R&D, external collaboration, and having an 

international market, have been assessed before in other countries, such a study has never been 

carried out in Norway. In regard to the regional level, to my knowledge no other study has 

investigated the effect of both regional population size and regional geographic size on the 

propensity for eco-innovation. The findings from this study implies that enterprise size, 

productivity, R&D, external collaboration and having an international market are all drivers 

of eco-innovation. At the regional level, the findings imply that regional population size has a 

negative association with eco-innovation, in that a lower regional population seems to 

encourage eco-innovation. In addition, regional geographical size seems to have a positive 

association with the propensity to eco-innovate. As to the second aim of this master thesis, the 

findings imply that although there are differences between the drivers of some aspects of eco-

innovation and some aspects general innovation, an overall conclusion that these drivers were 

distinctly different could not be made. 
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1 Abstract 
 
The aim of this master thesis is to investigate the drivers for eco-innovation in Norway using 

multilevel analysis both at the enterprise level and at the regional level. As a secondary goal of this 

master thesis, we also assessed whether the drivers for eco-innovation in Norway were distinct 

from the drivers of general innovation. Although the drivers tested in this thesis at the enterprise 

level, enterprise size, productivity, R&D, external collaboration, and having an international 

market, have been assessed before in other countries, such a study has never been carried out in 

Norway. In regard to the regional level, to my knowledge no other study has investigated the effect 

of both regional population size and regional geographic size on the propensity for eco-innovation. 

The findings from this study implies that enterprise size, productivity, R&D, external collaboration 

and having an international market are all drivers of eco-innovation. At the regional level, the 

findings imply that regional population size has a negative association with eco-innovation, in that 

a lower regional population seems to encourage eco-innovation. In addition, regional geographical 

size seems to have a positive association with the propensity to eco-innovate. As to the second aim 

of this master thesis, the findings imply that although there are differences between the drivers of 

some aspects of eco-innovation and some aspects general innovation, an overall conclusion that 

these drivers were distinctly different could not be made. 

 

Norwegian Translation. 

 

Målet med denne masteroppgaven er å undersøke drivkreftene for eco-innovasjon i Norge ved hjelp 

av flernivåanalyser både på foretaksnivå og på regionalt nivå. Som et sekundært mål for denne 

masteroppgaven, vurderte vi også om drivkreftene for eco-innovasjon i Norge var forskjellig fra 

drivkreftene av generell innovasjon. Selv om drivkreftene testet i denne oppgaven på foretaksnivå, 

bedriftenes størrelse, produktivitet, FoU, eksternt samarbeid og et internasjonalt marked har blitt 

vurdert tidligere i andre land, et slik studie har aldri blitt gjennomført i Norge. Med hensyn til det 

regionale nivået har ingen annen studie undersøkt effekten av både regional befolkningsstørrelse 

og regional geografisk størrelse på tilbøyelighet til økoinnovasjon. Resultatene fra dette studie 

innebærer at bedriftsstørrelse, produktivitet, FoU, eksternt samarbeid og et internasjonalt marked 
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er alle drivkrefter for eco-innovasjon. På regionalt nivå innebærer funnene at den regionale 

befolkningsstørrelsen har en negativ tilknytning til miljøinnovasjon, som betyr at en lavere regional 

befolkning ser ut til å oppmuntre til eco-innovasjon. I tillegg virker regional geografisk størrelse å 

ha en positiv tilknytning til tilbøyelighet til miljøinnovasjon. Når det gjelder det andre målet med 

denne masteroppgaven, innebærer funnene at selv om det er forskjeller mellom drivkreftene på 

enkelte aspekter av eco-innovasjon og noen aspekter av generell innovasjon, kunne det ikke gjøres 

en samlet konklusjon om at disse drivkreftene var tydeligvis forskjellige. 
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2 Introduction 
 
In recent times, and especially in the last decade, there has been an increasing number of papers 

that have focussed on determining the drivers of eco-innovation, as distinct from the drivers of 

innovation in general. The reason for this is an acknowledgement that  environmental innovations 

can lead to a so-called ‘win-win’ situation resulting in both economic and environmental benefits 

due to positive spill over as enterprises internalize negative environmental effects (Carraro, 2000). 

 

This paper, through the use of multi-level analysis at the enterprise level and at the regional level, 

will add to the growing literature on the subject by approaching the analysis from a Norwegian 

perspective. This paper will seek to discover if some of the drivers that have already been identified 

at the enterprise level, namely firm productivity, firm size, R&D, external collaboration, and having 

an International market is also relevant in a Norwegian context. In addition, this paper will also 

consider drivers at the regional level such as regional population size. In the second part of this 

paper, we will test if the drivers for eco-innovation in Norway are distinct from the drivers of 

general innovation. The intention is by evaluating a wider range of drivers than perhaps previously 

in a single study, this paper will contribute a more nuanced understanding of the underlining drivers 

of eco-innovation.  

 

Both Hojnik and Ruzzier (2016) and del Río et al. (2016) in carrying out comprehensive reviews 

of existing literature on the subject of drivers for eco-innovation identified those drivers that were 

most commonly reported. However, despite the numerous articles reviewed in the aforementioned 

articles, it still seems difficult to assume that these reported drivers are universal. In fact, the 

different peculiarities of each country where evidenced was gathered for each paper sometimes 

gave differing results. Martin et al. (2011) finds that the propensity to innovate differs significantly 

across countries, even after controlling for existing differences in their industry structures. Even 

those drivers that this paper specifically focuses on have given mixed results often with just as 

many papers for as there are against. 

 

2.1 Outline of study 
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This paper is organized as follows: The remaining of this section will be dedicated to defining the 

concept of eco-innovation, and how it compares to general innovation, as well as a discussion of 

the theoretical approach this study will take. In section 3 a literary review and hypotheses 

development is carried out addressing all the independent variables that will be tested. This also 

includes a discussion of the secondary goal of this thesis which is to consider the differences 

between the drivers of eco-innovation and general innovation. In section 4 the methodology is 

described, which includes background information on the dataset used in the analysis. In 

addition, this section will also include more detailed explanation of independent, dependent, and 

control variables both at the enterprise and regional level. A brief description of multilevel 

analysis is given in section 5. In section 6 the results from regression analysis are given including 

how we address any possible technical issues. Furthermore, we test each hypothesis and present 

our conclusions. The results of the second aim of this thesis are also presented in section 6 as well 

as the conclusions drawn from the empirical results. In section 7 we present a summary of our 

general conclusions and discussions of empirical results. In section 8 we discuss limitations with 

this thesis, discussing such issues as odds ratio and causation, as well as possible directions for 

any future study. Finally, in section 9 we present a general overview of the reliability and validity 

of this thesis. 

 

2.2 Definition of eco-innovation 
 

Hojnik and Ruzzier (2016) considered the use of the term eco-innovation in literature as it is often 

used interchangeably with the term environmental innovation, and green innovation, and decided 

that despite the ambiguity of usage, they all embraced elements of fewer adverse effects on the 

environment and more efficient use of resources and therefore could be considered the be referring 

to the same thing. This paper will use the term eco-innovation. 

 

Eco-innovation is a concept that is not easily defined and several attempts have been made in 

literature to clarify its definition. Hojnik and Ruzzier (2016) highlight some of the more prominent 

definitions put forward, such as The Eco-Innovation Observatory (2012, p. 8) which defines eco-

innovation as the:  
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Introduction of any new or significantly improved product (good or service), process, 

organizational change or marketing solution that reduces the use of natural resources 

(including materials, energy, water and land) and decreases the release of harmful 

substances across the whole life-cycle. 

Another definition proposed by  Kemp and Pearson (2007, p. 7) is: 

Eco-innovation is the production, assimilation or exploitation of a product, production 

process, service or management or business method that is novel to the organization 

(developing or adopting it) and which results, throughout its life cycle, in a reduction of 

environmental risk, pollution and other negative impacts of resources use (including energy 

use) compared to relevant alternatives.  

And yet another proposed by Horbach et al. (2012) is eco-innovations are: 

Product, process, marketing, and organizational innovations, leading to a noticeable 

reduction in environmental burdens. Positive environmental effects can be explicit goals or 

side effects of innovations. They can occur within the respective companies or through 

customer use of products or services. 

 

There are other definitions, but as noted by Hojnik and Ruzzier (2016), all these various definitions 

seem to share two main components: “fewer adverse effects on the environment and a more 

efficient use of resources.” Without attempting to add another definition to those that already exist, 

this paper chooses to follow a general definition as defined by the two main components stated 

above.   

 

2.3 Eco-innovation and General Innovation. 
 

Although it has been recognized that eco-innovations are a subset of, and have many common 

characteristics with innovation generally (Wagner, 2008), it has also been recognized that eco-

innovations have unique, distinguishing features (Rennings, 2000) which require their own specific 
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insights into the drivers1 that encourage them. Hojnik and Ruzzier (2016) in reviewing Rennings 

(2000) outlined three distinguishing features:  

 

1. eco-innovation can be technological, organizational, social, or institutional; developed by 

companies or non-profit organizations; and it can be traded or not traded on markets. 

2. an interdisciplinary approach should be adopted when analysing eco-innovation because 

of its placement between the disciplines of innovation economics and environmental 

economics. 

3. the “double externality problem,” which emphasizes the crucial role of environmental 

policy instruments as drivers of eco-innovation.  

 

This is a restatement of the ‘win-win’ situation referred to earlier where eco-innovation leads to 

positive externalities (as with general innovation) in addition to socially desirable environmental 

spill overs. However, it is the enterprise that bears the cost of reducing their environmental footprint 

which induces a higher cost for them than those experienced by their competitors leading to the 

importance of regulatory measures as a driver of eco-innovation, by levelling the playing field for 

all actors. 

 

2.4 Theory grounds 
 

Recognizing that general innovation theory is not the most appropriate theoretical background from 

which to explore the drivers of eco-innovation, researchers in this field have applied a variety of 

theoretical underpinnings. del Río et al. (2016) in a review of articles on the what drives eco-

innovators also noted that many articles they reviewed lacked an explicit theoretical framework on 

which to base their evaluation. 

In their review article Hojnik and Ruzzier (2016) summarized many of theories that have been 

adopted by researchers in studying the drivers for eco-innovation. Many, despite the 

                                                
Hojnik and Ruzzier (2016) defined drivers as a stimulus which can act as a motivation-based factor (such a regulatory 

pressure, competitive pressure or customer demand) or a facilitating factor (such as financial resources or technological 

capabilities).  
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inappropriateness, applied general innovation theory, other theories used include a mixture of 

institutional and resource-based, stake-holder theory and neo-institutional theory. Hojnik and 

Ruzzier (2016) concluded that a singular theoretical background may in any case be difficult to 

define and would depend entirely on the bundle of factors being researched and the type of eco-

innovation being addressed.  

In this paper we have chosen to approach this research from an enlarged general innovation theory 

as proposed by Horbach (2008) and termed environmental innovation theory which encompasses 

demand side, supply side, institutional, and political influence drivers of eco-innovation, as it 

captures the bundle of factors we will assess, namely characteristics of the enterprise as well as 

regional and geographical factors (which Horbach (2008) also assessed.). 

This paper acknowledges that using this expand theory is not necessarily required given that the 

main inclusion by Horbach (2008) was in order to capture the policy element that this paper does 

not address. However, we believe that by referring to this environmental innovation theory in some 

way adds weight to the point made about this particular field of inquiry requiring a cohesive theory 

grounding. 

3 Literary review and hypotheses. 
 

3.1 Literary review 
 

As a clear indication of just how much interest has grown in this particular area of research, Hojnik 

and Ruzzier (2016) in a review article identified 165 articles specifically focussed on evaluating 

the drivers of green innovation. del Río et al. (2016) in another review article also found no shortage 

of articles that addressed this subject. However, there were some issues that both articles identified 

as lacking in this area of research. 

 

In conclusion Hojnik and Ruzzier (2016) stated some limitations with their literature review. 

Limitations associated with the literature review method lead to a methodological problem in 

determining the impact of drivers; each reviewed study is based on a different list of drivers or 

determinants, which means that other drivers are not considered. In addition, the drivers that were 

identified and examined in the reviewed studies are overwhelmingly proximate factors rather than 
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distal factors or ultimate causes—such as the innovativeness of a particular sector, the distance of 

a country to the technology frontier, property law, systems of governance, geographic location, 

culture, and the international trade regime 

 

del Río et al. (2016) in carrying out a critical review of the empirical literature based on 

econometric methods on what drives eco-innovators also highlighted the focus of literature on the 

factors of regulation, size, cooperation and environmental management systems (EMS) and the less 

frequent use of other internal factors to the firm, international drivers, and regional issues. 

 

Rather than carrying out a subject wide literary review on every article related to the issue of drivers 

for eco-innovation generally, this paper will primarily focus on those articles that address the 

particular drivers we will be testing. 

 

3.1.1 Database search for articles published after the period of 2000-2015 
 

An attempt was made to find articles published after the inclusion period in the aforementioned 

review articles, to discover if any new findings had been made. However, the few articles that were 

found added very little to the factors mentioned by both Hojnik and Ruzzier (2016) and del Río et 

al. (2016). 

 

Cai and Li (2018) using evidence gathered in China reported similar findings to those already 

discussed such as R&D intensity, market-based instruments, customer green demand, and 

environmental organizational capabilities are all contributing drivers to green innovation. 

Surprisingly, and perhaps further evidence that drivers for eco-innovation can be country specific, 

it was reported that competitive pressure provided the greatest incentive for firms to adopt eco-

innovation. 

 
Fernando and Wah (2017) in Malaysia confirmed the important role that environmental regulation 

plays as a driver for eco-innovation as well as confirming other drivers previously discussed such 

as market focus and technology.  
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3.2 Hypotheses 
 

 
Figure 1: Conceptual model. 

 

The above conceptual model represents the structure of the following hypotheses development and 

analysis.  

 

3.2.1 Enterprise size: 
 

Several arguments have been put forward to link firm size as a driver for innovation in general and 

by extension eco-innovation. One of these arguments is to approach firm size as a determinant of 

a firm´s competitive advantage (Schumpeter, 1942). The assumption being that large firms have 

vast resources that can be diverted to actions that may increase its competitive advantage including 

eco-innovations. Large firms are better suited to the exercise of utilizing the factors of production 

Enterprise Size

Productivity

R&D

Eco-InnovationExternal 
Collaboration

Regional 
population size

International      
Market

regional level

enterprise level

Regional 
geographic size
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than smaller firms. Large firms benefit from specialization  of its labor and physical resources 

required to promote and implement eco-innovation activities within firm boundaries (Schumpeter, 

1934).  

 

Even more related to the notion that firm size is a driver for eco-innovation, and that  larger firms 

typically  engaged in multiple eco-innovation activities is presented by both Montabon et al. (2007) 

and Tate et al. (2010).  

 

Further evidence is provided by Álvarez Gil et al. (2001) in studying the hotel industry in Spain, 

where reasoning put forward for this positive relationship between firm size and eco-innovation 

include:  

 

1. Larger firms have more impact on the environment. 

2. Larger firms face considerable pressure from stakeholders because: 

a. their environment impact is more visible. 

b. it is easier to control centralized sources of pollution than disperse ones. 

c. They are considered as industry leaders and thus constitute models to imitate. 

3. They have greater organizational slack. 

4. Larger firms adopt a more formalized management structure which could lead to a more 

formalized approach to eco-innovation. 

5. Economies of scale for the re-use, recycling or valuation of waste. 

 

The findings in Álvarez Gil et al. (2001) confirmed the positive relationship between firm size and 

eco-innovation with the main factors being attributed to economies of scale and organizational 

slack.  Others that support this positive association include Kammerer (2009), as well as De Marchi 

(2012) who found that firm size as a driver seems to be more relevant for eco-innovation than 

innovation in general.  

 

Horbach (2008) offers a different approach from a theoretical perspective by stating that large 

monopolistic firms have less incentives to innovate as opposed to smaller firms who are forced to 

innovate in a competitive market in order to be better than their competitors. This viewpoint is 
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supported somewhat by Mazzanti and Zoboli (2009) where it was found that sectors and size do 

not influence the adoption of innovation. Cainelli et al. (2012) also found that any benefits from 

such structural factors such as size on driving eco-innovation are outweighed by other factors such 

as firm cooperation with suppliers and universities. 

 

However, since most of the viewpoints expressed seem to make the underlying assumption that 

firm size is not an element that can be defined by one element be measured but that size inherently 

means size in relation to other resources such as structural, financial as well as number of 

employees and productivity, and since we have taken the stance that productivity is a positive driver 

of eco-innovation in H1, it seems only logical that we also test size as a positive driver for eco-

innovation. 

 

Hypothesis 1 (H1).  There is a positive association between firm size and green innovation. Larger 

firms will be more likely to engage in green innovation, whereas smaller firms will be less likely 

to do so. 

 

3.2.2 Enterprise productivity 
 

Given that environmental innovative activity for a firm often requires considerable financial 

commitment, (Tate et al., 2010), it  stands to reason that it is those firms that have greater 

productivity - and therefore greater access to resources - that would engage in eco-innovation. This 

access to resources over and above what is required by an organization to maintain itself by meeting 

its necessary costs has been defined as organizational slack (Cyert and March, 1959, Cyret and 

March, 1992). Perhaps a more useful definition of organizational slack is given by L.J. Bourgeois 

(1981) as: 

Organizational slack is that cushion of actual or potential resources which allows an 

organization to adapt successfully to internal pressures for adjustment or to external 

pressures for change in policy, as well as to initiate changes in strategy with respect to 

external environment. 
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Taking this stance, on could infer that this organizational slack could also be diverted to  general 

innovation activities as Aarstad et al. (2016) argues, productive enterprises will accumulate 

resources through productivity gains creating slack within an organization leading to an 

“innovation potential beyond what may be channeled into formal R&D investments.” This slack 

can result in employees, either individually or collectively, to pursue innovation with relatively 

little economic restriction. Although this argument was made in regard to general innovation, it is 

not such a leap to assume that this slack will also lead to firms having more resources to explore 

the possibilities presented by eco-innovation. 

 

Firm productivity as a driver for eco-innovation is not a new proposition, in fact several researchers 

have noted its role in driving eco-innovation. Mazzanti and Zoboli (2009) in studying 

manufacturing firms in Northern Italy made the positive connection with firms that do well 

financially being able to afford to spend more on environmental innovation. In a study using data 

from across the economic landscape of Italy, an interesting observation was made by Borghesi et 

al. (2012) where the relationship was expressed as a “virtuous cycle” where eco-innovation drove 

positive economic performance which in turn drove further eco-innovative activities. A later study 

by the same authors confirmed this positive relationship (Borghesi et al., 2015). 

 

What is interesting in regard to firm productivity as a driver for eco-innovation is that other 

researchers have not been so positive about the relationship. Demirel and Kesidou (2011) in the 

United Kingdom found very little significance in productivity being a driver. Another contradictory 

finding is provided by Hofer et al. (2012) in studying manufacturing companies in the U.S found 

that companies with greater profitability is associated with lower degree of eco-innovation activity. 

The possible explanation offered is that comparatively profitable companies see less of a need to 

implement such activities in terms of gaining a competitive advantage. It should be noted that this 

negative result was also a surprise to the author. 

 

Despite the findings of little significance and even a negative relationship between productivity 

and eco-innovation, this paper proposes to test the hypothesis from the stand point that productivity 

is a driver of eco-innovation. In recent times there has been an acknowledgement worldwide about 

the importance of eco-innovation at all levels of the economic spectrum in a country. Eco-
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innovation activities may require a significant financial investment where the long term payoff can 

be uncertain which undoubtedly affects the strategic decision to pursue them (Tate et al., 2010), 

given the current development in perception of business activity and how they affect the 

environment, making the decision not to engage in eco-innovation if a firm has the resources to do 

so is short-sighted. And perhaps further evidence that drivers of eco-innovation is contextual in 

regard to country. That productive firms will more likely engage in eco-innovation is still a 

reasonable assumption. 

 

Hypothesis 2 (H2).  There is a positive association between firm productivity and green 

innovation. Firms with high productivity will be more likely to engage in green innovation, whereas 

firms with low productivity will be less likely to do so. 

 

3.2.3 R&D 
 

R&D is generally accepted as an important element in a firms productivity and innovation activity, 

and this is often extended to eco-innovation (Mazzanti and Zoboli, 2009). R&D is also often 

mentioned as one of the areas where organizational slack is channeled (Aarstad et al., 2016). It 

would then stand to reason to assume that its role as a driver of eco-innovation would be a given, 

especially if we are to take the approach that organizational slack leads to greater resources that 

can be channeled into R&D – amongst other avenues – and that organizational slack is seen as a 

major driver of innovation both in general and environmental. Mazzanti and Zoboli (2009) indeed 

made this connection through empirical evidence in their study in Italy. Horbach (2008) in 

Germany also reported that the improvement of technological capabilities through R&D is very 

important for eco-innovation. Rehfeld et al. (2007) using a dummy to measure R&D also found a 

significant positive relationship between R&D and eco-innovation. 

 

However, there are some dissenting voices ranging from R&D having very little significance to 

not having any significance at all in regard to eco-innovation. Both Horbach (2008) and Borghesi 

et al. (2015) found that the presence of R&D expenditure is never significant. Borghesi et al. (2015) 

suggested that this lack of significance is due to the fact that R&D is ultimately a proxy for general 

innovation-related capacity and that specific environmental R&D might be needed to capture the 
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eco-innovation effects of R&D. Kammerer (2009) defined R&D as the share of employees in R&D 

which he suggests leads to this contrary result for the positive relationship between R&D and eco-

innovation. Another explanation offered is that perhaps the impact of R&D activities on eco-

innovation is sector specific-the focus of the study in Kammerer (2009) was the electrical 

manufacturing industry in Germany. Cainelli et al. (2012) found no significance of R&D on eco-

innovation activities and suggests that R&D is a far too generic and weak commitment to enhance 

the adoption of eco-innovation. 

 

The data we have available to us makes it possible to test R&D as a dummy variable only, i.e. 

whether there were R&D activities or not. This was the same approach taken by Rehfeld et al. 

(2007) and led to positive results, and this is the approach this paper will take. However, we 

acknowledge the points made by other researchers, as mentioned above, about the definition of 

R&D perhaps playing a role in the results. We would also like to reiterate the aforementioned point 

about the sector specificity of drivers - this paper takes into account all industries in Norway, 

although others such as Horbach et al. (2012) also used CIS data in Germany and found no 

significance – as well as the country context stated earlier. 

 

 Hypothesis 3 (H3).  There is a positive association between R&D spending and green innovation. 

That is to say firms who spend on R&D are also more likely to engage in green innovation than 

firms who do not spend anything on R&D. 

 

3.2.4 External Collaboration 

Collaboration with external partners, whether they be suppliers, research institutions, competitors, 

or customers is generally accepted as advantage in terms of a firm’s innovative activities. 

Collaboration with external partners, especially in the form of strategic alliance, was initially seen 

as an activity undertaken by large firms, however, the benefits of external collaboration for small 

to medium (SMEs) businesses, which makes up the majority of firms in Norway, have been found 

to be significant. In fact this external collaboration on SMEs innovative activities has the most 

significant impact (Zeng et al., 2010). 
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In reference to eco-innovation specifically, unlike some of the variables to be tested in the previous 

hypotheses, there seems to be more consensus about the positive effect that external collaboration 

has on the eco-innovation activities of firms. This positive effect has been emphasized as being of 

even greater importance for eco-innovation than for general innovation (Horbach et al., 2013, De 

Marchi, 2012, De Marchi and Grandinetti, 2013, Pereira and Vence, 2012, Yarahmadi and Higgins, 

2012, Horbach, 2008). The reasoning offered for this relationship is that eco-innovation has a 

higher requirement for external knowledge and information than for general innovation. A further 

definition of this reasoning is given by Horbach (2014) in that many eco-innovations fields are 

relatively new, meaning there is less inherent knowledge and information within a firm which leads 

to firms seeking this from elsewhere. 

Mazzanti and Zoboli (2009) suggested that these innovation-orientated co-operation with other 

firms and research institutes may partially substitute for size economies of scale when the firm 

environment is characterized SMEs, and may be as, if not more, important than firm structural 

characteristics. This is attributed to firms taking advantage of knowledge transfers within the 

collaborative group from spillovers. It is even suggested that firms who engage in collaborative 

activities will not invest directly in R&D which seems to stand to reason. Borghesi et al. (2012) 

also emphasized the importance of these networking or collaborative relationships in regard to 

environment innovation.   

Given that the Norwegian firm environment is characterized by SMEs, and the literary consensus 

on the importance of collaboration activities for eco-innovation, one would assume that this 

relationship would also hold true in Norway. If eco-innovation does in fact require knowledge and 

competences that may not belong to the core competences that define a firm´s fundamental 

business, (Teece et al., 1997), then where these sources of information or collaborative partners are 

also a relevant issue. Horbach (2014) approaching this question from a regional context highlighted 

the importance of universities and other research institutions in close geographic proximity to the 

eco-innovating firm. However, the size of Norway as a country and the fact that from a regional 

perspective, Norway is characterized by many geographically large areas with low population 

density, one would assume that Norwegian firms would need to go beyond regional borders to gain 

the knowledge they required for eco-innovation. The importance of this external collaboration, at 
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least for general innovation, for Norwegian enterprises is also pointed to by Isaksen and Karlsen 

(2012b) 

Hypothesis 4 (H4). There is a positive association between external collaboration and green 

innovation.  

 

3.2.5 Geographic market. 
 

In general innovation theory, studies have demonstrated a strong link between firm innovation, 

international ownership, and export orientation (Diana A. Filipescu et al., 2013, Du and Girma, 

2009, Yi et al., 2013). 

 

del Río et al. (2016), in a review article of the drivers of eco-innovation, highlighted the neglected 

influences of international factors on eco-innovation. These international influences seem to have 

been generally assumed to be positive drivers for the adoption of eco-innovation activities. This 

assumption has normally been made on the basis that international customers will exert higher 

environmental pressures than local customers on innovating firms which will more than likely give 

an incentive to engage in eco-innovation (Kraatz, 1998). In addition, international trade barriers 

that are imposed on producers to force them to be more eco-friendly will have an effect in spurring 

eco-innovation in order to overcome those barriers by meeting the highest environmental standard 

(Rugman et al., 1999). International trade can also generate knowledge spillovers, expose domestic 

firms to more international competition which can lead to invest in technology for better eco-

innovation (Perkins and Neumayer, 2008). This international trade can also lead to the cross-border 

diffusion of environmental best practice and increase the pressure on all producers to adopt more 

eco-friendly behavior (Vogel, 2000). However, all the above assume an international market 

characterized by higher levels of environmental requirement. This was in fact the case which 

Cainelli et al. (2012) tested as a market orientation hypothesis. In that paper the evidence indicated 

that this relationship was not significant, with the explanation given that a motivation to eco-

innovate for an eco-innovative firm has not yet been developed as a demand from its international 

customers. Other have also found that there was no significant relationship between an 

international market orientation and eco-innovation (Ziegler and Rennings, 2004, Rehfeld et al., 

2007) 
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Horbach et al. (2013) also tested for the relationship between market orientation and categorized 

the market as: local (LocalMarket), national (NatMarket), European (EurMarket) or other foreign 

countries (OtherMarket) and found that compared to general innovation, geographic market 

orientation does not seem to be a distinct characteristic of eco- innovation. 

 

However, in this case, we propose that the peculiarities of Norway as country may provide different 

results. Norway is a small country in comparison to many where the impact on geographic market 

orientation on the engagement of domestic firms in eco-innovation. There is an argument that due 

to its size, markets outside of its borders are of greater importance for Norwegian firms. (60% of 

GDP comes from trade (The Heritage Foundation, 2018) 

 

Hypothesis 5 (H5) There is a positive relationship between having an international market and 

green innovation. Enterprises that orient themselves towards an international market are more 

inclined to engage in green innovation than those that orient themselves towards a local market. 

 

3.2.6 Regional population size and regional geographic size 
 

Much of the research concerning regional innovation in Norway has been focused on the effect of 

regional resources normally associated with large urban areas on innovation activity (Isaksen and 

Karlsen, 2012a). These urban areas are characterized by a variety of industries, established 

universities of research institutions and a well-functioning regional innovations system, and one 

can also presume a large population. Knudsen et al. (2008) in the U.S for example concluded that 

population density is an important component of knowledge spillovers and therefore an important 

component of innovation. 

 

Aarstad et al. (2016), contrary to what the above logic may suggest, found that regional population 

density actually had a direct negative effect on the propensity of enterprises to be innovative. The 

explanation given for this surprising result in based on the regional peculiarities of Norway as a 

country. Some regions in Norway with relatively low population density have a long history of 

dynamic and innovative industries such as shipping, maritime, fish farming, and oil and gas. 
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Another reason offered is that low population density leads to increased knowledge about 

complementary knowledge, resources and skills that lie within the same geographical boundaries. 

Low population density may even lead to increased trust which may further foster innovative 

activities due increased collaboration. 

 

In regard to eco-innovation, del Río et al. (2016) expressed that regional issues have largely been 

a neglected issue in literature on the drivers of eco-innovation. However, there have been some 

exceptions, Ghisetti and Quatraro (2013) found that firms located in highly polluting regions are 

more likely to eco-innovate. 

 
Another researcher who is often cited as the exception to this lack of inclusion of regional context 

is Horbach (2014). He explains that this lack of inclusion has mainly been because of lack of 

adequate data available to carry out such an analysis. In his analysis, such regional characteristics 

such as population density, relevance of green parties, unemployment rate are taken into account. 

In addition, the effect of location dummy factors such as proximity to research centres and 

universities, level of regional wages and trans-regional traffic infrastructure are also included. 

(Horbach, 2014) concluded that regional proximity to research centres and universities are more 

important for eco-innovations compared to other innovations.  Eco-innovations seem to be more 

prevalent in under-developed or disadvantaged regions characterized by high rates of poverty. In 

addition, eco-innovations are less dependent on the typical urbanization advantages.  

 
A possible reason as to why green innovation enterprises in sparsely populated, but large 

geographical regions, do not benefit from urbanization advantages is that eco-innovation requires 

more external cooperation as we have theorized earlier. So, this knowledge can come from 

anywhere, not necessarily from other enterprises in a spill over effect within more densely 

populated regions.  

 
Hypothesis 6 (H6). There is a negative association between regional population size (where the 

firm is location) and eco-innovation.  

 
In regard to the issue of regional geographical size and eco-innovation, there has been very no 

discussion in relevant literature. However, given the already cited issues discussed by  Aarstad et 

al. (2016) concerning the peculiarities of Norway we aim to test this variable in the positive as 
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population density mentioned was measured as population divided by regional geographic size. 

In addition, many of the innovative industries already mentioned are located in large 

geographical regions. 

 

Hypothesis 7 (H7). There is a positive association between regional geographical size (where the 

firm is located) and eco-innovation. 

 

3.3 Drivers: Eco-innovation versus General Innovation. 
  

As to the question of whether the specific drivers for eco-innovation are different from those of 

general innovation, there does exists some literature on the subject, although del Río et al. (2016) 

in a review remarked that literature was recent and not very abundant.  

 

Whereas there seems to be general agreement that eco-innovation and general innovation will have 

drivers that are common to both, of those variables that are tested in this paper, a literature search 

revealed that some of them have been directly compared in previous literature with mixed results. 

 

3.3.1 Size 
 
Horbach et al. (2013) in comparing data from Germany and France, Horbach (2008) for Germany, 

Rave et al. (2011) for manufacturing industry in Germany, and Cainelli et al. (2015) for Spanish 

manufacturing firms, amongst others all found that size plays a more prominent role as a driver for 

eco-innovation than general innovation. Only Horbach (2014) for Germany found no significance 

for size being more of a driver for eco-innovation than for innovation in general. 

 

3.3.2 R&D 
 
Horbach (2008) and  Horbach et al. (2012) both in Germany, De Marchi (2012) in analyzing 

Spanish manufacturing firms, found no significance that R&D is more of  a driver for eco-

innovation than for general innovation, whereas Horbach et al. (2013), del Río et al. (2015) make 

the opposite finding. 
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3.3.3 External collaboration 
 
Many researchers have found that external collaboration plays a more prominent role as a driver 

for eco-innovation than it does for general innovation, such as Horbach (2008) and Rave et al. 

(2011) for Germany and De Marchi (2012) and del Río et al. (2015) for Spain. However, there also 

researchers that have made the opposite observation (Horbach et al., 2013, Horbach, 2014) 

 

3.3.4 Market 
 
Horbach et al. (2013) for Germany was the only paper that considered where the most important 

market for an enterprise was located and found that market orientation did not seem to be a distinct 

characteristic of eco-innovation compared to other innovations. 

 

Given the scarcity of research in comparing the drivers for these two types of innovation, this paper 

hopes to contribute to establishing more evidence in regard to the differences, or similarities 

between the drivers for eco-innovation and general innovation in a Norwegian context. 

 

4 METHODOLOGY 
 

4.1 Research context and data 
 

Data used in the analysis for this paper was taken from the Community Innovation Survey (2010), 

which was collected by Statistics Norway in collaboration with Eurostat. Some measures were 

taken to ensure the data collected could be used for valid cross-country comparison given certain 

peculiarities of the Norwegian economic and geographic framework. This included the inclusion 

of small enterprises of 5-9 employees (not commonly sampled in other Eurostat member states) 

due to the significant presence of such enterprises in the country. 

 

The Community Innovation Survey (2010) is a comprehensive gathering of data across the entire 

landscape of enterprises in a country. In Norway it is mandatory for enterprises with 50 or more 

employees to participate in the survey, in addition random samples were taken from 43% of 

enterprises with 20–49 employees, 25% of enterprises with 10–19 employees, and 19% of 
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enterprises with 5–9 employees (with a few exceptions, see Wilhelmsen and Foyn (2012)). 6595 

enterprises were captured in the survey, which included data concerning where each enterprise is 

located in terms of economic-geographical region. In addition, data on the population size (as of 

the first quarter of 2008) and geographical size in square kilometers of each of these economic-

geographical regions was provided by Statistics Norway. 

Norway is divided into 89 distinct economic-geographical regions, as defined by Statistics Norway. 

The criteria for divisions are based on trade and labor markets. Economic-geographical regions 

reside within counties and consist of one or more entire local municipalities. In other words, 

economic-geographical regions do not cross county borders, and local municipalities are not 

divided into economic-geographical regions. Accordingly, economic-geographical regions are at a 

spatial level between counties and local municipalities. The concept is analogous to the 

classification of local administrative units at level 2 (LAU 2) in the European Union, formerly 

described according to Eurostat by the nomenclature of territorial units for statistics at level 4 

(NUTS 4).  

The analysis of this paper focuses on the section of the survey where enterprises were asked how 

they rated a list of given choices concerning the goal of their innovation activities. The choices 

were given as:2 

• Expand range of goods and services. 

• Replace outdated products and processes. 

• Enter new markets or increase market share. 

• Improve quality of goods and services. 

• Improve flexibility for production of goods and services. 

• Reduce labor costs per produced unit. 

• Reduce material and energy cost per produced unit. 

• Reduce environmental effects. 

• Improve health and safety for employees. 

                                                
2 Translated from Norwegian. 
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For the purpose of analysis, responses to the relevant section of the survey were coded in a Likert 

scale as: 

 Very important 3 

 Fairly important 2 

 Little important 1 

 Not relevant  0 

 

Reduce material and energy cost per produced unit, and Reduce environmental effects are taken as 

an expression that a firm has an eco-innovation goal to its innovation activities that is distinctly 

different from a general innovation goal. It should be noted that on occasion, an enterprise 

attempting to reduce material and energy cost per produced unit may not have an eco-innovation 

motive, there is little doubt that such a pursuit will inevitably result in positive spillovers for the 

environment, and therefore falls under the definition of eco-innovation as defined in this paper. 

 

 Classification of Improving health and safety of employees was difficult as there was some 

suggestion that this could also be classified as an eco-innovation goal. However, the ambiguity in 

what the measures were that were taken to achieve this goal made this classification problematic. 

For example, a measure to improve the air quality for workers and thereby improving their health 

can clearly be seen as an eco-innovation measure as it will have an impact on the environment (and 

the definition of eco-innovation adopted by this paper does not specify that the positive effect on 

the environment is the primary goal of the innovation, simply that it has a positive effect on the 

environment).  But the positive (or negative) environmental effect of, for example, improving 

ergonomics so that workers experience less daily physical strain, is much harder to establish. As a 

result: Improving health and safety of workers is not included as an eco-innovation goal. 

 

4.1.1 Dependent, independent, and control variables at the enterprise level 
 

Data from 6534 enterprises of a total sample of 6595 enterprises allow the modelling of dependent, 

independent, and control variables at the enterprise level of analysis. 
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4.1.1.1 Firm size 
 

Firm size is an independent variable in reference to H2 and is measured in the number of 

employees.  

 

We control for enterprise size when testing H1, H3, H4, H5, and H6 with the assumption that 

enterprise size leads to economies of scale which in turn leads to increased productivity. Enterprise 

size is also assumed to positively affect the previously stated concept of slack within an enterprise. 

 

4.1.1.2 Firm productivity 
 

Firm productivity is an  independent variable with reference to H1, and is measured as sales revenue 

in Norwegian Kroner for 2010 divided by number of employees. (Aarstad et al., 2016) measured 

productivity in the same way. It should be noted that productivity does not necessarily equate to 

profitability (measured as net income per employee), however, they often yield similar results 

under human resource management practices (Huselid, 1995).  

 

Productivity is used as a control variable with reference to H2, H3, H4, H5, and H6 given the 

aforementioned concept of slack where accumulated resources as a result of high productivity can 

lead to increased autonomy in regard to innovation activity relatively unconstrained in economic 

terms (Aarstad et al., 2016). 

 

4.1.1.3 R&D spending 
 

R&D is an independent variable with reference to H3 and the concept is measured as a dummy 

variable, that is to say an enterprise that allocated resources to R&D (regardless of how much) were 

coded 1 and those who didn´t allocate any resources to R&D were coded 0. It is a control variable 

when testing H1, H2, H4, H5, and H6. 

 

4.1.1.4 External collaboration 
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External collaboration is an independent variable with reference to H4. The concept is measured 

as a dummy variable.  In the survey, respondents were asked to indicate where their collaboration 

partner was located geographically. The choices were given as follows. 

• Local/regional in Norway 

• National 

• Europe 

• USA 

• China or India 

• Other countries 

It is a control variable when testing for H1, H2, H3, H5, and H6. 

4.1.1.5 Geographic market  
 
Geographic market is an independent variable with reference to H5. In survey, respondents were 

asked to indicate where their most important market was and was coded as follows: 

• Local/regional in Norway 1 

• National   2 

• Other EU/EFTA countries 3 

• Other countries  4 

An international market for the purposes of this analysis is therefore the last two options. 

It is a control variable when testing for H1, H2, H3, H4, and H6. 

4.1.1.6 Eco-innovation 
 
Eco-innovation, as represented by reducing material and energy cost per produced unit, is a 

dependent variable for Model 1 and reducing environmental effects is a dependent variable for 

Model 2. 

 
4.1.2 Independent and control variables at the regional level:  
 

4.1.2.1 Regional population size 
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Population size is an independent variable with reference to H6. It is simply measured as the 

number of residents within the geographical boundaries of a region. It is a control variable when 

testing for H1, H2, H3, H4, and H5. 

 

4.1.2.2 Regional Geographical size 
 

Geographic size is measured in square kilometers and is tested as an independent variable with 

reference to H7, and as a control variable with reference to all the other hypotheses. 

 

4.1.3 Other control variables. 

The Multi-divisional variable is included to control for enterprises that are likely to have operations 

in subsidiaries across economic-geographical regions. As a driver for eco-innovation, its relevance 

is not of great interest here. 

In all cases we control for random effects of enterprises operating or (being nested) in particular 

industries that are located (or nested) in particular regions. This takes into account the fact that 

some industries may invest more, in for example R&D some may be capital intensive whereas 

others may be labor intensive, than other industries, and that some regions may have relatively 

large sectors of particular industries.  

5 Multilevel analysis 
 

Multilevel analysis allows the assessment of how lower-level units, in this case enterprise 

characteristics, respond, behave or act in context to higher-level units, in this case regional 

characteristics. This allows for a much more nuanced analysis then simply looking at one particular 

level as most social studies normally would do. Multilevel analysis takes into account the fact that 

often the real causes of an event or dependent variable are not direct but a combination of different 

independent variables at several levels. 

6 RESULTS 

To test all hypotheses, a multi-level ordinal logistics regression modelling was carried out using 

Stata 13.1 software (StataCorp, 2013). The results for Model 1: Reducing material and energy costs 
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per unit produced is show in Table 2 and the results for Model 2: Reduce environmental effects is 

shown in Table 3. Table 2 and 3 shows both fixed and random effects. Fixed effects represent 

regression estimates, whereas random effects represent estimated variance components.  

For both Table 2 and Table 3, random effects shown include level two residuals which take into 

account enterprises nested in industries, as well as at level three residuals which take into account 

industries nested in regions. The Wald c! is significant for both models, which confirms a robust 

model fit in that the variables in the models actually have an effect. The likelihood ratio  c! is 

significant for both models, because of the level two random effect of different enterprises nested 

in industries. We observe that level two random effects of different enterprises nested in industries 

is substantial (a substantial effect is usually taken as a ratio greater than 2:1). The substantial ratio 

of the level two random effects indicates that the industry effect within specific regions has a great 

effect. In other words, operating in a particular industry, in a particular region, is different in terms 

of eco-innovation outcomes as compared to operating in the same or in other industries in a 

different region. 

The level-three random effect of enterprises nested in regions is zero and insignificant in both 

models, which indicates that industry effects within specific regions have little to say, in that after 

controlling for level two random effects, the variation within regions with reference to enterprise 

eco-innovation is not lower than the variation across the whole sample. (see Self and Liang (1987) 

and Andrews (1999) for a discussion of zero random effects). 

Both tables include the following fixed effects regressors: Independent variables at the enterprise 

level of analysis, size (H1), productivity (H2), R&D (H3), external collaboration (H4), most 

important market (H5) and the independent variable of population size and regional size (H6) at 

the regional level of analysis. 

6.1 Multicollinearity issues 
 
Multicollinearity issues arise when the variables being tested correlate strongly with each other, 

this can lead to that the model results can become unreliable. Logistic regression requires that 

each data point be independent of all other data points. If observations are related to one 

another, then the model will tend to overweight the significance of those observations. 
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One method for taking account of any multicollinearity issues is by calculating and evaluating the 

variance inflation factor (VIF). The results of the test are shown below. 

Table 1: Results for VIF. 

Variable VIF 1/VIF 
Multi-division enterprise (dummy) 1.42 0.702 
Size in number of employees 1.49 0.673 
Productivity in turnover per employee 1.05 0.953 
R&D (dummy) 1.46 0.686 
Regional innovation collaboration (dummy) 1.64 0.609 
National innovation collaboration (dummy) 1.78 0.562 
International innovation collaboration (dummy) 2.07 0.484 
Most important market (default: local)   
National 1.14 0.879 
Europe 1.15 0.870 
Outside Europe 1.14 0.881 
Regional population size (RI) 1.19 0.844 
Regional geographic size (RG) 1.22 0.818 
RI*RG 1.06 0.941 
Mean VIF 1.37  

Results for the test for every variable returned a highest value of 2.07 which is below the range of 

critical values between 4 and 10 where multicollinearity issues will cause concern. In addition, 

we have a large sample which increases robustness and also further decreases the probability of 

potential multicollinearity issues (O’brien, 2007). 
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Table 2: Multilevel ordinal logistics regression analysis with reducing material and energy cost 
per unit produced as the dependent variable. 

Model 1 Coef. Std.Err. z P>|z| [95% Conf. Interval] 

FIXED EFFECTS       

Variables: Enterprise level       

Multi-division enterprise (dummy) -.0126 .082 -0.15 0.879 -.174 .149 

Size in number of employees .052** .026 2.02 0.043 .002 .103 

Productivity in turnover per employee .120*** .026 4.72 0.000 .070 .171 

R&D (dummy) .828*** .071 11.63 0.000 .688 .967 

Regional innovation collaboration (dummy) .254** .107 2.38 0.018 .044 .463 

National innovation collaboration (dummy) .326** .116 2.80 0.005 .098 .554 

International innovation collaboration (dummy) .403** .124 3.24 0.001 .159 .647 

       

Most important market (default: local)       

National .137** .062 2.19 0.028 .015 .259 

Europe .368*** .099 3.73 0.000 .175 .562 

Outside Europe .214* .111 1.91 0.056 -.005 .434 

       

Variables: Regional level       

Regional population size (RI) -.106*** .029 -3.65 0.000 -.163 -.049 

Regional geographic size (RG) .102** .035 2.92 0.004 .033 .170 

RI*RG .074** .027 2.71 0.007 .020 .127 

RANDOM EFFECTS       

Level two residuals (enterprises nested in 

industries) 

.357      

 (.060)      

Level three residuals (industries nested in regions) .000      

 (.000)      

Wald c! 546.6***      

Log likelihood -7123.72      

LR test vs. level one tobit model: c!  93.67***      

N 6534      

Number of regions 89      

Number of industries nested in regions 2010      

Two-tail significance tests *p<.10, **p<.05, ***p<.001. All variables, except dummy variables are log transformed (natural 

logarithm).  
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Table 3: Multilevel ordinal logistic regression analysis with reducing environmental effects as the 
dependent variable. 
 

Model 2 Coef. Std.Err. z P>|z| [95% Conf. Interval] 

FIXED EFFECTS       

Variables: Enterprise level       

Multi-division enterprise (dummy) -.000 .079 -0.01 0.991 -.156 .154 

Size in number of employees .043* .025 1.72 0.085 -.006 .092 

Productivity in turnover per employee .152*** .025 6.17 0.000 .103 .200 

R&D (dummy) .770*** .069 11.20 0.000 .635 .905 

Regional innov. collaboration (dummy) .370*** .104 3.56 0.000 .166 .575 

National innov. collaboration (dummy) .399*** .114 3.51 0.000 .176 .623 

International innov. collaboration (dummy) .244** .122 2.00 0.045 .005 .483 

       

Most important market (default: local)       

National .103* .060 1.71 0.087 -.150 .220 

Europe .202** .096 2.10 0.036 .013 .391 

Outside Europe .050 .109 0.46 0.647 -.164 .264 

       

Variables: Regional level       

Regional population size (RI) -.090*** .026 -3.40 0.001 -.142 -.038 

Regional geographic size (RG) .091** .031 2.90 0.004 .030 .153 

RI*RG .064** .025 2.57 0.010 .015 .112 

RANDOM EFFECTS       

Level two residuals (enterprise nested in industries) .197      

 (.044)      

Level three residuals (industry nested in regions) .000      

 (.000)      

Wald c! 525.95***      

Log likelihood -7348.316      

LR test vs. level one tobit model: c!  45.37***      

N 6534      

Number of regions 89      

Number of industries nested in regions 2010      

Two-tail significance tests *p<.10, **p<.05, ***p<.001. All variables, except dummy variables are log transformed (natural 

logarithm).  
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6.2 Multilevel regression estimates and hypotheses testing 
 

6.2.1 Hypothesis 1 (H1) 
 
H1 suggested a positive association between eco-innovation and enterprise size. From Table 2 we 

find that H1 gains significant empirical support: Enterprise size is a driver for reducing material 

and energy costs per unit produced.  From Table 3 we find that H1 also gains significant empirical 

support. Our conclusion is that Enterprise size is a driver for eco-innovation. 

 

6.2.2 Hypothesis 2 (H2) 
 
H1 suggested a positive association between eco-innovation and enterprise productivity. From both 

Table 2 and Table 3 we find that H2 gains very strong significant empirical support. Our conclusion 

is that there is a significant positive relationship between enterprise productivity and eco-

innovation, therefore, it is a driver for eco-innovation. 

 

6.2.3 Hypothesis 3 (H3) 
 
H3 suggested a positive association between eco-innovation and R&D. From both Table 2 and 

Table 3 we find that H3 gains very strong significant empirical support. Our conclusion is that there 

is a significant positive relationship between R&D and eco-innovation. Therefore, R&D is a driver 

for eco-innovation. 

 

6.2.4 Hypothesis 4 (H4) 
 
H4 suggested a positive association between eco-innovation and external collaboration. From both 

Table 2 and Table 3 we find that H4 gains very strong significant empirical support, at all levels: 

Regional, national, as well as international. Our conclusion is that there is a significant positive 

relationship between external collaboration and eco-innovation. Therefore, external collaboration 

is a driver for eco-innovation. 

 

6.2.5 Hypothesis 5 (H5) 
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H5 suggested a positive association between eco-innovation and having an international market. 

From Table 2 and Table 3 we find that H5 gains empirical support.  But whereas for reducing 

material and energy cost per produced unit an international market outside Europe is also 

significant, this is not the case for reducing environmental effects. A possible explanation for this 

is that reducing material and energy cost per produced unit can be seen as indirect eco-innovation, 

or a goal that most enterprises would aspire to. However, reducing environmental effects can be 

seen as a direct goal, where Norwegian enterprises are more directly affected by the demands of 

environmental conformity as dictated by the European Union in form of regulation or policy. Also 

note that for both models, having a National market is also significant. 

 

Our conclusion is that for some aspects of eco-innovation, having an international market is a 

driver, however for other aspects of eco-innovation, this international market does not extend 

outside the borders of Europe. 

 

6.2.6 Hypothesis 6 (H6) 
 
H6 suggested a negative association between a regional population size and eco-innovation. From 

both Table 2 and Table 3 we find that H6 gains strong significant empirical support. The negative, 

significant coefficient confirms this.  

 

Our conclusion is that there is a low regional population size is a driver for eco-innovation. This in 

some ways adds to the conclusions drawn by Horbach (2014) who noted the lack of effect of typical 

urbanization advantages on eco-innovation. 

 

6.2.7 Hypothesis 7 (H7) 
 
H7 suggested a positive association between regional geographical size and eco-innovation. From 

both Table 2 and Table 3 we find that H7 gains strong significant empirical support. Our 

conclusion is that a large regional geographical size is a driver for eco-innovation. 

 
 
6.2.8 Interactions. 
 



 37 

A negative effect of RI means that innovation decreases as regional population increases. A 

positive effect of RG means that innovation increases as regional size increases. A positive effect 

of the interaction RI*RG means that regional size has a stronger positive effect on innovation in 

populous regions than in unpopulous ones. It further means that population size has a less negative 

effect on innovation in large regions than in small ones.  

 

 
Figure 2: Empirical model of results. Drivers of eco-innovation. + sign indicates a significant 
positive relationship, - sign indicates a significant negative relationship. 

6.3 Summary 
 
At the enterprise level, enterprise size, productivity, R&D, External Collaboration, and an 

international market are all drivers for eco-innovation. 
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At the regional level, a low regional population and a large regional geographical size is a driver 

for eco-innovation. 
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Table 4: Multilevel ordinal logistics regression analysis with eco-innovation and general innovation as dependent variables. 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7  Model 8 Model 9 Model 10 
FIXED EFFECTS           

Variables: enterprise level           
Multi-division enterprise (dummy) -.0126 -.000 -.017 .166** .154* .096 .059 .032 -.012 -.012 

 (.082) (.079) (.078) (.082) (.079) (.079) (.078) (.078) (.078) (.079) 
Size in number of employees .052** .043* .036 -.108*** -.021 -.116*** -.044* .018 .015 .072** 

 (.026) (.025) (.025) (.026) (.025) (.025) (.024) (.025) (.025) (.025) 
Productivity in turnover per employee .120*** .152*** .090*** .021 .083*** .022 .051** .074** .096*** .092*** 

 (.026) (.025) (.024) (.024) (.024) (.024) (.023) (.023) (.024) (.024) 
R&D (dummy) .828*** .770***  .634*** 2.174*** 1.618*** 1.753*** 1.569*** 1.248*** 1.128*** 1.005*** 

 (.071) (.069) (.068) (.074) (.070) (.070) (.070) (.068) (.068) (.068) 
Regional innov. collaboration (dummy) .254** .370*** .234** .497*** .405*** .487*** .473*** .413*** .370*** .404*** 

 (.107) (.104) (.103) (.118) (.107) (.112) (.111) (.104) (.104) (.106) 
National innov. collaboration (dummy) .326** .399*** .285** .226* .287** .122 .361** .232** .213* .207* 

 (.116) (.114) (.114) (.131) (.119) (.125) (.123) (.115) (.114) (.115) 
International innov. collaboration (dummy) .403*** .244** .274** .610*** .228* .654*** .276** .206* .265** .290** 

 (.124) (.122) (.121) (.140) (.127) (.134) (.130) (.122) (.121) (.123) 
Most important market (default: local)           

National .137** .103* .046 .346*** .307*** .292*** .209*** .176** .152** .150** 
 (.062) (.060) (.059) (.060) (.059) (.059) (.058) (.059) (.059) (.059) 

Europe .368*** .202** .015 .127 .023 .346*** .104 .136 .052 .217** 
 (.099) (.096) (.096) (.103) (.096) (.099) (.097) (.095) (.095) (.096) 

Outside Europe .214* .050 -.047 .022 -.028 .336** .005 .062 -.040 .063 
 (.111) (.109) (.108) (.026) (.109) (.112) (.108) (.107) (.107) (.107) 

Variables: regional level           
Regional population size (RI) -.106*** -.090*** -.088*** .016 .007 .004 -.009 -.052** -.063** -.080** 

 (.029) (.026) (.026) (.027) (.025) (.026) (.025) (.026) (.025) (.027) 
Regional geographic size (RG) .102** .091** .111*** .006 .052* .043 .054* .087** .117*** .094** 

 (.035) (.031) (.030) (.032) (.030) (.030) (.029) (.030) (.030) (.031) 
RI*RG .074** .064** .084*** .023 .035 .035 .012 .059* .045* .066** 

 (.027) (.025) (.024) (.026) (.024) (.024) (.023) (.024) (.024) (.025) 
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Table 5: Table 4 continued. 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7  Model 8 Model 9 Model 10 
RANDOM EFFECTS           
Level-2 residuals (enterprises nested in industries) .357 .197 .169 .226 .132 .155 .127 .169 .143 .206 
 (.060) (.044) (.041) (.047) (.036) (.038) (.033) (.040) (.036) (.046) 

Level-3 residuals (industries nested in regions) .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 

 (.000) (.000) (.000) (.000) (.000) (.000) (.000) (.000) (.000) (.000) 

Wald c! 546.6*** 525.95*** 335.87*** 1500.8*** 1102.6*** 1239.9*** 1019.3*** 776.20*** 685.14*** 642.17*** 

Log likelihood -7123.716 -7348.316 -7442.615 -7021.365 -7262.637 -7273.405 -7296.100 -7431.895 -7483.408 -7441.927 

LR test vs. level one tobit model: c!  93.67*** 45.37*** 38.14*** 62.77*** 29.49*** 38.17*** 33.94*** 43.60*** 32.26*** 45.29*** 

N 6534 6534 6534 6534 6534 6534 6534 6534 6534 6534 

Number of regions 89 89 89 89 89 89 89 89 89 89 

Number of industries nested in regions 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 

Model 1: Reduce material and energy cost per produced unit. 

Model 2: Reduce environmental effects. 

Model 3: Improve health and safety for employees. 

Model 4: Expand range of goods or services. 

Model 5: Replace outdated products or processes. 

Model 6: Enter new markets or increase market share 

Model 7: Improve quality of goods or services 

Model 8: Improve flexibility for production of goods or services 

Model 9: Increase capacity for production of goods or services. 

Model 10: Reduce labor cost per produced unit. 

 
Two-tail significance tests *p<.10, **p<.05, ***p<.001. Standard error in parenthesis. All variables, except dummy variables are log transformed (natural logarithm). 
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6.4 Descriptive statistics 

The results shown in Table 4 are for tests carried out where every Model represents a different eco-

innovation goal or general innovation goal as a dependent variable (see Table for description of 

each model). Table 4 and 5 shows both fixed and random effects. Fixed effects represent regression 

estimates, whereas random effects represent estimated variance components. 

For Table 5, random effects shown include level two residuals which take into account enterprises 

nested in industries, as well as at level three residuals which take into account industries nested in 

regions. The Wald c! is significant for all models, which confirms a robust model fit in that the 

variables in the models actually have an effect. The likelihood ratio  c! is significant for all models, 

because of the level two random effect of different enterprises nested in industries. We observe 

that level two random effects of different enterprises nested in industries is substantial (a substantial 

effect is usually taken as a ratio greater than 2:1). The substantial ratio of the level two random 

effects indicates that the industry effect within specific regions has a great effect. In other words, 

operating in a particular industry, in a particular region, is different in terms of eco-innovation 

outcomes as compared to operating in the same or in other industries in a different region. 

The level-three random effect of enterprises nested in regions is zero and insignificant in all models, 

which indicates that industry effects within specific regions have little to say, in that after 

controlling for level two random effects, the variation within regions with reference to enterprise 

eco-innovation is not lower than the variation across the whole sample. (see Self and Liang (1987) 

and Andrews (1999) for a discussion of zero random effects). 

Table 4 includes the following fixed effects regressors: Independent variables at the enterprise level 

of analysis, size, productivity, R&D, external collaboration, most important market and the 

independent variable of population size and regional size at the regional level of analysis. 

The results for possible multicollinearity issues as addressed previously in this paper are the same 

for the results in Table 4, in that they fall satisfactorily under the critical range and therefore should 

pose no issues for the results presented in the table.  
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6.5 Eco-innovation versus General Innovation. 

Model 1 and Model 2 in Table 4 show eco-innovation goals for an enterprise, Model 3 through to 

Model 10 show a general innovation goal for an enterprise. Each independent variable tested will 

be reviewed individually below. 

6.5.1 Size 

In regard to enterprise size, Model 1, Model 2, Model 4, Model 6, Model 7and Model 10 show a 

significant positive relationship. This relationship shows no significance for the other models. The 

conclusion drawn is that size is not a distinct driver for eco-innovation as compared to general 

innovation. 

6.5.2 Productivity 

Table 4 shows a significant positive relationship between productivity and all models except Model 

4 and Model 6. The lack of significance of productivity on Model 4 and 6, Expand range of goods 

or services and Enter new markets or increase market share respectively, could be interpreted as 

enterprises who are not productive and seeking to explore options that could lead to productivity.  

The conclusion is that Productivity is not a distinct driver for eco-innovation as compared to general 

innovation. 

6.5.3 R&D 

Table 4 shows a strong significant positive relationship between R&D and all models. The 

conclusion is that R&D is not a distinct driver for eco-innovation as compared to general 

innovation. 

6.5.4 External Collaboration 

Regional innovation collaboration is significant for all models, whereas National innovation 

collaboration is significant for all models except for Model 6. International innovation 

collaboration has a significant positive relationship with all models. The conclusion is that External 

Collaboration is not a distinct driver for eco-innovation as compared to general innovation 
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6.5.5 International market. 

Having a National market has a significant positive relationship with all models except Model 3. 

Having Europe as the most important market has a significant positive relationship with only Model 

1, 2, 6 and 10. Having a most important market outside Europe is significant only for Model 1 and 

6. Given that Model 6 is innovation with the goal of entering a new market, this would seem logical. 

The conclusion is that this aspect, of having a market outside the region, does not seem to be a 

distinct driver of eco-innovation as compared to general innovation. 

6.5.6 Regional population size 

Regional population size has a negative significant relationship with Model 1, 2, 6, and 10. This 

means that for these models, a smaller regional population seems to be significant. The conclusion 

is that regional populations size is not a distinct driver for eco-innovation as compared to general 

innovation. 

6.5.7 Regional geographical size 
 
Regional geographical size has a positive significant relationship with all models except for 

Model 4 and Model 6. The conclusion is that regional geographical size is not a distinct driver for 

eco-innovation as compared to general innovation. 

 
6.5.8 Interactions 
 
A negative effect of RI means that innovation decreases as regional population increases (first three 

models and last three models). A positive effect of RG means that innovation increases as regional 

size increases (all models except Model 4 and Model 6). A positive effect of the interaction RI*RG 

means that regional size has a stronger positive effect on innovation in populous regions than in 

unpopulous ones. It further means that population size has a less negative effect on innovation in 

large regions than in small ones (positive interaction effects are found in the three first and the three 

models).  

 

6.6 Summary 
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From our results as shown in Table 4, for the variables that were tested, it would seem that a 

definitive statement that the drivers for eco-innovation are distinct from the drivers of general 

innovation cannot be made. From our results it would seem that eco-innovation and general 

innovation on many occasions share the same drivers. 

 

What is interesting to note in detail, is what aspect of eco-innovation shares which driver with 

which aspect of general innovation. In theory, one could for example target policy instruments or 

regulations to enhance a particular driver to encourage a combination of desired eco and general 

innovation outcomes. 

 
Figure 3: Empirical model of results. Drivers: Eco-innovation versus General innovation. Both 
types of innovations have aspects that share the same drivers. 
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7 CONCLUSION 
 
7.1 Discussion of the empirical results 
 
This paper aimed to identify the drivers of eco-innovation by analyzing data from Norway using 

multi-level logistics regression. As a secondary goal, this paper also sought to evaluate if the drivers 

for eco-innovation were distinct from those of general innovation. 

 

7.1.1 Drivers for eco-innovation 
 
Our empirical findings show that enterprise size has a significant positive relationship with an eco-

innovation goal of reducing material and energy costs per unit produced, but not with reducing 

environmental effects. Enterprise productivity has a very strong significant positive relationship 

with eco-innovation. R&D has a very strong significant positive relationship with eco-innovation. 

External collaboration is very important for eco-innovation at the regional, national and 

international level. Having an international market does have a positive significant effect but this 

international market does not extend outside the borders of Europe. Regional population size has a 

negative relationship with eco-innovation, whereas regional geographical size has a positive 

relationship with eco-innovation. 

 

7.1.2 Eco-innovation versus General innovation. 
 
The empirical findings do not seem to support the proposition that the drivers of eco-innovation 

are distinct from the drivers of general innovation.  However, a more detailed viewing of the results 

can lead one to state that this would be dependent on which aspect of eco-innovation one is 

comparing to which aspect of general innovation. 

 

7.2  Implications. 
 
With the caveat that the results in this paper can be described as a first step towards a definition of 

what drives eco-innovation in Norway, and that more research will be required to provide a more 

complete and nuanced picture, there are clear policy implications. Many drivers for general 

innovation, given our empirical results, will be shared by eco-innovation, therefore, policies that 

support general innovation will also lead to eco-innovation. However, there exists the possibility, 
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especially given existing and generally excepted literature that eco-innovation has distinctive 

features that differentiate it from general innovation, and therefore may have distinct drivers. If this 

is the case, policy makers who intend to promote eco-innovation should take these drivers into 

account. It should also be noted, for policy makers, that encouraging eco-innovation, as the so 

called win-win situation alluded to earlier in this paper dictates, not only results in reduced 

environmental impact for an enterprise, but will also have a positive impact on its economic 

performance (Cai and Li, 2018). 

 

8 Limitations and future research. 
 
8.1 Odds ratio 
 
This type of multi-level ordinal logistics regression modelling has some restrictions. One is that it 

shows a relationship, significant or otherwise, but what it actually means can be difficult to express 

in real terms. This has to do with the nature of probability, where the results shown in the table, 

although sufficiently descriptive, fails to communicate the actual effect of our independent 

variables on our dependent ones. A possible method to enhance the meaning of the probability 

results given by ordinal logistics regression is by calculating odds ratio (Rypestøl and Aarstad, 

2018). The odds ratio can give more dimension to the “significant” relationship by expressing just 

how much more likely the independent term is connected to the dependent variable. 

 

The multilevel ordinal logistics regression analysis in this paper shows in many instances a 

significant positive relationship between the independent variables tested and the dependent eco-

innovation variables. However, to provide further depth in understanding just what this 

relationship is, the odds ratio was also calculated. 

 

Unfortunately, when calculating the odds ratio for the Reducing material and energy cost per 

produced unit aspect of eco-innovation, despite allowing the analysis on STATA to run for an 

extended period of time, the model did not converge. The exact reason for this could not be 

established. The results presented below are the odds ratio for Reducing environmental effects, but 

it should be noted that all, but one independent variable returned very similar results in terms of 

significance as the multilevel ordinal logistics regression carried out earlier. 
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Table 6: Odds ratio. 

Model 2 Odds Ratio Std.Err. Coef. 

FIXED EFFECTS    

Variables: Enterprise level    

Multi-division enterprise (dummy) .897 .079 -.000 

Size in number of employees 1.049* .029 .043* 

Productivity in turnover per employee 1.140*** .030 .152*** 

R&D (dummy) 2.623*** .210 .770*** 

Regional innov. collaboration (dummy) 1.690*** .228 .370*** 

National innov. collaboration (dummy) 1.818*** .277 .399*** 

International innov. collaboration (dummy) 1.398** .222 .244** 

    

Most important market (default: local)    

National 1.116* .073 .103* 

Europe 1.164 .129 .202** 

Outside Europe .981 .123 .050 

    

Variables: Regional level    

Regional population size (RI) .911** .027 -.090*** 

Regional geographic size (RG) 1.116** .039 .091** 

RI*RG 1.080** .029 .064** 

RANDOM EFFECTS    

Level two residuals (enterprise nested in industries) .250  .197 

 .057  (.044) 

Level three residuals (industry nested in regions) .000  .000 

 (.000)  (.000) 

Wald c! 472.42***  525.95*** 

Log likelihood -4151.490  -7348.316 

LR test vs. level one tobit model: c!  44.52***  45.37*** 

N 2009  6534 

Number of regions 89  89 

Number of industries nested in regions 2010  2010 

The last column are the coefficients calculated earlier. Two-tail significance tests *p<.10, 

**p<.05, ***p<.001.  
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To generate the odds ratio, little more crude and simplified measures than the original ordinal 

logistics regression were used. However, the results were very similar (comparing the significance 

of the odds ratio and the coefficients, except for that which is highlighted where there was a 

substantial disparity). Still, we feel interpreting the odds ratio still adds some value to our results. 

For example, one could look at the odds ratio for Regional innovation collaboration (1.69) and state 

that the relationship is significantly positive, and that there is a 69% probability that enterprises 

engaged in this activity will also engage in eco-innovation. 

 

8.2 Causation 
 
The problem of causation is also another prominent issue. Although the models show relationship, 

the direction of causation can be difficult to identify and in fact no definite statement can be made 

about the causal relationship from the models. We have tried to control for as many variables as 

we have access to, but there is always the possibility that there are variables that we have not 

considered that can affect the results. 

 

However, from a logical point of view there are some relationships where a causal relationship can 

be inferred. For example, the significant relationship between a low population size and eco-

innovation, it would seem logical to infer that the causal relationship here is that a low population 

size leads to eco-innovation. It seems difficult to claim the reverse in that eco-innovation leads to 

a low population size. Even with some of the other variables where this logic analysis doesn’t seem 

so strong this analysis can still be carried out. For example, enterprise size, the most logical 

direction of the causal relationship is that size leads to eco-innovation rather than the opposite. This 

is perhaps strengthened by the literature that show how the benefits of eco-innovation can only be 

realized in the long term if at all (Tate et al., 2010).   

 

 

8.3 Future research 
 

As Horbach (2008) pointed out, variables that should be included in a more complete analysis of 

the drivers of eco-innovation are variables such as political pressure, environmental policy 

instruments or the influence of pressure groups that seem, as other papers have highlighted, 
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important especially to eco-innovation given its particular peculiarities as compared to general 

innovation. Given the data material we had at our disposal, these variables were not included in 

this paper, however, their consideration in any future research would be advisable. 

 

The results utilized in the analysis in this paper were from CIS 2008-2010, it would be interesting 

to evaluate the same variables considered in this paper for the results from later years of the CIS 

survey in Norway for comparison. This would be especially relevant if considered alongside any 

new regulation, or environmental policies that are introduced during these later years in order to 

gauge it they have had any effect on the behaviour of Norwegian enterprises. 

 

We would like to point out that the methodology utilized in this paper is robust, however the 

availability of more comprehensive, and up to date, data would be appreciated in any future studies 

that are carried out. 

9 Reliability and Validity  
 

9.1 Reliability 
 
Data used for analysis in this paper was gathered by institutions such as SSB and Eurostat with use 

of professional procedures and internationally recognized measurements, which is assumed leads 

to a relatively high standard of reliability during data gathering. The CIS survey is compiled 

according to guidelines drawn up by Eurostat/OECD otherwise known as the Oslo Manual. The 

Oslo Manual is the leading international source for guidelines for innovations statistics developed 

specifically to achieve accurate measurements and standardization for all nations. 

 

9.2 Validity 
 
The testing in this paper was carried out with the assistance of a supervisor at Western Norway 

University of Applied Sciences. Especially in regard to the statistics modelling and results, the 

supervisor has extensive experience with not only the field of research generally but has also 

published several academic papers using the same data set as well as the modelling techniques used 

in this paper. His assistance with the use of the STATA analysis was invaluable in carrying out the 

research for this paper and we believe add an enormous amount of validity to the paper. 
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9.3 Internal validity 
 
All due care was taken in carrying out testing for this paper, however, as outlined under the 

limitations section, there always exists the possibility that variables that were not considered, and 

controlled for, may affect the final results in terms of our dependent variable. Again, as outlined 

under the limitations section, the addition of odds ration analysis may have contributed more 

dimension to the internal validity by providing an extra confirmation layer to the dependent 

variables that were tested. 

 

9.4 External validity 
 
Given the size of the sample in this case, and how thoroughly it covered a cross section of all 

economic sectors and all regions in Norway, and that all due care was taken during this research, 

we believe we can claim a reasonably high level of external validity in a Norwegian context. As 

far as extending the relevance of the results outside the borders of Norway, we do not recommend 

it, especially given the evidence cited earlier as well as comparing them to our results here, which 

only add to the notion that the peculiarities for every country will give rise to different results. 
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11 APPENDIX.  
 
11.1 Full results of Ordinal Logistics Regression for all models. 
 

Appendix 1: Model 1: Reduce material and energy waste per produced unit.
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Appendix 2: Model 2: Reduce environmental effects. 
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Appendix 3: Model 3: Improve health and safety of employees. 
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Appendix 4:Model 4: Expand range of goods and services. 
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Appendix 5: Model 5: Replace outdated products or processes. 
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Appendix 6: Enter new markets or increase market share. 
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Appendix 7: Model 7: Improve quality of goods or services. 

 
 



 62 

Appendix 8: Model 8: Improve flexibility for production of goods and services. 
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Appendix 9: Increase capacity for production of goods and services. 
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Appendix 10: Model 10: Reduce labour cost per produced unit. 

 


