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Essays  


This dissertation consists of an introductory chapter and the following four 
 essays: 


1. Bloch, Eklund, Kjeldager Ryan (2019) Design Strategies for Innovation – 
 An analysis of the multifaceted concept of design 
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1  INTRODUCTION  


The phenomenon of economic growth is being pursued by virtually all modern 
 societies. The expectation of economic growth motivates people to invest in 
 companies. Investment, in turn, helps businesses to develop innovations such as 
 new products or new processes, two forms of innovation that then create economic 
 growth. 


However, experts routinely debate whether innovativeness reduces employment 
 in the short run: process innovation allows the same amount of production with 
 less labor. However, the situation will vary depending on whether the innovation 
 is more of a product or a process innovation. In the case of new-to-the-market 
 product innovations, the economy and employment may both grow. The focus of 
 this dissertation is on the innovation competences that are linked to both product 
 and process innovation output types. 


I investigate whether an innovation-competent firm can become a high-growth 
 firm (HGF), i.e., one of the fastest growing firms in the economy during a three-
 year period (Hölzl, 2013). These firms have been shown to create the most new 
 jobs without replacing existing jobs in the economy (Coad & Hölzl, 2012). A high 
 degree of employment is an important goal for general welfare—especially for the 
 funding of a Nordic welfare state. If innovativeness supports high growth, then it 
 can create new jobs. This dissertation concentrates mainly on innovativeness in 
 Denmark but also discusses similar issues in Finland. 


The starting point for this study is the premise that a breakthrough in innovation 
 requires diverse competences because the simplest inventions have likely already 
 been invented. Currently, novelties require an increasingly diverse set of 
 specialists. These include but are not limited to technological knowledge, formal 
 research and development (R&D) and information communication technology 
 (ICT) specialists but also include organizational knowledge, marketing, 
 management and design specialists. The recognition of the role of design in 
 innovation is the main contribution of this dissertation. 


Traditionally, design means to shape the end-product, a process that I call shaping 
later in this study. In Finnish, the word originates with the verb “muotoilla,” which 
is related to the noun for shape, “muoto.” In arts, design can be described as 
follows: “The content of design is no longer sought in the artifact itself. It becomes 
a receiver’s thought, which is constructed through the receiver’s contact with the 
design” (Kazmierczak, 2003, p. 48). In the past, designers were asked to put “a 
beautiful wrapping around the idea” (Brown, 2008, p. 2); today, they are 



(16)encouraged to “create ideas that better meet consumers’ needs and desires” 


(Brown, 2008, p. 2). Hence, designers are receiving increased attention and 
 gaining importance in many firms. In modern companies today, designers may 
 even initiate the innovation process, and design may be utilized in strategic 
 planning and management processes (Na, Choi, & Harrison, 2017). The concept of 
 design thinking is currently a trending practice in management. To conceptualize 
 all the diverse aspects of design, I present a new concept, design scale, which based 
 on the Danish Community Innovation Survey, helps to link design competences to 
 innovation. To the best of my knowledge, this is the first concept to link design 
 activities to data and following the design spectrum from Na et al. (2017), the 
 second concept to consider the use of design in innovation. 


Although innovation surveys are an excellent source of knowledge about 
 innovation activities in firms, one problem with using surveys as a source of 
 information is the limited number of observations they afford. In collecting 
 information on firms, the Community Innovation Survey is collected by a random 
 sampling that weights large companies. Hence, this dissertation includes a 
 discussion of how the register data, such as the linked employer–employee data 
 set, can partly replace innovation surveys. With register data, we avoid the 
 problem of selection bias because the register includes all firms and employees in 
 the focal country. This study utilizes three different types of intangible assets that 
 support both product and process innovations. These intangibles are also used in 
 the prediction of whether a firm will become an HGF and can help us to compare 
 the innovativeness of Danish and Finnish companies. Additionally, I will 
 investigate whether innovativeness has supported Denmark’s and Finland’s 
 recovery from the financial crisis of 2008. By 2018, the Finnish economy had not 
 recovered in terms of the level of the country’s GDP compared to that in the 
 prefinancial crisis period. It is interesting to compare the Finnish and Danish 
 economies to determine which factors are behind the different performance of the 
 two since 2008. One possible source of the stronger GDP growth in Denmark is its 
 continuing investment in knowledge capital. 



1.1  Objective of the dissertation 


The dissertation consists of four essays discussing the gains from knowledge in 
firms. The main aim of this dissertation is to highlight the importance of different 
innovation competences in firms. To achieve this, the dissertation primarily 
discusses two measures of innovation capability: design competences, which are 
not yet included in the intangible assets concept in the current literature, and 
intangible assets, such as capitalized IT work and management effort. Design 



(17)competences traditionally relate to marketing innovation, for example, a new 
 shape for a product or a similar shape for all products within the firm (branding). 


However, currently, design is increasingly being seen as an integral part of 
 management: design thinking is a fashionable approach to managing modern 
 firms (Brown, 2008). If the firm is already applying design competences in the 
 early stage of the innovation process, then the design supports the creation of a 
 new product, i.e., product innovation. To approach this, we use a new concept, 
 namely, a design scale that accounts for different application timing for design in 
 the innovation process. Indeed, the first essay considers different design 
 orientations considering design scale. Additionally, it tests how design scale affects 
 product innovation and the novelty of the innovation, i.e., whether the innovation 
 is only a new product to the firm, to the market, or even to the world. The first 
 essay also considers the sales of these new products; its main objective is to 
 highlight the potential gains from design in innovation. 


The second essay discusses differences between two popular strategies for 
 measuring innovativeness in firms: the examination of the firms’ innovation 
 inputs and outputs through the Community Innovation Survey and the analysis 
 based on register data of the firms’ intangible assets (Görzig, Piekkola, & Riley, 
 2010). The objective of this essay is to study the similarities and differences 
 between these measurement practices. For example, it is possible to obtain the 
 intangible assets for all firms with more than ten employees by using the Nordic 
 Register-based data. Alternatively, the survey gives us more detailed information 
 on the firm’s innovation activities than can be obtained through the intangible 
 assets approach. The main aim of the essay is to clarify whether intangible assets 
 are usable in broader contexts than those in which they are currently utilized in 
 innovation economics. Moreover, the second essay enlarges the concept of 
 intangible assets to a broader audience. 


The third essay builds on the intangible asset measure and evaluates the 
 importance of innovation competences in Denmark and Finland. The essay focuses 
 on how these competences can help the firm cope with challenges during and after 
 turbulent economic conditions such as the financial crisis of 2008. In a broader 
 context, the objective of the third essay is to show how different innovation 
 competences can aid value creation under challenging economic circumstances. 


The fourth essay discusses how innovation competences may support an 
enterprise as it becomes an HGF. This is an essential issue for the generation of 
new jobs and, in general, for creating economic growth. The essay studies how 
innovation competences are associated with the emergence of HGFs. I will explore 
this by examining the firms’ share of highly educated employees and intangible 



(18)assets compared to that of the firms’ competitors. The essay contemplates how 
 under different economic circumstances, different innovation competences, such 
 as design and engineering, may have different impacts on high growth in firms. 


Figure 1.  The interconnections of essays 1-4. 


Figure 1 describes the interconnections of the four essays. While focusing on 
 design competences, the first essay uses an innovation survey to define 
 innovativeness and innovation capabilities. The second essay discusses and 
 measures differences in innovation surveys and register-based intangible asset 
 approaches. Building on intangible asset data, the other two essays test how 
 innovation capability supports productivity (3) and high firm growth (4). Inspired 
 by Bloom and Van Reenen (2010), who show how important factor management 
 can be for productivity, each of the essays recognizes the importance of 
 management.  



1.2  Methods and Sources 


One of the most essential methodological choices in this dissertation is how to 
 evaluate innovativeness and innovation capability. A typical and simplified way to 
 measure the firms’ innovativeness is to use a dichotomous measure of whether the 
 firm has at least one new product or process. Accordingly, a product innovation 
 has typically been categorized in the previous literature into three novelty levels: 


new to the firm, new to the markets, and new to the world. Another simple measure 
of innovativeness is a binary variable identifying when the firm has a process 
innovation. Community innovation surveys measure and report these. Using the 
Danish Community Innovation Survey, in the first essay, we access detailed 
knowledge on innovation efforts and managerial practices in firms. This especially 



(19)benefits the research on design competences. To gain a deeper understanding of 
 this specific issue on a practical level, the first essay utilizes a  clean technology 
 manufacturing case study based on semistructured interviews. 


Alternatively, intangible assets can be used to measure innovation capability. 


Intangible assets can be used to measure the innovation competence in the firm. 


Simply put, the intangible asset approach to innovation measurement uses the 
 education level achieved and occupation of the employee to evaluate his or her 
 knowledge, capabilities and potential to use these skills in the job; see, e.g., the EU 
 7th framework project INNODRIVE or COINVEST at the macro level. The 
 approach from INNODRIVE presumes that a portion of working time is used to 
 develop something new: in other words, there is a share of work time that is an 
 investment in future innovations. Additionally, similar to capital formation, the 
 formation of intangible assets requires a certain share of tangible capital and 
 intermediate inputs. Consequently, each intangible capital type has its own yearly 
 depreciation rate. Intangibles have three components approximating different 
 innovation competences: research and development (RD) assets (approximating 
 broader innovativeness than the traditional R&D), organizational assets 
 (approximating organizational and marketing capital), and ICT assets. The second 
 article discusses this in detail: this explains the position of the second essay in the 
 middle of figure 2. Figure 2 presents the innovativeness measures used in the 
 essays along with the focus of the essays. The focus can be categorized by the 
 degree to which it is business or innovation related. 


While the first essay mainly focuses on how to innovate more with design, it also 
 discusses the relation between design competences and the share of sales from new 
 products. The third essay uses intangibles to explain productivity, which can be 
 conceptualized as the ability to do things smarter—this is a form of process 
 innovation. Finally, the fourth essay uses intangibles to predict high growth; 


hence, the approach of the fourth essay is highly business related. 



(20)Figure 2.  Innovation competence measures and their objects (stars are the 
 essays). 


The data in this dissertation are obtained from the Statistics of Denmark and the 
 Statistics of Finland. All the essays of this dissertation use data from Denmark. The 
 third essay uses Finnish data in addition to the Danish data. The first two essays 
 use the Community Innovation Survey and register-based data, and the other two 
 use register data. The main estimation methods include probability estimation and 
 panel data analyses. 



1.3  Structure of the dissertation 


This dissertation is organized as follows. Section 2 summarizes the essays of this 
dissertation and places their conclusions in a broader context. Section 3 presents 
the first essay, which explains innovativeness by using a measure of design 
competences in firms. The quantitative results are illustrated through 
semistructured interviews conducted to determine what functions or facilities 
innovative firms find important in their innovation process. The second essay in 
section 4 shows how the attention-gaining concept of intangible capital can 
support the generation of innovations. The third essay in section 5 uses large micro 
datasets to demonstrate the gains from intangibles in Denmark and Finland and 
the development of intangibles during and after the financial crisis. Finally, the 
fourth essay in section 6 discusses the links between innovativeness and HGF. 
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2  SUMMARY OF THE ESSAYS 


This section summarizes the four essays of this doctoral dissertation. Overall, this 
 dissertation finds strong support for using intangible assets as an innovativeness 
 measure and calls attention to design competences as a special type of effort to 
 support innovativeness. The following subchapters summarize the main outcomes 
 and findings of the essays. 



2.1  Essay 1: Design strategies for innovation – An  analysis of the multifaceted concept of design 


The first essay examines the different design competences involved at different 
 innovation stages in firms. Overall, design competences are increasingly valued in 
 the business context (D'Ippolito, 2014). Traditionally, design has been narrowly 
 seen as the shaping of the final product; however, comprehensive design thinking 
 is gaining attention from management. Accordingly, managers are increasingly 
 using the problem-solving tools of user-oriented designers to gain a competitive 
 edge for the firm. 


Na et al. (2017) formulate the design spectrum concept to describe the use of 
 design in innovation. Continuing in their footsteps, this essay presents a new 
 concept, a design scale, which helps us to analyze design in innovation with the 
 Community Innovation Survey (CIS). The empirical testing has been possible only 
 now, as the Danish CIS involves two waves with more detailed design questions 
 than previously asked. Hence, empirically testing the design scale concept, the 
 essay widens the results from Roper, Micheli, Love, and Vahter (2016). Moreover, 
 semi-structured interviews illustrate how Danish firms use design competences. 


The essay finds that the use of design does support product and process 
 innovations. However, new product sales benefit mostly from integrated design, 
 i.e., the middle of the design scale. 



2.2  Essay 2: Innovations from capabilities 


The second essay discusses an innovation measurement approach based on 
intangible assets, as developed in Görzig et al. (2010). Understanding this 
approach is important for determining whether intangibles can explain and 
predict new product launches and the development of new processes. According to 
the results of the second essay, each category of intangible assets explains these 
innovations. In a wider context, this means that by using register-based data, we 



(22)can approximate the innovativeness of more firms in the economy than just the 
 thousands that respond to the CIS. 


Both research and development (RD) assets and ICT assets support all levels of 
 novelty in product innovation. Organizational assets most often support market 
 novelty and firm novelty. Furthermore, firms with RD or ICT assets are more likely 
 to generate process innovation, marketing innovation and organizational change 
 than are firms without these assets, while organizational assets, in turn, support 
 marketing innovations. This essay proposes that intangibles serve as a valid 
 innovation capability measure. 


Register-based data have an advantage because of their broad coverage in Nordic 
 countries. Register data contain information on all firms, a classification of the 
 employees’ occupation and the employees’ completed university degrees. 


According to Harris and Moffat (2013, p. 355), knowledge “resides in employees” 


and moves more easily inside than outside the firm. Based on this, using the 
 employees’ capabilities to approximate the innovation capability of the firm is 
 justified. In contrast, register-based data are limited in terms of identifying the 
 attitudes and practices used in the firm. Therefore, CISs are needed to approach 
 questions about the specific efforts invested by employees and management. 


Moreover, surveys reveal how keen a firm is about approaching new trends in 
 marketing and management. 



2.3  Essay 3: Innovative competences and firm-level  productivity in Denmark and Finland 


The third essay analyses the development of productivity in Denmark and Finland 
 during and after the financial crisis. The essay analyses how the link between 
 intangibles and productivity has evolved between 2000 and 2013 in both 
 countries. Although productivity is a measure of ignorance in the basic model, it is 
 important for firm survival, as highlighted by Syverson (2011, p. 332): “The 
 positive correlation between productivity and survival is one of the most robust 
 findings in the literature.” 


The differences between Denmark and Finland in their firms’ intangibles are 
 interesting. Firms with organizational assets (OA) increased in Denmark from 76 


% in 1999 to 90 % in 2013, while in Finland the development was the opposite: in 
Finland, firms with OA declined from 91 % to 79 %. Research and development 
assets (RD) and ICT assets show a similar development in reverse directions: firms 
with RD increased in Denmark by 30 % and decreased in Finland by 20 %. The 
difference in ICT assets between Denmark and Finland was only 1 % in 2013. 



(23)Accordingly, the gains in productivity differ as well. Finland has achieved more 
 productivity gains from RD than has Denmark, which in turn has a comparative 
 advantage over Finland in OA. 



2.4  Essay 4: Why do some SMEs become high-growth  firms? The role of employee competences 


The fourth essay continues the focus on intangibles and explores how they are 
 related to high growth. HGFs are the engine for new job creation (Hölzl, 2013; 


Schreyer, 2000) and are thus highly interesting for governments and 
 policymakers. 


The essay measures HGFs by using a size-neutral Birch index based on the number 
 of employees. High growth can be measured by either an increase in sales or one 
 in employment. The latter is chosen here because employment decisions are future 
 oriented. Additionally, the OECD sales measure acts as a robustness test. The main 
 interest lies in exceptional HGFs, i.e., the top 5 % of the fastest growing firms. In 
 addition, the essay reports the results for the top 10 % fastest growing firms. The 
 essay includes both high-growth groups because the literature does not agree on a 
 threshold for defining fast growth. 


The essay finds that all intangible asset types are associated with the probability of 
 a firm becoming an HGF. Additionally, the firms’ share of designers supports high 
 growth before and after the financial crisis but not during the crisis. The firms’ 


share of engineers predicts high growth in each period; however, the share of 
engineers is less significant after the financial crisis. Similarly, if we expand our 
attention from the top 5 % HGFs to the top 10 % HGFs, then diversity in the area 
of education also has prediction power. The fourth essay concludes that innovation 
capabilities can well predict the emergence of an HGF. 



(24)
3  CONCLUSIONS AND POLICY IMPLICATIONS 


This dissertation combines research and discussions on intangible assets, 
 innovativeness and the broad gains derived from making things smarter by 
 applying design competences. 


In innovation, the importance of design has been undervalued for a long time, 
 although design competences support product innovation and innovation 
 performance. Design is an important strategic choice for a variety of firms and 
 represents an investment in increasing innovativeness. This dissertation 
 illustrates this role in the context of Denmark, and the relationship between design 
 and innovation is likely to be similar in other developed countries. Therefore, this 
 dissertation shows that design should be an integral part of the concept of 
 intangible assets and suggests developing a new intangible assets type, “design 
 assets,” to better measure the knowledge capital in the firms. The knowledge 
 capital measure is a key concept supporting future research because knowledge 
 capital is the engine of growth in modern economies. 


One of the most crucial questions in the innovation literature is how to measure 
 innovativeness and the innovation capability in firms. This dissertation 
 contributes to the literature by showing that new types of intangible assets are 
 needed in addition to conventional R&D spending to predict innovation. Hence, 
 measuring innovation competences based on a broad definition of intangible 
 assets is likely to be a concept with potential benefits for all developed countries. 


Furthermore, this dissertation uses intangibles to evaluate innovativeness in 
 Denmark and Finland, which have similar register databases, and studies the 
 development of productivity in both countries during the financial crisis. While 
 fewer Finnish firms have invested in intangible assets, the opposite is true in 
 Denmark. Therefore, either the financial crisis had different effects on these two 
 countries, or the response was different in these countries. It is clear that for both 
 countries, after the financial crisis started, ICT assets offered gains through higher 
 productivity enhancement. However, given the similarities in production, Finnish 
 firms should benefit from investing more in managerial abilities. Denmark has the 
 clear potential to combine its strength in organizational capabilities with R&D 
 activity but meanwhile is to some degree a follower to Finland in regard to RD and 
 ICT investment. The recovery from the financial crisis in Denmark was much faster 
 than it was in Finland; this may be linked to Denmark’s continued investment in 
 intangible assets. 


Moreover, the dissertation finds that innovativeness increases the likelihood of a 
firm becoming an HGF. These firms are of great importance to economic growth, 



(25)as HGFs have been shown to create the most new jobs in an economy (Hölzl, 2013). 


Thus, contradicting a general understanding, innovativeness does not necessarily 
 destroy jobs. In contrast, innovativeness creates growth and new jobs in innovative 
 firms. In other words, intangible assets as well as highly educated employees, 
 designers and engineers create economic growth. Innovative HGFs are an integral 
 part of creative destruction, but these firms also create genuinely new jobs. 


Given the well-grounded findings of this dissertation, the importance of design in 
business can be clearly recognized. Hence, design education should be an integral 
part of all business and technical education. 
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Abstract 


Design is considered fundamental to business performance. While there has been 
 an increasing theoretical focus on the complex and multifaceted nature of design, 
 empirical knowledge is limited on how different usages and the integration of 
 design activities relate to innovative propensity and performance. This article 
 provides detailed analyses of how different design activities support 
 innovativeness. First, through a qualitative study of firm innovation strategies, we 
 illustrate different approaches to incorporating design. Second, we analyze the role 
 of different design types on the propensity for innovation for Danish firms. The 
 quantitative analysis uses the Danish Community Innovation Survey for 2010 and 
 2012, which has unique data on design activities. Thereafter, we estimate the 
 relation between design and innovation performance, measured by the share of 
 sales from product innovations. We find a positive relation from end-product 
 shaping and the inclusion of designers in multidisciplinary teams with the 
 propensity to innovate. Moreover, we find that integrating design in management 
 practices, innovation practices and branding increase both the likelihood of 
 innovation and innovation performance. 


Keywords: innovation, innovation performance, design, design thinking, CIS 



(29)Introduction 


Design has long been considered fundamental to business performance 
 (D'Ippolito, 2014; Sanderson & Uzumeri, 1995). Although traditionally, the focus 
 has been placed on the role of design in the shaping of end-products, design is now 
 increasingly seen as a creative process influencing innovation processes and 
 innovation success. Design can be understood as a spectrum ranging from shaping 
 (activities to create a user-friendly product) to design strategy (management of the 
 design process) and to design thinking (a management approach applying design 
 to management) (Na, Choi, & Harrison, 2017). Hence, the relation between design 
 and innovation may be complex and multifaceted (Santamaría, Nieto, & Barge-Gil, 
 2009), encompassing many ways in which design can influence innovation. 


Previous empirical work finds that design supports innovation1. Czarnitzki and 
 Thorwarth (2012) find that in-house designers support both imitation and market 
 novelty . However, their results show external designers supporting only new-to-
 the-firm products. Marsili and Salter (2006) show that firms with more design 
 spending are more innovative2. Both articles stress design activities as one of many 
 innovation capabilities. Filippetti (2011, p. 19) finds that design complements 
 R&D, is more effective in dynamic firms with complex innovation strategies and 
 relates to better economic performance3. The existing quantitative analyses of how 
 design affects innovation are often unable to distinguish between different types 
 of design activities. Most studies have either limited their focus to end-product 
 design (Czarnitzki & Thorwarth, 2012) or use a single broad conceptualization of 
 design that encompasses all aspects (Filippetti, 2011). An exception is Roper, 
 Micheli, Love, and Vahter (2016), who use the designers’ roles in the innovation 
 process to explain innovative sales and the novelty of the developed product. 


Following Roper et al. (2016), we examine whether different types of design 
 activities support innovation in firms. Utilizing unique data on design activities 
 from the Danish Community Innovation Survey (CIS) for 2010 and 2012, we 
 develop a categorization of different design activities and analyze how design 
 relates to the propensity for innovation and innovation performance. For product 
 innovation, we examine three levels of innovative novelty: new to the firm, new to 
 the market or new to the world. By examining whether the effects of design and 
 shaping are different for the introduction of new-to-the-firm (approximating 
 incremental) or new-to-the-world (approximating radical) products, we also test 
 the reasoning of Norman and Verganti (2014), who expected low (high) radical 
 (incremental) innovation gains from design. 


      


1 Czarnitzki and Thorwarth (2012): the fifth Belgian Community Innovation Survey 


2 Marsili and Salter (2006): the second Dutch Community Innovation Survey. 


3 Filippetti (2011): Innobarometer Survey 2009. 



(30)Through semistructured interviews, we illustrate the broad role of design in 
 management. We aim to discover how innovative companies seek to create a 
 competitive edge through close customer interaction in different stages of design 
 activities, through the design of custom solutions and through design thinking. 


These cases help inform the design of our quantitative analysis and support the 
 construction of indicators. 


A key feature of this study is the ability to examine the different roles of design in 
 innovation and innovation performance. The case studies illustrate the role of 
 design in innovation activities within the area of clean technology. We contribute 
 to the question of how design thinking contributes to the firms’ value creation 
 process, as presented by D'Ippolito (2014, p. 723). 


Literature review 


Design has many definitions in the literature (Creusen & Schoormans, 2005; 


Galindo-Rueda & Millot, 2015; Mortati, 2015; Na et al., 2017; Norman & Verganti, 
 2014; Walsh, 1996). Many view design as appearance-focused activities, which we 
 name ‘shaping’ 4. Shaping relates to consideration of the products’ visual look, 
 materials, and expenses and typically occurs at the end of the innovation process. 


Thus, shaping has a limited effect on functionality, but it plays a key role in 
 traditional design and marketing research because it affects buying decisions and 
 user experience. Shaping is an aesthetics communicator (Creusen & Schoormans, 
 2005, p. 63): it makes sense of things and creates artifacts. A subsection of this 
 role is industrial design, in which,  as opposite to the traditional timing of shaping 
 activities, the shaping is conducted before production. The research on shaping 
 focuses on people’s preferences, for example, preferences for product appearance 
 (Creusen & Schoormans, 2005, p. 68), and on how the aesthetics affect the user 
 (Berkowitz, 1987). Hence, shaping can be seen as a form of communication 
 (Kazmierczak, 2003). A product’s appearance is meant to communicate its 
 usability and the consumer’s feelings while using the product (Creusen & 


Schoormans, 2005). This perspective also explains why OECD and Eurostat 
 (2005) previously categorized design as marketing innovation. However, recently, 
 the design concept has been expanded. For instance, Kazmierczak (2003) 
 describes design as content or meaning generation. Kazmierczak (2003) calls for 
 a paradigm change in the research on product design. Design links comprehension 
 to form but can also structure conversations. “The content of design is no longer 
 sought in the artifact itself” (Kazmierczak, 2003, p. 48): now, user experience 
 dominates. 


      


4 The term follows from the Finnish word for shape, “muoto.” 



(31)Firms implement design at different stages of production. Na et al. (2017) develop 
 the Design Innovation Spectrum concept, dividing design into the design of a 
 product or service, the management of design (Battistella, Biotto, & De Toni, 2012; 


Chiva & Alegre, 2009) and design as a management strategy, i.e., design thinking. 


Design thinking is a managerial philosophy that uses the designers’ problem-
 solving methods in business decisions. Designers are now asked to “create ideas 
 that better meet consumers’ needs and desires” whereas before, their mandate was 
 to “put a beautiful wrapping around the idea” (Brown, 2008, p. 2). Brown (2008, 
 p. 4) describes the design process as a nonlinear process of inspiration, ideation 
 and implementation. Inspiration contains the search for opportunity or for a 
 problem. Ideation includes idea generation, development and testing. Commonly, 
 a project loops between these two stages for a period as solutions generate more 
 problems or opportunities. Finally, implementation introduces the product to the 
 markets. 


The relation between innovativeness and design competences has gained attention 
 (Roy & Riedel, 1997; Utterback et al., 2006). Previous research has focused on 
 shaping’s relation to innovation (Marsili & Salter, 2006) and the effect of broadly 
 defined design (Czarnitzki & Thorwarth, 2012; Filippetti, 2011). To the best of our 
 knowledge, Roper et al. (2016) is the only study that empirically tests how design 
 activities affect innovation. They approach the relation between design and 
 innovation by considering the three roles of designers: a functional specialist role, 
 a bridging role and a continuous involvement role in innovation production (Roper 
 et al., 2016, pp. 321,323,325). In the role of a functional specialist, the designer is 
 involved in one stage of innovation production.  In the bridging role, the designer 
 is part of diverse teams. In a continuous involvement role, the designer is involved 
 in the process from the start to the commercialization of the innovation (Roper et 
 al., 2016, p. 321). 


The design literature has discussed how design can support innovativeness. An 
 interesting conceptual research stream discusses how a user focus, an important 
 part of design, affects the newness and significance of development. Norman and 
 Verganti (2014, p. 85) attribute the biggest technology changes to technology-push 
 innovations in which technology changes radically. They elaborate as follows: 


“Radical innovation brings new domains and new paradigms, and it creates a 
 potential for major changes” (Norman & Verganti, 2014, p. 84). Radical 
 innovations search for the ‘highest hill,’ the global maximum, of product quality. 


However, Norman and Verganti (2014) explain that incremental innovations, such 
as new design, use radical innovations and profit from them. Incremental 
innovations aim to develop products within the firm’s current product space and 
processes. Thus, they identify the top of the hill or the local maximum. 



(32)Nevertheless, the most successful innovations employ both innovation types: 


Nintendo Wii exemplifies the fusion of radical design and technology innovations. 


Czarnitzki and Thorwarth (2012) tested how internal and external designers 
 contribute to the innovativeness of the firm. They find contradictory evidence as 
 to whether design activities only lead to imitation. They highlight that many factors 
 contribute to successful innovation performance and that “design expenditures by 
 themselves cannot be the exclusive reason for a firm’s innovation 
 success”(Czarnitzki & Thorwarth, 2012, p. 889). They note that expenditures can 
 act as a catalyst for successful differentiation in the market. This observation is in 
 line with Gemsera and Leenders (2001), who find that shaping is a strategic choice 
 that depends on the industry’s design maturity. Czarnitzki and Thorwarth (2012), 
 however, show different gains from internal and external designers. Internal 
 design activities can support both new-to-the-market and new-to-the-firm 
 products, while external design only supports firm novelty. The underlying 
 mechanism comprises the dynamics among designers and between designers and 
 other employees. The risk of an internal designer is that he/she will experience 
 boredom, while that of an external designer is that he/she leaks information. By 
 contrast, external designers bring fresh ideas, while internal designers are 
 accessible and know the firm’s story. Czarnitzki and Thorwarth (2012) elaborate 
 that external designers might likely be used in the last stages of product 
 development, while internal designers can participate throughout the process. 


Czarnitzki and Thorwarth (2012) note that no single measure can describe the 
 complex process of innovation. Østergaard, Timmermans, and Kristinsson (2011) 
 show that having highly educated employees and value-change’s collaboration 
 supports innovativeness. They report that higher education, diversity policy, 
 organizational change and collaboration have marginal effects of 0.1 on value 
 change (Østergaard et al., 2011). Marsili and Salter (2006), using the Dutch CIS, 
 also examine the effect of shaping on innovation and focus on turnover from 
 innovation. For new-to-the-firm and new-to-the-market products, they find a 
 positive effect from design on turnover but a nonsignificant effect on the turnover 
 of improved products 5. 


The above analyses, based on CIS data, operate with a narrow design concept that 
 only includes shaping. In contrast, the analysis in Filippetti (2011), which utilizes 
 2009 Innobarometer data for all EU countries, works with a broader definition of 
 design. In the 2009 Innobarometer survey, design includes graphic, packaging, 
 process, product, service and industrial design activities. Filippetti (2011) finds 
       


5 Our data include improved products as a part of new-to-the-firm products. 



(33)that design is often not an alternative to a technology-based approach to 
 innovation but typically a complement. While this definition of design is broader, 
 the survey does not allow any distinction between the different types of design 
 activities involved in innovation. Roper et al. (2016) find that all tested roles of 
 designers contribute positively to the share of sales from new products when the 
 firm engages in R&D. Roper et al. (2016, p. 326) report that designers playing a 
 bridging role in the innovation process increase the novelty of the developed 
 product. 


Roper et al. (2016) use the data on Irish manufacturing plants during 1991–2008 
 to find how design affects innovation production and performance. Importantly, 
 design benefits plants performing R&D in-house, and these positive results also 
 drive the results for the whole sample. Following Roper et al. (2016), we 
 distinguish between different types of design activities and analyze their relation 
 to innovation and innovation performance. The categories of design activities that 
 we use are based on a unique design module that was included in the Danish CIS 
 for 2010 and 2012. Section 5 describes this in detail. 


To better understand the diverse aspects of design, we adapt a concept developed 
 by Na et al. (2017): a design spectrum. As conceptualized by Na et al. (2017), we 
 divide design activities into three parts according to the function of design. Na et 
 al. (2017) designate these three stages as follows:  designing, design strategy and 
 corporate-level design thinking. From the user and production perspectives, they 
 broadly define designing as the professional designers’ activity that creates an 
 artifact (Na et al., 2017, p. 15). This definition includes the correct and efficient use 
 of materials and the consideration of aesthetics and functionality. When designing 
 starts to affect the strategic level, then we are talking about a design strategy, which 
 is associated “with the management of design in a firm” (Na et al., 2017, p. 15). 


When firm-level management uses the designers’ problem-solving tools (design 
 principles), the design activity is called corporate-level design thinking. 


Creating a suitable concept, the design scale, which differs slightly from the design 
spectrum, we modify the design spectrum to better suit the data with the guidelines 
of the Oslo Manual (OECD & Eurostat, 2005),. The first activity of the design scale 
is shaping, i.e., the formulation of a product with small functional changes, an 
activity thus described in a survey item. The second activity is integrated design 
that includes shaping. The third part of the design scale consists of management 
practices that implement the designers’ problem-solving tools. We call this central 
design because management can use design skills without fully implementing 
design thinking. We test these, as done in Roper et al. (2016). 



(34)Figure 1.1. Design Scale. 


Consistent with the Oslo Manual (OECD & Eurostat, 2005, p. 36), we define 
 innovation as a new or significantly improved product, process, organizational or 
 marketing method. Product innovations have three novelty levels: firm 
 (imitation), market and world novelty. This article focuses on product innovation 
 but provides some evidence for process innovations and innovation in a broader 
 sense. 


Case studies of the role of desing in innovation strategies 


For a more nuanced view of the firms’ innovation strategies, we conducted case 
studies with innovative Danish manufacturing companies within the field of clean 
technology. The purpose of these studies is to provide illustrations of how these 
firms incorporate design into innovation strategies and business models in 
practice and to identify what competences firms need to succeed in implementing 
these changes. In each case, we examined the companies’ development in recent 
years and then conducted semistructured interviews with the key managers 
involved in innovation or development activities. These cases cannot be considered 
representative of the broader population of Danish companies. Instead, this 
qualitative study provides empirical knowledge of how design can be included in 
business practices. 



(35)Interviews were conducted with key personnel in management, R&D or innovation 
 activities. The semi structured interviews revolved around central topics, such as 
 the firm’s value proposition, its business and innovation models, a typical 
 innovation process, the role of design, networking, collaboration and users in 
 innovation, and the needed competences in innovation processes. To focus the 
 interview on concrete cases, we allowed the interviewee to decide where to begin 
 by giving examples of projects, products or strategies. Thus, the time used on 
 particular themes differed in each interview, reflecting that the importance of 
 aspects fluctuated. The interviews lasted approximately one hour. The coding was 
 performed in the NVivo program. Initially, we identified empirical themes that 
 revolved around a specific theme, and these were subsequently horizontally 
 aggregated into broader themes. The reported analysis describes these and their 
 relation to each other. 


The interviews covered five Danish companies. C1 produces industrial purpose 
 refrigeration and freezing products. The products have changed from standardized 
 to customer-specific solutions. C2 develops and produces electronic climate 
 control solutions and applications for industrial refrigeration, ventilation systems 
 and heat pumps. C3 manufactures product services for measuring energy and 
 water consumption. The company sells products and delivers turnkey solutions. 


Thus, customers can buy tailor-made products for which they either control the 
 system or they pay C3 to control the system. C4 develops, produces, sells and 
 installs solar panel systems. The company’s main product segment is systems 
 integrated in large buildings and domestic houses. C5 belongs to a large 
 international concern within the mechanical and electronic components industry; 


we focus on a specific division that specializes in electronic solutions for a range of 
 industries. The majority of their business is in custom solutions, entailing ongoing 
 relationships with customers and often collaborating with them during product 
 development. 


The interviews uncovered that the case companies to some degree experienced the 
 same general pressures that ignited strategic and operational changes. Some 
 interviewees expressed these pressures as a feeling of being on a burning platform, 
 which in part represents increased competitive pressures, especially from large 
 companies based in low-wage countries. These large foreign companies are able to 
 deliver quality and differentiation at a lower price due to large production capacity 
 and low wages. This development was perceived as rapid rather than incremental. 


The interviewees described many attempts to solve the recent challenges by 
following the various strategies discussed below. 



(36)Targeting niche markets 


One response to the increased price competition was to focus on segmentation; 


some of the companies changed from competing in many market segments to 
 competing in only a few and attempted to tailor their products to a segment or to 
 single customers. The interviewees expressed that the focus on a few segments 
 allows specialization that serves as a shield from direct competition with large 
 broad-based companies. 


This niche market strategy thus involves both closer interactions with users and a 
 greater focus on design at the end stage of product development. For example, C1 
 moved from a broad focus on consumer appliances to a narrow focus within three 
 industrial segments. According to the interviewee, due to their small scale, these 
 segments are not relevant to larger competitors, but for C1, the size and 
 specialization suffice. C2, which has two large clients and many smaller clients, 
 focuses on delivering solutions tailored to specific targeted segments and to the 
 single customer. 


“We want to be the specialists, we do not want to be the mass-producing 
 company, we want to deliver solutions and understand what the customer’s 
 needs are, that is what is our core, and then we have to be able to translate the 
 knowledge we have—the hard-core competences with hardware, software and 
 mechanics—and make a product from it.” 


C3 has a still different strategy because they focus on several markets and 
 segments, attempting to create products that can fit into any system. However, 
 most of the company’s competitors deliver entire systems. C4 concentrates on 
 custom-built xxx solutions; however, it still sells standard products to the market 
 in broad terms. Thus, the company has not focused on a particular segment. C5 
 has adopted a focus segmentation strategy because its customers value a very high 
 level of sophistication. 


Intelligent solutions 


These companies have to some extent focused on providing ‘solutions’ rather than 
stand-alone products. The terms intelligent products and solutions were often 
used to explain the companies’ value propositions. The solutions focus requires the 
strong incorporation of design elements at different stages in the innovation 
processes. 



(37)For adopting this strategy, the primary reason mentioned by the interviewees was 
 their inability to compete in an undifferentiated and price-focused commodity-like 
 market. 


“So, we make customer-specific solutions; we do not want to make standard 
 products, shelf products, because it quite quickly becomes a commodity, if it is not 
 already.”  


“So, in my world, there is innovation, … solutions we can invoice, but they must 
 address customer's real needs, and it may well be the customer is not fully aware 
 of what the real needs are, but then we will see if we can figure out together how 
 we can do this even better and how we can jump in and say ‘hey, listen to these 
 possibilities that we can bring to the table’, and then we have come full circle.” 


Close customer relationships and customer involvement in all aspects of the value 
 chain 


Close customer relationships can be seen as a prerequisite of the abovementioned 
 strategies or as a strategy on its own. The case companies focus on integrating the 
 customer into the entire value chain and including customers early on in the 
 product development process. The advantage of this strategy is an ability to create 
 products tailored to the customer and to thereby offer a solution that is superior to 
 off-the-shelf solutions. The relationship creates codependence and long-term 
 revenue. This approach thus goes beyond the integration of design and uses design 
 thinking in the overall innovation strategy. 


“I think actually we're going to see more that it will be more like partnerships 
 than customer-supplier relationships because then it becomes much ‘so what do 
 you say on specifications?’, and not so much on the understanding that we can 
 understand the customer's situation. …So, we can make just as much technology, 
 but if we do not fit into any business models, then it is not that interesting.” 


The interviewees often mentioned speed, flexibility and adaptation and that these 
 areas were a primary focus. The interviewees expressed a desire to be flexible in 
 terms of both upstream and downstream activities. They expressed this often in 
 conjunction with customer involvement. They emphasized needing to include 
 customers early in the process. The interviewees also mentioned just-in-time 
 considerations, such as being able to deliver solutions very quickly to anywhere in 
 the world. 


“This idea with Blue Ocean … that's where we want to be, we need to understand 
our customers' needs, have the level of innovation, speed, flexibility, and 



(38)flexibility throughout. Whether we are doing product development or making 
 production plans, we just need to be changing in a changing world and with 
 (focus) on quality, environment and design.” 


The described competences and activities exemplify the role of design in broader 
 innovative strategies or business models that the case companies have developed 
 and applied in recent years. In particular, from our interviews, three strategies 
 emerge that are either employed individually or in combination. 


The first is the niche markets strategy, where design is focused on shaping 
 products. While design is oriented towards products, it is important to note that 
 design is involved in the strategic choice of product portfolio, as companies gear 
 their operations towards tailored products for a narrow market. Products made by 
 order often involve incremental improvements in shaping or functionality. 


The second is the solutions in product development strategy. Close, long-term 
 relations are established with customers from idea to R&D to product/solution. 


Companies work with customers to determine their needs and thereafter target 
 their innovation and R&D to provide solutions to those needs. Essentially, the 
 development and manufacture of physical goods becomes a service solution that 
 the company offers its customers. Design requires close coordination between 
 marketing, innovation and production activities, all of which need to be flexible 
 and agile in adjusting and producing new products with short lead times. 


The third strategy is the systems solutions strategy, where many services 
 (maintenance, monitoring, and data management) are combined with new 
 products. This is a very widespread trend, where manufacturing firms increasingly 
 rely on service provision to create value for their manufacturing goods. However, 
 design-thinking strategies that involve the inclusion of R&D and product 
 development with these other services increase the complexity of solutions and the 
 demands on the company in terms of know-how, flexibility and coordination. 


Hypothesis development 


These examples of the activities of innovative Danish firms highlight the pressures 
of global markets. Global developments have caused these companies to focus on 
the choice of business area, the support services accompanying the product, and 
closer consumer relations. Some have redesigned their operations to be more 
flexible and to offer made-to-order products. These actions are examples of using 
design in process innovations. The firms recognized the importance of shaping, 



(39)which was defined to include the consideration of materials, costs, and product 
 quality. The product’s shape communicates its functionality and value. 


Based on the literature review and these illustrated cases, we formulated the 
 following hypotheses regarding the relation between design and innovation. 


Hypothesis 1A. Design has a positive relation to product innovation. 


Some firms apply design early in the innovation process, indicating that design 
 could support product innovations. Thus, we hypothesize that design can support 
 product innovativeness. Furthermore, designers can suggest changes other than 
 product improvement. They may support consumer value creation through a 
 different production process. As Na et al. (2017) and the interviewees discuss, 
 global changes require flexibility. Indeed, many managers had realized the need 
 for process innovation—a change in production processes and organization. For 
 example, process innovations can be delivered straight from the factory: this is one 
 way to provide quick service and to save storage costs. 


Hypothesis 1B. Design has a positive relation to all innovation types. 


Although the interviewees demonstrated a positive view of design, design can 
 relate negatively to innovation novelty. Norman and Verganti (2014) discuss how 
 human-centric design is unlikely to support radical innovations but will support 
 incremental innovations. The authors explain design as the identification of 
 market potential and usability research that they see as only likely to lead to small 
 developments in technology, i.e., only incremental innovations, (Norman & 


Verganti, 2014, pp. 82, 84, 93). They define radical innovation as “a change of 
 frame”(Norman & Verganti, 2014, p. 82), while incremental innovations are 
 smaller developments in product quality. However, radical innovations are rare; 


Norman and Verganti (2014, p. 83) suppose that radical innovations might occur 
 only once every 5-10 years. They do not recall any radical innovation (technological 
 breakthroughs) resulting from design (Norman & Verganti, 2014, pp. 79,83). As 
 we approach the relation between design and innovation from an empirical 
 perspective, we measure innovativeness by analyzing process innovation and the 
 level of novelty in the product innovation. 


Providing us with three novelty levels, the Danish CIS asks whether the company 
 has introduced a new product and if it is new to the firm, the market or the world. 


Based on Norman and Verganti (2014), we expect the following. 
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