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                    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, 


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 


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. 


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.” 


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. 


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. 


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). 


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 


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 
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