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  Over the past decade, many companies in the semiconductor and aerospace industries have significantly upgraded their new product development processes, with disciplined timelines, strict design reviews, 'gates' to decision making and cross-functional collaboration. Some companies are outperforming their industry peers in terms of time-to-market and meeting customer needs. This raises the question of how companies can achieve and sustain performance based on the new product development function. To answer this question the present book analyzes the new product development process with a focus on the underlying dynamic capabilities, how such routines evolve on different organizational levels, and what are the associated social phenomena. Comparative case study evidence suggests that higher order resource reconfiguration and integration routines are established idiosyncratically. It is argued that simple, perception-based and loosely-coupled routines seem to be more effective for reconfiguring responsibilities and task sequences. On the other hand, detailed, codified and rigid higher-order routines were found more effective for integrating personnel, outsourced services and new technology.
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  Summary

  Over the past 15 years, most companies in the semiconductor and aerospace industries have upgraded their new product development processes significantly, with disciplined timelines, strict design reviews, ‘gates’ to decision making and cross-functional collaboration. Nevertheless, some companies seem to outperform their industry peers in terms of time-to-market and meeting customer needs. This raises the question of how companies can achieve and sustain performance based on the new product development function.

  A dominant framework in the strategic management literature aimed at addressing the question of why firms perform differently has been the resource- based view of the firm (Penrose 1959; Wernerfelt 1984; Mahoney and Pandian 1992; Amit and Schoemaker 1993). Though not unchallenged (e.g., Mosakowski and McKelvey 1997; Williamson 1999; Priem and Butler 2001), the resource-based view is still seen as a significant theoretical framework for understanding how performance within the internal organization of companies is achieved and sustained over time (Penrose 1959; Wernerfelt 1984; Prahalad and Hamel 1990; Barney 1991; Nelson 1991; Peteraf 1993; Teece, Pisano et al. 1997; Eisenhardt and Santos 2002). More recently, as regards the resourcebased view of the firm, researchers have begun to acknowledge explicitly the importance of higher-order routine processes, or dynamic capabilities. Dynamic capabilities are signified by the ability to develop the ‘antecedent strategic routines’ by which the management exploits its resource base – acquires and sheds resources, integrates and recombines them - to generate new valuecreating strategies (Grant 1991, Winter 2003). These capabilities, which enable firm managers to “integrate, build and reconfigure internal and external competences” (Teece, Pisano et al. 1997, p. 516) are the drivers behind the realignment and reconfiguration of resources into new forms of competitive advantage (Henderson and Cockburn 1994; Teece, Pisano et al. 1997; Eisenhardt and Martin 2000).

  Yet, while strategic management research has shed light on the characteristics of resources and capabilities, as well as the market conditions that permit sustainable competitive advantage (e.g., Amit and Schoemaker, 1993; Barney 1991; Peteraf, 1993), little is known about the ways in which dynamic capabilities emerge. Hence, there have been calls for further research to open up the ‘black box’ of precisely how such routines develop (Priem and Butler 2001; Cavusgil, Seggie et al. 2007).

  The objective of my research is to contribute to the opening of this ‘black box’ tradition by investigating the mechanisms through which organizations develop capabilities in a dynamic sense (Teece, Pisano et al., 1997). Specifically, I am interested in the higher-order integration and reconfiguration routines underlying the new product development process. By focusing on the new product development process of the aerospace and semiconductor industries, I attempt to answer two related research questions: How can we explain the evolvement of different higher-order integration and reconfiguration routines in the new product development process? Which characteristics of these dynamic capabilities drive, rather than hinder, effective new product development activities?

  With regard to the first research question, the data contained in my empirical study suggests that higher-order resource integration and reconfiguration routines evolve idiosyncratically in new product development. Based on 42 face-to-face interviews I found that well-known learning mechanisms guide the evolvement of these dynamic capabilities (e.g., Eisenhardt and Martin 2000; Zollo and Winter 2002; Zott 2003). Additionally they seem to underlie path dependencies (e.g., Cohen and Levinthal 1990; Eisenhardt and Brown 1997; Zott 2003). In addition my data shows that within the same industry setting, relatively simple and perception-based routines coexist with detailed and codified higher-order routines on different organizational levels. The development of these different ‘layers’ of routines allow for a ‘stretch’ of resources as proposed by Edmondson et al. (2001) and Zott (2003). Furthermore, the data contained in my empirical study suggests that firms engage in either ‘flexible’ or ‘defined’ patterns of dynamic capabilities. ‘Flexible’ patterns are characterized by “simple, experiential, unstable processes that rely on quickly created new knowledge and iterative execution” and ‘defined’ patterns follow“complicated, detailed, analytical processes that rely on existing knowledge and linear execution” (Eisenhardt and Martin 2000, p. 1106). In building on Eisenhardt and Martin, my empirical data reveals that both patterns can be found within and throughout the observed industries.

  As for the second research question, my data shows that relatively simple, experiential and unstable higher-order routines seem to be more effective for reconfiguring responsibilities and task sequences, something that makes it easier to cater to environmental changes (cf. Wang and Ahmed 2007). Such ‘flexible’ patterns of dynamic capabilities are best shaped by a limited structure with clear priorities, guidelines and responsibilities (Eisenhardt and Brown 1997). On the other hand, detailed, analytical and complicated higher-order routines were found to be more effective for integrating personnel, new technology, knowledge and outsourced services. Such ‘defined’ dynamic capabilities are best shaped by the accumulation of experience, the development of collective competence with suppliers and knowledge codification in blueprints, spreadsheets, and decision support systems (cf. King and Tucci 2002; Zollo and Winter 2002).


  
1. Introduction

  New product development has been increasingly facing a fundamental challenge. Companies are under tremendous pressure to bring new products to market more quickly, and ensure that they address the needs of constantly changing and ever-narrower customer segments. These pressures are particularly acute in fast-paced, competitive markets for complex products requiring large investments, such as aeroplanes and microchips.

  Over the past 15 years, most companies in the aerospace and semiconductor industries have significantly upgraded their new product development processes, with disciplined timelines, strict design reviews, ‘gates’ to decision making, and cross-functional collaboration. Nevertheless, some companies seem to outperform their industry peers in terms of time-to-market and meeting customer needs. This raises the question of how companies can achieve and sustain performance based on the new product development function.

  A dominant framework in the strategic management literature addressing the question of why firms perform differently has been the resourcebased view of the firm (Penrose 1959; Wernerfelt 1984; Mahoney and Pandian 1992; Amit and Schoemaker 1993). Though not unchallenged (e.g., Mosakowski and McKelvey 1997; Williamson 1999; Priem and Butler 2001), the resource-based view is still seen as a significant theoretical framework for understanding how performance within the internal organization of companies is achieved and sustained over time (Penrose 1959; Wernerfelt 1984; Prahalad and Hamel 1990; Barney 1991; Nelson 1991; Peteraf 1993; Teece, Pisano et al. 1997; Eisenhardt and Santos 2002). More recently, as regards the resourcebased view of the firm, researchers have begun to acknowledge explicitly the importance of higher-order routine processes, or dynamic capabilities. Dynamic capabilities are signified by the ability to develop the ‘antecedent strategic routines’ by which the management exploits its resource base – acquires and sheds resources, integrates and recombines them - to generate new valuecreating strategies (Grant 1991, Winter 2003). These capabilities, which enable firm managers to “integrate, build and reconfigure internal and external competences” (Teece, Pisano et al. 1997, p. 516) are the drivers behind the realignment and reconfiguration of resources into new forms of competitive advantage (Henderson and Cockburn 1994; Teece, Pisano et al. 1997; Eisenhardt and Martin 2000).


  Yet, while strategic management research has shed light on the characteristics of resources and capabilities as well as the market conditions that permit sustainable competitive advantage (e.g., Amit and Schoemaker, 1993; Barney 1991; Peteraf, 1993), little is known about the ways in which dynamic capabilities emerge. To date, only a few scholars have studied how higherorder routines develop. For example, Zollo and Winter (2002) suggest that dynamic capabilities are shaped by the co-evolution of various learning mechanisms. Taking a slightly different stance, Blyer and Coff (2003) highlight the importance of social capital in the development of higher-order routines. Other research has explored the managerial activities and processes associated with the evolution of dynamic capabilities (e.g., King and Tucci 2002; Kor and Mahoney 2005). These studies illustrate only some facets that play a role in shaping the evolvement of higher-order routines. Hence, there have been calls for further research to open up the ‘black box’ of precisely how such routines develop (Priem and Butler 2001; Cavusgil, Seggie et al. 2007). As Boccardelli and Magnusson (2006, p. 162) conclude:

  


  
    “Despite the apparent interest in the dynamics of firm resources, there is still limited empirical evidence for how the strategic matching of resources and market needs is actually done, particularly in more rapidly changing environments.”

  

  Thus the objective of my research is to contribute to the opening of this ‘black box’ tradition by investigating the mechanisms through which organizations develop capabilities in a dynamic sense (Teece, Pisano et al., 1997). Specifically, I am interested in the higher-order integration and reconfiguration routines underlying the new product development process. By focusing on the new product development process of the aerospace and semiconductor industries, I attempt to answer two related research questions: How can we explain the evolvement of different higher-order integration and reconfiguration routines in the new product development process? Which characteristics of these dynamic capabilities drive, rather than hinder, effective product development activities?

  The following presents an overview of the relevant literature on new product development as well as the resource-based view. More specifically I will highlight the need for (i) a better understanding of new product development processes embedded in key new product development concepts and (ii) an increase in our understanding of the element of dynamic capabilities and its underlying processes such as learning mechanisms and path dependencies within the resource-based view. I argue that new product development literature has failed to understand the role of dynamic capabilities in the new product development process. Consequently, I suggest that research on dynamic capabilities in the new product development process is a relatively new area of study and that current knowledge is embryonic and not particularly wellgrounded.

  The case study-based approach, I argue in a second step, is the most appropriate design for dealing with complex social phenomena that are poorly understood, requiring a holistic, in-depth investigative approach. Furthermore, based on my presentation of the challenges involved in gathering data on social phenomena, most particularly the need to overcome subjectivity and reflexivity, I intend to increase the robustness of the findings by replicating the research in the aerospace and semiconductor industries. From each of these industries I selected two representative cases, albeit extreme, to illustrate the emergence of dynamic capabilities and to explore what dynamic capability characteristics drive, rather than hinder, new product development. While interview data is at the core of my research, it is supported by archival data on all key firms in each of the two industries and participant observation within the four in-depth cases.

  In a third step, alongside presenting and interpreting the findings from my case studies, I argue that higher-order resource integration and reconfiguration routines are established idiosyncratically within new product development processes - not only within an industry but also across the observed industries. These idiosyncrasies can be best explained based on learning mechanisms guiding the evolvement of dynamic capabilities, which underlie path dependencies. Furthermore, my data suggests that within the same industry setting relatively simple, experiential and unstable routines coexist with rather detailed, analytical, and complicated higher-order routines on different organizational levels. The development of these different ‘layers’ of routines allows for a ‘stretch’ of resources as proposed by Edmondson et al. (2001) and Zott (2003). However despite the evolvement through unique paths and idiosyncratic processes (Teece, Pisano et al. 1997) it seems to be that dynamic capabilities do inherit commonalities across firms, which is often referred to as ‘best practices’. My empirical study’s data suggests that dynamic capabilities seem to follow either somewhat ‘defined’ or ‘flexible’ patterns (cf. Eisenhardt and Martin 2000). However, in building on Eisenhardt and Martin’s (2000) findings, it seems that both patterns can co-exist in the same type of market environment, i.e., in high-velocity markets such as aerospace or semiconductors.

  Moreover my data suggests that relatively simple, experiential and unstable higher-order routines seem to be more effective for reconfiguring responsibilities and task sequences, something that makes it easier to adapt to environmental changes (cf. Wang and Ahmed 2007). Such ‘flexible’ patterns of dynamic capabilities are best shaped by a limited structure with clear priorities, guidelines and responsibilities (Eisenhardt and Brown 1997). On the other hand, detailed, analytical, and complicated higher-order routines were found to be more effective for integrating workforce, knowledge, and new technology and outsourced services. Such ‘defined’ dynamic capabilities are best shaped by the accumulation of experience, the development of collective competence with suppliers as well as knowledge codification in blueprints, spreadsheets, and decision support systems (King and Tucci 2002; Zollo and Winter 2002).

  The structure of this thesis is as follows. Section One reviews the relevant literature, highlighting the need for further research on the association of new product development and the establishment of dynamic capabilities.

  Section Two presents my research approach, design and methodology. Section Three presents the empirical study’s data for each of the two industries; aerospace and semiconductors. Section Four discusses the empirical study’s data by relating it to the research needs as developed in the second section. Patterns are then identified across these two industries, contributing to a synthesis of the findings. Finally, I discuss the limitations of the study and provide a summary of the discussion’s findings and implications for practice and further research.


  
2. Theoretical Background

  2.1 Introduction

  This section reviews and categorizes relevant literature on key concepts that are employed in this research attempt to better understand idiosyncrasies in new product development by using the resource-based view. More specifically, the second part reviews various attempts at gaining a better understanding of superior new product development and concludes that a fruitful approach seems to be to take a dynamic capabilities perspective. Furthermore I point out that research on dynamic capabilities in the new product development process is a relatively new area of study and that current knowledge is embryonic and not particularly well-grounded. In this respect, the consequential need is highlighted for (i) a better understanding of new product development processes embedded in key new product development concepts and (ii) an increase in our understanding of the element of dynamic capabilities and its underlying processes such as learning mechanisms and path dependencies within the resource-based view. The third part reviews the relevant literature in the new product development area, highlights its constituting processes and common frameworks and expands on the natural linkage of new product development and product innovation to outline how innovation is understood within this study. The fourth part reviews the relevant literature in the resource-based view area and specifically expands on the need for a better understanding of the element of dynamic capabilities and its underlying processes. Finally the fifth part links the literature from the new product development and resource-based view area and highlights the importance of dynamic capabilities and its underlying processes to explain idiosyncrasies within new product development.

  
2.2 Explaining idiosyncrasies in new product development

  Most companies in the aerospace and semiconductor industries face increasing competition along the dimensions costs, time-to-market, and customer satisfaction. These pressures are particularly acute in competitive markets for complex products requiring large investments (e.g., Eisenhardt and Brown 1997; Katila and Ahuja 2002). New product development is commonly acknowledged as a key lever to achieve and sustain performance in those highvelocity industries, i.e. it plays a central role in business strategy (Cooper 2005; Kahn, Castellion et al. 2005; Atuahene-Gima and Murray 2006).

  A benchmarking study by ‘American Productivity and Quality Control’ revealed that approximately 28 percent of firm sales consist of new products launched in the last five years (American Productivity & Quality Center 2003). This high rate highlights the importance of new products in today’s markets (Takeuchi and Nonaka 1984). Thus the greatest challenge is to achieve a high success rate of new product development projects. However 56 percent of those projects fail to achieve their financial goals and only 51 percent are launched on time according to the same study (American Productivity & Quality Center 2003). A recent study by the ‘Product Development & Management Association’ underlines these findings (Adams-Bigelow 2005). According to their data, sales from new products introduced in the last five years as a percentage of total sales account to approximately 30 percent. Hence the importance of new products has further increased in today’s markets. The study acknowledges an advance in success rates of new products but with an average success rate of 57 percent there is still room for improvement. Considering the strategic importance of new product development and facing those poor results it is not surprising that scholars have been eager to gain a better understanding of the nature of superior new product development processes.


  Most importantly, the so-called ‘NewProd Study’ investigated 102 successful new product projects and 93 unsuccessful ones in 102 companies (Cooper 1979). Several further investigations followed as a result of its success (cf. Cooper 2001). Another major study was the ‘Stanford Innovation Project’, focused on high technology industry (Maidique and Zirger 1984) and the ‘Booz–Allen & Hamilton Investigation’, which identified common characteristics of successful product innovation in 700 firms (Booz-Allen & Hamilton 1982). The findings of these and further investigations (e.g., Larson and Gobeli 1988; Song, Montoya-Weiss et al. 1997) enabled scholars to filter critical success factors in new product development. For example, Cooper (2005) distinguishes various success factors at different levels, such as project level (e.g., strong market orientation, quality of execution, planning and resourcing the launch), people and environment level (e.g., organization of project teams, top management support) and strategic level (e.g., product innovation and technology strategy, leveraging core competences). While the identified success factors deepen our understanding of new product development, these studies have shortcomings with regard to a dynamic view of the problem, i.e. the processes required to be successful in new product development.

  Only in the late 1990s did researchers begin to explicitly take a dynamic view of the problem and start to focus on the different processes underlying superior new product development. For example, Katila and Ahuja (2002) looked at organizational learning processes. More specifically the authors examined exploration and exploitation mechanisms (March 1991) in order to underline the importance of search or problem solving processes in enhancing new product development in the global robotics industry. Other researchers have highlighted the importance of knowledge creation and absorption processes in new product development (e.g., Ramesh and Tiwana 1999; Zahay, Griffin et al. 2004). Finally, path dependency has been regarded as a key approach for a better understanding of the need for knowledge acquisition processes in new product development (e.g., Schilling 1998; Tegarden, Hatfield et al. 1999).

  More recently, a stream of research has started to recognize the fundamental role of resource and capability combinations in new product development. In doing so it attempts to integrate the previously mentioned approaches into various learning mechanisms and path dependency. Specifically, the literature points to the relevance of higher-order routines in the new product development process (e.g., Eisenhardt and Brown 1997; Danneels 2002; Verona and Ravasi 2003; Ettlie and Pavlou 2006). Although the importance of higher-order routines within new product development processes has been widely acknowledged by this stream of research, to date, there is limited empirical evidence to show how these dynamic capabilities evolve (e.g., Priem and Butler 2001; Zollo and Winter 2002; Kor and Mahoney 2005). Hence, there have been calls for further research to open up the ‘black box’ of precisely how such routines develop (Priem and Butler 2001; Cavusgil, Seggie et al. 2007).

  The objective of my research is to contribute to the opening up of the ‘black box’ tradition. By focusing on the new product development process of the aerospace and semiconductor industries I attempt to answer two related research questions: How can we explain the evolvement of different dynamic capabilities in the new product development process? Which characteristics of such dynamic capabilities drive, rather than hinder, effective new product development processes?

  In addressing this objective, my research chose the theoretical framework of the resource-based view (Penrose 1959; Wernerfelt 1984; Grant 1991; Mahoney and Pandian 1992; Amit and Schoemaker 1993). Though not unchallenged (e.g., Mosakowski and McKelvey 1997; Williamson 1999; Priem and Butler 2001), I will argue that the resource-based view is a significant theoretical framework for understanding how performance within the internal organization of firms is achieved and sustained over time (Penrose 1959; Wernerfelt 1984; Prahalad and Hamel 1990; Barney 1991; Nelson 1991; Peteraf 1993; Teece, Pisano et al. 1997; Eisenhardt and Martin 2000) and specifically, how dynamic capabilities are involved in this process (e.g., Verona and Ravasi 2003; Ettlie and Pavlou 2006). I argue that the new product development process involves dynamic capabilities, which enable the gaining, integrating, reconfiguring, and releasing of competences and productive resources, to increase value and/or decrease costs, thus enhancing firm performance (e.g., Eisenhardt and Martin 2000; Verona and Ravasi 2003; Ettlie and Pavlou 2006).

  The following three parts will expand on the above outlined notion that in order for the literature from the new product development and resource-based view areas to be linked with respect to the present research attempt, there seems to be a need for (i) a better understanding of new product development processes embedded in key new product development concepts (Chapter 2.3) and (ii) an increase in our understanding of the element of dynamic capabilities and its underlying processes such as learning mechanisms and path dependencies within the resource-based view (Chapter 2.4) and finally for (iii) a broader understanding of existing research, which links both literature areas and provides the first theoretical explanations about the evolvement of these higher-order capabilities in new product development (Chapter 2.5).

  2.3 New product development

  New product development has been cited as the most important success factor for firms facing today’s fast changing markets (e.g., Pavar, Menon et al. 1994; Brown and Eisenhardt 1997; Cooper 2005). In the past decades the markets have become truly global with national borders no longer presenting the barrier they once did. Cooper (2001) even refers to the ‘new products warfare’ and highlights winners, such as 3M or Hewlett-Packard, who seem to manage a ceaseless innovation stream and losers, such as General Motors, who fail to launch products that meet customer demands. However, the key to successful new product development is not only to develop new products that satisfy the ever changing customer needs, but also to introduce these products before the competition does so. As new product success is a crucial element of firm survival (Kahn, Castellion et al. 2005) various scholars have researched this topic (e.g., Maidique and Zirger 1984; Sounder 1987; Clark and Fujimoto 1991; Pugh 1991; Cooper 1994; Shepherd and Ahmed 2000; Marsh and Stock 2003). Thus it does not come as a surprise that the definitions of the term ‘new product development’ are manifold. Within this research attempt I concur with Krishnan et al. (2005, p. 433), who define new product development, as “a set of activities that start with responding to a market opportunity and end with the delivery of a differentiated product or service.”

  However to understand superior new product development it is crucial to understand its constituent processes. Thus in a first step I will give an overview of these processes by outlining key concepts of new product development. I will focus on the so-called ‘Stage Gate Process’ and its evolution over the last decades, which – if applied correctly – promises a high success rate of new product development projects. In a second step I will highlight the interdependence of innovation and new product development and outline how it is understood in this research approach.

  2.3.1 Key concepts of new product development

  New product development has been widely acknowledged as being a crucial element for long term firm performance (e.g., Fujimoto 1999; Cooper 2001; Kahn, Castellion et al. 2005). Firms seemed to engage in rather unstructured development processes until the so-called ‘phased review’ or ‘Stage-Gate’ process appeared to revolutionize new product development in the 1960s. The newly introduced process was initiated due to increased failure rates of new products (Cooper 1994). A largely engineering driven process endorsed by NASA replaced the more or less unstructured product development process, which has been carried out to this point (Samra, Lynn et al. 2008). The new process splits the innovation modus operandi into stages with review points to check on the successful completion of crucial tasks. The responsibility of each phase is clearly assigned and heavily controlled (Cooper 2005). The process, which follows a comprehensible structure and clear responsibilities proved itself as a major improvement on the common practice (Shepherd and Ahmed 2000). This process model is known as ‘first-generation process’ (Cooper 2001). Time has however shown that the sequential approach can have significant downsides. For example, one obstacle can be a resulting hand-off attitude as a cross-functional approach is missing. In addition the whole process proved itself to be very time consuming (Samra, Lynn et al. 2008). Besides, the detached nature of each phase with minimal commitment to the project from beginning to end by any team proved to be very inefficient, especially as the market environment sped up in nearly all industries. As a result the need for change became urgent.

  Firms started to reconsider their new product development approach as it became obvious that there can only be two kinds of firms when faced with increased competition: ‘the quick and the dead’ (Ridderstrale and Nordstrom 2000). Various new product development process models in the literature followed to respond to the emerged market needs (e.g., Wind 1982; Sounder 1987; Pugh 1991; Cooper 2001; PDMA 2002). What is common to all concepts is that they aim “to bring products to market on time, to optimize business results by reducing cycle-times and costs, and to manage the programs according to agreed business plans over the product’s lifecycle” (Shepherd and Ahmed 2000, p. 161). Furthermore these concepts share some characteristics, which - if applied in an effective manner - can significantly improve the new product development process (Griffin 1997). Shephard and Ahmed (2000, p. 161) indentify four common characteristics: First, most models use a structured development process, which provides a coherent framework by “describing entry and exit criteria between key program milestones, primary tasks, schedules and resource assignments.” Later on a team of senior executives takes control of project priorities, resolving cross-project issues and making any final decisions as to whether a project can continue or not. In addition, so-called ‘realization teams’ are installed who report to the assigned senior managers about the progress of the project. Finally, phase or stage/gate reviews help to supervise major development milestones in terms of funding, resources and project schedules.

  According to the survey of the ‘Product Development & Management Association’, 80 percent of respondents follow such a formal product development process (Adams-Bigelow 2005). A very popular structural concept is the ‘second-generation process’, which “overcomes many of the objections found with first-generation processes” (Cooper 2001, p. 145). It is crossfunctional, the process is more holistic, there is a greater emphasis on the front end and it specifies activities and best practices. Furthermore the concept combines similarities between different models and is broadly acknowledged by researchers and practitioners (Cooper 2005; Koen 2005). As most companies in the semiconductor and aerospace industry follow the ‘secondgeneration Stage-Gate’1 process according to Cooper (2001) I will outline the framework in the following in more detail. It cannot be denied that organizations differ in various aspects, such as culture, resource-base, structure and strategy. It does therefore not come as a surprise that details of a full framework have to be adjusted from organization to organization (Cooper 2001; O'Connor 2005). Following the Stage-Gate Process outlined below serves as a common framework, which will vary in its execution across firms:

  
    “Throughout the framework, managers must judge and choose. Based on this judging and choosing, concepts will be terminated, recycled, or advanced. Many of the decisions will be influenced by each concept’s fit with business and product strategy.” (O'Connor 2005, p. 61)

  

  The ‘second-generation Stage-Gate process’, an improved version of the ‘phased review process’, tackles the challenges present in today’s markets as it is built for speed. Each stage is no longer dominated by a single functional area, moreover they are multilevel and require a cross-functional involvement and commitment along the entire development process (Samra, Lynn et al. 2008). The sequential proceeding is displaced by holistic parallel processes with defined decision gates and criteria for efficient and timely decision making along various functions (Cooper 2005).

  Furthermore the second-generation process defines specific activities for each stage and best practices are included in order to provide guidance. This process has been broadly acknowledged (Samra, Lynn et al. 2008) and splits into five stages: initial screening, business analysis, development, pretesting, and launch (Song, Thieme et al. 1998; Cooper 2005) (see Figure 1).
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    Figure 1: The Stage-Gate Process (adapted from Cooper, 2001)

  

  The strategy formulation provides the basis for the new product development process and is crucial for success (Castellion 2005). The stages are contingent on the completion of the previous stage. The process itself is incremental, with each stage costing more than its predecessor. Only if ‘must-meet’ and ‘shouldmeet’ criteria are met in the cross-functional gates following each stage can the project move on to the next gate or decision point (Schmidt 2005). The gates are alike in their structure: they consist of a defined set of required deliverables, criteria against which the project is judged, and defined outputs (Cooper 2001). The responsibility for the gates lies predominantly at senior management level from different functions who control the critical resources necessary for the success of the project (Schmidt 2005; Watson 2005). One of the greatest challenges is to develop and successfully implement gate procedures, to ensure risk management. As

  
    “many firms are too liberal and allow too many weak projects to continue for too long, resulting in wasted resources, missed opportunities, demoralized employees, and  possible damage to brand and organizational equity when products fail in the market.” (Schmidt 2005, p. 347)

  

  (1) Stage 0: Discovery



  The discovery stage is at the very heart of the new product development process. Ideas are crucial for overall success and due to the attrition rates of ideas; a company needs a broad variety to tap the full potential. This is a creative phase with analytic elements, such as fundamental research to discover new technologies or disruptions in the marketplace leading to identification of gaps and opportunities (Cooper 2005). Furthermore focus groups and voice-of-thecustomer (VoC) research can help to establish customer needs. Therefore the sales force can be actively used as they are the closest to the end-consumer (Kahn, Castellion et al. 2005). In contrast to ideation in other functions the ideation in new product development is “more structured, more aggressive, and more intellectually demanding” (Miller 2005, p. 263). A good ideation process will be rewarded by a well-populated product concept portfolio and motivated employees who are willing to pursue the identified concepts to the actual launch. A key requirement is an attitude of ‘rigorous openness’ (Miller 2005, p. 277), which leads the way to a variety of information sources.

  (2) Gate 1: Idea Screen



  The first gate is an initial commitment as it decides whether resources are to be provided or not to follow the given idea. If the concept is regarded as promising the project can go on to the scoping stage. As with all gates, some ‘mustmeet’ and ‘should-meet’ criteria have to be fulfilled. The six most commonly used criteria for this gate are: market potential, strategic fit, technical feasibility, sales objectives, product advantage, and profit potential (Schmidt 2005) – incessant keeping in mind that the exact criteria might vary along firms and industries (O'Connor 2005). At this early stage financial criteria are not typically part of the decision, as the derivation of costs is at this stage rather timeconsuming. The decision is normally taken both by technical and business employees, the latter with a focus on marketing (Cooper 2001).

  
(3) Stage 1: Scoping



  As previously mentioned the entire new product development process is one of incremental commitment. Consequently the scoping stage is quick and inexpensive. The investment is mainly less than one month with 10-20 persona-days of work effort (Cooper 2005). The main goal is to determine the project’s technical and marketplace potential. The scoping stage is divided into two aims: a preliminary market and a preliminary technical assessment. The market assessment involves various research activities, such as internet and library searches, contact with key users, focus groups, and quick concept tests with potential users (Cooper 2005). The goal is to get a first idea on the market fit and the potential within the market. The technical assessment on the other hand investigates the technical and manufacturing feasibility, possible technical, legal and/or regulatory risks and possible supply constraints (Koen 2005).

  (4) Gate 2: Second Screen



  The second screen basically mirrors the first but under consideration of the additional information gained in stage one. Consequently the same ‘mustmeet’ and ‘should-meet’ criteria are reviewed (Schmidt 2005). As a ‘go’ means a commitment to even heavier spending the gate is a more rigorous screen and it might be necessary to add ‘should-meet’ criteria in accordance with legal or technical regulations (Koen 2005). Another extension is a brief assessment of the financial return, which is characterized by quick and simple financial calculations (Cooper 2001).

  (5) Stage 2: Building the Business Case



  Stage 2 is a very important step in new product development: the development of the business case. As Cooper (2001, p. 136) summarizes:

  
    “This stage is a detailed investigation stage that clearly defines the product and verifies the attractiveness of the project prior to heavy spending. It is also the critical homework stage – the one so often found to be weakly handled.”

  

  Thus the goal is a detailed business case, with a definition of the product (product features, attributes, requirements and specifications), a business justification, and a concrete project plan that can be followed (Cooper 2005). Obviously, Stage 2 demands the input of various departments and in comparison to Stage 1 has higher requirements and is therefore more time consuming. The holistic approach encompasses the investigation of the customer needs, the competitive market, the technical characteristics and the financial side. Understanding the customer and market needs has been broadly acknowledged as a critical success factor in new product development (Cooper 2001). There are several qualitative and quantitative methods to gain market and customer insight. For example, one qualitative method is an industry analogy that can reduce the investigation effort, if in an analogous industry that emerging market need has been already met (Boike, Bonifant et al. 2005). One of the most common techniques is the use of a focus group (Alam 2005). In an interactive group setting potential customers are asked about their opinion on product characteristics. The qualitative approach often serves as a basis for further quantitative analysis to confirm the identified hypothesis (Boike, Bonifant et al. 2005). Typical quantitative methods are segmentation to answer the question of which customers should be targeted, perceptual mapping to understand what customers think of current products, the ‘kano method’ to identify customer needs to target on for new product ideas or concept testing to focus on the most promising raw ideas (Ottum 2005)2. A competitive analysis is performed in parallel to analyze market opportunities and threats. The technical characteristics are checked to determine whether they are feasible. Sometimes this requires some pre-testing with first prototypes. Finally, a detailed financial analysis reveals possible downside risks (Cooper 2001).

  (6) Gate 3: Go to Development



  This gate is one of the most important ones, as it is the last decision point at which the project can be rejected before entering heavy spending (Cooper 2001). Consequently a special focus lies on the financial analysis performed during the business case stage. Furthermore the previously defined actions in Gate 2 are checked to establish whether they have been successfully executed and a set of ‘must-meet’ and ‘should-meet’ criteria are reviewed once again. The six most commonly used gate criteria are technical feasibility, sales objectives, product performance, product advantage, strategic fit, and ROI (Schmidt 2005). The outcomes of this gate are development, preliminary operations and marketing plans. In addition the project lead and a cross-functional project team are assigned (Cooper 2001).

  (7) Stage 3: Development



  The development stage is an iterative process with technical development and marketing and operations activities undertaken in parallel. Additionally it is a very interactive process. The aim is to produce a lab-tested prototype of the product with detailed test plans, market launch plans, and production or operations plans that include a definition of production facilities requirements (Cooper 2001). In addition the business case is updated and potential regulatory, legal and/or patent issues are taken care of. This stage can take several months and due to its complexity it is necessary to include milestones and project reviews to manage and control the project (Kahn, Castellion et al. 2005).

  (8) Gate 4: Go to testing



  This gate follows the similar ‘must meet’ and ‘should meet’ criteria seen in Gate 3 and reviews the development work to ensure high quality and the execution of the product definition specified in Gate 3. Furthermore it checks if the product and project is still attractive and meets both customer needs and financial feasibility. The approval of test or validation plans for the next stage takes place in Gate 4. In order to ensure feasible upcoming implementation the detailed marketing and operations plans are assessed (Cooper 2001).

  (9) Stage 4: Testing and validation



  This stage takes an holistic view on the project and tests and finally validates the commercial product, as well as its production and its marketing (Cooper 2001). Typical activities in this stage include extended in-house product tests, customer field trials or usage tests, test markets, and trial or pilot production (Kahn, Castellion et al. 2005).

  (10) Gate 5: Go to launch



  The final gate gives the ‘go’ to the market launch, production and operations start-up. At this point the project still can be rejected. The six most commonly used criteria are product performance, sales objectives, profit potential, customer acceptance, and product advantage (Schmidt 2005). Obviously, at this final stage, the review process focuses partially on the possibilities of a successful launch but also takes into account potential risks identified in the testing and validation stage. Furthermore the operations and marketing plans are assessed to ensure a thriving implementation in Stage 5 (Cooper 2001).

  (11) Stage 5: Launch



  The final stage ensures the implementation of the marketing launch and production plan (Cooper 2005). If the preceding steps have been carried out thoroughly then nothing should compromise the successful launch of the new product. Keeping in mind that appropriate resources are assigned to the project and the previous defined implementation steps are followed (Nagle 2005).

  2.3.2 Innovation at the heart of new product development

  Bowen et al. (1994) see new product development projects as an ‘engine of renewal’ and thus they place innovation at the heart of new product development. In line product innovation has been argued to be a primary way to organizational change (Dougherty 1992). Myers and Marquis (1969) suggest an innovation process following three steps resembling the structured new product development framework outlined in Chapter 2.3.1. Their innovation process starts with idea development as a first step, followed by a problem solving phase, which ensures the actual development of the proposed idea, and finally the implementation phase. The concept of innovation has been frequently linked to new product development (e.g., Eisenhardt and Brown 1997; Danneels 2002; Tushman, Smith et al. 2003) and follows a long research tradition on the concept of innovation, which has been recognized by the early research of Tarde (1890; 1894; 1901).

  Tarde (1890; 1894; 1901) focused on inventions by individuals as well as Schumpeter (1911; 1939; 1942) who elaborated on Tarde’s postulate and focused on the figure of the innovative entrepreneur who, by creating ‘new combinations’ of productive resources, could disrupt the ‘circular flow of economic life as conditioned by given circumstances’. The concept of innovation has however been used with such varying meanings in the research that has evolved since Schumpeter in the management literature that it is appropriate to start by giving a formal definition of the concept. In a second step, I will lay out the literature that informs this research’s definition of innovation.

  Fundamentally, innovation means a renewal of elements in firms. For example, Rogers (1962) sees innovation as a process that starts with the invention of a new element. The invention leads to the idea of practical development of the element for commercial use. Persons, groups or institutions implement this process. After this, a firm or a small number of firms begin to introduce the new element and gradually others begin to imitate these first firms. In this research the main emphasis of the innovation concept will not be on the actual new idea of the invention of new elements or its general social diffusion, but rather on the realization of the new idea or the development of the new element for commercial use at the level of the individual firm or person. This definition agrees with Schumpeter (1911). ‘Invention’ is used for the actual invention process whereas the process concept ‘adoption’ is used for the development process, and ‘diffusion’ at the societal level (cf. Rogers 1962). Furthermore, innovations are not limited here to product innovations or technological innovations. Instead, innovations are defined in Schumpeter’s (1911) original terms as: (i) the introduction of a new product or a new product quality; (ii) the introduction of a new production method, which need not be a new scientific invention but might consist of a new way of treating a product commercially; (iii) the opening up of a new market; (iv) the opening up of a new source for raw materials or semi manufacturers regardless of whether the source has existed before; (v) the creation of a new organizational structure in industry, for example by creating or breaking down a monopoly situation. Moreover, it is a requirement of the definition that the element must be new. Some researchers have delimited innovation in that it needs to be new at the world level, some that it must be new at the national level, and others maintain that it need only be new in the individual firm. From Schumpeter’s perspective – which remains the starting point for this research – an element can consist of the use of a known element. It will therefore be appropriate to restrict the definition to saying that the element needs to be new for the unit of adoption (cf. Zaltman, Duncan et al. 1973). One criticism of Schumpeter’s innovation definition is that it is rather diffuse. Schumpeter was however more concerned with economic development where it can be difficult to have definitions that are too technically specific because the factor under scrutiny is often changeable. In the following, I will therefore further specify the formal definition of the concept of innovation presented above by adopting the perspective of this research’s theoretical framework, the resource-based view.

  Generally, there seem to be three major approaches to innovation within the management literature, as well as various combinations of them, which may serve to specify the definition of innovation. A first approach focuses on the entrepreneurial paradigm (e.g., Schumpeter 1911; Kirzner 1973; Casson 1982; Kanter 1983; Pinchot 1985; Shavinina and Seeratan 2003; Simonton 2003); a second approach focuses on the technological paradigm (e.g., Mansfield 1968; Morton 1971; Freeman 1974; Kay 1979; Dosi 1988; Dosi, Freeman et al. 1988; Katz 2003; Souitaris 2003); and a third approach focuses on the strategic paradigm (e.g., Kotler 1983; 1984; Rumelt 1984; Baker 1985; Teece 1986a; Mintzberg 1989; Porter 1990; Teece and Pisano 1994; Teece, Pisano et al. 1997; Eisenhardt and Martin 2000; Zollo and Winter 2002; Bessant 2003; Kostoff 2003; Smith 2003; Sundbo 2003). As regards the entrepreneurial paradigm, the entrepreneur in the classic form (Say 1803) is a person who founds a new firm. However, entrepreneurs can also be found within larger firms – the so-called ‘corporate entrepreneurs’ (Kanter 1983) or ‘intrapreneurs’ (Pinchot 1985). As for the technological paradigm, one extreme view is that innovation only includes material objects (e.g., Jewkes, Sawers et al. 1969). The other extreme view within the paradigm is that technology also includes the organization of work around the use of technology and the management of technological processes (e.g., Pennings and Buitendam 1987). The strategic paradigm generally refers to the phenomenon that firms (i) reflect on their market and the basis of their internal resources; (ii) do so with a focus on the future; and (iii) derive ideas on how they should compete. It may be a quantitatively oriented planning process (e.g., Chandler 1962; Ansoff 1965) or a more intuitive process – ‘a shot in the dark’ (Mintzberg 1989). Strategy is then a deliberate declaration of intent with the objective of improving the particular firm’s competitive advantage. This declaration involves both internal and external resources, such as innovation resources. Whether the declarations always lead to action along the lines of declarations, or the actions change during the time it takes to try to realize the intentions, is discussed in the literature (Mintzberg and Waters 1982).
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