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Prior research on incumbent firm response to radical technological innovation identifies 

firm, technology, and environmental factors associated with incumbents’ performance after a 

technology shift. What remains unexplored are factors affecting choice of response made 

before a technological shift occurs. Such ex ante choices are important intermediate outcomes 

affecting long-term performance outcomes. Competitive considerations may be influential 

inputs in choice processes because technological innovation is often related to competitive 

strategy. The resulting research question for this study is:  What role do competitive 

considerations play in incumbent firms’ ex ante strategic choices in response to potentially 

radical technological innovations?   

Findings from a survey of key informants in the electronics industry whose firms face a 

potential technological disruption (n=120) suggest that incumbents’ response choices are 

affected by competitor-related orientations and by perceptions of relative strength of their 

strategic assets. Limited support is found for a moderating effect of perceptions of the 

competitive environment. The results of this study extend theory on incumbent response to 

radical technological change by shedding light on the influence of competitor interdependence. 

Findings also suggest the importance of strategic choice as an intermediate variable in 

understanding incumbents’ long-term performance. Research examining choice factors at 

varied stages of a technology’s diffusion can further advance understanding of the evolving 

nature of strategic response choices and the effects they have on long-term performance. 
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CHAPTER 1

INTRODUCTION 

Understanding why and how incumbents respond to radical technological innovation is 

increasingly important due to the rapid pace and scope of fundamental scientific advances that 

may alter competitive landscapes. A large body of multidisciplinary research addresses how 

successful, established industries and firms face many challenges to adapt and survive in the 

face of environmental change. Success can reinforce an emphasis on existing knowledge and 

thus cause inertia (March, 1991). Forces that induce isomorphic structures and norms can also 

inhibit adaptation (DiMaggio & Powell, 1983).  

The task environment of most industries involves multiple sources of innovation and 

change. Broad forces include changes in institutional factors (Dacin, Goodstein, & Scott, 2002), 

stakeholder demands (Freeman, 1984; Frooman, 1999), and technological innovations 

(Abernathy & Clark, 1985). Within any given industry, the pursuit for competitive advantage 

also influences business model innovation, the development of new organizational forms 

(Miles, Miles, Snow, Blomqvist, & Rocha, 2009), and the nature and timing of moves to adopt 

and commercialize new technologies (Lieberman & Montgomery, 1988; Mitchell, 1989; Zahra & 

Nielsen, 2002). The pace, multiple trajectories, and potential magnitude of effects of 

technological innovations make these issues a complex challenge for many incumbent firms. 

Each new scientific advance provides information that “opens up the opportunity for 

acquiring additional items in a constant ratio (in some sense)” (Arrow, 1969; p. 35).  Though a 

continuous exponential curve for technological growth is an unreasonable concept, it is 

consistent with the observed facts (Arrow, 1969). Technological innovations often arise, 
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however, as unpredictable, disruptive events that punctuate periods of stability and 

incremental change (Romanelli & Tushman, 1994; Tushman & Anderson, 1986). New scientific 

advances that are translated into innovative products and services thus can lead to radical 

transformation of commercial markets, economies, and industries. For example, researchers 

predict that twelve emerging technologies will produce a combined worldwide economic 

impact of up to $33 trillion per year by 2025 (Manyika et al., 2013). Indeed, potentially radical 

technological innovations such as nanomaterials, advanced robotics, next-generation genomics, 

and the Internet-of-things threaten to destroy or drastically alter industries and individual 

firms. Experts have urged business leaders to respond quickly: 

The parade of new technologies and scientific breakthroughs is relentless and is 

unfolding on many fronts….some technologies do in fact have the potential to disrupt 

the status quo, alter the way people live and work, rearrange value pools, and lead to 

entirely new products and services. Business leaders can’t wait until evolving 

technologies have these effects…they need to understand how the competitive 

advantages on which they have based strategy might erode or be enhanced a decade 

from now. (Manyika et al., 2013; 1) 

Compared to entrepreneurial start-ups, incumbents generally have less flexibility to 

explore and take advantage of technological change (Almeida & Kogut, 1997). Research 

addressing established, incumbent firms is therefore distinctive from research on new entrants 

or niche entrepreneurs. The literature on entrepreneurial innovation and the survival of new 

entrants is well-established (Audretsch, 1995; Geroski, 1995). Incumbent firms, however, face 

unique challenges in overcoming inertia and adapting to innovations that threaten (or provide 
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opportunities for) their strategies, industry positions, and performance (Chandy & Tellis, 2000; 

Hill & Rothaermel, 2003; Rothaermel, 2001). Whereas start-up entrepreneurs and new entrants 

typically address the technological innovation as an opportunity, incumbents may see such an 

issue as either an opportunity or a threat (Hill & Rothaermel, 2003). Incumbents may possess or 

perceive they have advantages over entrants and current rivals (Taylor & Helfat, 2009; Teece, 

1986) and hence view the innovation as an opportunity. On the other hand, due to the 

presence of rigidities and resource dependencies that inhibit change, incumbents may be 

threatened and respond defensively (Staw, Sandelands, & Dutton, 1981). Whether perceived as 

an opportunity or a threat, a potentially disruptive technological innovation is a strategic issue 

for incumbent firms. 

A strategic issue is any specific development expected to have an influence on the firm’s 

ability to achieve its aims (Ansoff, 1980). Top management must interpret strategic issues and 

make decisions that determine the course of the organization (Ansoff, 1980; Child, 1972; Daft & 

Weick, 1984; Finkelstein, Hambrick, & Cannella, 2009).  

Incumbents may choose from a vast range of possible responses to a potentially radical 

technological innovation. Responses range from opting to do nothing to pursuing complete and 

rapid adoption (Cooper & Schendel, 1976; Wernerfelt & Karnani, 1987). Timing, however, is a 

primary element of any type of response choice.  Long-term performance and competitive 

advantage implications stem from speed-to-market decisions, i.e. to be a first-mover, fast-

follower, or delayed entrant (Barczak, 1995; Bayus, 1997; Lieberman & Montgomery, 1988). 

Choice of response can change as the incumbent acquires new knowledge, the technology 

evolves, or other relevant conditions change. Commitment of resources to any course of action, 
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however, can result in core rigidities, difficult to change managerial commitments, 

development of path dependencies, and even escalating commitments (Leonard-Barton, 1992; 

Staw, 1981; Sydow et al, 2009). Each choice may involve no resource commitments or very 

substantial resource commitments. Some may be difficult to change while others have inherent 

flexibility. In any case, choice will have implications on alternative future choices and eventual 

future performance (Wernerfelt & Karnani, 1987). 

Implementing an effective response to technological innovation can require substantial 

reallocation of resources and a significant amount of time to acquire or develop necessary new 

capabilities (Lavie, 2006). There is a lag, therefore, between a firm’s choice of response and the 

results of that choice. This lag, as well as the opportunities made available or the constraints 

imposed by a choice, affect the course of the firm’s future actions and performance as firm 

knowledge and the technology trajectory evolve over time (Zott, 2003). That is, ex ante 

strategic choice to an emerging technological shift creates path dependencies that can greatly 

affect an incumbent’s future performance (Sydow et al., 2009; Wernerfelt & Karnani, 1987). 

These implications highlight the importance for examining incumbent response early in the 

lifecycle of a technological innovation. Timing and nature of response choice, however, do not 

operate in isolation between an incumbent and the innovation; response occurs within the 

context of competition.  

Technological innovations are often strategic issues that have important implications on 

competitive advantage (Hitt et al., 2001; Peteraf, 1993; Porter, 1985). This is true whether the 

firm generates the innovation or responds to an externally created innovation (Ahuja, Lampert, 

& Tandon, 2008; Damanpour, 1991; Hage, 1999). The attractiveness of possible response 
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strategies is partly contingent on rival firm interdependencies (Chen, 1996; Chen & Miller, 

2012). The strategic choices of any incumbent firm affect - and are affected by - the choices of 

their rivals. Choice, therefore, has both proactive and reactive dimensions (Child, 1997).  

Furthermore, incumbent firm decisions do not occur in a vacuum or independently. One 

competitor’s response to a strategic issue influences the response of another (Chen, 1996). 

What a rival is doing (or will do) in response to an innovative technology is often more 

important to long-term performance than the effects of the technology itself (Rindova & Kotha, 

2001). A rival’s reaction, or expected reaction, to the emergence of a strategically significant 

technological innovation may have a substantive influence on an incumbent’s response to that 

same innovation. The appropriateness of a firm’s response to a strategic issue is determined by 

relative, rather than absolute, measures (Rosenzweig, 2013). That is, firms need not have 

perfect responses to a radical new technology to gain competitive advantage. They just need a 

response that is superior vis-à-vis their competitors. An incumbent’s response to an emerging 

technology may move the firm toward competitive advantages, generate rigidities, or inhibit 

the firm’s ability to stay abreast of technological evolution (Hill & Rothaermel, 2003; Sydow et 

al., 2009).  

This dual perspective on response, i.e. combining theory on strategic choice and 

competitive dynamics, emphasizes the important effects of strategic choices at the early stages 

of an emerging technology as well as the effects of real and perceived competitive interaction. 

Prior research, however, has yet to examine incumbent response as an ex ante strategic choice 

or to consider how competitive factors influence that choice. Though the strategy literature 

emphasizes the importance of engaging with new technologies, there is little research 
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examining the incumbent decision-making process in the highly uncertain, early stage of 

technological innovation diffusion (Jiang, Tan, & Thursby, 2011).  

The extant literature on incumbent response defines response in terms of ex post 

performance (Hill & Rothaermel, 2003). Prior studies typically identify an industry transformed 

by a radical technology and then compare the initial conditions of firms that successfully 

adapted with those that suffered from inertia and poorer performance after the change. An 

incumbent firm’s response, i.e. their level of inertia or adaptation, is thus measured by ex post 

financial performance. Researchers explain incumbent inertia or adaptation by associating a 

variety of firm, technology, and environmental characteristics with failed or successful 

adaptations to a technological change (e.g. Gilbert, 2005; Henderson, 2006; Hill & Rothaermel, 

2003; Zhou & Wu, 2010). Important factors include asset endowments, complementarities, 

control or dependence on markets and resources, capabilities, and absorptive capacity. Prior 

studies in the management literature therefore emphasize theoretical perspectives of the 

resource-based view, organizational inertia and adaptation, resource dependence, dynamic 

capabilities, or organizational learning (Henderson, 2006; Hill & Rothaermel, 2003; Lavie, 2006; 

Teece, 1986).  

From prior research, a great deal is known about how firm, technology, and 

environmental characteristics prior to a technological shift are associated with firm success or 

failure after that shift has transformed the industry. Reconceptualizing incumbent response as 

a strategic choice and examining how competitive interactions influence that choice are two 

novel research perspectives that may offer meaningful insights into why ex ante characteristics 

lead to choices and strategies that produce the ex post outcomes. This research therefore aims 
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to address the primary research question: what role do competitive considerations play in 

incumbent firms’ ex ante strategic choices in response to potentially radical technological 

innovations?  

The remainder of this chapter provides a description of the theoretical perspectives, and 

the relevant terms and boundary conditions framing the study. The approach taken to examine 

the phenomenon of incumbent response is unique. Therefore, a four-step explanation shows 

how this study builds on and departs from traditional approaches for examining incumbent 

response.  

Theoretical Perspectives 

This study departs from prior works with regard to the nature of the innovation, the 

conceptualization of response, the timeframe of analysis, and the attention to determinants 

heretofore neglected. Rather than examine the effects of known radical technological 

innovations, the present study addresses choice at an earlier stage when a scientific 

breakthrough only has potential to be radical. At this point, the innovation is merely a 

speculative and pre-discontinuity technology (Helfat, 1997; Rothaermel & Hill, 2005). This 

study’s conceptualization of response emphasizes the notion of strategic choice, regardless of 

its direction, as the outcome variable with relative resource commitment to the choice 

indicating the magnitude of that choice. The proposed theoretical model of choice builds on 

prior literature to emphasize: (a) the direct effects of strategic orientations; (b) the direct effect 

of assessment of the relative strength or weakness of a set of relevant strategic assets; and (c) 

the moderating role of perceived environmental conditions. Overlaying a competitive dynamics 

perspective (Chen & Miller, 2012) highlights constructs specifically relating to competition in 
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each of these three areas. Competitor orientation, orientation toward innovation, and 

assessment of relative strength or weakness of innovation-related strategic assets define the 

direct effects hypothesized in the research model. The perception of the competitive 

environment (i.e. the level of competitive tension perceived and expected in the industry) 

moderates these direct effects. Table1 helps clarify the novelty of this study by noting how the 

perspectives taken depart from prior literature.  

 

Table 1  

Departures from the Extant Literatures 

 

 
 

In a departure from past research, this study focuses on strategic choice and how 

competitive considerations affect choice. The large body of research on innovation provides 

valuable background for this study. The focus here, however, is not on entrepreneurs, 

innovators, and new entrants but on the established, incumbent firms. Unlike new entrants, 

Topic General Focus of Prior Literature Departure
Theoretical RBV; Organizational Inertia; Strategic Choice; Decision Theory;
Perspectives Dynamic Capabilities; Learning Competitive Dynamics
Technological Radical/disruptive Potentially radical; 
Change pre-discontinuity
Response Inertia or Adaptation Range of choices; deliberate

Nature of Action Toward or away from Choice
adoption

Results of response Performance Screening, engagement, or
 non-engagement

Time Frame Ex post Ex ante

Key Determinants Firm, technology, and Same plus Competitive Dynamics
environmental characteristics
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incumbents are embedded in the current technological paradigms (Dosi, 1982). As such, 

incumbents have to respond strategically to externally-generated technological innovations. 

Furthermore, whereas the extant literature on incumbent response conceptualizes response as 

the ex post performance of a firm, this study highlights the criticality of a firm’s strategic choice 

made at the early stage of a technological innovation’s diffusion cycle. The concept of 

‘response’ thus shifts from a focus on how inertia or adaptation explain ex post performance to 

one involving an infinite range of deliberate choice options that set a course for opportunities 

or constraints that eventually determine ex post performance.  

To aid understanding, it is useful to describe terminology associated with incumbent 

response from prior literature and that which will be used with the reconceptualization of 

response in this study. Table 2 summarizes terminology used in this dissertation and includes 

references to important, foundational literature. As previously noted, the primary extant 

literature conceptualizes differences in incumbent response to a radical technological 

innovation as inertia or adaptation measured by ex post performance. Prior to any performance 

outcome, however, incumbents select one or more courses of actions as a response to the 

strategic issue of a radical technological change. A strategic choice perspective emerges, 

therefore, when these deliberate strategic decisions on how to engage with an issue are the 

focus of study. The magnitude or degree of emphasis on any chosen course of engagement can 

be assessed by considering the level of resources committed by an incumbent to their chosen 

course of action. To summarize, this study’s conceptualization of response emphasizes a chosen 

course of action (or non-action) with that choice further characterized by a level of resource 

commitment. The terminology described in Table 2 appears where relevant throughout this 
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text. To simplify this reconceptualization, therefore, the term response is used for the 

dependent variable in the research model and thus is the focal terminology of this study.   

 
Table 2  
 
Terminology Associated with Incumbent Response to Radical Technological Innovation 
 

 

 

 To further explain how this study advances the literature on incumbent response, it is 

useful to summarize the theoretical and temporal approach used in prior research and compare 

that to the current approach. The first step is to review the extant literature’s basic model 

explaining incumbent response. Past studies dichotomize response as either (a) inertia leading 

to weaker performance or failure after the technological shift or (b) adaptation leading to 

survival or superior performance after the shift. Prior research argues the importance of three 

broad categories of determinants of inertia or adaptation: firm characteristics, technology 

characteristics, and environmental conditions. Figure 1 presents the basic, extant theoretical 

model of incumbent response. Chapter 2 develops this understanding in detail. 

Response as Inertia Focus on performance of the firm Hill & Rothaermel, 2003
or Adaptation after the industry has been Christensen, 1997
 - ex post performance transformed by a technological

innovation

Strategic Response Varied types of actions to Cooper & Schendel, 1979
 - courses of action participate and engage with a new Schiavone, 2011

technology (or to not do so) Wernerfelt & Karnani, 1987

Strategic Choice The delibrate selection of one or Child, 1972, 1997
 - deliberate response more courses of action from a set

of alternatives

Engagement The level of resources committed Ghemawat, 1991
 - degree of response to one or more chosen courses of action Noda & Bower, 1996

taken in response to the strategic issue Schreyogg & Kliesch-Eberl, 2007
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Figure 1. Extant model of incumbent response 

Prior studies of incumbent response have typically approached the phenomenon 

retrospectively to understand why some firms fail against the gales of creative destruction 

(Schumpeter, 1934) while others successfully adapt or even leverage innovations to enhance 

their competitive advantage (Hill & Rothaermel, 2003). The approach to research in this field 

has been to first identify an industry that has undergone a radical technological shift. Examples 

include the radical shifts from film to digital photography (Tripsas & Gavetti, 2000), mechanical 

to electronic cash registers (Rosenbloom, 2000), and bias ply to radial automotive tires (Sull, 

Tedlow, & Rosenbloom, 1997). Analysis of differences between the conditions of firms that 

survive and those that succeed in the face of such change suggests empirical associations 

between the determinant variables and performance outcomes. It is important to restate that 

this typical approach examines industries that have already undergone a radical change and 

that firms are categorized based on their ex post performance. Figure 2 graphically depicts this 

temporal perspective of prior literature.   

Firm 
Characteristics 

Technology 
Characteristics 

Environmental 
Conditions 

Response: 
Inertia or Adaptation 
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Figure 2. The ex post temporal approach of prior studies 

 

As indicated in Figure 2, the path of a technological innovation’s diffusion is generally 

non-linear, complex, and lengthy (Mansfield, 1961; Meade & Islam, 2006). The approach by 

prior literature has been to define response as firm performance after the technology has fully 

diffused and become the industry’s dominant design (time X). This dependent measure of 

performance is then associated with ex ante firm, technological, and environmental 

characteristics prior to the technology’s diffusion. This ex post approach does not account for 

the complexity of the evolutionary course of technological diffusion in an industry and the 

multitude of decisions, adjustments, and reactions that occur within the industry to form the 

diffusion curve (Mansfield, 1961). This approach is limited because it cannot explain why those 

determinants lead to the outcomes. That is, the absolute and distal nature of ex ante firm 
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advantages, technology characteristics, and environmental conditions do not themselves affect 

competitive performance (Sirmon, Hitt, Arregle, & Campbell, 2010). This suggests that a 

temporal emphasis on the proximal ex ante decisions affected by ex ante characteristics may 

contribute new insights.  

 Moving the temporal focus to the initial point of incumbent firm decisions on how to 

respond to a technological innovation allows for examination of the proximal, direct effects of 

the ex ante firm, technology, and environmental characteristics on strategic choice. As shown in 

Figure 3, at this early stage in the emergence of a new technology (time X), the diffusion and 

technological evolutionary trajectories are highly uncertain. A firm’s response to the innovation 

may only be the first of many iterative moves to learn, experiment, and respond to a 

dynamically changing technology. Rather than defining incumbent response in terms of ex post 

performance, therefore, it is viewed as a deliberate strategic choice in response to the 

technological innovation at a given point in time. Given this temporal focus, choices and 

conditions in the past are not directly relevant. Choices and conditions in the future are 

unknown and unpredictable. Therefore, to assess the influence of factors on choice, the 

relationship between current conditions and current choices needs to be studied. The temporal 

gap of prior approaches is closed as situational characteristics and strategic decisions are 

analyzed at the same point in time. Hence, attention is focused on the question of how ex ante 

conditions influence strategic choice. 
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Figure 3. The strategic choice perspective on incumbent response 

 

Theory on strategic choice specifically includes consideration of the interactive nature of 

choices among actors internal and external to a focal firm (Child, 1972; 1997). The influence of 

competitive interaction on strategic choice may be the explanation for an increasing use of 

competitive dynamics theory for research examining firm response to a variety of 

environmental events (Bowers, Greve, Mitsuhashi, & Baum, 2014). These recent studies 

suggest the relevance of competitive considerations in understanding many strategic decisions. 

Together with the acknowledgement of technology as a potential source of competitive 

advantage (Hitt et al., 2001; Porter, 1985), this evidence of the important role of rival 
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interactions in many decisions suggests that the absence of prior research considering the role 

of competitive dynamics is a deficiency of current theory. Through a new approach to empirical 

analysis, knowledge of the contextual effect of the environment can also be enhanced. The 

theoretical model shown in Figure 4 emerged from an integration of the literature on 

incumbent response, strategic choice, decision theory, and competitive dynamics.  

In this model, technology characteristics of pace, scope, uncertainty, and complexity are 

key determinants of issue framing. If an incumbent categorizes an issue (i.e. a technological 

innovation) as a strategic issue, a decision process will follow to determine an appropriate 

response (Ansoff, 1980; Dutton & Jackson, 1987). A competitive dynamic perspective on firm 

characteristics emphasizes specific strategic, cognitive orientations relating to rivalry that may 

affect sensemaking and decision-making (Eggers & Kaplan, 2013; Narayanan, Zane, & 

Kemmerer, 2011). Due to the competitive perspective employed, the relative nature of an 

incumbent’s strategic assets becomes critical, rather than the absolute values (Sirmon et al., 

2010). Lastly, the competitive dynamics perspective manifests in a focus on the influence of 

management’s perceptions of the competitive environment. This contextual variable 

moderates the effects of competitive orientations and relative asset assessments on choice.  
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Figure 4. Incumbent response and competitive dynamics  

  

The core research question for the study as a result of this theoretical approach is:  

What role do competitive considerations play in incumbent firms’ ex ante strategic 

choices about potentially radical technological innovations?  

 

Key Terms and Boundary Conditions 

Boundaries and key terms used in the current research are explicated. References to 

incumbents, rivals, response, innovation, and radical technologies draw on the following 

definitions. 

 Incumbents are firms that have survived through the last industry cycle (Arend, 1999). 

Incumbents employ a dominant design within the incumbent technological paradigm (Dosi, 

1982; Suarez & Utterback, 1995). When used in reference to decision-making and behavior, the 

term incumbent refers more accurately to the decision makers of an incumbent firm. 

Rivals are incumbents within the same industry competing for the same market with 

similar offerings (Chen, 1996; Porter, 1980). The categorization of another firm as a rival is a 

function of subjective judgment and perception (Porac, Thomas, & Baden-Fuller, 1989; Reger & 



17 

Huff, 1993). An incumbent’s perceived rivals can include other incumbent firms, new and 

potential entrants, and even firms offering potential substitutes (Peteraf & Bergen, 2003). 

Early-stage innovations typically experience very low rates of diffusion due to uncertainty about 

their trajectories. Firms therefore may rely on current rivals as a source of decision inputs. Thus, 

the focus is on rival firms that are existing and active incumbents in the same industry 

environment. 

Potentially radical technological innovations are those that have potential to displace an 

incumbent dominant design and alter the nature of competition. Innovation is the introduction 

of a new discovery or invention (Schumpeter, 1934). Innovation has many forms including 

administrative, managerial, and technical innovation (Damanpour & Aravind, 2012; 

Damanpour, Szabat, & Evan, 1989), product and process innovation (Utterback & Abernathy, 

1975), and business model innovation (Chesbrough, 2010). Technological innovations range 

from simple incremental advances to radical paradigm shifts (Abernathy & Clark, 1985; Dosi, 

1982). Innovations may arise from within a firm or may be developed by external actors. The 

focus of this study is on response to external developments, i.e. adoptive innovation, as 

opposed to generative innovation (Ahuja et al., 2008; Damanpour, 1991; Hage, 1999).  

Scholars categorize technological innovations based on their effects on existing 

technological paradigms and on their effects on incumbent firms (Gatignon, Tushman, Smith, & 

Anderson, 2002). For example, technological innovations can be regular or revolutionary 

(Abernathy & Clark, 1985), competence-enhancing or competence-destroying, (Tushman & 

Anderson, 1986), disruptive or sustaining (Christensen, 1997), and incremental or radical 

(Henderson & Clark, 1990). Radical innovations are novel in comparison to the existing 
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technological paradigm and require new methods, materials, skills, and knowledge (Hill & 

Rothaermel, 2003). Relative to an incumbent technology, radical innovations employ 

alternative core technological concepts and new system component linkages (Henderson & 

Clark, 1990). Successful radical technologies often completely displace existing paradigms. This 

transition may occur rapidly or over a period of many years (Mansfield, 1961). Early in an 

innovation’s life cycle, basic scientific and engineering developments may dynamically affect 

and fragment commercialization and diffusion trajectories thus increasing effect uncertainty 

(Mansfield, 1961; Meade & Islam, 2006). Consequently, novel innovations at this early stage are 

more accurately described as having the potential to be radical. Hence they are pre-

discontinuity or speculative technological innovations (Helfat, 1997; Rothaermel & Hill, 2005).  

A wide variety of choices exists for responding to a new technology developed by 

external actors. These include adoption, avoidance, competition, monitoring, and delaying 

choice (Cooper & Schendel, 1976; Schiavone, 2011; Wernerfelt & Karnani, 1987). Non-response 

may or may not result from explicit choice (Arend, 1999; Wernerfelt & Karnani, 1987). Inaction 

may stem from a lack of awareness or from the conclusion that there is little threat or 

opportunity related to the innovation. Highly uncertain issues may be tabled for future analysis 

when more information is available. Deliberate response thus refers to any specific, issue-

related response behavior including the choice to adapt, compete, avoid, or do nothing. 

Whether triggered by an innovation or by the innovation-related moves of a rival, response is a 

deliberate choice whether it enables emergent or deliberate strategy formulation (Mintzberg & 

Waters, 1985). 
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Theoretical Model 

 The preliminary theoretical model for this study is presented in Figure 5. For the 

strategic orientations component of the model, prior literature suggests that the constructs of 

competitor orientation and innovation orientation are relevant. Research on innovation 

commercialization and adaptation suggests an appropriate bundle of strategic assets influential 

to incumbent response. Lastly, research on the moderating effect of environmental conditions 

on strategic decision-making suggests that perceptions of the competitive environment may 

accentuate or decrease the influence of direct factors on response. As portrayed in Figure 5, the 

cognitive orientation factors and the relative assessment of strategic assets are hypothesized to 

have direct relationship with response. Perceptions of competitive tension are hypothesized to 

moderate those direct effects.  

 

 Competitor Orientation 

                Response 

 Innovation Orientation 

 

 Relative Strategic Assets 

  

     Perceived Competitive 
           Environment 
          

Figure 5. Preliminary theoretical model 
 

Contributions to Theory and Practice 

This study aims to make multiple contributions to both theory and practice. First, 

focusing on ex ante choice as an outcome variable may provide valuable insights into why 
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certain assets, capabilities, and environmental conditions are associated with varying types of 

incumbent response. This contribution overcomes a common critique of the resource-based 

view (Sirmon et al., 2010). The proximal, direct effects on ex ante choices are temporally 

relevant to strategic paths whereas conclusions of causality between ex ante factors and ex 

post performance fails to account for iterative decision-making, interaction between industry 

actors, and an evolving technology (Child, 1997; Meade & Islam, 2006). Second, focusing on the 

influence of competitive dynamics opens up a new stream of theory as to the key influences on 

strategic choice and incumbent sensemaking (Daft & Weick, 1984; Thomas, Clark, & Gioia, 

1993; Weick, Sutcliffe, & Obsfeldt, 2005). As a potent competitive positioning weapon, 

highlighting competitive considerations of technological innovation decisions will expose new 

research paths for understanding innovation beyond our extant knowledge of technology and 

firm-level factors. For managers in incumbent firms, the findings of the proposed research may 

help argue the value of investments in competitor intelligence and analysis specifically in the 

context of complex, technological innovation issues that can alter the nature of competitive 

advantage (Ghoshal & Westney, 1991; Sirmon et al., 2010). The competitive and path-defining 

nature of the type of decision examined can also illuminate important differences and key 

influences in this type of decision-making (Rosenzweig, 2013). 
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CHAPTER 2  

THEORETICAL BACKGROUND AND HYPOTHESES 

This chapter provides a review and synthesis of the literature on incumbent response to 

technological change and highlights current knowledge in this field. Theoretical and empirical 

explanations for ex post incumbent response generally fall under three categories: 

characteristics of the firm, the technology, and the environment. The ex post timing of analysis 

and the absence of consideration of strategic choice and competitive dynamics perspectives 

offer research opportunities that will be explored in this study.  The literature on strategic 

choice is integrated with an ex ante decision-making perspective to develop a research model 

of deliberate choice. The chapter provides background on competitive dynamics and explains 

why and how consideration of competitive issues adds value to understanding incumbent 

response. Lastly, constructs and relationships for the research model are specified and testable 

hypotheses are developed.  

Theory on Incumbent Response to Technological Innovation 

In a very broad sense, the study of how firms respond to external changes and forces is 

one of the most significant areas of organizational research (Greenwood & Hinings, 1996). For 

many years, organizational theory and strategic management scholars have pondered, studied, 

and theorized about how institutional forces, political pressures, stakeholder concerns, and 

technological change affect existing organizations. Major streams of research address how 

characteristics of issues stimulate different responses, why organizational decision-makers 

interpret and respond to issues in different ways, and how the nature and timing of responses 

affect long-term performance and survival. 
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Oliver’s (1991) explication of the various ways firms respond to institutional pressures, 

and the factors that aid in predicting their response, highlighted an important link between 

institutional theory and strategic management. Greenwood & Hinings (1996) examined how 

organizations change and adapt, often radically, to external forces. The study of how firms 

respond to institutional pressures and institutional change remains a vibrant field with recent 

extensions from insightful conceptual works (George, Chattopadhyay, Sitkin, & Barden, 2006) 

and up-to-date comprehensive reviews and analyses of organizational response to institutional 

complexity (Greenwood, Raynard, Kodeih, Micelotta, & Lounsbury, 2011).  

Firm response to stakeholders is another area where the study of strategic choice in 

relation to external influences is vibrant (Bundy, Shropshire, & Buchholtz, 2013). Stakeholder 

theory (Freeman, 1984) is grounded on the notion of external influences on firm decision-

making. Scholars in this field emphasize that the identification of which stakeholders have 

influence and which of their issues get attention is a matter of interpretation. The response to 

common stakeholder issues is therefore heterogeneous across, and often within, firms. These 

factors can significantly influence decisions and organizational outcomes (Mitchell, Agle, & 

Wood, 1997). The increasing attention to firms’ strategic response to social responsibility and 

environmental demands (Delmas & Toffell, 2008) makes this field even more salient.  

 The analysis of how firms respond to technological change dates to the early 

emergence of the field of strategic management (e.g. Cooper & Schendel, 1976). As the pace of 

technological change increased in the 1980s, so too did the attention to technological 

innovation and its effects on firms. While research on generative innovative behavior became a 

major stream of the technology, strategic management, and organizational change literatures, 
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the examination of incumbent response to external technological innovation also flourished. 

For example, Henderson & Clark’s (1990) study addressing how disruptive innovations are 

associated with the failure of established firms has been cited by over six thousand manuscripts 

(Google Scholar). Christensen’s (1997) book on the ‘innovator’s dilemma’ not only sold over 

500,000 copies, it highlighted a paradoxical phenomenon of innovation that spawned an entire 

stream of research on issues for incumbent firms facing rapid and radical technological change 

(Danneels, 2004; Henderson, 2006). The field’s breadth and depth of understanding of 

incumbent response to radical technological change was reviewed and enhanced by Hill and 

Rothaermel’s (2003) analysis of the factors affecting adaptation or inertia. Researchers 

continue to examine how firms adapt, what factors influence the nature and direction of 

response, and the implications of these choices (e.g. Kaplan, 2008; Lavie, 2006).  

Explaining inertia and adaptation. Strategy research has long argued the importance of 

innovation to firm survival, performance, and competitive advantage (Abernathy & Clark, 1985; 

Cooper & Schendel, 1976; Porter, 1980; 1985). In the 1980s, as firms faced an increasing pace 

of externally driven technological change, researchers in diverse fields examined the 

phenomenon that some firms successfully adapted to new technologies while others did not. 

Economists noted the effects of differential incentives, appropriation regimes, and economic 

institutions while organizational and strategy scholars focused on firm-level inertial forces, rigid 

or missing competencies, and powerful strategic dependencies (Henderson, 2006; Hill & 

Rothaermel, 2003). Organizational theories explaining structural and routine rigidity, 

organizational change, and macrocultural forces also contribute to a broader understanding of 

incumbent response (Hill & Rothaermel, 2003). To synthesize the large and diverse body of 
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extant research explaining incumbent response, it is valuable to categorize the identified 

determinants as characteristics of the firm, the technology, or the environment. 

Characteristics of the firm. Many firm-level factors help us understand incumbent 

response. Sources of inertia include incentives for stability, organizational and routine rigidity, 

and strategic commitments and network ties (Hill & Rothaermel, 2003). More specifically, 

explanations for incumbent inertia include resource dependencies such as the demands and 

preferences of powerful customers (Christensen & Bower, 1996; Christensen, 1997; Gilbert, 

2005; Henderson, 2006), embedded routines (Henderson, 2006; Lavie, 2006; Tushman & 

Anderson, 1986), and cognitive structures that ossify strategic beliefs (Foster & Kaplan, 2001; 

Tripsas & Gavetti, 2000). Relationships with suppliers and complementors can also inhibit 

change (Afuah, 2000; Christensen & Rosenbloom, 1995) as can managerial commitments (Sull 

et al., 1997) and dependencies on capital markets (Benner, 2007).  

Inertia, however, is not a universal condition (Hill & Rothaermel, 2003). Firms may have 

technical knowledge and R&D capabilities that enable the identification, understanding, and 

integration of innovations (Afuah, 2002; Rosenkopf & Nerkar, 2001; Tripsas, 1997; Zhou & Wu, 

2010). Cognitive processes of absorptive capacity (Cohen & Levinthal, 1990; Tripsas, 1997; Zhou 

& Wu, 2010) and decentralized decision-making (Burgelman, 1991; Tripsas & Gavetti, 2000) 

support interpretative processes (Daft & Weick, 1984) necessary for effectively responding to 

innovations. Strategic orientations supporting innovation and flexibility help prevent rigidity 

and enable adaptive change (Damanpour, 1991; Hage, 1999; Hill & Rothaermel, 2003; Ketchen, 

Snow, & Hoover, 2004). Complementary assets can buffer a firm from the need to change or 

provide competitive advantages that motivate change (Mitchell, 1989; Rosenbloom, 2000; 
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Taylor & Helfat, 2009; Teece, 1986; Thompson, 1967). Higher performance and slack can 

support riskier experimentation with new technologies; however, some research suggests these 

positive factors may conversely induce inertia (Hill & Rothaermel, 2003; Kraatz & Zajac, 2001). 

The effects of such firm-level factors, however, are contingent on the characteristics of the 

innovative technology.  

  Characteristics of the innovative technology. Scholars addressing technology factors 

affecting incumbent response give primary attention to the magnitude and scope of change, 

the pace of diffusion and development, the uncertainty of effects, and the complexity of the 

technology and its adoption. Incumbents assess these factors using objective data or subjective 

assessments of a technology’s nature and trajectory.  

The greater the magnitude of the innovation’s effect (i.e. the degree to which it affects 

an incumbent’s relationship with its customers), the higher the motivation to change 

(Abernathy & Clark, 1985). The scope of an innovation refers to its breadth of impact across 

competitors, markets, and customers (Lee, Smith, & Grimm, 2003). The greater an innovation’s 

scope, the faster its diffusion across incumbents (Lee et al., 2003). The scope or breadth of 

impact also relates at the firm level. Radical and incremental innovations have different effects 

on the value of an incumbent’s knowledge and asset base and thus influence when and how 

the firm responds (Hill & Rothaermel, 2003). An additional factor influencing response is the 

scope of an innovation’s effect on an incumbent’s core competencies (Anderson & Tushman, 

1990; Tushman & Anderson, 1986) and stakeholder networks (Afuah, 2000; Christensen & 

Rosenbloom, 1995).  
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The pace of an innovation’s development and diffusion accounts for temporal and 

urgency influences. The gestation period for an innovation is the period between invention and 

commercialization (Hill & Rothaermel, 2003). The pace of diffusion and development affects the 

urgency and investment logic of incumbent action (Lavie, 2006; Pacheco-de-Almeida, 2010). A 

longer gestation period (i.e. a slower pace) offers greater opportunities for experimentation 

and learning. A slower pace of development and diffusion can enhance a resource-rich 

incumbent’s strength (i.e. resources to endure uncertainty and change) versus a resource-

strapped new entrant. A slow pace can also allow time for evolutionary capabilities 

development (Hill & Rothaermel, 2003; Lavie, 2006). On the other hand, long gestation can 

increase the strain on resources (Hill & Rothaermel, 2003). Radical, discontinuous technologies 

involve particularly high levels of uncertainty for incumbents (Milliken, 1987; Tushman & 

Anderson, 1986). Complex innovations may require more sophisticated, expensive, and 

irreversible responses than simpler innovations. Hence, complexity of a new technology is 

another factor influencing incumbent response (Henderson & Clark, 1990).  

In addition to the constraining or enabling influences of firm and technology 

characteristics, the nature of the environment also plays a role in shaping how incumbent firms 

respond to technological innovation.  

Characteristics of the environment. Prior research addressing incumbent response 

identifies several environmental factors that influence inertia or adaption such as macro-level 

industry forces, market characteristics, relationships with various stakeholders groups, 

interdependencies with competitors, and the intensity of environmental change. 
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Institutional forces such as governmental regulations and industry standards can 

constrain or define the options available for incumbent response (Hill & Rothaermel, 2003; 

Oliver, 1991). Industry-wide norms and macrocultural beliefs about the nature of competition, 

customers, and technologies can often be homogenous within an industry and thus shape 

incumbent behavior and interpretations of strategic issues (Abrahamson & Fombrun, 1994). 

The response to an innovation can also be influenced by bandwagon effects (Abrahamson & 

Rosenkopf, 1993). Rather than basing an adoption decision on economic attractiveness or 

competitive benefits, bandwagons drive diffusion based on escalating legitimacy caused by the 

sheer number of firms adopting the innovation. 

 Incumbents in every industry are embedded in a broad value network with suppliers, 

customers, complementary product producers, and a host of other non-rival firms and 

individuals (Afuah, 2000; Christensen & Rosenbloom, 1995; Hill & Rothaermel, 2003). As 

described previously, firm-specific relationships can be important factors in response. When 

broader industry or segment-wide relationships are influential (e.g. common networks of 

suppliers, intermediaries, or customers), they become environment-level issues since they exist 

beyond any single firm. Relationships between an incumbent and these stakeholders can 

impose resource dependencies and managerial commitments that influence incumbents’ 

response to a new technology (Hill & Rothaermel, 2003; Sull et al., 1997). The values and nature 

of current capital markets can influence the economic incentives that drive different responses 

(Benner, 2007). Likewise, the nature of innovation appropriability (e.g. intellectual property 

protections) in an industry influences how incumbent firms respond (Levin, Cohen, & Mowery, 

1985; Teece, 1986). 
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 Due to its effect on incumbents’ structures, strategies, and assets, the nature of 

competition and change in an industry influences when and how incumbents respond to 

external events. For example, if the industry has a history of competitive instability and 

numerous and rapid technological changes, surviving firms are likely to have developed more 

organic and adaptive structures and capabilities that will enable greater responsiveness to 

external changes (Burns & Stalker, 1961; Hill & Rothaermel, 2003). If the industry is 

characterized by one powerful and long-standing dominant design, movement toward a new 

design is likely more difficult for incumbents than if the industry has a history of turbulent 

design change (Anderson & Tushman, 1986).  

The extant literature on incumbent response links several firm, technology, and 

environmental characteristics with differences in how incumbent firms adapt and respond to 

new technologies. There are, however, two important critiques on this literature. The first 

critique involves the retrospective, ‘black box’ approach to deriving the determinants of inertia 

or adaptation. This perspective not only dichotomizes the outcome, it spans a long and complex 

period of dynamic processes in which antecedent factors influence the multitude of decisions 

that lead to the ultimate, ex post outcomes. An emphasis on performance as the dependent 

variable in most research simplifies and overlooks what can be a long and complex evolution of 

firm decisions, strategic changes, and technological refinements. Hill and Rothaermel (2003) 

openly acknowledge this issue by stating that “an important question centers on whether the 

trajectory of a technology can be determined early enough in its development for this 

retrospective explanation of historical events to be used as the basis for future predictions and 

normative recommendations” (p. 269).  
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As was shown in Figure 2, the traditional approach to associating ex ante conditions 

with ex post performance outcomes can identify what factors relate to certain outcomes but it 

fails to explain why those relationships exist (Sirmon et al., 2010). The nature of decision-

making may be the best explanation for why incumbent firms often fail to succeed in the face 

of disruptive innovations (Henderson, 2006). The extant research, however, does not examine 

how conditions of the firm, technology, and environment at the point of a new technology’s 

emergence influence the decisions that lead to the outcomes once diffusion is realized. As 

shown in Figure 3, incumbent choices on how to respond begin at an early, highly uncertain 

point in time. Examination of this topic is important because the timing and nature of a firm’s 

response to a new technology can have critical implications for future performance. There is a 

large body of empirical evidence indicating that firms can be strikingly similar at one point in 

time and then take vastly different paths in their choices and strategic direction (Zott, 2003). 

That is, firms with similar firm characteristics addressing the same innovation in the same 

environment may make different decisions that lead to heterogeneous results. Response 

choices at the earliest stages of a technology’s emergence may be difficult to alter, may provide 

either advantages or fatal rigidities, or may otherwise dictate future strategic options for 

survival and performance (Wernerfelt & Karnani, 1987). The iterative cycle of innovation 

trajectory evolution, firm responses, customer preferences, and technological competition is far 

too complex to be limited to correlations between ex ante characteristics of the firm, 

technology, and environment and ex post firm outcomes after technology diffusion. The factors 

influencing the earliest strategic choices made by incumbent firms need to be understood 
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because these choices affect the course for all future strategic options and affect the rate of 

technology diffusion. 

A second critique is that current explanations for inertia or adaptation fail to consider 

how the interdependent relationships among rival incumbent firms affect strategic choice. 

Assuming that more than one incumbent operates in an industry, one firm’s decision on when 

and how to respond to a new technology is just one competitive move in a continuous 

interactive cycle of moves and countermoves (Chen, 1996). A critical task for the incumbent 

therefore is to observe how other incumbents respond to the innovation (Hill & Rothaermel, 

2003). Technology is often a powerful basis for competitive advantage (Hitt et al., 2001; Porter, 

1985), and the nature of incumbent firms’ competitive nature, focus, and perceptions of their 

rivals’ responses are likely to influence response choices. 

Strategic choices do not occur in a competitive vacuum. The fundamental goal of top 

executives’ strategic choices is survival and perpetuation of the firm as an independent entity 

(Donaldson & Lorsch, 1983). The pursuit of this goal occurs in an uncertain environment in 

which managers are “engaged in a continuous struggle against vigorous and powerful 

competitors” that leads to a “compulsion to ‘win’ that becomes fused in their minds with the 

goal of survival” (Donaldson & Lorsch, 1983; 161). Winning and advantage are outcomes 

requiring competitor reference. Independent assessment of objective firm characteristics, the 

approach of prior research on incumbent response, is insufficient in the context of a dynamic 

competitive environment that is subjectively constructed to any degree. Competitive dynamics 

thus offers a holistic and meaningful perspective towards understanding incumbent response. 
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 The traditional, retrospective approaches to studying incumbent response have 

enlightened us on the firm, technology, and industry characteristics that are associated with 

inertia or adaptation. As described earlier, such an approach neglects the role that strategic 

choice plays in the pattern of management decisions that sequentially constrain or enable 

successful response to the threat or opportunity posed by a new technological innovation. A 

strategic choice perspective shifts the focus from objective and absolute characteristics 

underpinning the extant literature to a focus on decisions shaped by subjective and 

comparative factors. The traditional approach also neglects to account for actual, perceived, or 

expected competitive moves related to innovation and technological change. By integrating 

competitive considerations with a strategic choice perspective, this study focuses on a very 

specific sub-segment of the determinants of choice to enable the specification of testable 

hypotheses. Toward these ends, the following sections review and synthesize the strategic 

choice and competitive dynamics perspectives and integrate them to develop a testable 

research model. 

A Strategic Choice Perspective 

Strategic choice is the deliberate process whereby the leaders of an organization decide 

the course of action on strategic issues (Child, 1972). A strategic issue refers to any 

development having potential to affect the firm’s ability to achieve its objectives (Ansoff, 1980). 

Child (1972) argued that strategic choices are influential determinants of an organization’s 

structure, strategy, and performance. Strategic choice theory extends the firm-environment 

congruence perspective (Learned, Christensen, Andrews, & Guth, 1965) to account for the pro-

action and re-action initiatives in the network of internal and external actor relationships (Child, 
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1997). The development of theory on strategic choice has come to regard specific, sequential 

stages as vital to understanding the process of choice and decision-making.  

 The topic of decision-making (or choice) is a central issue in numerous research 

disciplines. For example, economists predict choice with probabilistic expected utility models 

(e.g. Gilboa & Schmeidler, 1989; Schoemaker, 1982; Starmer, 2000). Psychologists examine how 

opportunities for gain or threats of losses affect decision making under uncertainty (Kahneman 

& Tversky, 1979). Organizational researchers often focus on the limitations of rationality and 

how cognitive structures influence individual and group decisions (Daft & Weick, 1984; Dutton, 

Fahey, & Narayanan, 1983; March, 1994; Schwenk, 1995). These process views include streams 

of research on sensemaking and issue interpretation (Daft & Weick, 1984; Weick et al., 2005), 

strategic issue diagnosis (Dutton et al., 1983; Dutton & Jackson, 1987), and strategic decision-

making (Eisenhardt & Zbaracki, 1992; Hutzschenreuter & Kleindeinst, 2006). A common theme 

among the theories on choice and decision-making is that there is an observable sequence of 

steps beginning with issue awareness and ending with action on one or more choices. Much of 

this work is grounded on the basic notion that a decision-maker first has to identify their 

options and second they have to select one best choice (March, 1981). 

 Awareness of an issue is obviously the initial component of any decision-making process 

(Ocasio, 2011). The issue exists in the environment, and awareness of it causes directed or 

undirected search or scanning (Daft & Wieck, 1984; Huber, 1991). Sensemaking is the process 

of interpreting and giving meaning to unique or unexpected issues (Weick et al., 2005). Once 

meaning is assigned, then actions are chosen and implemented (Daft & Weick, 1984). Theory 

on strategic issue diagnosis (SID) emphasizes the effects of how a strategic issue is framed 
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(generally as either a threat or an opportunity) and how this framing changes the course of 

interpretation and action (Dutton & Jackson, 1987). The process perspective of SID examines 

how cognitive filters affect what environmental issues are perceived (i.e. awareness), how 

these filters affect interpretation (i.e. framing), and their ultimate effects on choice (Dutton & 

Jackson, 1987). Researchers addressing the process of strategic decision-making also focus on a 

sequence of stages even though there is recognition that such processes are often complex, 

non-linear, dynamic, and incrementally emergent (Fredrickson, 1983; Mintzberg, 1978; 

Mintzberg, Raisinghani, & Theoret, 1976; Stacey, 1995). Empirical research on contemporary 

decision theories emphasizing a naturalistic, behavioral perspective further confirms the 

existence of a sequence of discreet stages or sub-processes within the overall process of 

strategic choice (Beach, 1997; Beach & Mitchell, 1998; Klein, 2008). For example, image theory, 

one of the most well developed naturalistic decision theories, suggests two primary phases: 

screening and selection. These two phases apply to either adoptive decision or progress (i.e. 

improvement) decisions (Dunegan, 1995). In each phase, the decision-maker compares, or 

tests, options against a criteria threshold grounded in their values, beliefs, goals, and strategic 

orientations (Beach & Mitchell, 1998).  

 The process view of strategic choice, which emphasizing sequential steps as described 

above, fully acknowledges important complexities involved in decision-making. Decisions are 

not always based on full information and decision-makers rarely consider all possible options 

available to them (March, 1991). Choice is rarely an optimization process. More often, it 

concludes with satisficing to the first acceptable response to the issue (Simon, 1955). Choices 

are not always the outcome of deliberate, linear processes. Choice viewed ex post as the 
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pattern of a firm’s actions often emerge over time with no deliberate choices being made 

(Mintzberg, 1978).  

 The preceding review of theory on strategic choice and decision-making suggests there 

is value in considering the distinct phases of decision-making as they relate to incumbent 

response to a potentially radical technological innovation. An emerging technological 

innovation may show enough promise and implications to allow its framing by incumbents as a 

strategic issue. However, the high level of uncertainty and wide range of potential diffusion 

trajectories can prohibit many firms from fully committed actions. Between awareness and the 

outcomes of action, therefore, is a critical sub-process of deliberate choice in which even 

minor, interim decisions related to response can affect the course toward eventual outcomes. 

The next section develops this phase of deliberate response in detail. 

Framing a conceptual model of deliberate choice. Strategy is a result of either 

deliberate, decision-making processes or of non-deliberate, emergent processes (Mintzberg & 

Waters, 1985). Strategic choice, however, implies deliberate, rational decision-making (Child, 

1972). Deliberateness, or the traditional rational model of decision-making (Eisenhardt & 

Zbaracki, 1992; Fredrickson, 1983; March & Simon, 1958), is distinguishable from chance, 

randomness, or a purely emergent response. With any deliberate approach, decision-makers 

encounter specific decision points at which they characterize an issue as requiring attention or 

not, consider alternative responses, make a decision, and implement the chosen course (Beach, 

1997; Daft & Weick, 1984; Dutton et al., 1983; March, 1994). Thus, as shown in Figure 6, the 

deliberate response process can be broadly mapped as involving distinct phases for pre-choice, 

deliberate response, and post-choice. 
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Issue recognition    Screening   >        Choosing        >     Implementing     > Outcomes 
And framing 

 
 
(Issue)         Firm and Environment 
Tech Factors     Factors 

PRE-CHOICE    DELIBERATE RESPONSE     POST CHOICE 

Figure 6. Distinguishing the deliberate response component in the choice process 

 

Pre-choice. The pre-choice phase of a full process perspective of response involves initial 

attention to and interpretation of the issue. Framing of the issue as strategic and deserving 

response is a key criteria for advancing through the process. According to theory on strategic 

issue diagnosis (SID), once an issue is recognized, the decision-maker assesses it is as being a 

strategic or non-strategic issue (Ansoff, 1980; Dutton & Jackson, 1987). Characteristics of the 

issue are significant variables in this issue framing and diagnosis (Dutton et al., 1983). For 

technological change, characteristics of pace (Hill & Rothaermel, 2003; Lavie, 2006), scope 

(Abernathy & Clark, 1985; Christensen & Rosenbloom, 1995; Lee et al., 2003), and uncertainty 

(Lavie, 2006; Tushman & Anderson, 1986) are of prime concern. In the context of a ‘pre-

discontinuity’ innovation (Rothaermel & Hill, 2005), characteristics of the technology are often 

ambiguous or indeterminate and thus can only help decision-makers categorize an innovation 

as deserving (or not) of strategic attention. Due to this ambiguity, framing the issue as a threat 

or opportunity may require further information gathering and analysis.   

Categorization of an issue as strategic is a higher, antecedent level step preceding 

categorization of an issue as a threat or opportunity (Dutton & Jackson, 1987). This 
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categorization of an issue as strategic is the appropriate level of addressing the research 

questions of this study. That is, the deliberate choice process is not relevant until an issue is 

categorized as strategic and deserving attention. Framing the issue as a threat or opportunity, 

however, may or may not occur within the deliberate processing phase. Although threat or 

opportunity framing may change the nature of behavioral response, the conception of 

‘response’ in this study accounts for a more comprehensive framing of the issue. Hence, 

response is not limited to a simple threat - opportunity dichotomy but includes the possibility of 

other firm options such as screening.  

In summary, pre-choice attention and framing processes, while important, precede the 

scope of this research. Some incumbents will not categorize the innovation as a strategic issue 

and will not proceed into the deliberate response process, and thus are not pertinent to the 

research study. Those firms who are aware of the innovation and consider it a strategic issue 

will have to decide how to respond, and are therefore relevant to the study. Although a firm 

can address issues through an emergent process, the focus of the present study is on deliberate 

choice and intended strategic response (Mintzberg & Waters, 1985).  

Deliberate response. By focusing on deliberate choice of response, this study presumes 

awareness and attention and place these topics outside (i.e. as antecedent to) the proposed 

theoretical model. After scanning or a chance encounter result in issue awareness, and after 

the issue is deemed worthy of attention, behavior transitions to a focused search (Huber, 1991) 

and deliberate response process. The emphasis on the deliberate response process in this study 

is thus distinct from the pre-choice processes of awareness, attention, and undirected search.    
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At the early-stage of a technology’s development when there is high uncertainty, the 

incumbent strategist’s primary decision concerns when to act (Wernerfelt & Karnani, 1987). In 

contrast to economists traditional view of choice as the result of a rational, expected utility 

calculation (e.g. Gilboa & Schmeidler, 1989; Starmer, 2000), naturalistic behavioral decision 

theorists describe the process of decision-making as having two primary phases (Beach, 1997; 

Beach & Mitchell, 1998). The first phase of an adoptive decision involves identifying and 

screening the acceptability of alternatives. The choice to address (i.e. engage with) the issue 

initiates what Beach and Mitchell (1998) refer to as screening decisions in which possible 

responses are assessed for compatibility against an  acceptability threshold on the firm’s three 

‘images’. The outcome of the screening phase is a set of one or more acceptable alternative 

responses. Once this set of acceptable options is determined, a second phase involves selection 

of the best alternative using ‘profitability tests’ (Beach & Mitchell, 1998; Christensen-Szalanski, 

1978). Conceptualizing such a multi-phase deliberate response process allows for finer-grained 

detail on firm forms of response. 

This study characterizes three possible states for firms within the deliberate response 

cycle. At minimum, firms are in the process of identifying and screening alternative responses. 

On the other hand, some firms have made a choice on how to engage with the innovation. 

Engagement can have infinite forms (Wernerfelt & Karnani, 1987) including efforts to 

determine which option from the acceptable choice set has the highest expected value, minor 

monitoring activities, and allows transition of the firm to full adoption of the new technology. 

Engagement does not have to involve action toward adoption of the new technology; response 

may in fact involve a renewed commitment to the existing technology. Two options for 
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response that retain a commitment to the incumbent technology are ‘racing’ strategies in 

which the firm seeks to extend the price-performance trajectory of the current designs and 

compete with the new innovation and ‘retreat’ strategies which attempt to adjust to the rise of 

the new technology by repositioning the old technology in a new, defendable, and sustainable 

market segment (Adner & Snow, 2010).  Engagement thus refers to activity in the choice phase 

(i.e. either in process of choosing or having made a final choice on how to respond). A default 

status-quo choice is always possible; therefore, firms may choose to do nothing at this point in 

time. Therefore the present study labels these three states within the deliberate response 

process as screening (evaluation of choice alternatives), engagement (the choice to do 

something), and non-engagement (the choice to do nothing).  

Screening: In this state, the firm is identifying and screening their optional responses. 

They may be gathering and processing information to better understand and frame the issue as 

a threat or opportunity, or they may be in the final stages of evaluating which of several 

optional responses is in their best interest at this point in time. The process of screening may be 

very quick or even automatic (Dutton 1993). It may also be a lengthy, comprehensive analysis 

process involving many people (Fredrickson & Mitchell, 1984). In any case, screening is the 

stage in which a firm will be conducting research and analysis to increase its understanding of 

the innovation, assessing their assets and capabilities for responding, or identifying and 

evaluating alternative responses against their threshold criteria (Beach & Mitchell, 1998). 

Engagement: In this state, the firm has defined their choice set and thus proceeded 

from screening various options to the choice phase (Beach & Mitchell, 1998). A choice has been 

made to engage with the technology. Consequently, a direction for action has been determined 
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to either support, fight or avoid the issue. Engagement can be directed toward a form of 

adoption, competition, or flight (Cooper & Schendel, 1976; Schiavone, 2011). That is, not all 

engagement responses are adoptive. Some incumbents may seek to buffer the firm and its 

existing technological paradigm from the effects of the innovation (Thompson, 1967). For 

example, an incumbent may invest to enhance the cost-performance profile of their existing 

technology to defend against the external innovation. Another possible path of engagement is 

to flee the affected market and diversify away from the risk of harmful effects. Scholars note 

that with high uncertainty and risk, firms may also choose to implement hedging or flexibility 

strategies in which multiple types of response are pursued simultaneously (Hatfield, Tegarden, 

& Echols, 2001; Wernerfelt & Karnani, 1987). For example, a firm might be a small secondary 

production line implementing a new process technology while at the same time have R&D 

working on improvements to the current process technology. The choice to actively engage 

with the emerging technology, therefore, can involve a wide range of actions.  

Non-engagement: Based on analysis of their choice set, a firm in this state may 

determine that not engaging further at this time is the best course of action. A non-

engagement decision may be due, on one hand, to a re-assessed conclusion that the innovation 

is not truly strategic, i.e. it poses no discernable threat or opportunity. Alternatively, non-

engagement may stem from a lack of resources and the inability to craft a response to 

adequately address the unknowns and thus result in the choice to delay further analysis until 

more information is available. It is important to clarify that non-engagement is a deliberate 

choice. Thus it differs from a lack of response simply due to no awareness of the issue. 
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 Factors affecting deliberate response. With the pre-choice, post-choice outcomes, and 

the deliberate response process defined and distinguished, the next emphasis is on the 

deliberate response process and the factors influencing incumbent response. The relationships 

of these factors within the deliberate response process are the focal issues for this study. The 

literature on incumbent response argues for three dominant categories of factors affecting 

innovation performance: characteristics of the firm, the innovation, and the environment 

(Gatignon & Xuereb, 1997; Henderson, 2006; Hill & Rothaermel, 2003). A number of additional, 

broad factors may influence issue diagnosis and choice such as agency (Dutton et al., 1983; 

Eisenhardt, 1989) and institutional pressures (Oliver, 1991), but these additional theoretical 

streams are beyond the scope of this study.  

 A potentially radical technological innovation is likely to be a strategic issue that is 

framed to guide response. The nature of the issue, i.e. the innovative technology, will be 

interpreted and assessed by each firm to frame it as a threat or an opportunity (Dutton & 

Jackson, 1987). This framing precedes the deliberate choice process of how to respond to the 

issue, therefore, the influence of the technology (and the firm’s interpretation of its 

characteristics) are antecedent and external to the deliberate choice process model. The 

deliberate choice model retains the factors of firm assets and environmental conditions. 

Additionally, the influence of strategic orientations is included as these preferences, biases, and 

tendencies will affect interpretation, choice, and action (Daft & Weick, 1984; Gatignon & 

Xuereb, 1997; Schwenk, 1995). 

 Figure 4 in Chapter 1 presented a preliminary theoretical model emphasizing the 

deliberate response process. By distinguishing the deliberate response aspect of the process of 
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strategic choice, the preliminary model is enhanced to address the influences on deliberate 

choice rather than on issue framing or performance outcomes. The resulting theoretical model 

is shown in in Figure 7. The relationships among the primary influences on response are 

described following Figure 7. 

Figure 7. Theoretical model of deliberate response 

 

Strategic orientations. The construct of strategic orientations refers to a categorization 

or typology for describing different ways firms define and approach their markets, structures, 

and processes (Miles, Snow, Meyer, & Coleman, 1978). A firm’s strategic orientation reflects 

the directions they have taken (and are expected to take) in pursuit of continuous superior 

performance (Narver & Slater, 1990). In other words, strategic orientations represent a firm’s 

deliberate means toward achieving their goals (Venkatraman, 1989). Some scholars apply the 

term strategic orientation to describe the dominant thrust of a firm’s strategic intent. In this 

vein, some firms pursue cost leadership, differentiation, or focus strategies and thus are 
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orientated toward efficiency, innovation, customer relationships, or market expertise as means 

to pursue their strategy. A strategic orientation can also refer to a typological category that 

describes the overall approach a firm takes to their market, structure, and processes. From this 

perspective, firms may be categorized as prospectors, defenders, analyzers, or reactors (Miles 

et al., 1978). These broad views of orientations, while useful, do not identify important sub-

dimensions of finer-grained orientations that underlie decisions and behaviors. Contemporary 

studies of orientations address a more diverse set of dimensions, or types of orientations 

underlying strategic behavior. 

Research has identified numerous behaviorally specific strategic orientations as 

important variables in understanding differences in firms’ behaviors and performance. No 

single strategic orientation construct fully characterizes a firm; rather, firms have 

heterogeneous configurations of multiple orientation dimensions (Morgan & Strong, 2003; 

Venkatraman, 1989). These multiple dimensions represent cognitive and behavioral tendencies 

of firms relating to specific types of cognition or behavior. Strategic orientations examined in 

this manner include aggressiveness, defensiveness, analysis, proactiveness, riskiness, futurity, 

market orientation (and its subdivisions of customer and competitor orientation), technological 

innovation orientation, and entrepreneurial orientation (Armstrong & Collopy, 1996; Eggers & 

Kaplan, 2009; Gatignon & Xuereb, 1997; Hunt & Morgan, 1995; Jaworski & Kohli, 1993; Lumpkin 

& Dess, 1996; Narver & Slater, 1990; Siguaw, Simpson, & Enz, 2006; Venkatraman, 1989).  

 A firm’s set of strategic orientations is a result of a complex process of learning, market 

feedback, and psychological processes among the top decision-makers of a firm. Although this 

process can alter strategic orientations over time, research suggests that a) changes occur 
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slowly b) top management strategic orientations are relatively stable and c) many factors can 

result in cognitive rigidity (Rajagopalan & Datta, 1996; Wiersema & Bantel, 1992). The cognitive 

perspective on strategy emphasizes the role of top management’s shared mental maps, 

schemas, and biases in shaping a firm’s dominant logic and their resulting strategic choices 

(Bettis & Prahalad, 1995; Daft & Weick, 1984; Eggers & Kaplan, 2013; Narayanan et al., 2011; 

Prahalad & Bettis, 1986; Schwenk, 1995). Cognitive structures such as strategic orientations and 

preferences are most relevant when decision-makers face highly uncertain, ambiguous, and 

complex issues such as potentially radical technological innovations (Duhaime & Schwenk, 

1985). The cognitive perspective on strategy is a recently energized field coinciding with 

contemporary attention to microfoundations of strategy (Barney, Ketchen & Wright, 2011; Felin 

& Foss, 2005; Foss, 2011; Teece, 2007) and behavioral strategy (Powell, Lovallo, & Fox, 2011).  

Because strategic orientations constrain, enable, or otherwise influence the direction of 

decision-makers response to strategic issues, they should be included in a theoretical model of 

how incumbent firms choose to respond to new technologies. Strategic orientations are 

valuable for their ability to help researchers get inside the black box of resource-based theory. 

Managerial preferences, biases, and orientations guide not only strategic choice but also affect 

the development and understanding of a firm’s capabilities and asset values (Crossan, Rouse, 

Fry, & Killing, 2013). Orientations, therefore, are important factors that influence how certain 

strategic resources are transformed into performance outcomes. Orientations affecting 

information processing and decision-making help explain how firms with the homogeneous 

resources may achieve heterogeneous results (Ketchen, Hult, & Slater, 2007).  
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Strategic firm assets. Industrial economists and strategy theorists emphasize that the 

nature of a firm’s collective bundle of assets is a key determinant of their survival and 

competitive advantage (Amit & Schoemaker, 1993; Barney, 1991; Porter, 1980; Wernerfelt, 

1984). The resource-based view (RBV) goes as far as ascribing the source of competitive 

advantage and sustained performance to the degree of unique value and defendable 

heterogeneity of a firm’s tangible and intangible asset base (Barney, 1991; Wernerfelt, 1984). 

Assets such as location, access to factor inputs, reputation, capital, and knowledge may be 

strategic in that they relate directly to survival and superior performance under given industry 

conditions.  

The value and decision-making influence of strategic assets, however, are not solely 

objective factors. Decision makers’ perceptions and subjective assessments of assets and 

capabilities are crucial inputs to choice (Anderson & Paine, 1975; Eggers & Kaplan, 2013). 

Managers assess the gap between their existing resource profile (i.e. their bundle of relevant 

assets) and what they perceive is necessary to be successful, and this evaluation influences 

decisions and behavior (Helfat & Lieberman, 2002). Another influential ‘gap’ comparison can be 

made between the firm’s assets and those of competitors. Early works on formulating strategy 

focused on such assessments of strengths and weaknesses vis-à-vis rivals (Andrews, 1971).  

The empirical efforts to link objective measures of strategic assets to performance 

outcomes do not account for these subjective interpretations and thus fall prey to the ‘black 

box’ critique that the RBV fails to address why certain resources and capabilities lead to certain 

performance (Sirmon et al., 2010). Consideration should thus be given to how a firm’s 

comparative, subjective assessment of their relevant bundle of assets influences their strategic 



45 

choices and determination of the need for strategic change (Anderson & Paine, 1975). The 

proposed model of deliberate response therefore accounts for the effect of an assessment of 

the firm’s relative strength or weakness pertaining to a bundle of relevant strategic assets. 

It is important to note that the strategic value of assets is a socially constructed measure 

and thus can be influenced by managerial cognition (i.e. strategic orientations) (Eggers & 

Kaplan, 2013). The two broad factor domains of strategic orientations and strategic firm assets 

therefore may have a reciprocal, dynamic interactive association. Hence, the theoretical model 

takes care to link the two theoretical areas. 

Environmental conditions. Throughout the history of management research, scholars 

have emphasized how the external environment in which a firm operates is a factor shaping the 

form, nature, and results of firms. Classical economics emphasize the effects of macroeconomic 

forces such as supply and demand and economic policy (Smith, 1776). Industrial organizational 

economics focus on industry structural forces that affect profitability and survival (Bain, 1956; 

Porter, 1980). Population ecologists describe survival as a function of environmental natural 

selection processes (Hannan & Freeman, 1977). New institutional theories argue the influence 

of isomorphic forces in an organizational field (DiMaggio & Powell, 1983). Structural 

contingency views argue that firm success is a function of fit between the nature of the firm 

and its environment (Lawrence & Lorsch, 1967).  

External forces enable, constrain, or otherwise affect strategic choice (Hutzschenreuter 

& Kleindeinst, 2006). Industry conditions such as munificence, turbulence, stability, dynamism, 

and competitive activity can moderate the effects of firm-level factors on choice (Calantone, 

Garcia, & Droge, 2003; Chen, 1996; Fredrickson & Mitchell, 1984; Goll & Rasheed, 1997; 
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Haleblian & Finkelstein, 1993; Jaworski & Kohli, 1993). Two opposing camps, however, differ in 

their perspective on how the environment is defined. 

Economic-based perspectives on the strategy-environment linkage define and address 

the environment in terms of objective attributes (Bourgeois, 1980). Using objective measures, 

scholars examine how environmental characteristics such as complexity, dynamism, turbulence, 

and munificence affect decisions and performance. A cognitive perspective, however, argues 

that environmental conditions are interpreted and socially constructed (Daft & Weick, 1984). 

This behavioral strategy perspective argues that environmental effects stem not only from 

objectively measured characteristics, but also from the subjective interpretations of managers 

(Bourgeois, 1980; Powell et al., 2011). Even scholars most notable for emphasizing more 

deterministic external forces acknowledge that their theories do not eliminate subjective 

managerial choice and action from relevance (Hannan & Freeman, 1984; Porter, 1980). The 

environment is perceived and acted upon by managers and their choices, in turn, are acted 

upon by environmental forces. One cannot separate the two forces (Bluedorn, Johnson, 

Cartwright, & Barringer, 1994). In the latter subjective constructionist view, therefore, the 

perceptions of the environment held by the top decision makers of the organization are crucial 

inputs to the strategic decision-making process (Bourgeois, 1980; Daft & Weick, 1984). That is, 

decision-makers’ expectations (i.e. assumptions, judgments, or rationality-limited assessments) 

about their future environmental conditions are key variables in their strategic choices. 

The environment, whether conceptualized in objective or subjective terms, is an 

essential factor affecting strategic choice and firm behavior. The nature of the environment is 

widely regarded in strategic research models as a factor moderating the direct effects of firm 
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and managerial characteristics on performance (Prescott, 1986). Therefore, the conceptual 

model of deliberate choice includes environmental conditions as a moderating factor affecting 

how strategists’ orientations and firm resources influence choice. Research further suggests 

that environmental conditions can be a source of feedback to the development and alteration 

of strategists’ cognition (Hutzschenreuter & Kleindeinst, 2006; Nadkarni & Barr, 2008). As 

orientations act as filters that influence perceptions and judgments about the environment, 

perceptions of the environment can reciprocally influence the development, reinforcement, or 

adjustment of orientations. The research model (Figure 8) presented at the conclusion of this 

chapter therefore accounts for a possible linkage between orientations and the environment in 

the model. 

Having defined and described the conceptual model for deliberate response, the next 

sections of this proposal transition toward development of an empirically testable research 

model. As the phenomenon of interest for this study is response to technological innovation, 

relevant strategic assets will be those that relate to a firm’s ability, real or perceived, to address 

such an issue. There are, however, many types of strategic orientations as well as many 

different dimensions of environmental conditions. A specific theoretical perspective is 

therefore necessary to sharpen focus and framing of this investigation to enable practicable 

analysis. By overlaying a competitive dynamics perspective, the model is further refined by 

selecting orientations, assets and environmental conditions that are directly affected by 

competition. 
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A Competitive Dynamics Perspective 

Competitive dynamics (CD), the study of moves and countermoves between rivals, 

addresses the antecedents and implications of competitor-directed activity (Baum & Korn, 

1996; Chen & Miller, 2012; Chen, Smith, & Grimm, 1992; Smith, Ferrier, & Ndofor, 2001). A 

review of the research in CD suggests the intensity and frequency of competitive moves is a 

function of factors such as market commonality, resource similarity, geographic proximity, and 

prior competitive interaction (Chen & Miller, 2012). Research in the CD field generally examines 

moves related to pricing, marketing, new product development, and capacity (Smith et al., 

2001). Though most prior research examined only such observable moves (Chen, 1996; Chen et 

al., 1992; Ferrier, 2001; Smith et al., 2001), scholars now acknowledge that perceptions and 

expectations of rivals’ moves also have important effects on decision-making and competitive 

behavior (Chen, Su, & Tsai, 2007; Chen & Miller, 2012; Zajac & Bazerman, 1991). Modern 

competitor analysis therefore includes subjective assessments of the potential actions of a rival 

(Peteraf & Bergen, 2003). 

Rivalry is certainly an external factor that can have strategic implications for a firm 

(Porter, 1980). Yet it was not until Porter’s (1980) seminal treatise on competitive strategy that 

rivalry became a strategy topic on its own merit. Porter’s environmental view considered rivalry 

as a contextual variable affecting the profit structure of an industry. The field of competitive 

dynamics, however, formed around the examination of competitive behavior of individual 

firms, typically in their dyadic relations (Chen, 1996). This field emphasizes the antecedent and 

contingency factors that explain competitive action and response to rival actions. In this way, 

research on competitive behavior does not approach the subject as an external, strategic issue 
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in the same manner as institutional, stakeholder, or technological issues. The moves and 

responses of rivals, however, often entail critical strategic and performance implications. 

Contrary to the original, industrial organizational economics methods for identifying rivals and 

strategic groups (e.g. Caves & Porter, 1977), scholars now recognize that the identification and 

salience of any firm as a rival is a function of managerial cognition (Porac et al., 1989; Reger & 

Huff, 1993). Competitive behavior seems to be better understood when the cognitive factors 

driving interpretations and decisions, such as schema, perceptions, and biases are accounted 

for (Chen & Miller, 2012; Chen et al., 2007; Marcel, Barr, & Duhaime, 2011). 

Chen and Miller’s (2012) extensive review and synthesis of research in competitive 

dynamics highlights the important role of rivalry in understanding firms’ behavior and 

performance. Furthermore, there is increased use of competitive dynamics to advance theory 

on a variety of phenomena. For example, Chen, Katila, McDonald, and Eisenhardt (2010) use a 

competitive dynamics perspective to examine how different environments and different levels 

of firm performance affect variation in R&D activity. Clarkson and Toh (2010) apply a 

competitive dynamics view to study deterrence moves to protect a firm’s advantageous access 

to resources. Extending the RBV perspective from an absolute view of resource value to a 

comparative view, scholars are exploring how a firm’s assessment of their issue-critical 

resource set, as a strength or weakness vis-à-vis  rivals, drives temporary competitive 

advantage (Sirmon, et al., 2010). Theory on when and how firms participate in waves of merger 

activity has also benefited from the application of competitive dynamics (Haleblian, McNamara, 

Kolev, & Dykes, 2012). Such recent studies support the notion that comparative, competitive 

considerations can add new explanatory power to models of numerous strategic issues. 
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In almost all industries, firms jockey for position and strive to win the contest for 

customers and market position (Donaldson & Lorsch, 1983; Porter, 1980). Technological 

innovation, and a firm’s response to it, can be important determinants of a firm’s competitive 

positioning and performance (Hitt et al., 2001; Porter, 1980, 1985; Thornhill, 2006). As a 

strategic choice, the motive underlying incumbent response to a technological innovation is a 

desire to defend, enhance, or improve performance, competitive advantage, or strategic 

positioning (Child, 1972; Smith et al., 2001). Incumbent response, however, is not always 

triggered by an innovation or by new entrants employing it. Response by a rival incumbent can 

also motivate incumbent behavior. One firm’s choice of response, or a firm’s perception of a 

rival’s choice of response, can create ripple effects across the system of competitor 

interrelationships (Chen & Miller, 2012; Child, 1997). Incumbent response is thus an issue 

affecting and affected by the interactive dynamics of a set of rival firms.  

Competitive dynamics is therefore likely a relevant force shaping incumbent response to 

technological innovation. Applying this perspective onto the previously developed model of 

deliberate strategic choice, this study thus argues that the nature of an incumbent’s 

orientations toward rivals, their comparative assessment of relevant resources, and their 

perception of the competitive environment contribute to understanding how and why they 

respond to technological innovation as they do. Figure 7 depicts these relationships. 

Having developed the theoretical model (Figure 7), the next section refines the model 

components to reflect the competitive dynamics perspective. The competitive dynamics 

perspective focuses attention on strategic orientations that relate to competition (Narver & 

Slater, 1990; Sorenson, 2009), on the competitive (i.e. comparative) value of strategic assets 
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(Sirmon et al., 2010), and on the competitive environment (Chen, 1996; Miller, 1987; Slater & 

Narver, 1994).  

The Research Model and Hypotheses 

 The following section defines the constructs in the research model, explains their 

relevance, and builds on extant theory and research to develop hypotheses on the relationships 

between independent, dependent, and intervening variables. Specifically, this section 

elaborates on the constructs of competitor orientation, innovation orientation, relative 

strategic asset strength, and the perception of the competitive environment. Before addressing 

these independent and intervening variables, however, it is useful to revisit and summarize the 

conception of the dependent variable – deliberate response. 

 As described previously, incumbent response is conceptualized in the extant literature as 

performance. Firms take advantage of a technological transformation or they suffer from inertia (Hill & 

Rothaermel, 2003). The strategic choice perspective, however, focuses attention on the outcome of a 

deliberate decision to pursue a course of action in response to a strategic issue (Child 1972). In making a 

strategic choice, decision-makers proceed through multiple phases including awareness, issue framing, 

and screening alternative responses (Beach, 1997; Dutton & Jackson, 1987; March, 1981). The final step 

in the process is the deliberate choice of which, if any, action (or actions) to take. Deliberate response is 

thus defined here as the selection of a specific course of action (or inaction) toward a potentially radical 

technological innovation. For simplicity, much of the proceeding text will refer to this simply as 

response.  

Relevant strategic orientations. A classificatory approach to describing types of firm 

strategies is well grounded in the management literature (Morgan & Strong, 2003). The 

typologies and taxonomies used, however, are generally rather crude and thus may exclude or 
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mask important nuances of strategy that undergird decisions and behaviors (Morgan & Strong, 

2003). Singular strategic orientations provide broad descriptions of a firm’s strategy but fail to 

address important details and sub-dimensions that influence content and decision processing 

(Slater, Olson, & Hult, 2006).  To address this concern, scholars in strategy and marketing have 

developed a variety of dimensions of strategic orientations that relate to how firms perceive 

and address customers, markets, competitors, and technology (e.g. Gatignon & Xuereb, 1997; 

Narver & Slater, 1990; Venkatraman, 1989).  

As the research questions relates to the influence of competitive dynamics on strategic 

choice, attention is given to competitive-related orientations. Relevant orientations for this 

study, therefore, are those that manifest in a firm’s propensity to gather, analyze, and integrate 

information about competitors into the decision-making process. Competitor orientation is a 

construct frequently used to represent this attention to and use of competitor intelligence to 

outperform rival firms. Innovation orientation is a second relevant orientation as it focuses on 

outperforming competitors through innovation. 

Competitor orientation. Scholars conceptualize competitor orientation (a component of 

a firm’s market orientation) as a focus on being superior to rivals in meeting the needs of their 

market (Hunt & Morgan, 1995; Jaworski & Kohli, 1993; Sorenson, 2009). Competitor orientation 

refers to the ability and will to collect and analyze information to identify and assess the 

strengths, weaknesses and capabilities of competitors (Narver & Slater, 1990). A competitor 

orientation focuses on assessments of relative capabilities pertinent to a specific issue and 

these assessments affect competitive behavior (Armstrong & Collopy, 1996; Lukas & Ferrell, 

2000). The objective of a firm with a competitor orientation is to be superior to rivals, thus a 
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competitor orientation leads to a high level of competitive moves (Armstrong & Collopy, 1996). 

Because a firm must first be aware of a rival’s move to respond to it, an incumbent with a high 

competitor orientation is more likely to respond to a rival’s move and to do so quickly (Smith, 

Grimm, Chen & Gannon, 1989; Smith, Grimm, Gannon, & Chen, 1991). 

Firms more oriented toward their competitors will, as a result of their more informed 

status and consideration of rival moves, be quick to act on rivals’ observed, perceived, or 

expected moves with respect to a potentially radical technology. With an orientation that more 

actively seeks to gather and make decisions based on observed and expected competitor 

activity, firms with a higher competitor orientation will be far more sensitive to the possible 

performance implications of moves made with respect to an innovative technology. Such firms, 

as opposed to firms more internally focused, would tend to more aggressively address strategic 

issues when they first appear. They would tend to make a deliberate choice to pursue some 

move and to do so with a higher level of commitment. Whether they choose to pursue early-

mover status, to bolster their ability to compete, or to search for ways to avoid the threat they 

perceive, competitor oriented firms will be more prone to act. 

 

Hypothesis 1: An incumbent’s level of competitor orientation is positively 

associated with their commitment to respond to a potentially radical 

technological innovation. 

  

Innovation orientation. An innovation orientation (IO) refers to openness to new ideas 

and a propensity to adopt new technologies (Hurley & Hult, 1998). An IO emphasizes 

technological superiority and thus entails an aspect of relativity with rival firms (Berthon, 
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Hulbert, & Pitt, 1999; Talke, Salomo, & Kock, 2011). Research suggests that a market 

orientation, while supportive of incremental innovations, inhibits radical innovations due to the 

level of market upheaval (Chandy & Tellis, 1998; Kohli & Jaworski, 1990). IO, on the other hand, 

emphasizes new paths and creativity (Berthon et al., 1999; Hurley & Hult, 1998). IO is a 

multidimensional construct capturing aspects of a firm’s innovativeness. IO includes dimensions 

for the motivation, intention, and capacity for innovation superiority (Berthon et al, 1999; Hult, 

Hurley, & Knight, 2004). Siguaw and colleagues (2006) synthesized the extant 

conceptualizations of IO to propose a comprehensive definition of IO as “a multidimensional 

knowledge structure composed of a learning philosophy, strategic direction, and 

transfunctional beliefs that, in turn, guide and direct all organizational strategies and actions…” 

(p. 560). 

 IO has multiple positive effects on a firm’s choice of response to new technology 

(Siguaw et al., 2006). For example, firms with a high IO are likely to be able to more rapidly 

configure and deploy distinctive resources and capabilities; they will accumulate the necessary 

resources and capabilities to be innovative and responsive to innovations in ways that provide 

competitive advantages in speed or costs; they will be more proactive in their search, 

acquisition, and application of new knowledge; and they will develop or acquire assets, 

structures,  and capabilities supportive of flexibility and ambidexterity (O’Reilly & Tushman, 

2013; Tushman & O’Reilly, 1996). Firms that focus on creating technology will tend to innovate 

toward first-mover advantages or to quickly imitate innovations (Ketchen et al., 2004).  

 More than simply an emphasis on R&D or new product development, an innovation 

orientation is a broader, organization-wide cultural orientation (Siguaw et al., 2006). Research 
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identifies three dimensions of IO: attention to innovation; the need to be innovative; and the 

promotion of resource allocations for innovation (Hurley & Hult, 1998; Zhou, Gao, Yang, & 

Zhou, 2005). A similar construct of technology policy (Ettlie, 1983) emphasizes actual 

manifestations of a firm’s IO such as a ‘long tradition and reputation for innovation’, relative 

innovation spending, active recruiting of technical personnel, and a commitment to 

technological forecasting.  

By definition, firms with a high innovation orientation not only will be more attuned and 

motivated to respond to potentially radical technological innovations, they will also be 

motivated to respond in a way to gain competitive advantage. Researchers have found that 

firms with higher emphasis on innovativeness will have a greater entrepreneurial action-

orientation and will produce a higher volume of innovative outputs (Hult et al., 2004; Hurley & 

Hult, 1998). With resource allocations to innovate and a cultural tendency toward being 

innovative, firm’s with higher levels of innovation orientation are likely to have a greater focus 

on R&D, and R&D intensity is a positive predictor of new entry (Shoenecker & Cooper, 1998) A 

higher IO should therefore relate to a more definitive and committed level of response. 

 

Hypothesis 2: An incumbent’s level of innovation orientation is positively 

associated with their commitment to respond to a potentially radical 

technological innovation. 

 

Relative strategic assets. The resource-based view (RBV) argues that firm-level 

heterogeneity of strategic assets is the source of competitive advantage and sustainable 

performance (Amit & Schoemaker, 1993; Barney, 1991). A critique of this view, however, is that 
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it does not fully explain how resources and capabilities lead to differences in performance. 

Addressing this issue is recent attention to the relative, comparative value of resources and 

capabilities among rivals (Sirmon et al., 2010).  

Research suggests that the perceived relative value of ownership of or access to 

strategic assets is more important for understanding competitive behavior than are the 

absolute values of assets (DiBenedetto, DeSarbo, & Song, 2008; Ndofor, Sirmon, & He, 2011; 

Sirmon et al., 2010). For example, research related to early involvement in acquisition waves 

supports the suggestion that a firm’s perception that they have greater relevant resources than 

do their rivals will influence earlier strategic moves (Haleblian et al., 2012). Similarly, 

asymmetries in the perceived value of resource bundles among rivals may significantly 

influence the strategic choice of an incumbent to bet on a new technology, maintain flexibility 

and hedge with parallel development, or wait for more clarity (Wernerfelt & Karnani, 1987). 

Executives, however, rarely have direct knowledge of their rivals’ resources and capabilities. 

Thus, it is cognitive assessments of rival’s comparative asset values that drive decisions, 

especially under high uncertainty and issue complexity (Amit & Schoemaker, 1993; Wernerfelt 

& Karnani, 1987).  

The bulk of research on incumbent response, however, emphasizes absolute ex post 

data such as R&D expenditures or patent counts and therefore cannot effectively provide 

insights into the intentions, motives, and perceptions that drive ex ante response decisions. The 

research model for this study therefore incorporates a comparative perspective (Jacobides & 

Winter, 2005) to examine how incumbent executives’ assessments of their relative strategic 

assets affect their response choice.  
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The RBV also emphasizes the interdependent nature of strategic assets leading to the 

implication that analyses should consider bundles of assets rather than independent resource 

influences (Barney, 1991). Similarly, the competitive dynamics literature addresses the effects 

of a firm’s bundle of resources, perceptions, positions, and motivations vis-à-vis their rivals 

(Chen & Miller, 2012). The question now arises – “comparative what?” Regarding potentially 

radical technological innovation, what are the specific resources and capabilities most 

influential in shaping incumbents’ strategic choice (response)? That is, it is necessary to define 

those assets that comprise the bundle of resources relevant to responding to a potentially 

radical technological innovation. 

A comparative perspective (Jacobides & Winter, 2005; Sirmon et al., 2010) argues that 

decision-makers’ assessments for their relative strength or weakness on a relevant bundle of 

assets will have a direct role in their choice of how to respond to a strategic issue. The nature of 

that response, however, is not clear. That is, the literature on inertia and adaptation to external 

change supports that a comparative assessments, as either a strength or a weakness, can result 

in either inertia or adaptation (Dutton & Jackson, 1987; Gilbert, 2005; Henderson & Clark, 1985; 

Hill & Rothaermel, 2003; Kraatz & Zajac, 2001; Staw et al., 1981). While the direction is unclear, 

it is apparent that strong or weak positions on relevant assets and capabilities have an impact 

on how firms respond to strategic issues. 

Specific to the domain of technological innovation, theory similarly argues that a firm’s 

strength in technological capabilities and related resources can be a source of either adaptation 

or inertia (Eggers & Kaplan, 2009; Gatignon & Xuereb, 1997; Hill & Rothaermel, 2003; Leonard-

Barton, 1992). Technological capabilities, defined as the ability to envision, forecast, develop, 
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produce, and commercialize new technologies are the most critical factors for success in the 

early stages of radical technological innovation (DiBenedetto et al., 2008). Technological 

resources refer to a firm’s stock of technological knowledge and technological competencies 

(Miller, 2004; Patel & Pavitt, 1997). Assessments of a firm’s stock of resources and capabilities, 

however, are only latent constructs. Together they can support a firm’s broader technological 

commercialization competence (Mitchell & Singh, 1996; Zahra & Nielsen, 2002).  

Technology commercialization is the process of acquiring and assimilating new 

knowledge, developing new goods, and successfully introducing them to the market (Mitchell & 

Singh, 1996). Technological commercialization competence demands special capabilities (Zahra 

& Nielsen, 2002) and commercializing radical technologies further requires different capabilities 

and practices than does commercializing incremental innovations (McDermott & O’Connor, 

2002). There are two broad dimensions of technological commercialization competence, one 

relating to technological knowledge and the second relating to commercialization assets 

(Helfat, 1997; Sanchez, 1995; Zahra & Nielsen, 2002). Toward technological commercialization 

competence being a potential source of strategic advantage, components addressing the 

responsiveness and speed of new technology commercialization are also important (Sanchez, 

1995; Zahra & Nielsen, 2002). Three primary categories of interrelated factors, therefore, are 

important in conceptualizing the bundle of assets related to response to technological 

innovation: (1) technological knowledge; (2) resources to support action; and (3) processes for 

speed and ease of response. 

Technological Knowledge. With regard to the value of technological knowledge, 

research suggests that technological expertise of the firm and R&D experience in related 
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technologies are important to responding to technological innovations. The recruitment, 

training, and retention of technology experts support preadaptive organizational knowledge 

that affects incumbent response, innovation, and performance (Cattani, 2005; Helfat, 1997; 

Zahra & Nielsen, 2002). Existing technological know-how can often be transferrable to new 

applications and new innovative directions (Adner & Levinthal, 2002). A dynamic perspective on 

technological knowledge argues that the greater the current knowledge the more easily and 

effectively new information is identified, absorbed, interpreted, and applied (Cohen & 

Levinthal, 1990; Zahra & George, 2002). Knowledge specifically in the area of related R&D can 

be particularly valuable when addressing uncertain, highly speculative technological 

innovations (Eggers & Kaplan, 2009; Helfat, 1997). Similarly, the scope of prior R&D can 

influence decisions regarding new technological commercialization efforts (Ndofor et al., 2011).  

Commercialization Resources. Two important resource inputs that can shape the nature 

and direction of a firm’s response to technological innovation are financial resources and 

reputation. Financial resources, commonly measured by slack, are sources of funding for 

experimentation and risk-taking (Haleblian et al., 2012; Henderson, 1993; Hill & Rothaermel, 

2003). Alternatively, financial resources can buffer a firm’s risks of not acting early (Kraatz & 

Zajac, 2001; Wernerfelt & Karnani, 1987). Research suggests a CEO’s relative assessment of 

available financial resources vis-à-vis rivals resources affects the timing of strategic moves 

(Haleblian et al., 2012). Prior works note that greater investments in R&D support greater 

technical knowledge and capabilities (Dierickx & Cool, 1989). Such investments require funds 

(i.e. slack accumulated generally via positive performance). Thus, for the necessary pre-
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adaptive knowledge to respond to highly uncertain innovations, greater financial resources 

would be influential. 

The effect of a firm’s reputation and legitimacy are well known factors in explaining firm 

behavior and adaptability to external change. Although not addressed in the literature on 

incumbent response or competitive dynamics, substantial extant research suggests reputation 

should be included in the bundle of firm assets that can shape their response to technological 

innovation. A firm’s reputation is a social construction, made by parties external to the firm, 

based on past observations or signals that form a belief about the firm in question (Dutton & 

Dukerich, 1991). Reputation can be a source of sustainable competitive advantage (Barney, 

1991; Deephouse, 2000; Rao, 1994). Legitimacy, a force that can affect the ability of a firm to 

attract or gain access to important resources, is intimately related with reputation, although 

the causal or influential direction is a topic of debate (Rao, 1994). Reputation, or stature, is an 

intangible asset that can support and enable a high level of organizational legitimacy that 

buffers risk-risking (Eisenhardt & Schoonhoven, 1996). Reputation can empower decision-

makers’ authority to make technological changes and such normative or coercive powers may 

not only affect the firm, but can influence the decision-making of others (Swanson & Ramiller, 

1997). A valued reputation may also cause inertia due to the firm’s caution about leading-edge 

innovation moves that may put their reputation at risk (Capaldo, 2007). That is, there is risk in 

failing to successfully move on a new technology and such failure may negatively affect a 

valued reputation for technological leadership and expertise. 

A firm’s reputation is also an alternative currency to attract valuable stakeholders such 

as alliance partners, value chain members, and expert employees (Capaldo, 2007; Fombrun & 
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Shanley, 1990; Fetterhoff & Voelkel, 2006). Alternatively, a liability of smallness such as a lack 

of reputation can also affect choice on how to respond to innovations (Rammer, Czarnitzki, & 

Spielkamp, 2009). The legitimating effects of reputation can influence isomorphic, follower 

behaviors or non-isomorphic and more independent behaviors (Deephouse & Carter, 2005; 

Greenwood, Li, Prakash, & Deephouse, 2005). A firm’s reputation may or may not be aligned 

with the internal image (or orientation) of the firm, and the interrelationship between 

orientations/images and external reputation can affect the nature of organizational 

identification and the ability of a firm to change (Dutton & Dukerich, 1991). In sum, reputation 

is a valuable and unique resource of an incumbent firm. Whatever its nature, reputation 

influences a firm’s legitimacy and boundaries of movement. Further, it can shape the behavior 

of other firms due to its influence on expectations. 

Commercialization capabilities. Research in the area of technology commercialization 

suggests that flexibility of R&D and production assets are important components of a firms’ 

ability to respond to technological innovation. Modern, technologically-current equipment and 

processes provide economies of scope due to their flexibility advantages over older 

technologies (Sanchez, 1995; Zahra & Nielsen, 2002).  

Flexible R&D can result from several alternative organizational designs (e.g. 

decentralized, networked, or integrated) and with varied R&D strategic orientations (e.g. 

defensive exploitative, prospecting exploratory, or mixed analyzer approaches) (DeSanctis, 

Glass, & Ensing, 2002). Regardless of how it is achieved, R&D flexibility is a hallmark of leading 

technology-intensive companies (DeSanctis et al., 2002). Production system flexibility can stem 

from many flexibility factors such as machine flexibility, process flexibility, routing flexibility, 
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and volume flexibility (ElMaraghy, 2005). Due to the numerous inputs of tangible, human, and 

intangible assets that contribute to the speed and efficiency benefits of flexible R&D and 

production and manufacturing systems, these commercialization assets are labeled as 

commercialization capabilities and included in the bundle of assets related to firm response. 

There are innumerable assets, resources, processes, and complex capabilities that can be 

associated with a firm’s ability to respond to and commercialize a radical technological 

innovation. For the purposes of this research, the literature suggests several priority factors 

related to knowledge that enables more rapid and insightful understanding, resources that 

enable incremental investments and the space to experiment, and capabilities that allow for 

faster and more transitory evolution from one technology to another. Table 3 summarizes 

these categories and the specific strategic assets important for shaping response to 

technological innovation. Operationalization of the strategic asset set will involve measures for 

each of these six asset categories combined into one index measure (see Chapter 3). 
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Table 3  

Categories of Strategic Assets for Response to Technological Innovation 

 

 

 Combined with technological knowledge, flexible assets allow for advantages in 

commercialization efficiency and speed (Zahra & Nielsen, 2002). Flexible R&D and production 

systems can better enable experimentation on new approaches while current systems remain 

intact and operational (Sanchez, 1995). That is, a firm with greater R&D and production 

flexibility can make a much smaller commitment and take on much less risk in experimenting 

with a new technology. Further, if they choose to move beyond testing to larger scale 

commercialization, their flexible systems can simplify and hasten the transition from the 

current technology to a new one (Zahra & Nielsen, 2002). 

 To conclude, the incumbent’s assessment of the relative strength or weakness in their 

bundle of relevant assets is likely to play a role in the choice of how to respond to a potentially 

radical technological innovation. A perceived strength, however, can lead to aggressive action 

Dimension Asset Key References
Knowledge: Expertise of personnel Adner & Levinthal, 2002; Cattani, 2005; Helfat, 1997

Zahra & Nielsen, 2002; Zahra & George, 2002

Related R&D experience Eggers & Kaplan, 2009; Helfat, 1997
Ndofor et al., 2011

Resources: Slack Hill & Rothaermel, 2003; Henderson, 1993
Kraatz & Zajac, 2001; Wernerfelt & Karnani, 1987

Reputation Rao, 1997; Capaldo, 2007; Fombrun & Shanley, 1990
Swanson & Ramiller, 1997; Deephouse & Carter, 2005

Operational: Flexible R&D Sanchez, 1995; Zahra & Nielsen, 2002
DeSanctis, Glass, & Ensing, 2002

Flexible Production Sanchez, 1995; Zahra & Nielsen, 2002
ElMaraghy, 2006
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or to strategic delay. Similarly, weakness can inhibit any committed moves or may stimulate 

action. Therefore, alternate hypotheses are proposed for both types of effects. 

 
Hypothesis 3: An incumbent’s level of assessed relative strength in strategic assets 
is positively associated with their commitment to respond to a potentially radical 
technological innovation. 
 

Hypothesis 3Alt: An incumbent’s level of assessed relative strength in strategic 
assets is negatively associated with their commitment to respond to a potentially 
radical technological innovation. 

  

 Effects of the rivalry environment. The contextual influence of environmental conditions 

is emphasized in the contingency view of organizational research and the strategy-structure-

environment relationship (Burns & Stalker, 1963; Lawrence & Lorsch, 1967). Strategy scholars 

have examined a variety of external environmental conditions as mediating and moderating 

factors influencing the relationship between firm characteristics, decision-making, and 

performance outcomes. Dynamism (e.g. Garg, Walters, & Priem, 2003; Goll & Rasheed, 1997; 

Priem, Rasheed, & Kotulic, 1995), turbulence (e.g. Calantone et al., 2003; Haleblian & 

Finkelstein, 1993), hostility (Covin & Slevin, 1989), and munificence (e.g. Goll & Rasheed, 1997; 

Sutcliffe, 1994) are all conditions that have been empirically shown to affect the nature of how 

firm-level factors affect firm-level outcomes. For example, differences in the pace of 

technological change, or ‘clockspeed’, in an industry result in different conditions for learning 

and competitive advantage (Nadkarni & Narayanan, 2007). Clockspeed has implications for 

decision-making, investments, and the nature of organizational and strategic flexibility required 

to succeed. 
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Strategy researchers often characterize the nature of a competitive environment as 

intense, hostile, or benign. Some operationalize competitive intensity through the proxy of 

industry concentration (e.g. Barnett, 1997; Ramaswamy, 2001). For others, the level of 

competitive activity is only one aspect of characterizing the hostility of the environment (Covin 

& Slevin, 1989). The CD literature focuses on a behavioral conception of competitive tension. 

Competitive tension refers to the strain and forces that build up between a firm and a rival that 

result in a higher propensity of competitive activity between the two firms (Chen et al., 2007). 

Competitive tension can also apply at industry and group levels of analysis (Chen et al., 2007; 

Reger & Huff, 1993). Hypercompetition, an environment characterized by intense, frequent, 

and rapid competitive moves, thus describes an extremely high level of competitive tension 

(D’Aveni, 1994). When coupled with a rapid pace of innovation or imitation, high competitive 

tension requires accelerated innovation cycles to continually leverage temporary advantage 

(Pacheco-de-Almeida, 2010).  

This study adopts the definition capturing the interactive relations between all rivals, 

that is, competitive tension is a descriptor of the competitive environment shared by a firm and 

its rivals.  By this definition, competitive tension is a composite of the frequency and magnitude 

of moves and countermoves experienced, perceived, or expected among a set of rival firms. 

Opposed to fixed, objective measures of industry concentration or environmental hostility, 

competitive tension is a subjective, perceptual construct that may vary across rivals. These 

perceptions of competitive tension and their resulting expected level of competitive activity 

effect incumbents’ decision-making and competitive behavior (Kilduff, Elfenbein, & Staw, 2010; 

Reger & Huff, 1993). 
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Factors increasing competitive tension include innovation and imitation clockspeed 

(Pacheco-de-Almeida, 2010), geographic proximity (Kilduff et al., 2010), prior competitive 

interactions (Kilduff et al., 2010), shared identity domains (Livengood & Reger, 2010), market 

commonality (Chen, 1996), and resource similarity (Chen, 1996; Chen et al., 2007). Elevated 

competitive tension results in a higher volume of attacks and responses (Chen et al., 2007). As a 

result, an incumbent perceiving a high level of competitive tension will expect a strategic issue 

that is common among rivals - such as a potentially radical technological innovation - to trigger 

a high volume of moves and countermoves. Conversely, when perceived competitive tension is 

low, firms have a lower expectation of attacks and retaliatory moves. In the latter condition, 

incumbents expect greater discretion in how they respond to a new technology. With low 

tension, therefore, rivalry is an unlikely motivator of decision urgency. High or low tension will 

similarly affect how assessments of the technology’s scope, pace, uncertainty and complexity 

affect response timing and nature. The level of perceived competitive tension, therefore, will 

enhance or suppress the level of competitive activity on a strategic issue such as a potentially 

radical technological innovation. 

 
Hypothesis 4a: Perceptions of the competitive environment moderate the effects 
of Competitor Orientation on incumbent response to potentially radical 
technological innovation such that perceptions of greater competitive tension 
accentuate the effects of Competitor Orientation on response. 
 
Hypothesis 4b: Perceptions of the competitive environment moderate the effects 
of Innovation Orientation on incumbent response to potentially radical 
technological innovation such that perceptions of greater competitive tension 
accentuate the effects of Innovation Orientation on response.  
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Hypothesis 4c: Perceptions of the competitive environment moderate the effects 
of assessed relative strength of strategic assets on incumbent response to 
potentially radical technological innovation such that perceptions of greater 
competitive tension accentuate the effects of relative strength of strategic assets 
on response. 

 
 The research model presented in Figure 8 captures the constructs, measures, and 
relationships presented earlier.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Research model 
 

This chapter concludes with the presentation of a research model to study the effect of 

competitive considerations on incumbent firms ex ante strategic choices about potentially 

radical technological innovations. Following the review and critique of the extant literature in 

this area, an ex ante strategic choice perspective emphasizing competitive dynamics  was 

presented as an approach offering promise for new and valuable insights in this phenomenon. 

Specific dimensions of a firm’s strategic orientation relating to competitors and innovation, as 
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well as firm assessments of the relative value and strength of their strategic assets and the 

conditions of their competitive environment, were integrated to develop the research model. 

Testable hypotheses were developed regarding direct and moderating effects of the key 

variables. The research model is not intended to offer an all-inclusive explanation for 

incumbent response. Evidence from extant theory is insufficient for proposing a complete 

model to predict how incumbents will respond to a new technology. The purpose, therefore, is 

simply to hypothesize the influence that four individual competitive-related variables have on 

response. The model components are neither intended to represent all possible competitive 

variables nor to suggest the relative influence levels among those hypothesized. Chapter 3 

describes the proposed research design, data collection, and methodology to empirically test 

the research model and hypotheses.
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CHAPTER 3 

METHOD 

This chapter provides detail on the method used to test the research model and 

hypotheses developed in Chapter 2. The appropriateness and practicality of a variety of 

possible research designs and data collection approaches were evaluated. Explanations of these 

alternatives are provided to support the methods used for the empirical examination of the 

research model. Also included are details on the operationalization of constructs, variable 

measurement, instrument design, sampling, sample size and pilot testing. 

Evaluation of Alternative Research Designs 

The design of any study must be appropriate for addressing the research question, 

testing hypotheses, and providing adequate reliability and validity (Trochim & Donnelley, 2008). 

The research model includes constructs relating to cognitive orientations, perceptions of asset 

value, and perceptions of environmental conditions at a specific time in the diffusion cycle of a 

new technology. A variety of designs could potentially capture, measure, and evaluate such 

constructs and relationships. Alternative methods, however, involve tradeoffs between realism, 

external validity, and internal validity (McGrath, 1981). Thus it was important to fully evaluate 

the applicability and practicality of numerous design alternatives in order to identify the most 

appropriate approach to capturing and evaluating data to test this study’s research model. 

Following is a brief discussion of the suitability of archival data, content analysis, case studies, 

simulations, controlled experiments, and surveys for this study.  

Archival data or content analysis approaches are not appropriate for collecting the 

primary responses required to test the research model. Hard measures of innovative 
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capabilities or innovation activity are typically limited or ambiguous (Adams, Bessant, & Phillips, 

2006). Furthermore, proxy measures from content analysis or other secondary data sources 

raise validity concerns as they are unlikely to specify underlying orientations and factors 

affecting issue interpretation and strategic decisions.  

To evaluate secondary data availability in reference to a specified, relatively well known 

emerging technology (i.e. carbon nanotubes or CNTs), the most recent annual reports of 

leading microelectronics firms were reviewed. The relevance of CNTs as a strategic issue for the 

semiconductor industry is widely documented (Anthony, 2012; Thiele & Das, 2013). Leading 

firms in this industry, therefore, should be aware of the potential disruption of CNT technology. 

The annual reports of the firms listed below were electronically searched for the following 

keywords: carbon nanotubes; CNTs; nanotechnology; and nano*(materials).  For each firm, 

results are shown for each keyword. 

• Amkor Technology 
o Carbon nanotubes – none found 
o CNTs - none 
o Nano* – N/A: new product development for chips at 20-nanometer 

geometries (miniaturization) 
• First Solar 

o Carbon nanotubes – none found 
o CNTs – none 
o Nano*- none 

• Analog Devices  
o Carbon Nanotubes - none 
o CNTs - none 
o Nano* - none 

• TriQuint 
o Carbon nanotubes - none 
o CNTs - none 
o Nano* - none 

• Microchip Technology 
o Carbon nanotubes – none found 
o CNTs-none 
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o Nano* - none 
• Micron technology 

o Carbon nanotubes - none 
o CNTs - none 
o Nano* - N/A: mentions of new developments to 42 nm process technology 

• Advanced Micro Devices 
o Carbon nanotubes – none found 
o CNTs- none 
o Nano* - N/A: current components made at 28-65 nm sizes 

• Texas Instruments 
o Carbon nanotubes – none found 
o CNTs - none 
o Nano* - none 

 
Based on this brief overview, it was concluded that CNT technology is at such an early 

stage of development and commercialization that discussion of this technology does not appear 

in the annual report texts of leading firms. It may also be that a new basic material such as CNTs 

is at a component or raw material level that is too granular to be addressed in broader 

documents such as annual reports. The low diffusion rate and early stage technological 

development required for this study, as defined for ‘potentially radical’ technologies, inhibits 

the relevance of data on such issues in annual reports. Thus data from secondary sources such 

as annual reports do not adequately meet the requirements to test the research model.  

To explore beyond annual reports for possible relevant content, a Google search was 

performed for each company name and ‘carbon nanotube patent’. This limited search effort 

revealed that some of the above firms (Amkor, Micron, to just name two) are involved with CNT 

technology through R&D and patent activity. Data from patent filings, however, have no direct 

information indicative of strategic motivations, intent, commercialization investment level, or 

competitive relativity. Thus, while available patent information indicates firm activities 

addressing CNT technology, it has limited direct value toward testing the research model. 
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Another Google search was performed for each company name and ‘carbon nanotube 

competition’. Though articles were found that provide evidence of joint ventures and individual 

firm’s R&D successes related to CNTs, the information was insufficient to understand the 

motives for action or underlying factors influencing the decisions made toward the reported 

R&D. Content analysis, therefore, was eliminated as a possible data collection method. 

A case study approach was also evaluated and found be unsuitable. Qualitative case 

studies are a useful approach to theory building. A case study is an intensive study of one 

individual or organization (Trochim & Donnely, 2008). Multiple methods of data collection such 

as interviews, observations, and document reviews may be used for case research 

(Bhattacharjee, 2012; Trochim & Donnely, 2008). Case research generally provides a richer and 

more authentic contextual interpretation of a research phenomenon (Bhattacharjee, 2012). 

Internal validity, however, is weak due to limited control. External validity may suffer due to the 

limited number of research units in the analysis. The objective of providing an empirical test of 

the research model further precludes a qualitative case study approach from consideration. 

Computer simulation was assessed as a potential method but was also eliminated as an 

appropriate option to test the research model. A computer simulation (i.e. simulation 

modeling) involves the creation of artificial data and a simulated model of the processes of 

variable interrelationships (Scandura & Williams, 2000). Simulation modeling can have utility 

toward understanding complex organizational behavior systems (Harrison, Lin, Carroll, & 

Carley, 2007). A computer simulation should not be confused with a simulation study, in which 

a simulation program manipulates variables and a sample of study participants react to and 

make decisions based on evolving simulated conditions (e.g. Hough & White, 2003).  
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A common example of a simulation modeling approach is the Monte Carlo method 

which creates a data set of randomly generated values of each model variable. Based on extant 

theory, the system of interrelationship (either mathematical or rule-based) is programmed to 

create the specified formal model (Harrison et al., 2007). Controlled variations in the data sets 

processed through the model can then be compared to identify patterns and relationships 

between inputs and outputs. In this manner, simulation modeling uses an experimental design 

to control and isolate manipulated effects (Harrison et al., 2007).  

Beyond the core limitation that simulation modeling is constricted by the content and 

accuracy of modeled system components, the complexity of programming and the resultant 

risk of programming errors are common limitations (Harrison et al., 2007). Translating even a 

simple model from theory to computer code can be fraught with challenges. As parameter 

scaling and variance are experimentally manipulated rather than naturally occurring, arguments 

also arise about external validity of modeling outcomes (Harrison et al., 2007).. The outcomes 

of simulations are artificial observations, limiting their generalizability. This approach is also 

prone to misspecification thus was considered to be inappropriate. 

An experimental design, although valuable for related causal examinations, does not 

offer the most direct approach to testing the research model. Experimental designs are 

commonly used for examining relationships between antecedent factors and strategic choices 

(Shah & Swaminathan, 2008). Conducting controlled experiments with industry decision-

makers, however, is difficult and impractical. Students are often used for decision experiments 

to overcome this challenge. However, there is much debate over the acceptability of student 

experiment data as a generalizable method (Bello, Leung, Radebaugh, & Van Witteloostuijn, 



74 

2009). A further issue limiting the appropriateness of an experimental design as the primary 

method is that construct treatments do not allow for measurement model validity testing as 

they do in a measurement scale-based method. That is, whereas a design that builds composite 

construct measures with multiple indicators allows for discriminant and convergent validity 

test, the manipulation of construct treatments in an experiment are based on manipulation 

checks only. This is an important limitation given the novel response construct and 

measurement methods specified in Chapter 2. An experimental design was thus considered to 

be less than appropriate as the primary means of testing the hypotheses.  

Scholars suggest that a self-report survey can help obtain valid data relating to such 

latent cognitive factors (Bhattacharjee, 2012; Trochim & Donnely, 2008). With the prior options 

for data collection being eliminated for a variety of reasons, a survey approach was selected as 

the most appropriate design. Surveys allow for the capture of psychographic data related to 

individual beliefs, attitudes, perceptions, and intentions that can cover past, present, and future 

periods (Bhattacharjee, 2012). A standardized survey instrument for gathering self-report data 

across a dispersed and large population also facilitates the collection of a sample size necessary 

for statistical power and valid statistical inferences (Baron & Kenny, 1986; Bhattacharjee, 2012; 

Hair, Black, Babin, & Anderson, 2010; Mertler & Vanatta, 2002). The nature of the self-report 

data, however, must be carefully considered. Retrospective self-reports on the influences of 

decisions already made can be problematic (Miller, Cardinal, & Glick, 1997). Although 

retrospective reports by decision-makers in firms that failed or successfully adapted to radical 

technological change could be useful, there are many validity threats to such reports and thus 

this approach is untenable. The design of an appropriate survey method for this study, 
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therefore, collects current rather than retrospective feedback. This feedback, furthermore, 

must be representative of the firm-level variables. A properly constructed survey method, 

therefore, was determined to be the best method for testing the research model and 

hypotheses presented in Chapter 2. Development of this survey design involves 

operationalizing the measurement model, instrument design, sampling design, and 

determination of an appropriate data analysis approach. These steps are explained in the 

following sections. 

Operationalizing the Model 

 The following sections operationalize the dependent variable (response), the 

independent variables (competitor orientation, innovation orientation, and relative strategic 

assets), and the moderating variable (perceived competitive environment) in the research 

model. The measurement of these three sets of variables was based on scales from prior 

empirical studies, whenever possible.  The measurement approach included three separate 

steps 1) identification of existing scales, 2) contextualizing existing scales as needed and 3) 

developing new scales or items from available theory if no scales existed. Response as a 

strategic choice is a novel conceptualization of incumbent ex ante response and was thus 

developed based on a review of the literature on firm responses to technological innovation. 

Relative strategic assets is an index measure specific to this research context. Therefore, the 

development of this measure follows theory on assets and capabilities associated with firm’s 

responsiveness to new technologies. Scales for the other independent variables do exist, 

although those available tended to suffer from brevity, incomplete content, or had components 

that were not reflective of the constructs or context of the research model. To test the research 
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model, therefore, recommended processes to contextualize the existing scales were followed. 

The following section describes the operationalization of each measure in detail. 

 The dependent variable. Response is conceptualized as a five-level Likert measure based 

on the nature and relative level of resources committed to a response. This five-level measure 

derives from respondents’ indication of their firm’s current response and level of commitment 

to that response. This operationalization of response has a basis in the theory and research 

presented in Chapter 2 as well as on the literature on resource commitment and firm actions 

 Firms have many alternative ways to respond to an emerging technology, but a selected 

choice has implications for resource allocation. Making a commitment to reallocate resources 

from one area to another signals a commitment to a new course of action (Schreyogg & Kliesch-

Eberl, 2007). Responding to a radical innovation requires the adjustment, development, or 

acquisition of new capabilities, and the commitment of resources is an essential step in doing 

so (Crossan et al., 2003; Lavie, 2006). A choice to do nothing involves no resources whereas a 

choice to act involves some level of commitment of resources. Resource allocations have 

implications to outcomes and to future choices and thus serve as an indicator of the level of 

engagement with a strategic issue. For example, allocations of tangible and intangible firm 

resources toward a strategic choice can result in path dependencies, core rigidities, or other 

similar factors that inhibit the firm’s ability or likelihood to change future strategic directions 

(Leonard-Barton, 1992; Rajagopalan & Datta, 1996; Sydow et al., 2009). Resource commitment 

to a response choice is thus a valid differentiator among the variety of potential incumbent 

responses. Deliberate response is thus measured using a Likert scale approach to capture the 

level of resources committed to a current strategic choice The five levels developed range from 
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no response (zero resources committed) through a high amount of resources committee to an 

action (relative to other allocations within the firm). 

Non-engagement, the choice to do nothing at the present time, does not involve any 

commitment of resources. Thus, non-engagement is the lowest form of response. It involves 

little if any effort, time, or resources and is very easy to change.  

Screening may involve commitments of R&D time and resources, top management 

decision processes, and other exploration and analysis activities. It may, however, also involve 

nothing more than a few moments of a decision-maker’s time. Even substantial screening 

investments, however, can be stopped or diverted rather quickly. Screening resources are thus 

rather flexible and while invested, are not directly associated with a committed strategic 

choice. Screening, therefore, represents the second highest level of a firm’s deliberate choice to 

engage with the new technology. The choice to do nothing and the choice to evaluate and 

screen options represent pre-choice and screening phases of decision making (Beach, 1997; 

Daft & Weick, 1984; Dutton et al., 1983; March, 1994). The choice to engage with one or more 

courses of action is the next phase. 

Engagement, i.e. taking one or more specific courses of action in response to the issue, 

is a higher level of commitment as it involves a direct allocation of resources. A choice to take 

action, however, may involve high, low, or moderate resource allocations due to the level of 

commitment (Cooper & Schendel, 1976; Schiavone, 2011; Wernerfelt & Karnani, 1987. The 

literature on resource commitment and how firms adapt support this view. 

Business capabilities are fueled by the allocation and commitment of important 

underlying resources (Crosson et al., 2013; Day 1994). An allocation to one course of action 
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eliminates those resources from allocation to an alternative course (Schreyogg & Kliesch-Eberl, 

2007). As an input variable, the more resources committed to an initiative, the more 

performance or value should be expected from that initiative. A commitment of resources to a 

specified course of action is therefore is an indicator of the strength of the firm’s commitment 

to that course of action.  

Commitments and allocations of resources to activities such as research and 

development and technology transfer are often used as indicators of strategic decisions. 

Examples include technology transfer in foreign direct investment activity (e.g. Isobe, Makino, 

& Montgomery, 2000) and performance of reverse logistics programs (Daugherty, Autry, & 

Ellinger, 2001). Resource commitment levels also help differentiate between smaller, 

incremental initiatives and larger investments (Bowman & Hurry, 1993; Ghemawat, 1991). The 

pattern of a firm’s resource commitments is also a manifestation of strategy making over time 

(Noda & Bower, 1996). The highest levels of response in the measurement scale are those 

involving engaged action. These levels rise from a low level of relative resource commitment to 

a high level of relative resource commitment. 

The operationalization of response thus is a five-level Likert measure representing an 

underlying continuous variable. This metric, interval measurement of response will allow for 

regression-based statistical analysis necessary to test the research model. Firms self-report a 

strategic choice of response with delineation of an engaged response being refined by feedback 

on the level of resources committed to action relative to other initiatives and demands within 

the firm. Coding for the measure is as follows: 

1 = choice of non-response  
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2 = choice of screening 

3 = choice of a low level of engagement (i.e. a relatively low commitment of resources) 

4 = choice of a moderate level of engagement (i.e. a relatively moderate commitment of 

resources) 

5 = choice of a high level of engagement (i.e. a relatively high commitment of  

resources) 

 

 Independent variable – competitor orientation. Competitor orientation is measured by a 

five-item, seven-point Likert scale adapted from Sorensen (2009). Sorensen’s eight-item scale 

(CR= .91; α =.89) is based on the 4-item Narver and Slater (1990) scale (α =.72). Table 4 

provides the full scale and explains the rationale for omitting three of Sorensen’s original 

indicators and the final contextualized scale. 

Table 4 

Competitor Orientation Scale 

 

 

Items: Retained or reason Omitted
We track competitors' performance Retained/revised 
We identify areas in which competitors have succeeded or failed Retained/revised
We try to identify competitor's assumptions about themselves and our industryRetained/revised
Top management regularly discusses competitors' strengths and weaknesses Retained/revised
Salespeople regulalry share information within the firm on competitor activitiesRetained/revised

We target customers where we have a opportunity for competitive advantage Omitted; targeting customers not related
Our managers know how all functions can contribute to our competitive activit Omitted; organizational issue
We respond rapidly to competitive actions that threaten us Omitted; response behavior captured elsewhere

Final Scale Items

My firm tracks competitors' performance
My firm identifies areas in which competitors have succeeded of failed
My firm tries to identify competitors' assumptions about themselves and our industry
Top management at my firm regularly discusses competitors' strengths and weaknesses
Our salespeople regularly share information about competitor
  activities with others within our firm
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 Independent variable – innovation orientation. Innovation orientation (IO) is measured 

by a five-item, seven-point Likert scale adapted from Zhou et al. (2005) and Hult, Ketchen and 

Slater (2005). A three-item scale exists for IO (Zhou et al., 2005; CR=.87). This scale was derived 

from Hurley and Hult’s (1998) measure of innovativeness. The IO measure focuses on the 

promotion and emphasis of innovation and thus captures the organizational and cultural 

aspects of an orientation toward being innovative. The construct of innovativeness (Hult et al., 

2005), however, captures additional manifestations related to behavior and action that are 

consistent with the literature on the IO construct.  Therefore, two items from a related measure 

for firm innovativeness (Hult et al., 2005; CR= .90) were added to address important content 

validity topics of innovation-seeking behavior and encouragement of innovativeness. These 

items capture important theoretical elements related to a firm’s propensity to actively seek out 

innovative ideas and to encourage innovativeness (Siguaw et al., 2006). 

The resulting scale is a more robust measure including both cultural/organizational 

orientations as well as the behaviors that would indicate and validate the orientation’s effect 

on actions. An additional reason for not solely using the existing scale for IO is that with only 

three items, there is a risk that one poorly-loading indicator would reduce this measure to an 

inadequate specification (Hair et al., 2010). Table 5 summarizes the development of this 

measure. 

 

 

 

 



81 

Table 5  

Innovation Orientation Scale 

 

 

 Independent variable – relative strategic assets. Relative strategic asset variable was 

designed to measure the perceived level of parity against rivals on a specified bundle of 

relevant assets. It is represented by a single, weighted index of the assessed relative value and 

decision importance of six strategic assets. This index measure does not represent a reflective 

construct nor is it a formative construct (Diamantopoulos, Riefler, & Roth, 2008; Jarvis, 

MacKenzie, & Podsakoff, 2003; Petter, Straub, & Rai, 2007). The measure represents 

respondents’ weighted, relative assessment of strength or weakness of a bundle of six specified 

assets and capabilities.  

Innovation Orientation (Zhou et al., 2005)
Items: Retained/Revised
Our company pays close attention to innovation Revised to 'my'
Our company emphasizes the need for innovation and developmenRevised to 'my'
Our company promotes the need for development and use of new Revised to 'my' and for
  resources  inclusion of methods

Innovativeness   (Hult, Ketchen, & Slater, 2005)
We actively seek innovative products and service ideas Retained w/rewording
Innovation in our firm is encouraged Retained w/rewording
Innovation is readily accepted in program/project management Omitted- action oriented 

Final Scale Items

My company pays close attention to innovation
My company emphasizes the need for innovation and development
My company promotes the need for developing and using new
  resources and methods
My firm actively seeks out innovative product and service ideas
My firm encourages innovativeness
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Chapter 2 described the theoretical basis for each of the six items in the bundle (i.e. 

slack resources, technological expertise, R&D flexibility, production flexibility, related R&D 

experience, and overall reputation and industry stature). Following prior studies addressing a 

comparative view of the decision value of key organizational resources (c.f. Sirmon et al., 2010), 

respondents rate each asset from -2 to +2 as being weaker or stronger than average for their 

industry. Each asset was also given a weighting of 1-10 to indicate its importance in making a 

response decision. Combining the weightings and asset parity ratings results in a weighted 

index. The single score for this measure represents the assessment of the firm’s relative 

strength (if positive) or weakness (if negative) for responding to the innovation. 

In addition to the index approach, a single measure useful for validating the index 

measure is included. This question measures an ‘overall’ comparative assessment of assets and 

capabilities for responding to technological innovations.  

 Independent and moderating variable – perceived competitive environment. A seven-

item, seven-point Likert scale measures perceptions of the competitive environment. Prior 

research does not offer an adequate measurement scale for the concept of an aggregated level 

of rivalry/competitive tension and activity. Two related scales for measuring competitive 

intensity (Jaworski & Kohli, 1993 (α=.81); Sorensen, 2009 (CR=.79) and environmental hostility 

(Miller, 1987) do, however, provide foundations toward a desired measure. Several items from 

these two existing scales conform to theory on competitive tension and activity. Indictors used 

to measure or describe dyadic competitive tension and activity (Chen, 1996; Chen et al., 2007; 

Ferrier, 2001) add important coverage for the measure of this construct. Table 6 provides 
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details on the retention, omission, or creation of items for this measure and the final 

contextualized scale. 

Table 6. 

Perceived Competitive Environment Scale 

 

 

Control and classification variable measures. The survey instrument also captures 

several control and other additional classification variables including: firm and respondent 

demographic information; primary competitive strengths; the firm’s level of competitive 

activity; and their aspirations for success via new or existing technologies. These measures may 

be useful for segmenting the respondents into meaningful groups for descriptive and 

comparison purposes and for assessing the influence of such factors as size and aspirations on 

 Competitive Intensity (Jaworski & Kohli, 1993; Sorenson, 2009)
Items: Retained or Reason Omitted
Competition in our industry is cut-throat Retained
One hears frequently of a new competitive move in our industry Retained
There are many promotion wars in our industry Omitted - marketing specific
Anything one competitor can do, others can match Omitted - matching relates to capabilities
Price competition is a hallmark of our industry Omitted - tactic specific
Our competitors are relatively weak Omitted - comparative assessment

 Environmental Hostility (Miller, 1987)
Items:
Market activities of competitors have become far more unpredictable Retained with revisions
Market activities of competitors have become far more hostile Retained with revisions
Market activities of competitors now affect our firm in far more areasRetained in first w/complexity (Ferrier, 2001)
  (pricing, marketing delivery, production, etc)

 Indictators of dyadic competitive tension
History of interactions predict future tension (Chen et al., 2007)
Higher awareness of competitors promotes tension and interaction (Chen, 1996)

Final Scale Items
Competition in our industry is cut-throat
In our primary industry, we hear about a new competitive move frequently
Competitive interactions in our industry are complex and unpredictable
Competitive activity in our industry is hostile
Our industry has a history of intensive competitive interaction
Competitors in our industry pay close attention to what rivals firms are doing
We expect our competitors to be very active in making competitive moves or responding to moves by us or any other rivals
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their response choices. Table 7 presents all of the additional measures included in the data 

collection instrument that were not part of the research model. 

Table 7  

Control and Other Additional Variables 

 

Instrument Design 

 To effectively integrate the measurement items and scales described, the design of the 

survey instrument addressed the key issues of question format, wording, and placement 

(Trochim & Donnelly, 2008). Construct measures had a 7-point Likert format with all scale 

points labeled (Weng, 2004). A panel of expert researchers reviewed the wording of questions 

and instructions to avoid ambiguity, task confusion, or any other written communication factor 

that could influence responses adversely. Sequencing of the questions begins with easy, non-

threatening firm demographic items and progresses through more difficult questions at the end 

(Trochim & Donnelly, 2008). Appropriate use of page breaks (for Internet survey) or shading 

Firm Descriptives: Firm Relative Competitive Behavior (over past five years):
Number of employees Acting early on technological innovations
Age Introducing new products/services
Primary Industry Implementing process or business model innovations
Nature of business Making other types of comeptitive moves
Years in primary industry (Satisfation level with each included)
Number of different industries
Percentage of profit from primary industry Firm Motives:
Private or Public Propensity to be proactive or reactive
Family business or not Desire for dominant position via new technologies
Range of total revenues Desire for dominant position via existing technologies
Range of ROA
Greatest competitive strength (top 1 or 2) Individual Descriptives:

Age
Total years of work experience
Years of experience in firm's industry
Title
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and line separation (for paper surveys) helped transition clearly between question sets or to 

link multiple parts together. To help reduce method bias, psychological separation questions 

(and mechanical page breaks in the Internet survey) further created separation between the 

three latent construct scales (Podsakoff, MacKenzie, & Podsakoff, 2012). To pre-test the survey 

approach and the instrument, a pilot study was conducted. 

Pilot Study 

 A pilot study is a valuable step toward assessing and improving the design and content 

of a survey instrument (Bhattacharjee, 2010; Johanson & Brooks, 2010). Not only can a pilot 

study provide feedback on the performance of the measurement scales, it can provide an 

estimate of survey response time and indicate whether format and wording changes may 

improve the clarity of the instrument (Johanson & Brooks, 2010). The following describes the 

primary objectives, design, execution, and findings from the pilot study of the proposed survey 

instrument. 

 Objectives. Three primary objectives drove the pilot study: assess the validity of 

construct measures, assess the clarity of instrument wording and instructions, and estimate the 

time required to complete the survey. Assessing construct validity is typically an important 

objective of a pilot test (Bhattacharjee, 2010). Because the measurement scales used do not 

have evidence of repeated validation or are novel adaptations of previously validated 

measures, a primary objective is to validate their reliability and validity. There are no new latent 

construct scales to explore nor is there any need to distill dimensionality from a set of existing 

scale indictors. Exploratory factor analysis, therefore, is not appropriate.  
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Although the research model is rather straightforward, the concepts related to pre-

discontinuity technological innovations and the broad possibilities for variations in firm 

response, it was critical to assess the wording, instructions, and overall quality of the survey 

instrument. Lastly, because the study will seek feedback from busy top executives, the length of 

time necessary for the survey is a critical issue. Thus, the online version of the pilot gathered 

information on the time required to complete all the questions. 

 Design and execution. Steps in the design and execution of the pilot study included the 

development of the survey instrument, sample design, and analytical approach. The first step 

toward the pilot study was the design of the instrument. After finalization of the research 

model, the measurement scales and survey items were developed to follow prior research (see 

Chapter 2 - operationalization of constructs). A draft paper version of the instrument resulted 

from several iterations. A panel of research experts reviewed the draft instrument for face and 

content validity, measurement structures, and overall wording and formatting. A final version 

of the approved pilot instrument was developed in two forms: one form for a paper-based 

survey and a second for an Internet (Qualtrics) survey. An application to the University of North 

Texas Institutional Review Board for this pilot research using human subjects was submitted on 

4/7/14 and approval was received on 4/28/14 (No. 14-176). 

 Although a pilot study ideally gathers responses from a sub-sample of the target sample, 

pilot study sampling of certain types of students or other convenient groups is quite common, 

especially when the primary objective is measurement scale validation rather than model 

testing and inference generalization (Bhattacharjee, 2010). The sampling plan for this pilot 

study targeted individuals who had at least a reasonable amount of work experience and could 
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thus provide feedback about their firm and their firm’s industry.  The pilot study sample 

consisted of three groups: UNT College of Business undergraduate senior students with work 

experience; UNT MBA students with work experience; and the researcher’s personal industry 

contacts. Communication with industry contacts also contributed to qualified snowball 

sampling respondents (Trochim & Donnelly, 208). The pilot instrument accounted for this 

diverse pilot sample by describing four potentially radical technological innovations and using 

questions to arrive at the respondent’s selection of one technology as being the most likely to 

affect competition in their firm’s primary industry. In this manner, a ‘generic’ approach to the 

technology-industry connection was able to approximate the targeted ‘context-rich’ design of 

the main study. Though this sampling approach does not offer an adequate design and control 

to enable testing of the research model for generalizability to the target population, it does 

allow for testing the validity and reliability of the measurement model.  

 The sample size required for an adequate pilot study is a relevant issue. Many 

researchers follow rules-of-thumb for pilot study sample size (and main study sample, as well). 

A rule-of-thumb that sample size should at least provide a 10:1 ratio of responses to variables is 

frequently referenced (Gagne & Hancock, 2006; Hair et al., 2010). For pilot studies developing 

or assessing scales, researchers have argued that a sample of only 24-36 subjects will provide 

sufficient results (Johanson & Brooks, 2010). Small samples, however, are always inferior to 

larger samples in reducing error, especially when statistics such as factor loadings and 

correlations variances are not strong. As the pilot sample is likely to be rather heterogeneous, 

too small of a sample would likely suffer significant bias. Therefore, the pilot study followed the 
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more conservative sample size rule for a 20:1 ratio and a minimum of 100 for a model with five 

or fewer constructs (Hair et al., 2010; Schumacker & Lomax, 2010). 

Findings and implications. The pilot study of the survey instrument was completed on 

May 25. From 74 total responses, 63 useable cases were obtained via the online Qualtrics 

survey (31) and the paper survey with MBAs (12), and undergraduate seniors (20). All responses 

were voluntary including students (i.e. no extra credit or other incentives were given). A key 

issue in the sample makeup is the level of work experience and experience with a firm/industry. 

In addition to analysis of the full sample, therefore, comparisons were made to a subgroup with 

at least 10 years of work experience and more than 1 year of company experience (n=28) and a 

higher experience group with 10+ years of work and 10+ year of company experience (n=18).  

 The primary objective of the pilot study was to test the validity and reliability of the 

construct scales. Three approaches were used for this assessment. Bivariate correlations were 

examined in SPSS for convergent and discriminant validity (Trochim & Donnely, 2008). A 

Varimax rotated factor analysis on all indicators for the constructs competitor orientation (CO), 

innovation orientation (IO), and perceived competitive environment (PCE) further confirmed 

the strong loadings on the desired factors and the absence of cross-loadings or weak loadings 

indicating the need to revise the scales. As a third test, structural equation modeling and the 

Fornell-Larker criterion assessed discriminant validity, convergent validity, and scale reliabilities 

(Fornell & Larker, 1981). All three tests confirmed strong validity and internal consistency for all 

construct measures (see Tables 8, 9, and 10).  
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Table 8 

Bivariate Correlations for the Construct Indicators 

 

(Bold correlations are statistically significant at the .05 level (2-tailed) 

(Legend: CO = Competitor orientation; IO = Innovation orientation; PCE = Perceived 
competitive environment. Numerals represent the individual indicator variables for each 
construct (see appendix for details) 

 

 

 

 

 

 

 

 

 

CO1 CO2 CO3 CO4 CO5 IO1 IO2 IO3 IO4 IO5 PCE1 PCE2 PCE3 PCE4 PCE5 PCE6 PCE7
CO1 1.00
CO2 0.75 1.00
CO3 0.51 0.58 1.00
CO4 0.74 0.74 0.55 1.00
CO5 0.61 0.78 0.62 0.77 1.00
IO1 0.50 0.56 0.12 0.50 0.43 1.00
IO2 0.42 0.43 0.09 0.37 0.38 0.80 1.00
IO3 0.46 0.45 0.15 0.40 0.39 0.72 0.78 1.00
IO4 0.43 0.40 0.14 0.42 0.34 0.76 0.83 0.85 1.00
IO5 0.45 0.46 0.17 0.43 0.38 0.78 0.82 0.84 0.92 1.00
PCE1 0.17 0.01 0.15 0.19 0.13 0.08 0.09 0.05 0.02 0.06 1.00
PCE2 0.26 0.10 0.33 0.26 0.19 0.13 0.08 0.10 0.11 0.11 0.69 1.00
PCE3 0.04 0.02 0.24 0.17 0.09 0.09 0.03 0.06 0.13 0.12 0.39 0.63 1.00
PCE4 0.09 0.00 0.20 0.22 0.09 0.09 0.20 0.10 0.03 0.12 0.61 0.53 0.61 1.00
PCE5 0.23 0.16 0.31 0.30 0.23 0.05 0.10 0.02 0.05 0.03 0.68 0.71 0.68 0.81 1.00
PCE6 0.40 0.27 0.46 0.38 0.28 0.06 0.13 0.11 0.02 0.03 0.49 0.63 0.46 0.49 0.63 1.00
PCE7 0.22 0.12 0.38 0.21 0.16 0.02 0.15 0.06 0.05 0.05 0.55 0.73 0.50 0.53 0.66 0.68 1.00
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Table 9  

Varimax Rotated Principal Component Analysis of Construct Indicators 

 

 

(Legend: CO = Competitor orientation; IO = Innovation orientation; PCE = Perceived 
competitive environment. Numerals represent the individual indicator variables for each 
construct (see appendix for details) 

 

 

 

 

1 2 3

CO1 .348 .772

CO2 .309 .860

CO3 .768

CO4 .313 .807

CO5 .841

IO1 .845

IO2 .897

IO3 .887

IO4 .936

IO5 .920

PCE1 .776

PCE2 .859

PCE3 .771

PCE4 .814

PCE5 .888

PCE6 .696 .415

PCE7
.795

Rotated Component Matrix a

Component

Extraction Method: Principal Component Analysis. 
 Rotation Method: Varimax with Kaiser 

li ia. Rotation converged in 5 iterations.
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Table 10  

SEM Construct Validity Test Results  

 

 

Although testing of the model relationships was not a main objective of the pilot, the 

hypothesized direct effect relationships were explored. Though the directions of all proposed 

direct relationships were in the expected direction, the useable cases did not demonstrate 

statistically significant results for the individual or multivariate direct effect models. When more 

stringent criteria were adopted to select high experience-level subsamples, however, results 

improved and significant relationship were found. With the high-level (10 years work/10 years 

firm) experience subsample, the full direct-effects model with CO, IO, and RSA effects on 

Response had a p-value of .076 with the direct effect of the CO construct statistically significant 

(p=.03). These results suggest potential validity for the main study. 

Construct Correlations
          CO      IO     PCE
      CO 1.000
      IO 0.415 1.000
     PCE 0.401 0.047 1.000

AVE 0.784 0.788 0.659
Sq Root of Average Variance Extracted (AVE)* vs. Correlations
          CO      IO     PCE CR α
      CO .885* 0.000 0.000 0.948 0.938
      IO 0.415 .887* 0.000 0.949 0.936
     PCE 0.401 0.047 .812* 0.931 0.914
CO = Competitor Orientation
IO = Innovation Orientation
PCE = Perceived Competitive Environment
CR = Critical Reliability
AVE = Average Variance Extracted
Assessment: AVE>.5; SqRtAVE > correlations to other constructs; CR and 
 alpha > .7
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The pilot study provided other pieces of valuable feedback on design, procedural, and 

administration aspects of the survey. Based on the pilot results, participant feedback, and 

subsequent work to revise and improve the instrument, several items were dropped from the 

study that were not directly related to the research model and were confusing or took 

unnecessary time. There was frequent incorrect usage of the question set designed to capture 

the dependent variable (DV) with numerous respondents incorrectly answering across multiple 

categories. The question set regarding the DV was therefore reworked to avoid confusion and 

multiple response. Removing items that were unnecessary and streamlining the dependent 

variable question set allowed for the addition or validity check questions and scales for post hoc 

analyses. Additional procedural and mechanical adjustments for the final study included a back 

key option button allowing informants to go back and revise or review prior answers and the 

use of forced response to eliminate missing data (Vicente & Reis, 2010). 

Overall, conducting the pilot study was useful and the results encouraging. Although the 

sample size characteristics were less than ideally sought, the pilot study provided support for 

the main study. Following an assessment of the results of the pilot study, the research design 

was revised for the main study. 

Sampling 

 Achieving statistical power (α=0.5, power = 0.8, medium effect size) in testing the 

research model requires a minimum sample of 118 firm-level surveys (Cohen, 1992). A target of 

120 qualified, unique firms was thus established. The practical scope of the study required 

careful consideration of the sampling method. Initial thoughts toward focusing on one 

technology in one industry were later considered to be limiting in achieving the required 



93 

sample size. The need to present multiple emerging technologies and have informants focus 

their answers on the most strategically important emerging technology for their firm was 

therefore retained. Awareness and strategic issue status of at least one of three technological 

innovations was necessary prerequisites to be considered as a key informant and valid 

organization for this study. Pre-survey screening questions tested potential informants on these 

critical criteria. Extracting these screening questions therefore required rewording and 

restructuring the original DV question set. Another change related to the key informant 

approach was the expansion of the set of optional answers for ‘what is your title’.  

To test the research model, the survey sample must be made up of key informants who 

represent firms that are aware of a potentially radical technological innovation and view it as a 

strategic issue. Sampling design is the primary issue for external validity, whether one follows a 

sample theory approach (to approximate the population) or a proximal similarity approach (to 

expand generalizability to similar people, places and times) (Trochim & Donnely, 2008). The 

theoretical population for this study is all incumbent firms. To test the research model specified 

in Chapter 2, incumbent organizations in an appropriate sample must (a) be aware of an 

emerging technological innovation and (b) view one emerging technological innovation as a 

strategic issue. Screening for these two critical criteria occurred prior to the survey. If these 

technology and industry specification criteria were met, further screening questions qualified 

(of disqualified) an individual as a key informant capable of providing feedback as a valid 

representative of their organization.  

Technology and Industry Specification. Trade-offs are present in the choice to sample 

firms in one industry domain about one specific technology or to allow a variety of industries 
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and technologies to be focal topics within the same sample. Each has limitations for internal 

and external validity. Due to the emergent nature of the technologies relevant for this research, 

the sampling demands for a large number of qualified key informants, and the accessibility of a 

single relevant sampling frame, it was impractical to focus on one industry and one technology. 

Therefore, satisfaction of the criteria for awareness and strategic issue status in the pre-survey 

screening was derived using three technological innovations and an industry domain with the 

greatest likelihood of meeting those requirements.  

 Based on analysis of numerous publicized emerging and potentially radical technological 

innovations, three innovations emerged as being most relevant for this study: carbon 

nanotubes (CNTs), 3D printing, and the Internet-of-Things (also known in some fields as 

machine-to-machine wireless communication). A review of these technologies indicated that 

the industry domain of electronics and electrical parts was a relevant target for the benefits of 

these technologies and that this domain had a relatively large population of U.S. 

establishments. The scope of the sampling fame was thus defined as U.S-based electronics 

design, assembly, or manufacturing firms. The approach to defining the technological and 

industry focus of this sample followed multiple steps.  

First, a list of candidate technologies was identified. Although the McKinsey report 

(Manyika et al., 2013) has high credibility, research identified several other reports highlighting 

potentially transformative technological innovations such as the MIT Tech Review (MIT, nd), a 

Forbes report on the Consumer Electronics Show (Nunes & Downes, 2014), and a report by the 

NIC (National Intelligence Council, 2008) on emerging or disruptive technologies. A review of 

these sources, as well as a search of academic literature, assisted in prioritizing those 
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technologies identified most frequently. Second, each technology was assessed along a set of 

criteria derived from prior research and the necessary context of the proposed study. These 

criteria assessed or estimated the degree that a technology (a) was potentially radical, (b) had 

generated adequate awareness in industry, and (c) was likely to be a strategic issue and have 

competitive relevance. These criteria indicate which technologies have higher potential for 

theoretical relevance to the research question and model. Third, research on the screened 

technologies identified their primary benefits thus suggesting industries that each innovation is 

most likely to affect. Having narrowed the list to three technologies (3D printing, the Internet-

of-Things, and carbon nanotubes), data on NAICS codes and the 2007 U.S. Census of Business 

allowed for a comparative analysis of the relative sample size for the identified industries. 

Further research confirmed the low level of commercial diffusions of each technology in the 

target industries through a review of industry articles such as analyst reports, descriptions of 

the stage of development in technical reports, and review of sales data on identifiable firms 

working in these areas of technology. In conclusion, the three specified emerging technologies 

were expected to have a likelihood of firm-level awareness and strategic-issue status among 

firms designing, assembling, or manufacturing electrical products.  

Key Informant Approach. To gather data on the organizational measures necessary for 

this study, a key informant survey approach is most appropriate. There are two approaches to 

operationalizing organization-level measures: the multiple-respondent approach and the key 

informant approach (Venkatraman & Grant, 1986). The respondent approach involves 

collecting feedback from multiple respondents within an organization and then aggregating 

that data to a firm-level construct measure (Seidler, 1974). When the research seeks to 
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measure perceptions or feelings about the organization, a multiple respondent approach is 

appropriate (Nayyar, 1992). Research suggests, however, that averaging feedback from multiple 

respondents is often less accurate for representing a firm-level measure than is using feedback 

from one appropriately qualified key informant (Huber & Power, 1985).  

The key informant approach relies on a single, knowledgeable member of the 

organization to speak for the organizational unit (Seidler, 1974.) Appropriate key informants 

occupy roles in their organization that make them knowledgeable of the focal issues, have 

credible evidence of this knowledge, and are willing and able to articulate the conditions and 

behaviors of the firm (Campbell, 1955; Seidler, 1974). Although there is potential for bias when 

surveying only one individual, well qualified key informants are generally reliable sources of 

organizational-level survey feedback (Lukas & Ferrell, 2000).  

Identifying and qualifying key informants is obviously a key step in this approach. The 

subject matter for this study, an emerging technological innovation with a low level of industry 

commercialization, makes identifying key informants difficult. Key informant surveys often 

specify CEOs or other functional-specific officers as qualified informants (Mohammed, Klimoski, 

& Rentsch, 2000; Nayyar, 1992). Based on the review of annual reports from numerous high-

technology companies described previously, CEOs may not, however, be well-informed on such 

speculative and technologically innovative developments. That is, individuals most aware and 

cognizant of the emerging technologies may be found in a variety of middle-management or 

specialized functional roles. The issue may be strategic for the entire firm, but the ability to link 

firm activities and perceptions with the specific technology may be located below top 

management levels. Further, functional areas for key informants may differ across firms. 
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Technological innovations may affect raw materials for one firm and end products for another. 

For example, awareness and understanding of nanomaterials such as carbon nanotubes or 

graphene, and knowledge about what the firms in thinking and doing with regard to such 

innovations, may be highest among individuals in R&D, supply chain management, production, 

or product design. Key informants for this research must not only be aware of the technology 

and their firm’s response to it, they must also be knowledgeable about the firm’s current 

strategies, priorities, competitor perspectives, and other subject concerns. Rather than select 

for specific titles in sampled organizations, screening questions must therefore be used to 

identify individuals who meet the key informant qualifications for this study. 

As argued above, there is no single target technology, industry, or identifiable key 

informant position or title. The necessary approach to identifying and qualifying key informants 

in relevant firms, therefore, requires a rigorous battery of screening questions (see section on 

Instrument Design for the screening questions). This battery is presented prior to the survey 

instrument to insure only qualified key informants provide feedback. These screening questions 

produce a sample that represents only qualified key informants within commercial firms that 

design, assemble, or manufacture electronic components or original equipment. A qualified 

firm has awareness of at least one of the three technologies listed previously and views at least 

one of those as a strategic issue that could possibly affect their ability to achieve their future 

goals.  

Sampling Frame 

 The theoretical population of this study is all commercial organizations (i.e. firms), with 

topical specificity to firms in an industry frame specifically relevant to the possible 



98 

transformation of technology by one of the three selected technological innovations. A 

sampling frame is the source for the accessible population of such firms (Trochim & Donnelly, 

2008). There are multiple approaches to defining and accessing a sampling frame for this study:  

purchasing a list of email addresses; creating a database of email addresses from available 

sources; partnering with a relevant organization to access their membership or other contact 

email database; executing an on-site survey lab at a major industry event; and contracting with 

a third-party administrator to access appropriately selected research panels. After weighing the 

advantages and disadvantages of each approach, and considering the ability within each to best 

control for response rate, validity, and reliability, data collection via research panels was 

chosen. This section describes the issues involved with each of the alternative sampling frame 

methods and provides justification for the use of research panels. 

Purchasing a List. A traditional method for developing a sampling frame for surveying is 

to purchase a list from a commercial list provider. Steps with this approach, essentially 

following the ‘total design method’ (Dillman, 2000), would involve: defining the list criteria; 

identifying the best provider; ordering and organizing the database of contacts; obtaining and 

setting up a program for email campaigns (e.g. Constant Contact); sending initial solicitations; 

multiple reply and follow up contacts; and continual cleaning the list and handling any reply 

contacts from individuals contacted (e.g. requests for legitimacy, requests to be removed, etc.).  

A quantity is ordered with costs determined on a basis of x dollars per 1,000 listings. 

Quality of such listings is a concern as email addresses may be inaccurate or out of date and 

they may include multiple addresses for the same individual (Anseel, Lievens, Schollart, & 

Choragwicka, 2010). Having specified names and titles in such a sampling frame facilitates the 
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use of the ‘total design method’ that can enhance response rate (Dillman, 2000). This approach 

involves pre-contacts, opt-ins, and multiple follow ups. Using personalized communications in 

this way can further enhance response.  

Identifying the names of key informants in firms within the target industry domain for 

this study, however, is problematic. Key informants, those with the specific knowledge 

necessary to provide valid answers for the survey, are likely found in a variety of different 

positions (i.e. titles) across different organizations. Thus the potential benefit of personalization 

may be severely diluted due to the sample frame not including qualified key informants. 

Additional concerns relate to the unsolicited nature of such an approach. Although 

personalization and topic salience can be achieved and may aid response, response to 

unsolicited survey emails suffers from a high incidence of ‘spam’ filtering, deletion, and threats 

of viruses (Anseel et al., 2010; Baruch & Holtom, 2008; Sheehan, 2001). There are many 

potential commercial providers of email lists, and determining which would be most applicable 

and advantageous is challenging. Some, such as Avention and InfoUSA, offer small test lists. To 

pursue this course, a best effort to define informant titles and company types would be 

necessary and a list provider selected. Email campaign software would need to be acquired, 

learned, and prepared for use. The list would need to be purchased and communication pieces 

developed and approved. Then the launch could occur with its subsequent rounds of follow up 

and management. With the cost of purchasing a list being substantial, and the risks of 

inappropriate contacts, non-response, or weak validity in response, this option,  is problematic.  

Creating a List. A slightly different approach to purchasing a list is to create a list by 

collecting email addresses from relevant directories or other available sources (Simsek & Veiga, 
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2000). Potential sources of contacts for this study are online directories of microelectronic 

manufacturers, listings of exhibitors at past Design Automation Conference (DEA) trade shows, 

and online listings of solar power industry equipment manufacturers available on the Solar 

Energy Industry Association (SEIA) website. The available listings from these sources were 

explored via the Internet. The SEIA data would require individual company research to validate 

their relevance and to identify an individual contact and email address. Trade show exhibitor 

lists and associations’ membership lists are filled with associated firms such as lenders, 

consultants, and other service providers not suitable for this study. These databases, therefore, 

would require careful screening of each listing to insure its appropriateness. A key challenge is 

that many such listings will be for sales and marketing people (i.e. trade show booth personnel) 

thus increasing the likelihood that listings will not effectively provide contacts that are qualified 

key informants. 

The advantage of this approach is that the costs of purchasing a list is avoided. This 

approach suffers, however, from all the weaknesses of the purchased list approach previously 

described. In addition, the time and effort to collect the list in this manner, with the knowledge 

that colleting a sufficient number of valid listings may not even be possible, leads to the 

conclusion that this approach is impractical. 

Partnering with a Trade or Professional Organization. A third possible approach is to 

partner with a professional or trade association to access to their proprietary contact 

databases. Completing a survey has been described as a form of information exchange, and 

thus is facilitated when the recipient has a degree of trust in the sender (Bartholomew & Smith, 

2006). Endorsement or sponsorship of surveys by professional and trade associations, one form 
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of manager’s social networks, can help create source legitimacy and enhanced trust with a 

resulting improvement in response rate (Bartholomew & Smith, 2006; Cycyota & Harrison, 

2006).  

Two such organizations identified as topically relevant and large enough to possible 

have adequate databases (i.e. sampling frames) are IEEE (the Institute of Electrical and 

Electronic Engineers), which has a specific membership subgroup and journal related to 

nanotechnology, and SEIA (the Solar Energy Industries Association). Identifying the appropriate 

individual with authority to engage in such a research partnership in these large and complex 

organizations, is important. After reviewing their websites in detail, calls were made to one or 

more managerial level individuals in each organization and messages were left describing the 

research to be conducted, the desire to explore a possible research relationship, and the 

possible benefits to the organization of being involved with the research.  Unfortunately, no 

responses from these organizations were received. Even if contacts were made, this approach 

would likely require substantial time to explain and negotiate the research partnership details, 

including possible legal non-disclosure issues involving the University, database security 

concerns, and rights to the publicizing the study’s results. Additional validity and sample size 

concerns also are concerns with this approach. 

Validity issues could be raised as to the representativeness of a sample consisting solely 

of members of a specific organization. Additionally, as has been noted in the discussion of 

previous options, a listed contact name in any database may not be a qualified key informant 

and navigating from an initial contact to a referred key informant would add logistical 

complexity and likely reduce response. Further, due to the relatively high incidence of filters 
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and inadvertent deletion barriers, response rate even with endorsement may be relatively low. 

This may require a sizeable sample frame in order to achieve the number of responses to 

support statistical power. Toward that end, it is unknown if even combining the database of 

contacts from both of these large organizations would provide enough qualified informants. 

The risks that it may not be adequate to meet empirical needs, makes this approach unsuitable. 

Personal Contact for Recruiting. Personally delivering surveys has been shown to 

increase response rates (Anseel et al., 2010). This method could be achieved by attending an 

event (or events) where a large number of potential key informants might be available and 

accessible. Examples of such events include the Design Automation Conference (DAC), the 

premier trade show for firms in the design and production of semiconductors and related 

electronics, and Solar Power International (SPI), the premier event for the U.S. solar power 

industry. Weaknesses of this approach include the representativeness of the sample, the 

potentially insufficient size of the sample, and the barriers to attracting event attendees to a 

location from which to engage in an online survey. Additional disadvantages of this approach 

include the time, effort, and expense to contact and negotiate permissions from show 

organizers and related organizations, to create, set up, and man a physical site at the event, and 

the costs for travel and accommodations. In sum, this approach was not feasible. 

Research Panels. The challenges with obtaining online or mail survey responses and the 

related declines in response rates are well documented (Anseel et al., 2010; Baruch & Holtom, 

2008; Sheehan, 2001). Attempting to reach informants via unsolicited email is problematic. 

Internet users receive large numbers of unsolicited emails in the workplace each day and 

aggressive ‘spam’ blockers and other email filtering systems inhibit many unsolicited emails 
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from ever reaching the individual (Cycyota & Harrison, 2006; Sheehan, 2001). Traditional 

methods to increase response rates such as follow up contact, issue salience, and response 

incentives have shown mixed or even negative effects on response (Cycyota & Harrison, 2006). 

Personalized communication has been highlighted as possibly the most valuable strategy for 

improving response (Anseel et al., 2010). This however, reverts to the dilemma of identifying 

individuals in an organization who qualify as key informants for this study. 

Due to the challenges described, new technologies and third-party services are gaining 

traction as tools available to assist in social science survey projects. Of specific note are online 

survey development and administration tools and organized panels of individuals who regularly 

complete topic-specified online research tasks (Smith, Smith, and Allred, 2006). Third-party 

products and services have greatly facilitated the process of creating and conducting online 

organizational research (Wright, 2005). The number of commercial firms offering online survey 

development and management tools is large, and the use of these providers is very common 

(Wright, 2005). Third-party research service providers have added access to research panels as 

an aid to specifying and reaching relevant sample frames (Evans & Mathur, 2005). Panels are 

existing and organized groups of individuals who have volunteered to receive and complete 

online surveys. These individuals can act as a sample of the general or of specified populations, 

or as representatives of firms, governments, or other organizations (Smith et al., 2006). A 

relatively new approach, the use of panels for academic research shows signs of traction with 

recent studies using this sampling approach appearing in leading journals such as Academy of 

Management Journal (Long, Bendersky, & Morrill, 2011), Organization Science (Dumas, Phillips, 

& Rothbard, 2013), and the Journal of Interactive Marketing (Jimenez & Mendoza, 2013). Some 
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state that online research panels have actually become the method of choice for conducting 

online research (Smith et al., 2006). Weaknesses and validity threats from using panels are 

mostly consistent with other online survey techniques, i.e. selection and non-response bias. 

While some may argue that sampling from voluntary and compensated ‘survey takers’ raises 

important validity concerns (Evans & Mathur, 2005), opting in and the use of compensation for 

completing surveys are two tactics commonly used to improve survey response rates (Anseel et 

al., 2010; Cycyota & Harrison, 2006; Dillman, 2000; Simsek & Veiga, 2001). In fact, the survey 

panel approach positively addresses many of the most commonly suggested elements of online 

research design intended to achieve acceptable response (i.e. prescreening, opt-in, 

compensation, issue salience, legitimacy, trusted security, and enhanced confidentiality). Some 

have further noted that compensated panelists may rush through surveys and not give an 

adequate amount of thought to questions. This concern, however, can be mitigated by 

requiring (unknown to the panelist) a minimum amount of time-in-survey for responses to be 

accepted from the provider (Brandon et al., 2013). Though some aspects of administration 

control are surrendered to the panel provider’s project manager, the researcher retains the 

ability to oversee and approve of all salient design and administration issues concerning the 

study.  

Accessing key informants via a research panel also offers unique advantages. While the 

previous options for sampling all involve risks of not achieving a respondent base adequate for 

statistical power (i.e. the sample size of 120 respondents specified), a panel approach offers the 

ability to target a large number of potential informants within multiple panel databases 

deemed most likely to involve qualified key informants. Panel administration uses 
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randomization of the email solicitation and this can result in superior random sample effects as 

compared to other more targeted sample access strategies such as partnering with a trade 

organization. Panel systems provide an optimized compensation system that also encourages 

response and quality of response. Lack of trust or long delays in receipt of compensation 

associated with non-panel approaches may dilute the positive effects of offering compensation 

(Sheehan, 2001). Panel systems, however, offer a near immediate form of compensation with 

the issuance of credits to the panelists account. Two additional advantages of a panel approach 

are the short turnaround time for the data collection and the automatic entry of response data 

(which has been shown to reduce the risks of error from human data entry). 

In conclusion, the selective and careful use of a research panel approach was considered 

to be the best course of action. The enhanced ability of this approach to provide the necessary 

number of completed surveys, and the ability to do so with speed and with an acceptable cost, 

are valuable attributes. Careful specification of industry domain qualifications and key 

informant criteria is expected to assist in arguing for an appropriate and valid sample frame and 

for valid data. Though other large research firms offer such services, most focus on commercial 

research (e.g. consumer marketing or political studies). Qualtrics (Qualtrics.com), the provider 

of the online survey development and administration software, is a leader in providing third-

party research services for academic studies. They do not have their own panel database but 

act as an intermediary to select and access an appropriate panel (or panels) depending on the 

specifications of the study. Thus, Qualtrics was selected as the most relevant and capable 

service for accessing multiple panels for this academic survey study.   
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Screening Questions  

Revisions were made to the survey instrument based on the results of the pilot study. 

These include the development of pre-survey screening questions to identify key informants 

and wording to focus informants on one (of three) specific potentially radical technological 

innovation. A battery of questions were used to prequalify potential participants based on 

several criteria. The following screening questions must all be answered in the affirmative to 

qualify to take the survey. 

 

1. (Yes/No) Does the company you work for design, assemble, or manufacture  

electrical components parts or original equipment? 

2. (Yes/No) Is your company aware of any of the following emerging technologies:  

(1) carbon nanotubes (or graphene); (2) 3D Printing; (3) the Internet-of-things (also  

termed wireless machine-to-machine (M2M) communications for some industries)? 

(if Yes) Which, if any, of these technologies is viewed within your firm as a  

‘strategic issue’, one that potentially affects your firm’s future performance?  

     {If none, go to exit statement*}  

3. (Yes/No) When your company makes decisions about a new technology that  

may impact the design or production of your company’s products, are you  

involved in that decision making process as the decision maker or as a significant 

decision influencer? 

4. Would you describe yourself as being knowledgeable and able to describe your  

company’s current… 
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(Yes/No) Strategic preferences and tendencies? 

(Yes/No) Resource investment and budgeting priorities?  

(Yes/No) Industry and competitive environment? 

(Yes/No) Competitive strengths and weaknesses? 

(Yes/No) Capabilities for commercializing new technologies? 

5. (Yes/No) This survey addresses your company’s current strategic decisions,  

resource allocations, and strategic orientations. Are you confident you can  

accurately represent your company and answer questions about these areas? 

 

 In addition to the pre-qualifying screeners, a question was added to the end of the 

survey asking the informant how confidence they were that their answers truly reflected their 

firm. This was added as a supplemental measure to check whether the KI responses were 

representative of their firms. 

 Although targeting of a specific industry and a focus on a specific technology was 

initially thought desirable, Qualtrics and the panel providers indicated that the possibility of 

achieving the necessary sample size under these restrictions as too unlikely. Thus, as in the pilot 

study, multiple potentially radical technologies were presented (CNTs, 3D printing, and the 

Internet-of-things). From this list, there must be firm-level awareness and strategic issue 

framing of at least one. The implications of this change also affect the survey instrument in that 

informants must choose one, and only one, as the most important issue and provide ‘response’ 

feedback on that one most important technology. This specification was done prior to the 

question set related to the DV. 
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 This chapter described the research design determined to be the most appropriate and 

practical means for testing the research model presented in Chapter 2. The pilot study provided 

a valuable step in refining the survey approach and the data collection instrument. The 

approach, steps, results and analysis of the data collected through this design is presented and 

described in Chapter 4.  
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CHAPTER 4 

FINDINGS 

The materials and procedures necessary to conduct the research effort detailed in 

Chapter 3 were developed and pre-tested. Revision drafts were evaluated by experienced 

advisory researchers and the approved design elements finalized. The research proposal and 

design was then presented to the University Institutional Review Board for final approval. This 

chapter describes the ensuing data collection, assessment, and statistical analysis.   

Data Collection 

University of North Texas Institutional Review Board (IRB) approval of the survey design 

(study No. 15-016) was received on January 16, 2015. A research services contract with 

Qualtrics was executed on January 19, 2015 and data collection began on January 22. Data 

collection continued until February 6 when a data set of 120 key informants meeting all 

screening criteria was finalized. A soft launch (10% of sample) was completed by January 23 to 

assess the data collection design and respondent results. After a review of the soft launch 

results, three validity tests were added to the survey design: a minimum time-in-survey criteria; 

attention filter questions; and a method of identifying potential duplicate firm references.  

A minimum time-in-survey criteria was set by Qualtrics, per their standard formula and 

policy, at 33% of the median time required for responses in the soft launch. This minimum 

criteria was calculated to be 244 seconds (approximately 4 minutes). Of the 120 completed 

surveys, four informants left the instrument open and took over an hour to finalize their 

submission. The average time-in-survey for the other 116 participants was 15 minutes with the 

overall median being 11 minutes.  
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Due to expressed concerns that this time-in-survey length was too short a period of time 

for thoughtful responses through the entire instrument, two attention filter questions were 

added at approximately one-third and two-thirds of the way through the instrument. These 

questions require the participant to read the question carefully and provide an answer that is 

specifically identified. These questions thus provided a check against random or straight-lining 

responses. Answering anything but the specified answer disqualified the entire survey 

response.  

To control for the possibility that two key informants from the same firm could be 

included in a sample, participants were asked to supply a unique firm identifier consisting of the 

first initial of their firm’s name and the first three digits of the firm’s zip code. No duplicate 

codes were identified in the sample. Twelve participants, however, refused to supply the 

identifier. These twelve were evaluated to assess any possibility of being from the same firm. 

To do this, the firm demographic responses were evaluated and the geographic location of the 

Internet address of the computer used to answer the survey were compared using a website 

address locator (www.whatismyIPaddress.com). No evidence was detected for concluding that 

any of these informants were reporting on the same firm. 

The data set obtained was determined to meet all defined criteria. Firm and key 

informant characteristics were as desired for the research scope, the minimum time-in-survey 

criteria and the correct processing through attention filter questions helped assure that 

responses were valid and involved sufficient thought and reflection. The unique identifier 

procedures helped assure that the sample of 120 represents 120 different organizations. As 
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described in Chapter 3, this sample size and type provides an adequate level of statistical power 

to examine and test the data relationships hypothesized in the research model (Cohen, 1992). 

Examination of the Data 

Issues related to missing values, straight-lining or other obvious patterned responses, 

and the presence of outliers were assessed. Due to the use of forced response mechanisms 

applied to the online survey questions, there were no missing data. Next, patterns of response 

by each respondent were evaluated to identify any questionable answers. No discernable 

patterns were identified to invalidate any response. The distribution of each variable was 

examined for outliers falling outside of standardized score range of + or - 2.5 (Hair, et al., 2010). 

No outliers were identified that necessitated removal from the analysis.  

Sample Descriptive Statistics 

The final sample data set was organized for analysis and IBM’s Statistical Package for 

Social Science (SPSS.22) was used to calculate and report descriptive statistics.  A review of 

these descriptive statistics allows for an assessment of the sample’s firm-level and key 

informant-level demographic representativeness and initial review of the bivariate relationships 

among the modeled variables.  

Based on the characteristics reported in Table 11, the sample was determined to 

provide a diverse and generalizable representation of the broader population of firms. That is, 

the sample includes a diverse range of company age, size, diversification, and market share. The 

sample is not overly skewed to firms on the lower or higher ends of the categories referencing 

size by employees or sales.  
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Table 11  

Survey Sample Firm Characteristics 

 

 

  Characteristics of the individual key informants (KIs) were then evaluated. The data 

presented in Table 12 show that the KIs in the sample have considerable firm experience. 84% 

have at least four years of experience at their firm and 40% have over 10 years of firm 

experience. Furthermore, 50% of the KIs have ten or more years of experience in their industry. 

This statistics suggest the KIs be expected to be informed and able to describe their firms and 

their competitive environments. Further, the data support that KIs in the sample hold 

prominent positions in their firms and should be reliable and valid representatives to be aware 

of, involved in, and able to describe their firm’s technology-related strategic decision making.  

 

n % n %
Firm Age Less than 5 years 7 5.8 Years in Primary

5-10 years 16 13.3 Industry Less than 5 years 8 6.7
11-50 years 70 58.3 5010 years 22 18.3
51-100 years 17 14.2 11-20 years 39 32.5
over 100 years 9 7.5 over 20 years 50 41.7
no answer 1 0.8 no answer 1 0.8

Firm Size (# Emp) Fewer than 50 20 16.7 # of Industries
50-100 6 5.0 Competing In 1 industry 18 15.0
101-500 22 18.3 2-4 industries 43 35.8
501-1000 32 26.7 5-10 industries 38 31.7
1001-5000 12 10.0 over 10 industries 21 18.5
over 5000 28 23.3

Perct. Revenue 90-100% 38 31.7 Ownership Public 85 70.8
in primary  60-89% 50 41.7 Private 35 29.2
industry 40-59% 21 17.5 Revenues < $1 mill 5 4.2

20-39% 8 6.7 1-5 mill 13 10.8
less than 20% 3 2.5 5-10 mill 9 7.5

Market share under 10% 23 19.2 11-50 mill 18 15.0
10-24% 17 14.2 51-99 mill 8 6.7
25-49% 56 46.7 100-499 mill 22 18.3
50%+ 23 19.2 500-999 mill 16 13.3
no answer 1 0.8 1 bill+ 29 24.2
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Table 12  

Survey Sample Key Informant Characteristics 

 

 

 Firms qualified to be included in the sample had to be in an electronic product or 

component design, manufacturing, or assembly industry. All three of the emerging technologies 

presented in this screening question were chosen for their relevance to this industry target. As 

shown in Table 13, the sample firms were particularly attentive to 3D printing with over 60% 

viewing this technology as an important strategic issue. This may be due to the potential value 

of this technology for design, production, and assembly whereas carbon nanotubes and the 

Internet-of-things technologies may be more relevant to design. Furthermore, 3D printing has a 

n %
Title CEO/Pres/Owner 15 12.5

VP/SVP 27 22.5
GM/Business Unit Mgr 27 22.5
Tech Mgmt 23 19.2
R&D Mgmt 8 6.7
Supply Chain/Purchasing 3 2.5
Sales/marketing 3 2.5
Operation/Mfging 5 4.2
Finance 1 0.8
Tech Supervisor 3 2.5
R&D Supervisor 3 2.5
Other 2 1.7

Years Experience
In Company Less than 1 year 3 2.5

1-3 years 16 13.3
4-9 years 53 44.2
10+ years 48 40.0

Years Experience
In Industry Less than 1 year 0 0.0

1-3 years 11 9.2
4-9 years 49 40.8
10+ years 60 50.0
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higher level of commercialization compared to carbon nanotubes. More firms thus may have 

awareness and at least enough understanding of 3D printing to frame it as a strategic issue and 

understand the possible implications for their business. 

 

Table 13  

Technology Issue Importance 

 

  

The last step in examining the data was to evaluate the bivariate correlations for early 

indications of variable relationships. Table 14 provides this data. The results indicate some 

promise that the independent variables are significantly correlated with the dependent variable 

(competitor orientation, 0.352, p < 0.05; innovation orientation, 0.450, p < 0.05; relative 

strategic asset strength, .330, p <0.05). It can also be seen that the control variables are 

significantly correlated with one another, as might be expected. There is some evidence in the 

data that the independent variables have significant intercorrelations and the effects of this will 

need to be examined in the regression models.   

 

 

n %
Technology(ies) viewed as strategic issue
  Carbon nanotubes 13 10.8
  3D Printing 75 62.5
  Internet-of-things 32 26.7
Technology ranked as most important at this time
  Carbon nanotubes 13 10.8
  3D Printing 74 61.7
  Internet-of-things 33 27.5
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Table 14 

Bivariate Correlations 

 

To conclude the data examination phase, the characteristics of the firms and key 

informants representing them suggest the sample is appropriate and the data collected 

relevant for empirically testing the research model. Bivariate correlation results showed 

promise that the hypothesized relationship may exist. Before conclusions can be drawn, 

however, the data’s adherence to underlying theoretical assumptions for statistical tests of the 

research model must be assessed. 

General Linear Model Assumptions   

General linear model (GLM) statistical procedures, used in this analysis, are theoretically 

grounded in assumptions about the characteristics of the sample data. Therefore, the next 

sample evaluation steps assessed the data against the accepted standards for normality, 

linearity, independence, and homoscedasticity. Testing of these assumptions was performed 

following procedures described by Hair and colleagues (2010) using SPSS.22. 

Testing for the normality of data distributions was achieved by examining the calculations of 

each variable’s distribution skewness and kurtosis statistics. The construct indicator variables’ 

Variable Mean s.d 1 2 3 4 5 6 7 8 9
Dependent Variable:

1 Response 3.033 1.390
Controls:

2 Company age 3.067 0.914 0.069
3 Company size (employees) 3.783 1.701 .245** .581**
4 Company Diversification 2.517 0.953 .190* .233* .516**
5 Company Revenues 5.383 2.208 .239** .525** .803** .508**
6 Company Market Share 2.683 1.021 0.043 .250** .449** .377** .427**

Independent Variables:
7 Competitor Orientation (CO) 5.747 0.901 .352** 0.147 0.135 0.171 .193* 0.111
8 Innovation Orientation (IO) 6.010 0.799 .450** 0.017 0.088 -0.002 0.119 -0.006 .598**
9 Relative Strategic Asset Strength (RSA) 208.900 58.900 .433** 0.059 .237** .392** .244** .266** .517** .537**

10 Perceived Competitive Environ. (PCE) 5.533 0.951 .330** 0.089 0.169 .308** .180* 0.124 .674** .405** .525**
* p <.05; ** p <.01
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skewness and kurtosis measures are presented in Table 15. Likert scaling presumes an 

underlying, naturally continuous variable that measures a respondent’s attitudes, perceptions, 

or opinions. Likert scales, however, are not conducive to normal distributions (Goldstein & 

Hersen, 1984). That is, skewed distributions are typical in Likert scale measures. Due to the 

Likert scaling used in the measurement scales, indicator variable distributions were, as 

expected, positively skewed and without a normal kurtosis form. The effects of skewness and 

kurtosis, however, are not typically of concern unless skewness is greater than 2 and kurtosis is 

greater than 7 (West, Finch, & Curran, 1995). As shown in the table, the skewness and kurtosis 

measures for the construct composite variables are adequate, causing no great concerns about 

non-normality.  
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Table 15 

Indicator Variable Skewness and Kurtosis 

 

 (Legend: CO = Competitor orientation; IO = Innovation orientation; PCE = Perceived 
competitive environment. Numerals represent the individual indicator variables for each 
construct (see appendix for details) 
 

Multiple studies covering a variety of sample sizes and distribution types that have 

shown that correlation statistics are quite robust to non-normality (Hair, et al., 2010; Norman, 

2010) providing assurance that non-normality is not an issue. Further, the influence of 

departures from normality, while acute in samples of 50 or fewer cases, becomes 

inconsequential as sample size increases toward 200 (Hair et al., 2010). Scholars further note 

that concerns of item-level non-normality from a Likert measure is less relevant when the 

measure used in statistical analysis is a summated score of multiple Likert scaled items 

aggregated to determine a composite, construct measure (Norman, 2010). Composite scores 

Variable min max skewness kurtosis
CO1 1 7 -1.355 2.698
CO2 1 7 -1.227 3.388
CO3 1 7 -1.33 2.943
CO4 1 7 -1.37 2.627
CO5 1 7 -1.39 2.801
IO1 3 7 -0.922 0.784
IO2 3 7 -1.133 1.828
IO3 2 7 -1.486 3.205
IO4 1 7 -1.604 4.825
IO5 1 7 -1.51 4.022
PCE1 1 7 -1.005 1.412
PCE2 1 7 -1.154 2.933
PCE3 1 7 -0.876 0.89
PCE4 1 7 -0.742 0.249
PCE5 1 7 -0.862 0.853
PCE6 3 7 -0.63 0.035
PCE7 2 7 -1.011 1.611



118 

were thus calculated for each of the constructs: competitor orientation (CO); innovation 

orientation (IO), relative strategic asset strength (RSA); and perceived competitive environment 

(PCE). Skewness measures were less than -1.00 and kurtosis measures were less than 2.00 for 

each composite. The conclusion of this analysis was that the sample data adequately satisfied 

the assumption of normally distributed data.   

Linearity and homoscedasticity were evaluated using a visual evaluation of plots of 

regression residuals. The plot patterns supported a linear effect between the independent and 

dependent variables as the variance was similar across all ranges of the dependent score. These 

assumptions, therefore, were satisfied. Independence was achieved in the research design and 

can be assumed that autocorrelation is nonexistent due to no time feature existing in the ways 

the data was collected.  

To conclude, the characteristics of the firms and key informants representing them 

suggested that the sample frame was appropriate. The data collected from the survey was 

relevant for empirically testing the research model as it adhered to underlying theoretical 

assumptions for the type of statistical tests that will be used. The validity and reliability of the 

construct measurements, however, were first confirmed. 

Measurement Model Evaluation 

Structural equation modeling (SEM; AMOS 1.3) was used to perform confirmatory factor 

analysis (CFA) to validate the construct measures. Assessment of the individual construct 

convergent validity, discriminant validity, and scale reliability followed the Fornell Larker testing 

procedure (a.k.a. the Fornell Larker criteria) (Fornell & Larker, 1981).  
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The first test examines the statistical significance and standardized factor weights for 

each construct indicator path. This data is presented in Table 16. All paths are significant (p-

values are all < 0.001) and all indicators have standardized weights greater than 0.5. Thus, the 

measurement indicators meet the first criteria of the Fornell Larker procedure. 

 

Table 16 

Standardized Regression Weights for CFA Model 

 

(Legend: CO = Competitor orientation; IO = Innovation orientation; PCE = Perceived 
competitive environment. Numerals represent the individual indicator variables for each 
construct (see appendix for details) 
 

In the second step of this process, convergent and discriminant validity were assessed 

using calculated average variance extracted (AVE). AVE is calculated as the squared sum of the 

β S.E.
CO5 <--- CompOrient 1.000
CO4 <--- CompOrient 0.942 0.089
CO3 <--- CompOrient 0.839 0.084
CO2 <--- CompOrient 0.587 0.085
CO1 <--- CompOrient 0.701 0.096
IO5 <--- InnovOrient 1.000
IO4 <--- InnovOrient 1.058 0.09
IO3 <--- InnovOrient 0.947 0.099
IO2 <--- InnovOrient 0.562 0.086
IO1 <--- InnovOrient 0.817 0.086
PCE1 <--- PercCompTension 1.000
PCE2 <--- PercCompTension 1.005 0.113
PCE3 <--- PercCompTension 1.243 0.133
PCE4 <--- PercCompTension 1.121 0.163
PCE5 <--- PercCompTension 1.229 0.133
PCE6 <--- PercCompTension 0.868 0.106
PCE7 <--- PercCompTension 0.922 0.111
* p-value for all estimates is < 0.001)
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standardized weights for each construct indicator divided by the number of indicators. This 

criteria implies that the construct adequately reflects the intended measure. An AVE greater 

than .7 is desired whereas an AVE below 0.5 results in questionable convergent validity. Based 

on the data presented in Table 17, the three constructs in the measurement model each have 

calculated AVE acceptably over 0.5. None, however are at or above 0.7. The three construct 

measures are determined, therefore, to have adequate convergent validity. Discriminant 

validity was evaluated by comparing the square root of the AVE for each construct with the 

covariance between constructs. When the square root of the AVE for a construct is greater than 

the correlation with other constructs, discriminant validity is determined. All constructs in this 

analysis exhibit discriminant validity.  

Reliability assessment was performed by evaluating of Cronbach’s Alpha (Alpha) and 

Composite Reliability (CR) statistics for each construct measurement model. Reliability is 

assessed against the threshold values of 0.7 for Alpha and 0.7 for CR (Hair et al., 2010; 

Anderson & Gerbing, 1988; Fornell & Larker, 1981).  As seen in Table 17, validity and reliability 

are favorable for the measurement model.  

Table 17 

Construct Measurement Validity and Reliability 

  

(Legend: CO = Competitor orientation; IO = Innovation orientation; PCE = Perceived 
competitive environment; AVE = Average variance explained; CR = Composite reliability; 
Alpha = Cronbach’s alpha) 
 

AVE sqrtAVE CO IO PCE CR Alpha
CO 0.557 0.746 0.833 0.857
IO 0.597 0.773 0.523 0.890 0.878
PCE 0.602 0.776 0.666 0.326 0.879 0.906
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The confirmatory factor analysis, evidencing adequate but less than desirable 

characteristics, supported that the measurement model was acceptable as the criteria of 

significant and strong factor weights, positive convergent validity, observable discriminant 

validity, and strong scale reliability were achieved. 

Hypotheses Testing 

The direct and indirect relationships among the independent (IV) and dependent (DV) 

variables were assessed using ordinary least squares regression analysis using SPSS.22. The 

intent of hypotheses 1-3 was to examine the independent relationships of the independent 

variables on incumbent response. A simple hierarchical regression approach was therefore used 

to first isolate the effects, if any, of specified control variables, then to independently examine 

the effect of each IV in the research model. Although the research model involved hypothesized 

moderating effects, the intent of the research was to explore the main effects in isolation first. 

Interpretation of direct effects without the inclusion of hypothesized intervening factors is 

acceptable when there is such intent (Frazier, Tix, & Barron, 2004). The first three hypotheses, 

suggesting significant and positive associations between the independent variables (CO, IO, and 

RSA), were all supported. The next three moderation hypotheses however received only partial 

support from the results. 

Hypothesis 1 predicts that a firm’s competitor orientation (CO) will be positively 

associated with the level of their response to a potentially radical technological innovation (see 

DV operationalization in Chapter 3). As seen in Table 18, the control variables show no 

significant effect on response whereas CO has a statistically significant and positive association 

with the DV (β=.330, p<.001). This result supports Hypothesis 1.  
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Table 18 

Results of Regression Model Testing Effect of Competitor Orientation on Response 

 

 

Hypothesis 2 similarly predicts a positive relationship between a firm’s innovation 

orientation (IO) and response. Again the results in Table 19 isolate non-influential controls and 

suggest that IO does have a positive and statistically significant association with the level of firm 

response (β=.428, p<.001). Hypothesis 2 is thus also supported.  

 

Table 19 

Results of Regression Model Testing Effect of Innovation Orientation on Response 

 

 

Unstandardized Standardized
Coefficient Coefficient     95% Confidence Interval   Collinearity Stat.

Variable b S.E. β t Sig. Lower Bound Upper Bound Tol. VIF
Control Variables:
 Company Age -0.221 0.156 -0.150 -1.413 0.160 -0.531 0.089 0.639 1.565
 Size (Employees) 0.210 0.128 0.257 1.643 0.103 -0.043 0.463 0.293 3.411
 Size (Revenues) 0.050 0.093 0.079 0.534 0.594 -0.134 0.233 0.329 3.036
 Diversification 0.060 0.151 0.014 0.401 0.689 -0.238 0.359 0.672 1.488
 Market Share -0.165 0.132 -0.121 -1.247 0.215 -0.426 0.097 0.762 1.312
Independent Variable:
 Competitor Orientation 0.509 0.134 0.330 3.794 0.000 0.243 0.775 0.946 1.057
Dependent Variable = Response; Adjusted R2 = .147; S.E. 1.2835
F = 4.424, p <.001

Unstandardized Standardized
Coefficient Coefficient     95% Confidence Interval   Collinearity Stat.

Variable b S.E. β t Sig. Lower Bound Upper Bound Tol. VIF
Control Variables:
Company Age -0.124 0.149 -0.084 -0.832 0.407 -0.418 0.171 0.641 1.561
Size (Employees) 0.151 0.121 0.185 1.243 0.216 -0.090 0.391 0.295 3.393
Size (Revenues) 0.039 0.088 0.062 0.444 0.658 -0.136 0.214 0.330 3.034
Diversification 0.170 0.143 0.116 1.187 0.238 -0.114 0.453 0.675 1.480
Market Share -0.118 0.126 -0.087 -0.938 0.350 -0.367 0.131 0.761 1.315
Independent Variable:
Innovation Orientation 0.744 0.142 0.428 5.239 0.000 0.463 1.025 0.974 1.026
Dependent variable = Response; Adjusted R2 = .226; S.E. 1.222
F = 6.806, p <.001
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The test of the last hypothesized direct effect, between the index measure of a firm’s 

relative strategic asset strength and response, is shown in Table 20. As noted in Chapter 2, 

theory supports conflicting direction of the effect of asset strength on response. Thus, both 

directions were stated for Hypotheses 3 and 3alt. Results support the positive association 

hypothesis (Hypothesis 3) (β=.430, p<.001).  

 
Table 20 
 
Results of Regression Model Testing Effect of Relative Strategic Asset Strength on Response 
 

 

 

Hypotheses 4a through 4c predict that perceptions of the competitive environment 

positively moderate the direct effects of the three independent variables on firm response. To 

aid interpretability and to reduce nonessential multicollinearity, the predictor variables were 

mean-centered so as to make a value of zero equal to the sample average (Dalal & Zickar, 2012; 

Frazier et al., 2004; West, Aiken, & Krull, 1996). Hierarchical regression analysis then proceeded 

with three steps: first, control variables were entered; second, the centered predictors were 

entered; and third, the interaction term was entered. With mean-centered variables, 

standardized regression weights are unintelligible and thus simplified reporting tables can be 

Unstandardized Standardized
Coefficient Coefficient     95% Confidence Interval   Collinearity Stat.

Variable b S.E. β t Sig. Lower Bound Upper Bound Tol. VIF
Control Variables:
Company Age -0.117 0.151 -0.079 -0.769 0.443 -0.417 0.184 0.639 1.564
Size (Employees) 0.166 0.123 0.203 1.344 0.182 -0.079 0.410 0.295 3.390
Size (Revenues) 0.073 0.089 0.116 0.814 0.417 -0.104 0.250 0.333 3.004
Diversification -0.087 0.152 -0.060 -0.577 0.565 -0.388 0.213 0.624 1.602
Market Share -0.231 0.129 -0.170 -1.792 0.076 -0.487 0.024 0.750 1.333
Independent Variable:
Strategic Assets Strength 0.010 0.002 0.430 4.764 0.000 0.006 0.014 0.824 1.213
Dependent variable = Response; Adjusted R2 = .199; S.E. 1.2436
F = 5.940, p <.001
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shown. The test for each hypothesized moderation effect is shown in Table 21. Model 1 tests 

hypothesis 4a, the prediction that perceived competitive environment (PCE) positively 

moderates the relationship between competitor orientation (CO) and response. Model 2 tests 

hypothesis 4b, the prediction that PCE positively moderates the relationship between 

innovation orientation (IO) and response. Model 3 tests hypothesis 4c, the prediction that PCE 

positively moderates the relationship between relative strategic asset strength (RSA) and 

response. Tests of the hypothesized moderating effects are assessed by examining the 

statistical significance of the interaction terms. The change in R2 for each model, an additional 

test for moderation, compares the model results with the variance explained for the model 

excluding the interaction term. 
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Table 21 
 
Results of Tests on the Moderating Effect of Perceived Competitive Environment (PCE) and the 
Direct Effects of Competitor Orientation, Innovation Orientation, and Relative Strategic Asset 
Strength 
 

 

 

 Statistically significant direct effects in moderated regression are conditional on the 

other variable such that the effect of the predictor is interpreted with the other variable’s value 

being held constant at zero (i.e. average) (Frazier et al., 2004). A significant moderation effect is 

determined by a statistically significant interaction term (Mossholder, Kemery, & Bediean, 

1990; Spiller, Fitzsimons, Lynch, & McClelland, 2013). Some scholars argue for an additional 

criteria for moderation, that being that the moderated model provide additional variance 

             Unstandardized coefficients
Variable Model 1 Model 2 Model 3

Control Variables:
Company Age -0.206 -0.132 -0.138
Size (Employees) 0.179 0.159 0.174
Size (Revenues) 0.097 0.041 0.075
Diversification -0.050 0.099 -0.124
Market Share -0.167 -0.127 -0.223
Independent Variables:
CO Centered 0.415*
CO x PCE 0.283**
IO Centered 0.674***
IO x PCE 0.057
RSA Centered .009***
RSA x PCE 0.001

Base R2 (no interaction) 0.149 0.233 0.206
Adj R2 0.194 0.227 0.201
Change in R2 0.045 -0.006 -0.005
F 4.579*** 5.367*** 4.753***
* p <.05; ** p <.01; *** p <.001
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explained over the unmoderated model (Aguinas, 1995; Hair et al., 2010; West et al., 1996). The 

results presented in Table 21 show that the only statistically significant moderation variable is 

the interaction of CO and PCE (0.283, p < .05). These findings thus support Hypothesis 4a but 

fail to support Hypotheses 4b and 4c. The results also show that inclusion of PCE’s moderating 

effect on CO in the model increases R2 by 4.5%. This increase is interpreted as the effect size of 

PCE’s moderating effect on the relationship between CO and response.  

 The last step in evaluating the moderating effect PCE has on the direct effect of CO was 

to graphically display and evaluate the effect. To do so, predicted values for Response were 

calculated using the unstandardized regression weights and meaningful values of the predictor 

variables (Frazier et al., 2004). While convention is to use ‘spotlight’ values of plus and minus 1 

standard deviation from the predictor mean, this convention is arbitrary. When possible, more 

meaningful values should be used (Spiller at al., 2013). CO and PCE were both operationalized 

with a seven-point Likert scale and thus have meaningful values of -3 (low), 0 (medium), and +3 

(high). The plots for the moderation effect, presented in Figure 9, show the effect PCE has on 

the CO – Response relationship across a range of values for each predictor. The graphs show 

that the rate of effect between CO and Response increases with an increase in the level of PCE. 

That is, as perceptions of the competitive tension increase, the effect of competitive 

orientation on the level of response increases.  
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Figure 9. Plots for the moderating effect of PCE on CO 

 

 In summary, regression analysis on the sample data suggests that the characteristics of 

an incumbent firm such as age, size, level of diversification, or market share strength have no 

correlation with the level of response to a potentially radical technological innovation. 

Competitor-related strategic orientations, such as competitor orientation and innovation 

orientation do have a positive association with response. Likewise, a relative perception of 

strategic asset strength vis-à-vis competitors also has a positive association with response level. 

Perceptions of the intensity of the competitive environment moderate the relationship 

between competitor orientation and response such that when the environment is perceived to 

be more intensely competitive, the relationship is accentuated. Perceptions of the competitive 

environment did not, however, moderate the other direct relationships. 
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Post-Hoc Logistic Regression Analysis 

After linear regression analysis was performed using the survey sample data, additional 

analysis was conducted to examine the hypotheses using an alternative perspective of the 

dependent variable. The strategic choice perspective of this research suggested 

operationalization of the dependent variable (DV) based on decision theory and its two primary 

phases: (1) analysis and screening; and (2) choice and action (Beech, 1997; March, 1994). As 

described in Chapter 3, the range of a firm’s response alternatives supports measurement of 

choice using a Likert scale representing five levels of a firm’s commitment of resources to a 

response. In the survey analysis, this Likert response format represented a metric, interval-level 

measure of deliberate response (Trochim & Donnelly, 2008). Some may argue, however, that 

levels of response do not accurately represent a metric, interval type variable. 

Operationalization of the DV, therefore, may be more accurately structured as a non-metric, 

categorical variable (Goldstein & Herson, 1984). An additional test of the hypothesized 

relationship using a binary, categorical operationalization of the DV was therefore considered 

worthwhile.  

To address this argument, a post hoc analysis was performed for a categorical DV 

treatment using a logistic regression. A limitation of this post hoc analysis, however, is that the 

sample available does not meet common requirements for valid logistic regression nor does it 

allow for effectively testing the moderation hypotheses. Nevertheless, this post hoc analysis, 

employing revised hypotheses consistent with the research model, provided additional support 

for the direct and positive effects of competitor-related orientations and perceptions, namely 

innovation orientation and relative strategic asset strength.  
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Analysis design. Testing a variable relationship model involving a categorical DV can be 

performed with either discriminant analysis or logistic (binary or multinomial) regression 

analysis (Hair et al., 2010). Both approaches have sample size requirements that exceed that of 

simple regression. The sample available for a post hoc analysis, therefore, is recognized as 

being somewhat inadequate for either analysis procedure (Hair et al., 2010; Hosmer & 

Lemeshow, 2000). Discriminant analysis, furthermore, is sensitive to non-normal data. The 

skewness of Likert-based variables thus potentially creates additional problems for discriminant 

analysis. Logistic regression (LR), however, is not bound by the GLM assumptions (Hair et al, 

2010). Binary LR simplifies sample size requirements as compared to more complex multinomial 

logistic regression (i.e. dependent variables with three or more outcomes). Binary LR was 

therefore chosen as the most appropriate categorical post hoc approach. 

The DV was operationalized for LR by grouping responses into two categories: sample 

firms choosing to take an active response to a potentially radical technological innovation 

(coded as a 1) and those who have not chosen to take an active response (coded as a 0). That is, 

firms that are doing nothing or still evaluating the technology and their response options are 

said to be inactive. Those investing resources in one or more response choices are conversely 

engaged in an active response. Firms that have chosen to invest resources to any type of action 

(n = 54) are the ‘engaged’ group while those that have chosen to do nothing or that are still 

evaluating and screening their options (n=66) are the ‘non-engaged’ group.  With this change in 

the operationalization of Response, and noting the theory of LR analysis, the original 

hypotheses 1-3 (direct effects) are reworded as noted below.  
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H1.1: The greater a firm’s level of competitor orientation the more likely the firm is to  
be actively engaged in responding to a potentially radical technological innovation. 
 
H2.1: The greater a firm’s level of innovation orientation the more likely the firm is to be  
actively engaged in responding to a potentially radical technological innovation. 
 
H3.1: The greater a firm’s level of perceived relative strength in strategic assets the 
more likely the firm is to be actively engaged in responding to a potentially radical 
technological innovation. 
 
(Note: H3.1 is stated only in as a positive relationship based on the findings from the 
survey analysis supporting H3). 
 
 

Execution and findings. Logistic regression as performed using SPSS.22 following the 

steps and criteria described by Hair and colleagues (2010). The data set for the analysis 

consisted of the construct composite scores for competitor orientation (CO), innovation 

orientation (IO), and the weighted index score for relative strategic asset strength (RSA). The DV 

was coded as explained above. LR analysis consists of multiple steps to assess the usefulness of 

the model and the specific relationships between independent variables (IVs) and the DV (Hair 

et al., 2010). 

Initial steps are taken to assess the overall model. The first model test is a chi-square 

test to assess the fit of the model. A second model test considers the ‘pseudo’ R2 statistics. The 

third test evaluates the ‘hit rate’ of how the model correctly or incorrectly classifies the cases 

based on the resulting model. The individual variable coefficients are then assessed if the 

overall model is deemed satisfactory. This analysis supports direct and positive relationships 

between IO and Response and RSA and Response, but does not support such a relationship for 

CO. 
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Results of the LR tests are presented in Tables 22 and 23 and support the overall 

acceptability of the LR model. The Hosmer & Lemeshow test (chi-square) statistic is significant 

(p=.171) indicating a good model fit. The omnibus test indicates the model with predictors is 

significantly better than the null (i.e. chance) model. The Cox & Snell pseudo R2 (.202) and the 

Nagelkerke pseudo R2 (.271) indicate the model accounts for 20-25% of the variation in the DV. 

The model correctly classified 70% of the cases (Table 22). Though positive, this level of 

predictive accuracy is somewhat less than desired.  

 

Table 22 

Results of Logistic Regression Analysis 

 

 

 

 

 

 

 

Predictor β S.E. Wald’s X2 df Sig. Odds Ratio
Constant -7.789 2.074 14.107 1.000 0.000 0.000
Competitor Orientation -0.334 0.333 1.004 1.000 0.316 0.716
Innovation Orientation 1.197 0.412 8.448 1.000 0.004 3.311
Relative Strategic asset Strength 0.011 0.005 5.211 1.000 0.022 1.011

Model Test X2 df Sig. Pseudo R2
Omnibus Model vs. Null 27.147 3.000 0.000
Cox & Snell R-sq 0.202
Nagelkerke R-sq 0.271
Goodness of Fit test:
     Hosmer & Lemeshow test 11.588 8 0.171
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Table 23 

Results of the Logistic Regression Model’s Classification Accuracy 

 

 

The next phase of analysis considers the individual coefficients to test the specified 

hypotheses. The Wald statistics indicate that both IO (p=.004) and RSA (p=.022) are significant 

but that CO (p=.316) is not significant. These results thus fail to support H1.1. However, H2.1 

and H3.1 are fully supported with IO and RSA having a significant likelihood relationship with 

response and the direction of that relationships is positive as hypothesized. That is, the original 

coefficient for IO (1.197) is positive and the exponentiated coefficient (i.e. the odds ratio) 

(Exp(β) = 3.311) is greater than 1. The magnitude of IO’s effect is substantial. For each 1 unit 

change (increase) in the 7-level Likert measure of IO, the probability of a firm being engaged 

increases by 231%. The original coefficient and the exponentiated coefficient for RSA (.011 and 

1.011, respectively) support H3.1. The magnitude of RSA appears to be very small. However, 

the weighted index measure for RSA has a mean of 209 and ranges from 48 to 330. For each 1-

unit increase in RSA, the probability the firm will be engaged increases by 1.1%. Considering the 

index scale operationalization of relative strategic asset strength indicates that somewhat 

minor changes in firm perceptions and importance weights could result in upward shifts of 

many scale ‘units’ and thus affect odds of being ‘engaged’.  

                   Predicted Percent
Observed Not Engaged Engaged Correct

Not Engaged 49 17 74.20%
Engaged 19 35 64.80%
Overall Percentage Correct 70.00%
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Further analysis was conducted to test the hypotheses that perceived competitive 

environment (PCE) moderated the direct effects of CO, IO, and RSA. Models testing each 

independent variable and interactions showed no statistically significant moderating effects.  

In summary, it was useful to conduct an analysis based on a categorical 

operationalization of the DV. A binary logistic regression approach confirmed the direct effect 

hypotheses for the positive relationships between innovation orientation and choice and 

between perceived relative asset strength and choice. Though the sample size available was not 

of a size desired for LR analysis, and certainly not large enough to support a split sample 

validation test, the results lend support to the suggestion that competitor related orientations 

and perceptions may have direct and positive associations with the nature of incumbent 

response to potentially radical technological innovations.  

Supplemental Controlled Experiment Research 

 The development of the key informant survey design stimulated new research questions 

relating to the causal nature of strategic and competitive assessments and the importance of 

industry experience as a factor in response. Curiosity on these additional questions led to the 

design of a student-subject controlled experiment on decision making. The underlying 

theoretical arguments for the variable relationships in the research model in the survey study 

remain the same for an experimental design. However, employing a experimental design 

necessitated changes involving variable operationalization, hypotheses wording, sampling, 

instrument design, and analytics. 

An experimental vignette method (EVM) employing case scenarios was chosen to allow 

a controlled experiment capable of examining the relationships hypothesized (Aguinis & 
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Bradley, 2014). With an EVM approach, subjects read a case in which text is varied (i.e. 

manipulated) from other subjects’ case scenarios to control differing decision conditions. The 

hypotheses, as in the survey design, predict the positive direct effects on choice of competitor 

orientation (CO), innovation orientation (IO), and relative strategic asset strength (RSA) with 

each being positively moderated by perceived competitive environment (PCE). Three 2x2 

factorial designs tested the three direct and three indirect effects of the variables on incumbent 

response (i.e. likelihood of committing resources to a course of action). Each of the 

independent variables was manipulated within the case scenarios for a high or low condition 

using descriptive wording based on the construct indicators described in Chapter 3. Each of 

those manipulations were matched with the high or low condition of PCE. Manipulation checks 

assessed the degree to which the textual manipulations achieved the desired high or low state 

of the independent variables within each treatment.  

A convenience sample of 222 UNT College of Business students (24 PhD, 38 master’s 

level, and 154 graduating seniors) role played a CEO making a strategic decision.  Participants 

read a case scenario that described their firm’s strategic orientation, their perceptions of their 

competitive environment, and their knowledge of a potentially radical technological innovation 

that could affect their firm’s future performance. After reading the case, participants answered 

questions to collect data on their response to the issue, to check that manipulations of the 

variables was achieved, and to gather demographic data. The data collected satisfied the 

assumptions necessary for analysis of variance procedures. Manipulation tests were performed 

and although positive, the degree of correspondence was somewhat weak. This is an important 

limitation. Results therefore should be interpreted with caution. 
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Analysis of variance (ANOVA) was performed using SPSS.20 to determine if differences 

in the mean scores between cells were statistically significant. Analysis of cross-cell interactions 

were used to assess hypotheses of moderating effects. Hypothesis 1 predicts that the level of 

the decision-maker’s competitor orientation (CO) will effect response. The results in Table 24, 

however, show that the data do not support such an effect (p = .836 for CO). Hypotheses 2 and 

3 predict similar direct effects for innovation orientation (IO) and relative strategic asset 

strength (RSA). The ANOVA results reported in Table 25 support hypothesis 2 (p <.001 for IO) 

and those in Table 26 support hypothesis 3 (p = .009 for RSA). Furthermore, the data indicate 

that IO has an effect size (i.e. partial eta-squared) of .228 and RSA has an effect size of .093. 

These effects can be interpreted as medium for IO and small for RSA (Cohen, 1988; Kirk, 2013). 

Hypotheses 4a – 4c predict that the perceived level of competitive tension will positively 

moderate the direct effects described above. Tests of these predicted interaction effects are 

presented in the ANOVA tables. The results do not provide support for any other moderation 

hypotheses. 

Table 24 

ANOVA Results for Competitor Orientation Variable Set 
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Table 25 

ANOVA Results for Innovation Orientation Variable Set 

 

Table 26 

ANOVA Results for Relative Strategic Asset Strength Variable Set 

 

 
 To summarize, a controlled decision-making experiment was conducted to supplement 

the primary survey research and analysis. The experiment allowed testing of causal effects and 

the existence of such effects in a population of decision-makers with less experience and not 

directly involved with an emerging technological innovation. The results support the findings of 

the survey analysis that innovation orientation (IO) and relative strategic asset strength (RSA) 

have positive, direct relationships with firm response. The effect of competitor orientation in 
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the experiment was not statistically significant, contrary to the survey findings. Tests of 

moderating effects also failed to support the hypotheses of the effect of perceived competitive 

environment. In summary, the decision experiment provided additional information to support 

the role of competitor-related factors such as IO and RSA on incumbent response, even when 

the sample had lower experience and decision-making involvement. 
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CHAPTER 5 

DISCUSSION 

This study sought to extend theory on incumbent response to radical technological 

change primarily through a novel reconceptualization of the timing and nature of response. The 

temporal perspective of this analysis differed from the extant literature’s focus on incumbent 

firm performance after a technological transformation to a focus on ex ante strategic choice 

relating to an emerging technology issue. Specific emphasis was given to empirically examining 

the influence of competitive considerations on how incumbents choose to respond to a highly 

uncertain and potentially transformational technological innovation. Competitive 

considerations modeled as factors in ex ante choice were incumbents’ strategic orientations 

and perceptions related to their competition. The findings of this research support the direct, 

positive relationship between these factors and the choice of response. Furthermore, support 

was found for the hypothesis that perceptions of the competitive environment accentuate the 

influence of competitor orientation on response. Hypotheses predicting a positive moderating 

effect of perceptions of the competitive environment on the relationships between innovation 

orientation and response and between relative strategic asset strength and response, however, 

were not supported. This chapter discusses the contributions of the findings and addresses 

issues limiting the generalizability and interpretability of the results. Lastly, suggestions for 

future research are presented to further research in this area.  

Discussion of Findings 

This research effort results in three primary contributions to theory on incumbent 

response to radical technological innovation. The first contribution derives from the novel 
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conceptualization of response as a strategic choice. Second, with this view of response as 

choice, a temporal focus on incumbent decisions about if and how to respond to a potentially 

radical technological innovation expands the scope of theory to address the earliest stages of 

technological diffusion when uncertainty is high. A third primary contribution stems from the 

evidence that competitive considerations play a role in incumbent strategic choice in the high-

uncertainty context of an emerging, potentially radical technology. Figure 10 displays the final, 

supported model resulting from this study. The three primary contributions noted above are 

discussed in the following paragraphs. 

 

 

 

     

 

     

 

 

 

Figure 10. Revised model 

Incumbent Response as a Strategic Choice 

Reconceptualizing incumbent response as an ex ante strategic choice offers a 

meaningful new perspective for explaining why firms vary in their performance in the face of 

disruptive technological change. The strategic choice perspective is valuable because a dynamic 
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view of organizational change necessitates that the study of firm performance involve 

examination of intermediate factors including the choices made by managers (Helfat et al., 

2007). Between starting conditions and ex post performance, intermediate outcomes from 

technological developments and firm choices create a non-linear path toward long-term 

performance. A critique of many resource-based examinations of incumbent response is that 

connecting firm characteristics to temporally distant performance outcomes fail to explain why 

those variables are associated with particular performance outcomes (Sirmon et al., 2012). 

Examining intermediate outcomes (such as strategic choice) and the proximal factors 

influencing them can help explain why and how underlying resource factors affect performance 

outcomes. Strategic choice in this view plays a mediating role between the underlying factors 

from the extant literature and the performance outcomes to which they have been associated.  

This strategic choice view advances theory by helping overcome the limitations of the static and 

distal nature of prior literature and by connecting firm, technology, and environmental 

characteristics at a given time to the decisions incumbents make at that same given point in 

time.  

An Ex Ante Temporal Focus 

An ex ante temporal focus on incumbent strategic choice at the early stages of a radical 

technology’s emergence is a second important contribution. Studies testing the effects of 

technological characteristics on incumbent performance are limited by exploring static (i.e. one 

point in time) antecedent factors within an evolving and often lengthy transformation of an 

industry’s dominant technological paradigm. Such evolving conditions may also alter the true, 

perceived, or expected nature of the environment. The extant research’s focus on connecting 
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ex ante conditions to performance outcomes is thus incomplete in that it cannot account for 

coevolution of conditions and firm responses. The perspective of this study, temporally 

connecting intermediate choices and the factors influencing those choices, enables researchers 

to examine how choice coevolves with the technology, market, and competitive conditions to 

form a path toward performance outcomes in the long-term A focus on choice as an 

intermediate outcome allows the influences on choice, and thus factors affecting long-term 

performance, to be examined at any specified stage of an innovation’s life cycle. The finding 

that firms vary significantly in how they choose to respond to a technological innovation at a 

given point in that technology’s diffusion cycle suggests that variances in incumbent 

performance outcomes stem, in part, from variances in their earliest strategic choices related 

to the issue. Incorporating this perspective into theory on incumbent response is valuable 

because firm’s response choices throughout the diffusion curve of a new technology can be 

triggers, bridges, barriers, or hurdles that enable or inhibit pathways for future choices (Sydow 

et al., 2009). 

The Influence of Competitive Dynamics on Incumbent Response 

The empirical findings related to the role of competitive dynamics factors highlight a 

new explanatory component of incumbent response.  Findings suggest competitor 

considerations provide valuable information to decision makers facing a potentially radical 

technological innovation at an uncertain stage of diffusion. Including competitive dynamics 

factors in theorizing about incumbent response to technological change is therefore important. 

Findings from the analysis support the premise that firms with a stronger orientation 

and strategic focus on their competition are more likely to take action and be engaged with a 
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potentially radical technological innovation. It is likely that decision makers who account for 

potential moves by rivals perceive of or expect a limited opportunity for technology pioneers to 

gain a first mover advantage and that technological late-comers risk getting locked out when a 

technology destroys existing market structures and competitive advantages (Lieberman & 

Montgomery, 1988; Song, Zhao, & Benedetto, 2013). Managers driven to succeed directly 

through competitive superiority, therefore, are predisposed to act even when uncertainty and 

risk are extreme (Armstrong & Collopy, 1996). When the trajectory and scope of an emerging 

technology is highly uncertain and provides little guidance for decision making, expectations 

about rivals’ ability, response, and competitive moves may account for a larger share of input 

for choosing firm response. 

It is intuitive that a firm with a strong innovation orientation (IO) would also be more 

prone to respond to a new technological development in an active manner. Innovation 

orientation, however, also relates to a focus on relative innovation vis-à-vis rivals. The findings 

support that a strategic focus on competitive success through innovation is positively related to 

a more active response to a technological innovation. This finding provides additional 

confirmation to that described above for competitor orientation. Finding positive effects of 

these two competitive-related factors therefore extends prior theory via a competitive 

dynamics perspective. Furthermore, as opposed to the dyadic nature of most competitive 

dynamics literature, the findings suggest that for understanding strategic choice, a broader rival 

interdependency view of competitive dynamics is meaningful.  

In contrast to prior studies which examine the presence and absolute value of individual 

assets as factors in incumbent response, this study focused on the assessed relative strategic 
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value of a bundle of assets. The finding of this research suggest that perceptions of relative 

strength in an issue-relevant bundle of assets influence strategic choice. In applications of 

resource-based theory it may thus be useful to consider the relative rather than absolute value 

of assets and to acknowledge that managerial perceptions of such relative value are drivers of 

choice.   

Findings on the contextual effects of perceived competitive environment (PCE) were 

mixed. It was theorized that the direct effects described above would each be accentuated 

when the competitive environment was perceived as active and intense (i.e. high competitive 

tension) and that they would be suppressed in an environment viewed as more stable and 

calm. The findings support such effects for competitive orientation (CO), but not for innovation 

orientation (IO) or relative strategic asset strength (RSA). It may be that PCE moderates CO 

because there is a greater focus on competitors and competitive activity in the CO and PCE 

constructs, whereas IO and RSA involve several definitional aspects unrelated to competitors 

and competitive activity. Furthermore, it may be that a firm with a high IO is more prone to 

action on a technological threat or opportunity regardless of their perceptions of rival moves or 

countermoves; that is, they are focused on the innovation above anything else and the 

environmental context thus plays little if any role. In this way, CO and PCE have an external, 

competition-specific focus whereas IO and RSA are more internally focused. 

It is also possible that factors in the research design contributed to the lack of support 

for two of the three moderation hypotheses. This research had a narrow scope for technology 

and industry type, and this may not have provided the necessary variation of environmental 

conditions to find meaningful moderation effects. The mean level of PCE in the sample was 
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rather high (5.5 on a 7-point scale) and had little variability (variance < 1.0). The summary 

implications for scholars studying incumbent response is that in the context of environments 

with high levels of competitive activity it may be even more critical to include competitor 

orientation as a variable in any model of strategic choice. 

Though this research makes important contributions and suggests additional variables 

(competitive factors) as being relevant for extending theory on incumbent response they may 

not represent an exhaustive list. Nor does this research make any claim that the factors 

examined are the most important or influential factors in response decisions. The purpose of 

this study was solely to examine the relationships between competitive-related factors and 

decision-making outcomes and to offer theory-building explanations of those associations 

(Snow & Thomas, 1994). The findings and implications of those relationship, nevertheless, 

provide novel and meaningful value to scholars in multiple domains and to managers faced with 

technological change as a strategic issue. These findings, however, must be interpreted in light 

of several research limitations.  

Limitations 

The narrowly defined scope of the sampling design limits generalizability across 

industries and technological innovations. The instrument and sample design included three 

diverse technologies, yet one technology (3D printing) dominated the attention of firms in the 

sample. Likewise, the choice of the three innovative technologies led to a narrow industry 

framing. That is, only firms involved in the design, manufacture, or assembly of electrical 

products were included in the sample. Research in different industry settings may produce 

divergent findings. Similarly other technological innovations may offer unique threat or 
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opportunity characteristics for established industries and firms. While the framing of this study 

argues the relevance of the three specified technologies and targeted types of firms, this 

framing is also recognized as a limitation.  

The temporal framing to focus on response to a potentially radical technological 

innovation with low, if any, commercialization, may also limit generalizability to only this phase 

of an innovations development curve. This framing also created a challenge in identifying and 

accessing sample firms at such an early stage in the diffusion of a new technology. It is likely 

this temporal focus limits the percentage of the population of firms that are aware of the focal 

technology, have enough information to have framed it as a strategic issue, and thus have a 

variety of response choices. Simply put, there may be a consequence that firms capable of 

meeting the screening criteria for the survey are substantially more homogeneous with regard 

to response than the broader population of firms.  

An additional limitation of scope is the focus on choice at only a single, early life-cycle 

point in time. The choice process for responding to an early-stage technological change is 

dynamic and can evolve dramatically, frequently, and rapidly. Strategic choices in response to a 

novel technological innovation must also adapt and coevolve within the dynamic evolution of 

multiple technological trajectories. Emerging, converging, and failing development trajectories 

will all provide new information decision makers will have to interpret and integrate into their 

choice processes. That is, it is likely that strategic choices will shift and evolve as the 

fragmented and proliferating technological development and diffusion curves result in multiple, 

non-linear, and unpredictable trajectories (Schroeder, Van de Ven, Scudder, & Polley, 1989). In 

addition to the dynamism of technological evolution, the knowledge available to the firm is 
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dynamic (Cohen & Levinthal, 1990). As a result, it is recognized that firms may, after new 

knowledge is acquired, deliberately disengage from a specific choice already enacted. That is, 

firms may scrap a previously defined choice or choice set and revert from choice back to 

choosing or from choosing back into screening. It is also possible that the progress of 

technological development and knowledge may result in a firm completely re-framing the issue 

as no longer strategic. The point-in-time, cross-sectional nature of this study unfortunately 

cannot account for such dynamism of choice over time. 

The sampling, data collection, and measurement approaches chosen for this study 

involve tradeoffs involving internal and external validity and thus pose design limitations that 

must be acknowledged. The narrow sampling design may be a factor limiting the ability of the 

data to expose significant variable effects. The responses to Likert-structured construct 

measurements were consistently skewed to the higher levels. It must be noted that the Likert 

scaling does not allow for testing of independent variable effects on specific levels of response. 

A fine-grained examination of effects therefore could not be assessed. With relatively few low 

level scores for the independent variables, therefore, the somewhat low variability of scores 

may inhibit the observability of significant effects. The nature of the research framing and the 

resulting criteria required for firms and informants to be included in the sample may have 

created a response bias in the measurement model. 

The definition of key informants for this study may also limit interpretability of the 

survey data. There is an underlying assumption that key informants can give answers to 

questions that accurately represent firm-level answers. That is, rather than measure the model 

variables for each individual involved in making a strategic decision and then compile such data 
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into an overall firm-level measure, the key informant approach relies on one individual to self-

report a firm-level response. While stringent screening mechanisms were used in the survey to 

identify and obtain responses from valid and credible key informants, satisfaction of these 

screeners was based entirely on self-reports. Furthermore, arguments can be made that 

decisions such as responding to a technological strategic issue would best be represented by 

the feedback from the CEO (Eggers & Kaplan. 2009; Nadkarni & Chen, 2014). As noted in 

Chapter 3, however, CEOs are very reluctant to participate in survey research. Thus researchers’ 

efforts at gathering feedback from CEOs typically suffer due to very low response rates (Cycyota 

& Harrison, 2006). Further, an emerging, highly uncertain technological innovation may not be 

a priority at the CEO level. Studies that focus on CEOs as the best key informants rely on the 

assumption that CEOs play a central role in addressing the focal topic of the research and this 

may not always be the case (Nadkarni & Chen, 2014). Nevertheless, the findings of the survey 

should be interpreted in light of the key informant, self-report design. 

Common limitations of survey research must also be acknowledged, those being the 

cross-sectional nature, potential for self-reporting biases, and common method bias. Although 

a cross-sectional method limits the ability to examine cause and effect relationship, it is rather 

appropriate for the framing of this study, that being the effects of factors on choice at a specific 

point in time. Common method bias is a typical concern in survey research and tests were 

performed to check for a singular factor in the data to detect if such concerns were warranted 

(Podsakoff & Organ, 1983; Podskoff et al., 2003). Results of a Harmon one-factor test, no single 

factor emerged nor did one factor account for the majority of the covariance between the 

factors (Podsokoff & Organ, 1983). Multiple factors resulted from this test with the most 
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explanatory factor only accounting for 48% of the variance.  This suggests that the single survey 

method did not dominate the data to create a mono-method bias. To further address the 

potential of mono-method bias, method scholars suggest that researchers conduct additional 

studies and multiple measure of their key constructs (Trochim & Donnelly, 2008). The 

supplemental experiment conducted, and the supportive results found for the direct effects, 

thus provides an argument that common method bias is not a concern. 

Suggestions for Future Research 

This study offers numerous novel perspectives and empirical findings giving rise to new 

research avenues for studying the phenomenon of incumbent response to technological 

change. Several specific paths are seen as directly following from, adding to, and enhancing the 

contributions of this study. These suggested research directions include: testing the hypotheses 

of this study across a wider variety of technologies and industries to better assess 

generalizability and the role of environmental conditions; assessing the influence of early stage 

response choices with longer-term performance outcomes; understanding the role of 

organizational learning, design and leadership style, and exploring the roles of additional 

factors into a progressively more comprehensive model of incumbent response. 

Summary 

 This study presented novel theoretical perspectives (strategic choice and competitive 

dynamics) to explain how incumbent firms respond to potentially radical technological 

innovation. The contributions derived from the theoretical and empirical work herein open 

several new paths for research to further enhance theory on this topic. There are currently 
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numerous radical innovations occurring in basic sciences and engineering that are expected to 

transform firms, industries, and entire economies over the coming years. It is hoped that the 

insights of this study encourage further theoretical, empirical, and applied development toward 

understanding and improving successful incumbent response to radical technological 

innovations.  

For managers of incumbent firms facing potentially radical and transformative 

technological innovations, this study suggests that quality decisions about how to respond to 

such strategic issues should include consideration of competitive factors. When uncertainty is 

high, information on the strategic orientations, relative asset bundles, and competitive 

conditions may be an important source of data to guide decision making. Managers should thus 

reflect on and understand their competitor-related orientations, their expectations of 

competitive conditions, and their relative strength or weakness in key issue-related assets and 

capabilities. Under complex conditions, investments in competitive intelligence may be 

especially valuable.  
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APPENDIX A 

 SURVEY INSTRUMENT 
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 Following is a text copy of the instrument for the online survey. The questions 
specifically measuring indicators for each of the construct measures (i.e. competitor orientation 
(CO), innovation orientation (IO), and perceived competitive environment (PCE)) are 
highlighted. The formative items used to develop the index for relative strategic assets strength 
(RSA) are also noted. 
 
Thank you for opening this survey. To begin, there are a few qualification questions. 
 
Q56 Does the company you work for design, assemble, or manufacture electrical component 
parts or electrical original equipment? 
 Yes 
 No 
If No Is Selected, Then Skip To End of Block 
 
Are the decision makers at your company aware of any of the following emerging 
technologies?(1) carbon nanotubes (or graphene)(2) 3D printingor (3) the Internet-of-Things 
(also called wireless machine-to-machine (M2M)  communications in some industries) 
 Yes 
 No 
 
Which, if any, of these technologies is viewed by the decision makers in your company as a 
'strategic issue' - an issue that potentially affects your firm's future performance? 
 None are viewed as strategic issues 
 Carbon nanotubes 
 3D printing 
 Internet-of-Things 
If None are viewed as strategi... Is Selected, Then Skip To End of Block 
 
When your company makes decisions about a new technology that may impact the design or 
production of your company's products, are you involved in that decision making process as the 
decision maker or as someone who influences the decision? 
 Yes 
 No 
If No Is Selected, Then Skip To End of Block 
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Would you describe yourself as being knowledgeable about and able to describe your 
company's current.... 

 Yes No 
Strategic preferences and 

tendencies     

Resource investment and 
budgetary priorities     

Industry and competitive 
environment     

Competitive strengths and 
weaknesses     

Capabilities for commercializing 
new technologies     

 
If Strategic preferences and t... Is Selected, Then Skip To End of BlockIf Resource investment 
and bud... Is Selected, Then Skip To End of BlockIf Industry and competitive en... Is Selected, 
Then Skip To End of BlockIf Competitive strengths and w... Is Selected, Then Skip To End of 
BlockIf Capabilities for commercial... Is Selected, Then Skip To End of Block 
 
This survey addresses your company's current strategic decisions, resource allocations, and 
strategic orientations. Are you confident you can accurately represent your company and any 
questions about these areas? 
 Yes 
 No 
If No Is Selected, Then Skip To End of BlockIf Yes Is Selected, Then Skip To Thank you for 
your participation. You... 
 
Thank you, but unfortunately your answers indicate that you would not be able to fully represent 
your company for the purposes of this research or that your company does not qualify. Thank 
you for your time and interest. 
If Thank you, but unfortunatel... Is Displayed, Then Skip To End of Survey 
 
Thank you for your participation. Your answers are strictly anonymous and confidential.To 
begin, here are a few simple questions about your firm. 
 
In what types of activities is your company involved? (check all that apply) 
 Design 
 Assembly (using other company's components) 
 OEM equipment manufacturing 
 Component part manufacturing (sold to others for their OEM product production) 
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About how long has your company been in business? 
 less than 5 years 
 5 to 10 years 
 11-50 years 
 51-100 years 
 over 100 years 
 Don't know/ no answer 
 
About how many employees work full time at your company? 
 fewer than 50 
 50-100 
 101-500 
 501-1000 
 1001- 5000 
 over 5000 
 don't know/ no answer 
 
About how many years has your company been competing in its primary industry? 
 Less than 5 years 
 5-10 years 
 11-20 years 
 Over 20 years 
 Don't know/ no answer 
 
Including your primary industry, in how many different industries (i.e. distinctly different sets of 
product-customer markets) does your company compete? 
 Just 1 
 2-4 
 5-10 
 More than 10 
 Don't know/ no answer 
 
What percentage of your company's profit comes from its primary industry? 
 90-100% 
 60-89% 
 40-59% 
 20-39% 
  
 Don't know/No Answer 
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What is your company's approximate market share in your primary product market? 
 less than 10% 
 10-24% 
 25-49% 
 over 50% 
 Don't know/ no answer 
 
Is your company privately held or publicly traded? 
 Private 
 Public 
 
Which range best describes your company's approximate total revenues for the most recent 
fiscal year? 
 < $1 million 
 $1-5 million 
 $5-10 million 
 $11-50 million 
 $51-99 million 
 $100-499 million 
 $500-999 million 
 $1 billion + 
 Don't know/no answer 
 
This study needs just one survey per company. To anonymously track this, please enter a 
unique identifier code in the text box below as follows:Enter the first initial of your company's 
name FOLLOWED BY the last three digits of your headquarters zip code. (Example: r201. not 
case sensitive) 
 
AF1 This is an attention check. In order to verify that you are paying attention, please type in a 
number that is less than 5. 
If This is an attention check.... Is Greater Than 4, Then Skip To End of Block 
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Competitor Orientation Scale: Items CO1 – CO5. 
Next are three distinct sets of questions that ask you about your company's view of competitors, 
innovation, and the nature of your primary industry. 
Please rate your level of agreement on the following statements from Strongly Disagree to 
Strongly Agree. 

 Strongly 
Disagree Disagree Somewhat 

Disagree 

Neither 
Agree nor 
Disagree 

Somewhat 
Agree Agree Strongly 

Agree 

My company 
tracks 

competitors' 
performance 

              

My company 
identifies 
areas in 
which 

competitors 
have 

succeeded 
or failed 

              

My company 
tries to 
identify 

competitors' 
assumptions 

about 
themselves 

and our 
industry 

              

Top 
management 

at my 
company 
regularly 

discusses 
competitors' 

strengths 
and 

weaknesses 

              

Our 
salespeople 

regularly 
share 

information 
about 

competitor 
activities 

with others 
within our 
company 
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Check the box below to proceed to the next set of questions 
 I am ready to continue 
 
Innovation Orientation scale: Items IO1 – IO5  
Please use the same scale to rate your agreement with these statements: 

 Strongly 
Disagree Disagree Somewhat 

Disagree 

Neither 
Agree nor 
Disagree 

Somewhat 
Agree Agree Strongly 

Agree 

My company 
pays close 
attention to 
innovation. 

              

My company 
emphasizes 
the need for 

innovation and 
development. 

              

My company 
promotes the 

need for 
developing and 

using new 
resources and 

methods. 

              

My company 
actively seeks 
out innovative 
product and 

service ideas. 

              

My company 
encourages 

innovativeness. 
              

 
 
Check the box below to proceed to the next set of questions 
 I am ready to continue 
 
Perceived Competitive Environment scale: Items PCE1-PCE7 
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Once again, use the same scale to rate your agreement with these statements. 

 Strongly 
Disagree Disagree Somewhat 

Disagree 

Neither 
Agree nor 
Disagree 

Somewhat 
Agree Agree Strongly 

Agree 

Competition 
in our 

industry is 
cut-throat 

              

In our 
primary 

industry, we 
frequently 
hear about 

new 
competitive 
actions by 
one of our 

rivals 

              

Competitive 
interactions 

in our 
industry are 
complex and 
unpredictable 

              

Competitive 
activity in our 

industry is 
hostile 

              

Our industry 
has a history 
of intensive 
competitive 
interaction 

              

Competitors 
in our 

industry pay 
close 

attention to 
what rival 
firms are 

doing 

              

We expect 
our 

competitors 
to be very 
active in 
making 

competitive 
moves or 

responding 
to moves by 

us or any 
other rivals. 
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The following questions concern your company's competitive activities. For these questions, 
compare your company  to your primary industry rivals on a type of competitive activity. 
 
Over the past five years, compared to companies you compete with in your primary industry.... 

 Far less 
often 

Less 
often 

Somewhat 
less often 

About as 
often 

Somewhat 
more often 

More 
often 

Much 
more 
often 

...how often 
has your 
company 

been one of 
the first to 

respond to a 
new 

technological 
innovation? 

              

 
 
Over the past five years, compared to companies you compete with in your primary industry.... 

 Far less 
active 

Less 
Active 

Somewhat 
less active 

About as 
active 

Somewhat 
more 
active 

More 
active 

Much 
more 
active 

...how 
active has 

your 
company 
been in 

introducing 
new 

products 
or 

services? 

              

 
 
Over the past five years, compared to companies you compete with in your primary industry.... 

 Far less 
active 

Less 
Active 

Somewhat 
less active 

About as 
active 

Somewhat 
more 
active 

More 
active 

Much 
more 
active 

...how active 
has your 
company 
been in 

implementing 
new process 
or business 

model 
innovations? 

              

 
 



159 

 Over the past five years, compared to companies you compete with in your primary industry.... 

 Far less 
active 

Less 
Active 

Somewhat 
less active 

About as 
active 

Somewhat 
more 
active 

More 
active 

Much 
more 
active 

...how 
active has 

your 
company 

been in any 
other types 

of 
competitive 
moves such 

as price 
changes, 
marketing 

promotions, 
capacity 

expansions, 
etc.? 

              

 
 
 Compared to companies you compete with in your primary industry, would you characterize 
your company as being more proactive or more reactive in its past competitive activity? 

 Very 
Reactive Reactive Somewhat 

Reactive 

Equally 
Reactive 

and 
Proactive 

Somewhat 
Proactive Proactive Very 

Proactive 

We are:               
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 Let's now address how your firm is responding to a specific technological innovation. 
Previously, you stated that your company viewed at least one of the following emerging 
technologies as a strategic issue that could potentially affect future performance. Which one 
would you rank as the most important strategic issue for your firm at this time? 
 Carbon nanotubes (or graphene) 
 3D printing 
 Internet-of-things 
 
Please keep this technology in mind as you progress through the next set of questions. 
 
Tell us about the current status of any decisions your company has made, if any, regarding this 
emerging technology. 
 
Which of the following statements best describes how your company is currently responding to 
this emerging technology? Note: “Response” does not necessarily mean adopting this 
technology. Some companies may adopt this technology, but others may choose to compete 
against it with current methods, to diversify away from it, to do nothing at this time, or to conduct 
more research and gather information to better evaluate alternatives.  Choose the one 
statement  that best represents where your company is today in relation to this innovation. 
 
 With regard to the emerging technology marked as the most important strategic issue at this 
time... 
 My company has chosen not to take any actions at this point in time. 
 My company is researching, monitoring, or otherwise exploring this technology and how we 

should respond to it. No decision has been made to either do nothing or to do anything 
specific. 

 My company has responded to this issue with the choice to commit resources to one or 
more specific actions. 

If My company has chosen not t... Is Selected, Then Skip To Please rate the level of influence 
ea...If My company is researching, ... Is Selected, Then Skip To Please rate the level of 
influence ea... 
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 Which one statement below best describes the course of action your company has chosen (or 
plans) to take at this time? 
 We have already adopted or integrated this technology into our business operations. 
 We are planning to adopt and integrate this technology into our business operations. 
 We are working to improve our current technology to defend against possible competition 

from this new technology. 
 We are working to diversify our current business into additional market segments to offset 

any potential market share losses to competitors pursuing this new technology. 
 We are working on more than one of these (or other) courses of action. 
 Other (please describe) ____________________ 
 
 Relative to other current budgetary projects and resource commitments, how would you 
describe your company's level of resource commitments made toward pursuing the course of 
action you described above? 
 High 
 Moderate 
 Low 
 
 In your company's pursuit of the course of action you just described, how important are 
relationships and alliance with other firms? 

 Not at all 
important 

Not Very 
Important 

Neither 
important or 
unimportant 

Important Very Important 

Importance of 
alliance 

relationships 
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Please rate the level of influence each of the following factors had in your company's current 
decision about how to respond to developments in this emerging technology. 

 No influence Very Little 
Influence 

Don't 
know/unsure 

Some 
influence 

Very high 
influence 

Our resources 
and 

capabilities to 
take 

advantage of 
this technology 

          

The level of 
our current 
customers' 
awareness 

and demand 
for this new 
technology 

          

What our 
competitors 

are doing with 
regard to this 
technology 

          

For this row, 
please select 

'some 
influence' 

          

What we 
expect our 

competitors to 
do in the future 
with regard to 

this technology 

          

The expected 
pace of this 
technology's 
development 

and diffusion in 
our industry 

          

The expected 
complexity and 
costs involved 
to respond to 

this new 
technology 

          

The level of 
uncertainty 

about if, when, 
and how this 
technology 
could affect 
our business 
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If For this row, please select... Is Not Selected, Then Skip To End of Block 
This next section asks you to assess your company's key assets and capabilities related to 
responding to this specific technological innovation relative to the similar assets and capabilities 
of your industry rivals. 
 
Overall, how does your company compare to industry rivals with regard to the strength (i.e. 
value) of your assets and capabilities for responding to this new technology? Rate your 
company against the parity (i.e. average) level of your industry rivals. Use the scale to indicate -
2 (weaker) to +2 (stronger) with 0 being 'at parity (i.e. average). 

 -2 Weaker -1 Somewhat 
weaker 

0 
Parity/Average 

+1 Somewhat 
stronger +2 Stronger 

Overall firm 
comparison:           

 
Relative Strategic Asset Strength formative indicators:  

Now compare your company to your industry rivals on specific assets and capabilities. 

Again, rate your company from -2 to +2 comparing the strength (i.e. value) of your company's 

asset or capability to the parity (i.e. average) level of strength on that same asset or capability 

among your industry rivals.   
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 -2 Weaker -1 Somewhat 
weaker 

0 
Parity/Average 

+1 Somewhat 
stronger +2 Stronger 

Slack 
resources 
(such as 

excess capital, 
personnel, 

time, or 
capacity that 

can be 
invested in 

new 
initiatives.) 

          

Technological 
expertise 
(industry-

specific skills 
and 

knowledge) 

          

R&D flexibility 
(ability to 

easily adapt to 
new R&D 

directions and 
priorities) 

          

Production 
flexibility 
(ability to 

easily adapt 
the nature of 

production and 
operations) 

          

Related R&D 
experience 

(related 
specifically to 
the technology 
you noted as 

the most 
important) 

          

Overall 
reputation and 

industry 
stature 

          

 
 
Factors may be strong or weak, but that doesn't necessarily describe their importance. 
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Weights applied to RSA formative indicators to create weighted average index 
Please rate each asset/capability on its importance to your company's ability to respond 
effectively to this emerging technology. Rate (not rank) each factor on a scale of 0-10 with 0 
being n/a, 1 being 'completely unimportant' and 10 being 'most critically important'.  

 0: 
N/A 

1: 
Completely 
Unimportant 

2 3 4 5: 
Neutral 6 7 8 9 

10: Most 
Critically 
Important 

Slack resources                       
Technological 

expertise                       

R&D flexibility                       
Production 
flexibility                       

Related R&D 
experience                       

Overall 
reputation/industry 

stature 
                      

 
 
Is there another asset or capability valuable to your company's ability to respond effectively to 
this innovation? 
 
  



166 

Tell us about 
how your 
company 

handles new 
technological 
information. 
Rate your 

level of 
agreement to 
the following 
statements 

from Strongly 
Disagree to 

Strongly 
Agree. 

Strongly 
Disagree Disagree Somewhat 

Disagree 

Neither 
Agree nor 
Disagree 

Somewhat 
Agree Agree Strongly 

Agree 

Searching for 
relevant 

information 
on new 

technology is 
frequent 

activity for 
our firm 

              

Management 
motivates 

our 
employees to 

seek new 
information 

of technology 
in our 

industry 

              

Management 
expects our 

employees to 
gather 

information 
on 

technology 
beyond our 

specific 
industry 

              

Our 
employees 

communicate 
new 

information 
and ideas 

about 
technology 

across 
departments 
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Management 
emphasizes 

cross-
department 

technological 
problem-
solving 

              

The flow of 
important 

new 
technological 
information 

between 
employees 
throughout 
our firm is 

rapid 

              

Management 
demands 
periodic 
cross-

departmental 
meetings 

and 
exchanges of 
technological 
knowledge 

              

Our 
employees 
have the 
ability to 

understand 
and employ 

new 
technological 
knowledge 

              

Our 
employees 

are 
experienced 

with 
absorbing 

new 
technological 
information 

and making it 
available for 
use in the 
company 
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Our 
employees 
are good at 
linking new 

technological 
information 
to current 

approaches 

              

Our 
employees 
are able to 
apply new 

technological 
knowledge in 

practical 
work 

              

 
 
Now just a few last classification questions about you. Again, these answers are anonymous 
and confidential. 
 
Which best represents your current title / position? 
 CEO/President/Owner 
 Vice President / Sr. Vice President 
 General Manager / Business Unit Leader 
 Technology Management 
 R&D Management 
 Supply Chain or Purchasing Management 
 Sales or Marketing Management 
 Operations or Manufacturing Management 
 Finance Management 
 Technology Supervisor 
 R&D Supervisor 
 Supply Chain or Purchasing Supervisor 
 Sales or Marketing Supervisor 
 Operations or Manufacturing Supervisor 
 Finance Supervisor 
 Other (please specify): ____________________ 
 
 How many years have you worked at your current company? 
 Less than 1 year 
 1-3 years 
 4-9 years 
 10 years or more 
 no answer 
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How many total years have you worked in your company's primary industry? 
 Less than 1 year 
 1-3 years 
 4-9 years 
 10 years or more 
 no answer 
 
Having completed the survey, are you confident your responses represent the current character, 
evaluations, decisions, and activities of your company? 
 YES 
 NO 
 
 
YOU ARE ALMOST DONE! Please click the &#39;NEXT&quot; arrow button to complete and 
submit your response. THANK YOU VERY MUCH FOR YOU PARTICIPATION IN THIS 
STUDY! 

  



170 

APPENDIX B  

EXPERIMENTAL DESIGN INSTRUMENT 
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This is one of twelve manipulated case scenario instruments. Only text related to 

manipulation of the experimental variables differs. 

INSTRUCTIONS: 
The following decision-making exercise puts you in the role of a CEO making a strategic 
decision. The case describes your current perceptions (as the CEO’s) about the characteristics of 
your firm and its industry. The story then describes your awareness and understanding of a new 
technology that may radically change your firm’s industry and market. Following the case are 
questions regarding what decision you, as CEO, would make and why. Do not answer the 
questions based on your actual personal experience, knowledge, perceptions, or ideas. You need 
to role-play and answer as the CEO having only the information and perceptions described in the 
case.  
 
Please read the case carefully as there are many important details. Feel free to go back and 
review it as necessary for making your strategic decisions. Take your time to absorb all the 
information and think through your answers, just as a CEO would do. 
 
 
 

YOUR FIRM 
 
You are the CEO of a firm that manufactures microelectronic components such as transistors, 
capacitors, an integrated circuits. These are very small components that channel, amplify, and 
switch electrical current to allow complex functioning of many types of devices. Your firm is 
well-established and has operated in this industry for a number of years. Your customers are 
manufacturers of commercial and consumer electronic devices (computers, instruments, 
appliances, etc.) and you compete with numerous rival manufacturers for market share.  
 

 
 

Photo – examples of transistors, integrated circuits, and capacitors 
 
Based on your background and experience in the microelectronic component manufacturing 
industry, you characterize the competition in this market as being cut-throat and intense. You 
believe that your rivals pay close attention to what you and the other competitors are up to 
strategically. You and your team regularly hear about competitive moves and counter moves 
being made among your rivals. Frequently, these competitive activities are fairly complex and 
unpredictable (that is, rivals seem to try to keep each other guessing). In this environment, you 
expect your competitors to be very active in making competitive moves to win new market share 
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or to respond decisively to defend their share when you or other rivals initiate moves against 
them. 
 
To succeed in this market, you and your firm try to develop strategic advantages by focusing on 
and out maneuvering your rivals. You invest significant time and effort to track competitors’ 
performance, to identify the success or failure of their strategic initiatives, and to build an 
understanding of how each rival firm perceives the industry overall and their place in it. When 
you meet with your top management team, you typically discuss updates on the strengths and 
weaknesses of competitors. You train your salespeople to be alert to new competitor information, 
thus you and your team have a regular flow of new information about competitor activities. 
 
Now consider the following: 
 

A POTENTIALLY RADICAL TECHNOLOGICAL INNOVATION 
 
During your visit to a recent microelectronics trade show in Orlando, you sit in on a presentation 
about scientific advances in basic materials. The speaker focuses mostly on the promise of 
carbon nanotubes (CNTs), cylindrical molecular structures constructed of one-atom-thick walls 
of carbon. He explains that one nanometer equals 1 billionth of a meter. In this presentation, you 
learn that CNTs have unique properties that could potentially address performance limitations 
faced by microelectronic components like those your firm designs and manufactures. You know 
that as electronic products have become smaller and more complex, designers in your industry 
face increasingly difficult challenges in component miniaturization, handling increasing power 
loads, and minimizing heat build-up. With this in mind, you listen with interest as the speaker 
describes how IBM recently created a CNT transistor smaller than any physical limit of silicon, 
the current primary material used in microchip components. This innovative transistor handled 
four times the amount of electrical current in a traditional silicon component yet had relatively 
little heat build-up.   
 
Talking with the speaker after the session, you learn that although very promising, the ability to 
produce and commercialize CNTs is still an emerging area. Top firms such as IBM and Intel as 
well as universities and major research laboratories around the world are working to further 
develop the technology. It seems very promising, but there is much uncertainly about when, 
where, and how this innovative material will force radical design changes, if it even comes to 
actual commercialization at all.  
 
As you fly home from the conference, you can’t stop thinking about this potentially radical and 
transformative technology and how it might affect your industry and your firm. You read several 
articles given to you by the speaker. You conclude that no matter how CNT technology 
develops, you’ve got to treat it as a strategic issue – something that could help or harm your 
firm’s ability to succeed in the future. But it is very complex and much is uncertain.  
 
Your decision options are varied. On one hand, it might be best to do nothing at this time and 
wait and see how things develop. On the other hand, it might be best to take the lead and fully 
adopt the current CNT technology. You could also focus on improving the performance of your 
current, traditional designs to compete with this new emerging technology (if and when others in 
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your industry adopt it). Another option, you realize, is to shift resources to new and different 
markets for your products where the performance issues addressed by CNTs are less important. 
There are so many possible responses, you think, but which is the best strategic choice right 
now? Should you commit human, capital, and time resources to one or more specific courses of 
action, or should you do nothing? 
 
You know your senior team well and are confident that their reactions and conclusions will be 
consistent with yours. Using the pen and notepad you got from the seminar, you start to write 
notes about how and why your firm should respond to this strategic issue. You consider all that 
you currently know about the technology. You think about your firm and its strategic 
orientations, tendencies, strengths, and weaknesses. You think about the conditions in your 
industry. You evaluate all your options from doing nothing to investing substantial resources in 
one or more courses of action. Just as your flight lands, you’ve made up your mind on what your 
firm should do.  
 
What is the likelihood that you, as the CEO of this firm, would make a decision to commit 
company resources at this point in time to one or more courses of action in response to this 
potentially radical technology? Choosing to do nothing at this time obviously involves no 
resource commitment, so that would be described as “not at all likely”. Similarly, if the decision 
is to simply ‘watch’ and monitor the new technology to learn more and evaluate options, that too 
involves little if any resources. A choice to adopt, compete against, diversify away from, or to 
take some other explicit strategic action or combination of actions, however, will involve the 
commitment of resources. 
 
Indicate your answer - the likelihood that you, as the CEO of this firm, would make a decision to 
commit company resources at this point in time to one or more courses of action - using this 
scale of 1-100 where 1 = not at all likely and 100 = extremely likely. 

  
1  10  20  30   40  50  60   70   80  90  100 
_________________________________________________________________ 

  Not at all          Extremely 
  Likely          Likely  

 
Now that you have made your decision and described how likely you would be to invest 
resources for action, explain what factors led to that strategic decision. 
 
As CEO, how would you characterize your firm and your industry with respect to the following 
concepts? 
 

Competitor orientation is a tendency for a firm to focus on beating its rivals in the 
marketplace. It refers to the desire and ability to collect and analyze information about 
competitors in order to assess their strengths, weaknesses, and likely competitive moves.  
 
Would you characterize your firm as having a HIGH or LOW level of competitor 
orientation? (Circle one). 
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One aspect of your firm’s external environment is the level of competitive tension, the 
real or expected frequency and intensity of competitive moves and countermoves among 
rivals.  
 
Would you characterize the level of expected competitive activity among rivals in your 
industry as HIGH (intense and active) or LOW (calm and stable)? (Circle one) 

 
A few last questions about you: 
 

1. What is your academic status? 
____ PhD student/candidate 
____ Second year MBA student 
____ First year MBA student 
____ Senior College of Business student 
____ Junior College of Business student 

 
2. What is your current age in years?  _____ 
3. How many years of paid work experience do you have?  ____ 
4. Are you currently employed?  ___ Yes  ___ No 

a. If YES, Are you responsible for making any strategic decisions in your work?  
__ Yes  __ No 

5. Are you or have you ever been in a managerial position?    Yes ___   No___ 
6. What is your gender? Male___  Female ___ 

 
 
Thank you for your participation. 
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