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A Structural Approach to Assessing Innovation: Construct Development of Innovation Types and Characteristics and Their Organizational Effects

Abstract

We demonstrate that the concepts of competence destroying and competence enhancing are composed of two distinct constructs which, although correlated, separately characterize an innovation: new competence acquisition and competence enhancement/destruction.  We develop scales to measure these constructs and show that new competence acquisition and competence enhancing/destroying are different from other innovation characteristics including core/peripheral and incremental/radical, as well as architectural and generational innovation types. We show that innovations can be evaluated distinctively on these various dimensions with generally small correlations between them.  We estimate the impact that these different innovation characteristics and types have on both innovation and organizational outcomes. Innovations that affect an organization’s competencies have the strongest, though contrasting, effects on organizational changes as well as innovation outcomes. In contrast, innovation types have no consistent independent effects on either innovation or organizational outcomes.  This research indicates the importance of untangling innovation types from innovation characteristics, provides reliable measures of competence enhancement/destruction and new competence acquisition, and supports a hierarchical approach to assessing innovation. 

A Structural Approach to Assessing Innovation: Construct Development of Innovation Types and Characteristics and Their Organizational Effects

Innovation and technical change are at the core of dynamic organizational capabilities (Teece and Pisano, 1994; Nelson, 1995). Yet after more than 30 years of research on innovation and organizational outcomes, fundamental concepts and units of analysis remain confused and ambiguous. As such, empirical results are often inconsistent or difficult to reconcile (Ehrnberg, 1995). Just how are incremental innovations different from competence enhancing innovations (Green et al, 1995; Tushman and Anderson, 1990)? Are architectural innovations different than disruptive innovation (Christensen, 1998; Henderson and Clark, 1990)? To what extent are innovations that involve changes in core subsystems the same as radical innovation (Tushman and Murmann, 1998; Baldwin and Clark, 2000)? The innovation literature is littered with concepts that are inconsistently defined and conceptually confused. Given this conceptual confusion, innovation research confounds innovation characteristics, innovation types and the hierarchical locus of the innovation. With greater clarity on units of analysis and on innovation concepts and measures, research on innovation and organizational outcomes might be more cumulative and impactful.

There is substantial empirical confusion on the effects of different kinds of innovation on organizational outcomes. For example, some discontinuous or radical innovations destabilize firms while others do not. Radial tires and quartz movements devastated all tire companies in the United States and the entire Swiss watch industry, respectively (Sull, 1999; Glassmeier, 1992; Landes, 1983), and a new propulsion system devastated incumbent air frame firms (Constant, 1980). In contrast, fundamentally different landing gears had little impact on air frame incumbents even as fundamentally different sources of energy (e.g., the automatic movement) had little impact on incumbent watch producers in Switzerland (Vincenti, 1994; Landes, 1983). In the typesetting industry, some technological discontinuities were associated with incumbent failure while others were not (Tripsis, 1999). It appears that the nature of the technological discontinuity and firm competencies each affect the impact of technical change on organizational outcomes. 

Distinct from technological discontinuities, the locus of technological change in a product’s architecture and its impact on customers also affect organizational outcomes. Architectural (Henderson and Clark, 1990) as well as disruptive innovation (Christensen, 1999) have been associated with product class turnover in the photolithography, automobile and disk drive industries. Yet Mitchell (1989, 1992), Chesbrough (1999) and Tripsis (1998) show that the effects of architectural innovation are contingent on the particular product subsystem the innovation affects and the nature of the firm’s competencies and co-specialized assets. Still others, for example Clark (1985), Baldwin and Clark (2000) and Tushman and Murmann (1998), argue that because products are made up of hierarchically ordered subsystems, technical change will differentially affect firms contingent on whether the innovation affects core vs. peripheral subsystems.

To untangle these innovation contingencies we must first develop concepts and measures that fit the complexities of the phenomena. We must then relate these characteristics to organizational capabilities, and in turn, organizational outcomes. One fundamental impediment to theoretical and empirical advance is confusion on concepts, measures and units of analysis. Basic concepts of radical/incremental (Green et al, 1995) and competence enhancing and destroying (Tushman and Anderson, 1986) have been confounded with types of innovation (eg. architectural or disruptive). Further, innovation has been typically measured and conceptualized at the product level of analysis even as the empirical referent for both technical and organizational change has been at the subsystem level of analysis. For example, while Anderson and Tushman (1990), Christensen et al (1999), and Van de Ven and Garud (1994) discuss minicomputers, disk drives and hearing aids, respectively, their data are all at the subsystem level of analysis. Thus for any given innovation it is unclear whether organizational outcomes are driven by the locus of innovation, the characteristics of the innovation or both.

Finally, research on innovation and technical change is typically done at a distance from the phenomena. Innovations are typically assessed by researchers who induce innovation characteristics either by historical analysis (eg. Anderson and Tushman, 1990; Tripsis, 1997; Van de Ven and Garud, 1994), by interviews (eg Henderson and Clark, 1990), or by patent data (eg Stuart and Podolny, 1996). This distance from the phenomena hinders the ability of researchers to analyze characteristics of an innovation such as its locus in the hierarchy of subsystems or its effects on a firm’s competencies. These conceptual and methodological confusions slow both theory development and empirical advance.

We develop a structural approach to assessing innovation. We suggest that an innovation can be comprehensively described by distinguishing between the locus of innovation in a product’s hierarchy (core/ peripheral), between different types of innovation (generational and architectural), and between the characteristics of an innovation (incremental/radical, competence enhancing and competence destroying). Such a structural approach to describing innovations helps untangle unit of analysis issues as well as the differential effects of an innovation’s hierarchical location from its type and characteristics. Further, because of the inherent difficulties of asking scholars to systematically assess innovation characteristics for products/technologies with which they are not familiar, we develop an assessment tool that asks R&D professionals to assess innovations with which they are directly familiar. We develop reliable and valid measures that untangle an innovation’s locus in a product’s hierarchy, from that innovation’s type and characteristics. To explore nomological validity, we investigate the different effects these factors have on both innovation performance and organizational outcomes.

We show that R&D managers can indeed untangle core from peripheral subsystems, can distinguish between innovation types (architectural from generational), and can separately describe innovation in terms of the magnitude of change (incremental/radical) as well as their competence effects. We find that the concepts of competence enhancing and competence destroying are composed of two dimensions: competence enhancing/destroying and new competence acquisition. These distinct innovation dimensions have quite different impacts on organizational characteristics and innovation performance. Innovation characteristics have greater impacts on organizational outcomes and innovation performance than innovation types. Innovations involving new competence acquisition take longer to implement and are positively associated with organizational change. In contrast, competence-enhancing innovations are positively associated with commercial success and are inversely associated with organizational change. These innovation performance results are strongly moderated by organizational change: coupling organizational change with competence enhancing innovation accentuates their performance effects, while coupling organizational change with innovation associated with new competence acquisition decreases time to implementation

Both core and radical innovations are associated with rapid implementation, but they have completely different performance effects. Radical innovations are positively associated with commercial success, while core innovations are inversely associated with commercial success. When these innovation hierarchy and characteristics are controlled, innovation types have weak or no performance or organizational effects. As a set, our results indicate the importance of taking a structural approach to describing innovations and to the differential importance of innovation characteristics and hierarchical location (as compared to innovation types) in predicting organizational effects and innovation outcomes.

A Structural Approach to Assessing Innovation

A number of concepts have been introduced to assess innovation and technical change: discontinuous or radical vs. incremental (Dewar and Dutton, 1986, Ettlie et al, 1984; Damanpour, 1996), competence enhancing vs. competence destroying (Tushman and Anderson, 1986; Anderson and Tushman, 1990), architectural and generational (Henderson and Clark, 1990), disruptive (Christensen and Rosenbloom, 1995), core/ peripheral (Clark, 1985; Tushman and Murmann, 1998), and modular (Baldwin and Clark, 2000; Schilling, 1999). The boundaries of these concepts are, however, not clear or consistent (Ehrnberg, 1995).

Because products are composed of a hierarchically ordered set of subsystems and linkage mechanisms (eg. Alexander, 1964; Sanchez and Mahoney, 1996; Schilling, 1999; and Baldwin and Clark, 2000), we propose a structural approach to assessing innovation. We characterize an innovation in terms of its hierarchical position within the product (core/peripheral), its type (architectural or generational), and its characteristics (competence enhancing or destroying, and incremental/radical). Because of the lack of agreement in the literature on these concepts, many of these measures lack formal validation. We develop and validate measures of these concepts. We place greater emphasis on the competence enhancing and destroying dimensions because no scales yet exist to measure these innovation characteristics. As part of the external validation process, we compare the organizational and performance effects of these innovation dimensions.

On Hierarchy

There is a growing literature on products as composed of hierarchically ordered subsystems or modules (Baldwin and Clark, 2000; Clark, 1985; Schilling, 1999; Tushman and Murmann, 1998). As Abernathy and Clark (1985) described in automobiles, central subsystems, such as the engine, pace the development of more peripheral subsystems. Similarly, the source of energy in airplanes (Constant, 1980) and oscillation in watches (Landes, 1983) drive other more peripheral subsystems in both product classes. Much of the innovation literature is, however, silent on subsystem hierarchy. For example, Abernathy (1978), Christensen (1999), and Anderson and Tushman (1990) all conceptualize the product as the unit of analysis even as their data is at the subsystem level of analysis.

There are several important exceptions to this unit of analysis and hierarchy confusion. These studies support the notion that core subsystems drive system level innovation. Henderson (1993, 1995) found that optical photolithography was able to remain dominant over time due to shifts in core components (eg. lens innovation) and linking technologies. Similarly, Iansiti and Khanna’s (1995) research on mainframe computers over 20 years, Sanderson and Uzumeri’s (1995) work on portable stereos, Langois and Robertson’s (1992) work on stereo systems, and Tripsis’ (1998) work in typesetting all demonstrate the importance of specifying innovation at the subsystems level of analysis and untangling core from peripheral subsystems.

If products are composed of a nested hierarchy of subsystems and linking mechanisms, some of those subsystems will be more core to the product than other more peripheral subsystems (Tushman and Murmann, 1998). Those more core subsystems are either more tightly connected to or are more interdependent with other subsystems, and/or are associated with strategic performance parameters (see Ulrich and Eppinger, 1995). Core subsystems are strategic bottlenecks (Hughes, 1983; Clark, 1985). In contrast, peripheral subsystems are weakly coupled to or are less interdependent with other subsystems, and/or are not associated with strategic performance parameters. Shifts in core subsystems will have cascading effects throughout the product, while shifts in peripheral subsystems will have minimal system-wide effects. For example, Constant (1980) described how the success of jet engines drove sweeping changes in other airplane subsystems, while Pinch and Bijker (1987) have shown how technical change in gears and chains triggered major changes in other bicycle subsystems.

Definition: Core subsystems are those that are tightly coupled to other subsystems. In contrast, peripheral subsystems are only weakly coupled to other subsystems.
On Innovation Types

Based on the notion of products as nested hierarchies of subsystems and linking mechanisms, Henderson and Clark (1990) introduce the notion of different types of innovation corresponding to changes in subsystem and/or linking mechanisms. Architectural innovation involves changes in linking mechanisms between existing subsystems, while generational innovation involves changes in subsystems. Henderson and Clark (1990) show that while both architectural and generational innovation are often quite technically simple, they are associated with devastating organizational effects. Every architectural and generational innovation they studied in the photolithography industry was associated with the leading firm being replaced.

Christensen and Rosenbloom’s (1998) work in the disk drive industry also demonstrates the disruptive effects of generational and architectural innovation. Christensen (1999) argues that the disruptiveness of these innovation types is rooted in the resistance of current customers to innovation that is associated with new customer sets. Similarly, Rosenkopf and Tushman’s (1998) work in the flight simulator industry describes the impact of generational innovation on this industry’s community structure. Finally, Sanderson and Uzumeri’s (1995) research in the highly contested portable stereo industry documents how Sony retained product class leadership through sustained generational and architectural innovations over a ten-year period.

Definition: Architectural innovation involves changes in linkages between existing subsystems. Generational innovation involves changes in subsystems linked together with existing linking mechanisms.
On Innovation Characteristics

An innovation’s hierarchical position and its type are determined by the product’s set of components and linking mechanisms and by its design hierarchy. Quite distinct from these structural factors are the innovation’s characteristics: its magnitude and its effects on the firm’s competencies. For more than 35 years scholars have explored differences between radical and incremental innovation (eg. Nelson and Winter, 1982; Green et al, 1995; Dewar and Dutton, 1986; Damanpour, 1991). Incremental innovation involves refining, improving, and exploiting an existing technical trajectory (Hollander, 1965; Myers and Marquis, 1969). In contrast, a radical innovation disrupts an existing technological trajectory (Dosi, 1982).

While the radical/incremental dimension is well established, the unit of analysis to which it has been applied has not been clear, nor have measures been well specified. Typically the unit of analysis on the effects of incremental/radical innovation have been at the product level (Ehrnberg, 1995). For example, Myers and Marquis’ (1969) pioneering work on innovation characteristics defined incremental and radical at the product level (eg. printers). More recently, Green et al (1995) developed multiple dimensions for radical/incremental but apply these dimensions to product characteristics. Similarly, with few exceptions (eg. Rosenkopf and Nerkar, 2000), patent data have been extensively used to assess the degree of innovation at the product or invention level of analysis (eg Podolny and Stuart, 1995; Flemming, 1998). Independent of these measurement issues, the empirical literature is consistent in demonstrating that radical innovations are riskier (with corresponding returns) and have more profound organizational effects than incremental innovation (eg. Damanpour, 1996; Cooper and Smith, 1992; Foster, 1986).

Quite distinct from the incremental/radical dimension, Hollander (1965) and more recently Tushman and Anderson (1986) distinguished between types of innovations that build on existing competencies versus those that destroy existing competencies. This competence anchored innovation characteristic is independent of the radical/incremental dimension. For example, some radical innovations are competence destroying (eg. quartz movements for the Swiss in the 1970’s) while others are competence enhancing (eg. automatic movements for the Swiss in the 1970’s). Competence enhancing/destruction is an innovation characteristic rooted in a firm’s particular history. Any one innovation can therefore be competence enhancing to one firm but competence destroying to another firm. Indeed, Tripsis and Gavetti’s (2000) analysis of Polaroid’s response to digital imaging indicates that competence enhancing/destroying must be assessed at the business unit level of analysis in multidivisional firms. 

Innovations that affect a unit’s competencies have important organizational effects (Teece and Pisano, 1995; Tushman and Anderson, 1986). Competence-destroying innovations are negatively associated with incumbent performance, while competence- enhancing innovations are positively associated with incumbent performance—even as both are associated with system-wide organizational change (Romanelli and Tushman, 1996; Rosenkopf and Tushman, 1998; Virany, Tushman and Romanelli, 1992). Tripsis (1997) and Mitchell (1992) found that the detrimental effects of competence destroying innovation on incumbents could be buffered through the development of external search activities and other co-specialized assets. Finally, as with the other innovation dimensions, the literature on competence enhancing/destruction is unclear on units of analysis and confounds the innovation’s magnitude. For example, Anderson and Tushman (1990) focus on minicomputers and cement even as their empirical referents are at the microprocessor and kiln levels of analysis. Thus it is unclear whether their results are due to competence effects or the effects of radical technical change in core subsystems.

Definition: Incremental innovations are those that improve price/performance advance at a rate consistent with the existing technical trajectory. Radical innovations advance the price/performance frontier by much more than the existing rate of progress. 
Competence enhancing innovation builds upon and reinforces existing competencies, skills and know-how. Competence destroying innovation obsolesces and overturns existing competencies, skills and know-how.

This structural approach to assessing innovation suggests that it is possible to comprehensively characterize an innovation by its place in the product’s hierarchy, its type, and its characteristics. Such a differentiated approach to assessing innovation can help untangle the specific effects of each innovation characteristic on both organizational characteristics and innovation outcomes.

METHODS
Following the typical process of scale construction (Churchill 1979), we divided our empirical analysis into four stages:

· Stage 1: content face validity analysis with expert judges.

· Stage 2: scale purification through exploratory and confirmatory factor analysis.

· Stage 3: assessment of discriminant and convergent validity through analysis of covariance structures.

· Stage 4: nomological validity through regression analysis.

For Stage 1 we generated a large number of items reflecting innovation types and characteristics.  These items were designed to represent the various facets of the definitions discussed above.  Because we were particularly interested in the constructs of competence destroying and competence enhancing, we generated 37 items for these constructs.  A smaller number of items were generated for the other constructs: 9 for radicalness, 6 for architectural linkages and 6 for generational innovations.  These items were submitted to seven academic experts in the field of innovation research to certify the content face validity of the items. We provided each expert with a list of definitions and asked them to accept or reject whether each proposed statement reflected the construct or not. Items that were not judged to correspond to the constructs were eliminated from further analysis.

For Stages 2 and 3 we conducted a web-based survey of R&D managers. We used a sample of 141 R&D directors who were participants in executive education programs in the United States, Scandinavia and France. These R&D directors represented over 100 firms in 15 industries. Participants were asked to answer our electronic questionnaire via the Web at their convenience.  This electronic questionnaire asked them to think of a product their business unit was currently marketing and in which they understood the technology well. We asked these R&D directors to list the subsystems of these innovations and to nominate the most core and most peripheral subsystems for the particular product they nominated. We then asked respondents to answer a series of questions concerning the most recent innovation introduced in the product’s most core and most peripheral subsystems. Our survey concluded with questions about organizational effects and performance outcomes associated with each innovation. Respondents provided data on 146 distinct innovations, 113 which were core and 33 which were peripheral.

To complete Stage 2, we performed exploratory factor analysis on these data. Based on these results, we eliminated some items because they did not load on the same factors.  Confirmatory factor analytic models were also estimated for each construct to test the single factor analytic structure of each construct separately.  For stage 3, the discriminant validity of the constructs was ascertained by comparing measurement models where the correlations between the construct was estimated with a model where the correlation was constrained to be 1 (thereby assuming a single factor structure).  The discriminant validity of the constructs was examined for each pair of constructs at a time. If the model where the correlation is not equal to 1 improves significantly the fit, the two constructs are distinct from each other, although they can possibly be significantly correlated (Bagozzi, Yi and Phillips, 1991).

Convergent validity of the constructs was assessed by comparing a measurement model where the correlation between the two constructs was estimated with a model where the correlation was constrained to be equal to 0.  A significant improvement in fit indicates that the two constructs are indeed related, which confirms convergence validity.  Combining the two tests (that the correlation is different from 1 and different from 0) demonstrates that the two constructs are different (discriminant validity) although they may be related (convergent validity). These analyses were performed for all our innovation type and innovation characteristics constructs.

Finally, for Stage 4 we estimated the impact of innovation hierarchy, type, and characteristics on organization characteristics (senior team and middle management change, unit structure, unit power, unit culture, and linkages mechanisms) and on innovation outcomes (commercial success and time to market). For these nomological validity explorations we created an unweighted scale for each innovation construct using the items retained in Stages 1-3.  We specified linear models to explore the relations between each innovation construct and both organizational characteristics and innovation outcomes.  

Results

Given the R&D directors’ categorization of core and peripheral subsystems, we analyzed the other five innovation dimensions: innovation characteristics (radical/incremental, competence enhancing, and competence destroying) and innovation types (architectural and generational). Because of the lack of extant competence enhancing and competence destroying measures, an important objective of our analysis was to develop and validate scales of these concepts as well as to assess that these constructs are indeed different from the radical/incremental construct and from innovation types.

Validation by Experts

Seven experts provided responses to our preliminary survey.  When a majority of the experts responded that an item did not reflect the construct, this item was eliminated.  In some cases we reworded an item based on the expert’s comments. We also deleted redundant items because they did not add to construct validity (Nunnally and Bernstein 1994) and they made the questionnaire unnecessarily long. As a result, we retained 14 of the 37 items originally generated for competence destroying and competence enhancing.  We kept 5 of the original 9 items for radicalness, the 6 items for architectural innovations, and the 6 items for generational innovations.

Exploratory and Confirmatory Factor Analysis of Each Scale

The R&D directors reported on 143 products in which an innovation was introduced. Of these products, 83 were made up of two or more subsystems and 60 could not be subdivided into subsystems.  Of the 83 multi-subsystem products, innovations were described for 68 subsystems judged core by the R&D directors and 33 were for peripheral subsystems.  Including innovations in products which could not be decomposed into subsystems (and therefore which are core by definition), complete data was obtained on 146 innovations.

Exploratory Factor Analysis

The items retained from Stage 1 above were factor-analyzed construct by construct. Table 1 lists the items corresponding to each factor.

Insert Table 1 About Here

Competence Destroying and Competence Enhancing Innovation.  The 14 items loaded on 3 factors with eigenvalues greater than one.  Only two items loaded on the third factor which had an eigenvalue close to one and only about half of the second highest eigenvalue.  These items were phrased in a way that could be interpreted as reflecting a lack of real innovation.  Consequently, we dropped these items from further analysis
.  The other items fell into the first two factors in a way that is consistent with the concepts of competence enhancing and competence destroying. 

One factor reflects competence enhancing/competence destroying technical change. This 6 item factor concerns the extent to which the innovation builds on or renders obsolete existing competencies, skills and knowledge in the firm. This corresponds precisely to the definition of the construct.  However, a second factor picks up separately other items that were also part of the definition of the competence enhancing/destroying construct.  This 6 item factor is composed of items that reflect the innovation requiring the firm to reach outside its existing experience base to acquire new concepts, skills, and knowledge (see Table 1). 

These results indicate that the concepts of competence enhancing and competence destroying technical change are made up of two distinct dimensions.  The first dimension concerns the degree to which the innovation builds on existing competences or the degree to which it makes them obsolete, these two notions being in opposite directions of the same competence enhancing/destroying scale.  The second dimension, which we label new competence acquisition, concerns the extent to which the innovation requires the firm to reach beyond its existing experience base to acquire new competences.  Although this second dimension is part of the definition of competence enhancing/competence destroying technical change, it appears that there are two distinct competence -associated dimensions. As such, we employed both competence dimensions, competence enhancing/destroying and new competence acquisition, in exploring the effects of innovation characteristics on organizational change and innovation outcomes.

Generational Innovation.  Six items concern changes in the number of subsystems.  When submitted to factor analysis, a three-factor structure emerged.  The first factor is characterized by a consolidation of subsystems with the three items concerning a decrease in the number of product subsystems. We labeled this factor generational consolidation.  The two items indicating the addition of subsystems clearly loaded on a second factor. We labeled this factor generational expansion. The third factor was made of a single item that concerns neither the addition not the deletion of subsystems and, therefore, was not considered further.

Architectural Linkage.  We factor analyzed the 6 items concerned with architectural or linkage innovations and a single factor structure emerged.

Incremental/Radical Innovation.  The five items yielded a single factor solution.

Confirmatory Analysis

The measurement models performed separately for each of the constructs yield a structure that replicates well (i.e., none of the chi squares are significant at the .05 level). The covariance matrices implied by the single factor structure fit the data for the constructs of competence enhancing/destroying innovation, new competence acquisition, architectural innovation, and radicalness.
      

The factor analytic models we estimated are the standard models without correlations between error terms of the measures except for two estimated error term correlations for the new competence acquisition construct and three others for the competence enhancing/destroying construct.  In both cases, the introduction of these additional parameters improved the fit without any impact on the other estimated parameters.  Furthermore, only two items were removed from the prior analysis for the architectural linkage construct.  Although the original six items loaded on a single factor, the measurement model fit improved after removing these two items.  The four remaining items provided a stronger measure of the construct.  Similarly, one item was further deleted from the radicalness measure to obtain a non-significant chi-square in the confirmatory factor analytic model, leaving four items to form the scale of radicalness.

The goodness of fit measures are satisfactory in all cases, with values of the Goodness of Fit Index (GFI) respectively of .98, .97, .99 and .99 for the new competence acquisition, competence enhancing/destroying, architectural, and radicalness scales (see Table 1). Scales built with these items for each construct have satisfactory reliability: coefficient alpha of .87 for new competence acquisition, .83 for competence enhancing/destroying, .67 for generational consolidation, .77 for generational expansion, .75 for architectural linkages and .78 for radicalness.  The generational scales were not subjected to confirmatory factor analysis because of the too few number of items.  However, the reliability coefficient alpha for the generational consolidation and for the generational expansion construct is acceptable (α = .67 and .77 respectively). Table 2 reports descriptive statistics for these seven innovation scales.

Insert Table 2 About Here

Discriminant and Convergent Validity

To verify that the constructs are different from each other, we estimated a measurement model for each construct pair.  This pairwise confirmatory factor analysis with oblique factors provides estimates of the correlation between the two factors which corrects for the bias (attenuation effects) that would be introduced if errors in measurement were not explicitly considered.  The estimated correlations (in absolute value) between the competence enhancing/destroying and new competence acquisition constructs with the other dimensions of innovation vary between 0 and .56.  All the pairwise confirmatory factor analytic models (where the correlation between the two constructs are estimated) fit well with Chi squares which are generally non significant.  These overall results indicate that the correlated factor structure is supported by the data.  Table 3 provides the chi squares values for all pairs of constructs.

Insert Table 3 About Here 

Some of the pairwise analyses involved non-zero additional error term correlations.  This can sometimes lead to the unstability of the other parameter estimates and to problems of interpretation.  However, this was not the case.  The confirmatory factor analyses involving the generational consolidation scale were improved (leading to a non-significant chi-square) by freeing the error term correlation between two items within this construct.  In the case of the generational consolidation with generational expansion pair, a correlation between the error terms of the measurement equations for the different constructs was necessary to obtain a non-significant chi-square, although it did not affect at all the estimate of the correlation between the two constructs.  It is only in the case of the pair Radicalness-Generational Expansion that freeing the correlation between the measurement errors of two items belonging to each construct resulted in unstable parameter estimates.  Because of that problem, the correlation estimate reported in Table 3 is the one obtained from an imperfect fit but clearer interpretation. 

Results shown in Table 3 demonstrate that competence enhancing/destroying and new competence acquisition are two distinct dimensions of innovation, although they are negatively correlated (Φ = ‑.56).  Competence enhancing/destroying and new competence acquisition are not a unidimensional innovation characteristic. This is confirmed by a significantly (at the .01 level) improved confirmatory factor analytic model when the correlation is estimated compared to a measurement model where the correlation is constrained to 1 (which is equivalent to a single factor structure) (χ2 = 126.75-54.78 = 71.97, df=1).

Where new competence acquisition concerns the extent to which an innovation necessitates concepts, skills, knowledge which the unit did not have before, competence enhancing/destroying reflects the extent to which an innovation builds on existing concepts, skills and knowledge or renders them obsolete (see Table 1). Because these are distinct dimensions, it is possible for an innovation to require new competences that can be either competence enhancing or competence destroying for a particular organization. This is apparent in Figure 1 where we plot the distribution of innovations by competence enhancing/destroying (vertical axis) against new competence acquisition (horizontal axis).
  The observations across the four quadrants (determined by the average of each dimension) indicate that a single innovation can be both high or both low on competence enhancing/destroying and new competence acquisition for a particular organization.  



Insert Figure 1 About Here

Other pairwise confirmatory analyses of constructs indicate that architectural, generational consolidation, generational expansion, competence enhancing/destroying, new competence acquisition, and radicalness are different dimensions from each other. A few of these innovation dimensions are correlated with each other.  Competence enhancing/destroying innovation is inversely associated with both generational expansion (Φ = -.30) and consolidation innovation (Φ = -.40). Generational innovation appears to be disruptive to existing competencies. The more the innovation adds or subtracts subsystems, the less existing skills and competencies are employed. 

The competence enhancing/destroying dimension is independent of the other innovation characteristics.  The difference in the chi squares of the models where the correlation is estimated and the model where the correlation is constrained to zero is insignificant for the pairs of competence enhancing/destroying innovation with both architectural innovation (χ2 = 31.05-30.01 = 1.04, df=1) and with radicalness (χ2 = 36.51-36.04 = 0.47, df=1). It appears that radical innovations can be competence enhancing as well as competence destroying, and that architectural innovations have no direct association with building upon or destroying existing competencies. 

Innovations requiring the acquisition of new competences, in contrast, are significantly associated with both architectural and generational innovation as well as with the radicalness of the innovation. Architectural and both types of generational innovation types (consolidation and expansion) are positively associated with innovations that require the acquisition of new competencies (Φ = .38, Φ = .23, Φ = .28 respectively). Similarly, the more radical the innovation, the more the innovation is associated with the acquisition of new competencies (Φ = .54). For the models with correlations between new competence acquisition with radicalness, architectural innovation and generational consolidation, the difference of chi squares relative to the model where the correlation is constrained to be one is significant at the 0.01 level, respectively for radicalness (χ2 = 114.12-37.55 = 76.57, df=1), architectural innovation (χ2 = 210.3-38.21 = 172.09, df=1) and generational consolidation (χ2 = 51.81-22.63 = 29.18, df=1). Evidently, the implementation of different innovation types as well as radical innovation disrupt existing competencies and skills and are associated with the acquisition of new competencies and skills. While these innovation dimensions are correlated, they each constitute distinct innovation characteristics. 

Architectural innovations are positively associated with both types of generational innovation (expansion, Φ = .55 and consolidating, Φ = .19), but they are not related to radicalness.  The model with such an estimated correlation between architectural innovations and generational consolidating fits significantly better than a model with zero correlation (χ2 = 31.34-18.29 = 13.05, df=1) or unit correlation (χ2 = 54.68-18.29 = 36.39, df=1).  Reflecting the structural nature of products, innovations that affect subsystems also are significantly associated with innovations involving linkage mechanisms. Finally, both types of generational innovations are positively associated with each other (Φ = .33), although only generational expansion innovations are positively associated with radical innovation (Φ = .52).

In summary, this analysis demonstrates that these innovation constructs are indeed different from each other and can be measured with scales that discriminate well.  We now use these scales to analyze the relationships between these distinct innovation constructs and both innovation and organizational outcomes.

Nomological Validity

Performance Effects

To explore the effects of the different innovation dimensions on innovation performance we estimated models of perceived commercial success (measured by a three item scale with a reliability coefficient alpha of .91) and implementation lag (measured in months from the first mover) as a function of the six innovation dimensions and a core/non-core dummy variable.
 The ordinary least squares estimates are shown in Table 4, Models 1 and 2.




Insert Table 4 About Here

Innovations that affect core subsystems are initiated significantly more rapidly than innovations in peripheral subsystems (b= -21.32). However, innovation in core subsystems are inversely associated with commercial success (b= -.41). In contrast, the more radical the innovation, the more rapidly it is implemented (b = ‑20.85) and the more commercially successful it is (b= .37). It appears that the magnitude of the innovation is less problematic to the innovating firm than the structural locus of the innovation. Core subsystems and radical innovation may be both strategic for the firm, reflected in the quick introductions to the market.  But given the significant differences in commercial success, core subsystems seem to be significantly more disruptive to firms than the magnitude of the innovation. These results support the literature on products as composed of a hierarchically ordered set of subsystems (Baldwin and Clark, 2000; Schilling, 2000). Innovations affecting core subsystems may have cascading effects that are cumulatively difficult to successfully implement. In contrast, holding coreness constant, radical innovations in a given technical trajectory seem to be comparatively easy to implement (see also Christensen, 1998).

There are also contrasting performance effects for innovations that affect organizational competencies. The more new competences are required by the innovation, the greater the lag in product introduction (b= 24.55). Competence enhancing/destroying innovation also has a positive but not significant impact on time to introduction. In contrast, the more an innovation builds on existing organizational competencies, the greater the perceived commercial success (b= .26) [Or, in reverse, the more competence destroying the innovation, the less the perceived commercial success]. While innovations associated with new competence acquisition are positively associated with increased time to introduction, they are unrelated to commercial success. 

It appears that competence issues affect innovation performance in different ways. The acquisition of new competencies seems to adversely affect implementation speed but has no significant effect on commercial performance. In contrast, innovations that build on existing competencies are positively associated with commercial success even if they are not associated with rapid times to introduction. Firms seem to be better able to commercialize innovations that build on existing competencies even as competence building- either acquiring new competencies or bolstering existing competencies- seems to slow implementation speed.

Where core/peripheral, incremental/radical, competence enhancing/destroying, and new competence acquisition innovation dimensions have significant links to innovation outcomes, innovation types do not. Only generational expansion innovations are positively associated with commercial success (b= .19), though they are not associated with implementation speed. Neither generational consolidation nor architectural innovations are associated with either of the innovation outcome measures.

Because innovation requires new organizational architectures, it may be that coupling organizational changes with innovation will accentuate these performance effects (eg Virany et al, 1994; Boeker, 1997). To explore the joint effects of organizational changes and innovation dimensions on innovation performance, we added interaction effects of organization change for each innovation dimension. Organizational change is assessed as a formative index of the several (standardized) organizational changes listed in Table 5.
   While the models with interaction terms do not lead to a statistically significant improvement in fit when corrected for additional parameters, we report these models because of their provocative results (see Table 4, Models 3 and 4).

Coupling organizational changes with innovation adds further insight to the effects of the innovation dimensions on innovation outcomes. Except for core/peripheral innovation, all main effects in Models 3 and 4 are the same as in Models 1 and 2 (further, the addition of organizational change as a main effect is not significant for either commercial success or time to introduction). While innovations in core subsystems are associated with quick though incompetent performance (see Models 1 and 2), when coupled with organizational changes, innovations in core subsystems have no main or interaction effects on either innovation outcome (see Models 3 and 4). Organizational changes seem to attenuate the performance pathologies associated with implementing innovation in core subsystems even as they seem to dampen speed of implementation.

  Most striking are the interaction effects of organizational changes and competence associated innovations. Where innovations associated with new competence acquisition are significantly associated with increased time to introduction (b= 24.66), when these innovations are coupled with organizational changes the effect on time to introduction is significantly reversed (b= -36.06). Indeed this interaction effect dominates the main effect as the amount of organizational change increases (the marginal effect of new competence acquisition is equal to 24.66 - 36.40 x ORG, where ORG is the value of the organizational change scale). The greater the organizational change, the quicker the time to introduction for innovations involving new competence acquisition. It may be that new organizational forms break organizational inertia and open the firm up to more rapid implementation of innovations that involve the acquisition of new competencies. 

Where coupling innovations requiring new competences with organizational changes reverses their main effects on implementation speed, coupling organizational changes with competence enhancing innovation significantly accentuates their effects on commercial success (b= .27) over and above the main effect (b= .25) [see Models 3 and 4]. Conversely, coupling organizational changes with competence destroying innovation is inversely associated with commercial success over and above the main effects.  Organizational changes seem to open the organization to take even more advantage of competence enhancing innovation even as they make even more difficult the successful commercialization of competence destroying innovations. 

Adding the interaction effects of organizational changes clarifies the main effect of competence enhancing/destroying innovation on speed of product execution. Like innovations requiring the acquisition of new competences, competence enhancing innovations are significantly positively associated with increased time to market (b= 15.41) even as they are more effectively commercialized. Thus both competence enhancing innovation and new competence acquisition are associated with increased time to market. While competence-enhancing innovations may be associated with commercial success, they do take time to implement even when coupled with organizational changes. It appears that holding other innovation dimensions constant, acquiring new competencies or building on existing competencies take more time to implement than those innovations that do not involve the acquisition of new competencies.

These interaction analyses also uncover weak and inconsistent effects of innovation types on innovation outcomes. Of the 12 coefficients in Models 3 and 4 involving innovation types, only two are statistically significant. Coupling organizational changes with generational consolidating innovation is positively associated with commercial success (b=.31 ). Coupling organizational changes with generational expansion innovation has no significant effect over the main effect (b=.17 ). Similarly, coupling organizational changes with architectural innovation has no effect on commercial success. Contrary to much literature (eg. Henderson and Clark, 1990), when other innovation characteristics are controlled, architectural innovations have no significant effects on commercial success or time to market. 

Organizational Effects

To explore the effects of the different innovation dimensions on organizational characteristics, we estimated models of seven organizational characteristics as a function of the six innovation dimensions and the core/non core dummy variable. The organizational characteristics were senior management team change, middle management change, change in unit structure, change in teams, committees or task forces, change in unit influence, change in unit culture and change in the informal organization.
 The ordinary least squares estimates are reported in Table 5.  These estimates are identical to the estimates obtained with Seemingly Unrelated Regressions (SUR), which takes into account the correlations between the error terms of each equation (possibly due to common non- specified determinants of organizational change).  However, with some of the variables being insignificant, a re-estimation retaining only the significant or close to significant (t>1.2 from the OLS estimates) variables leads to asymptotically efficient estimators.  Indeed, as shown in Table 6, while confirming the OLS results, a few additional parameters reach or improve their significance level.  Because of the similarity between the results of the two estimation methods, the coefficients reported below are the OLS estimates (Table 5) unless reference is specifically made to the SUR estimates in Table 6.



Insert Tables 5 and 6 About Here

Quite unlike the performance effects, the coreness or structural location of the innovation is unrelated to any type of organizational change (see Table 5). Where innovations in core subsystems are less successful than innovations in peripheral subsystems, there are no significant effects of this core/peripheral innovation characteristic on organizational changes. While coupling organizational changes with innovation in core subsystems weakens the negative impact of innovations in core subsystems and commercial success, innovations in core subsystems by themselves are not associated with organizational change. Organizations seem to be inert to innovations that have profound effects on the product itself. These results may help explain the inverse relationship between innovation that affect core subsystems and their commercial success.

Similarly, there is no significant association between the degree of an innovation’s radicalness and organizational changes. Holding other innovation characteristics constant, radical innovations are quickly and competently implemented by existing organizational characteristics. Contrary to much existing literature (e.g., Green et al., 1995; Damanpour, 1991), organizations seem to be unaffected by the magnitude of the innovation, even as radical innovations are rapidly and competently implemented. Similarly, innovation types are basically not associated with changes in the firm. Of the 21 possible organizational effects of the three innovation types, only two are statistically significant, with a third one becoming significant in the SUR estimates (the effect of generational expansion on informal organizational change, b=0.21 in Table 6). As with the magnitude of the innovation and the coreness of the innovation, the three innovation types have no consistent impacts on organizational characteristics. Organizations are remarkably stable in the face of these innovation characteristics and types.

In sharp contrast, competence associated innovations have significant, widespread, and contrasting effects on organizational characteristics. Innovations involving new competence acquisition are positively and significantly associated with five of the seven organizational characteristics. The more new competences are required by the innovation, the greater the change in the senior and middle management teams (b= .25 and .35 respectively), greater changes in the unit structure (b= 0.29 in Table 6), the greater the change in linking mechanisms (b= .32), the more powerful the initiating subunit (b= .34), and the greater the change in organizational culture (b= .29). Evidently existing organizational architectures are ill suited to acquire new competencies. Innovations involving new competence acquisition are associated with widespread organizational changes.  

In contrast, competence-enhancing innovations are inversely associated with organizational changes. The more the competence enhancing the innovation, the less the senior team change (b= -.27).  (Conversely, the more competence destroying the innovation, the more changes in senior management.)  Similarly, the more competence enhancing the innovation, the less the changes in the informal organization (b= -.22).  Three of the five other coefficients are also negative, though all are insignificant. The difference between the competence enhancing/destroying and new competence acquisition coefficients are, however, significant for 6 of the 7 organizational characteristics (see Table 5). Innovations requiring new competences trigger significantly more pervasive organizational changes than competence enhancing/destroying innovations. It appears that existing organizational architectures are not conducive to competence destroying innovations and are even less conducive to the acquisition of new organizational competencies. 

Compared to other innovation characteristics, innovations that affect organizational competencies have the strongest and most pervasive effects on organizational characteristics. Competence effects have more significant impacts on organizations than innovation types, innovation radicalness and coreness. Further, competence enhancing/destroying innovations have fundamentally different impacts on organizations than innovations requiring new competence acquisition. The latter are directly associated with widespread organizational changes, while the former build on extant organizational characteristics (except for senior management changes and informal organizational changes associated with competence destroying innovations). Innovations involving the acquisition of new competencies and competence destroying innovations have the most destabilizing impacts on organizational architectures. Building organizational competencies seems to be a greater organizational challenge than dealing with different innovation types, radical technical change, or changes in core subsystems. It appears that existing organizational architectures handle different innovation types as well as radical and/or core innovations quite well. The literature on the disruptive effects of radical and architectural innovation and shifts in core subsystems may be confounding these innovation characteristics with competency effects (see also Tripsis, 1998, Sull, 1999).

These results strongly support untangling the centrality of an innovation from its type (architectural or generational) and its characteristics (radicalness, competence enhancing/ destroying, and new competence acquisition). These different innovation dimensions have fundamentally different performance and organizational effects. Competence enhancing /destroying innovations and new competence acquisition have the strongest, though significantly different, effects on both innovation outcomes and organizational characteristics. Radical innovation and innovation in core subsystems have powerful innovation outcome effects but no direct organizational effects. In contrast, when other innovation dimensions are controlled, generational and architectural innovations have weak and inconsistent effects on both innovation and organizational outcomes.

Conclusion

These results support a structural approach to assessing innovation. It appears that R&D directors, those most likely to have a deep understanding of technology and organizational issues, are capable of untangling product subsystems and classifying these subsystems into those that are core and those that are peripheral. Further it appears that it is important to distinguish between innovation types and innovation characteristics. The concepts of competence enhancing and competence destroying appear to be made up of two distinct dimensions. We developed psychometrically distinct and reliable scales for competence enhancing/destroying innovations and innovation associated with new competence acquisition. The acquisition of new competences is distinct from competence enhancing /destroying, even as these dimensions are inversely correlated. We also developed distinct and reliable scales for architectural and generational innovation and for an innovation’s radicalness. These scales demonstrate convergent and discriminant validity. It may be that much of the contradictory empirical results in the innovation literature may be clarified by untangling the specific effects of innovation type from innovation characteristics and from the innovation’s locus in a product’s hierarchy. 
These innovation dimensions have contrasting effects on innovation outcomes and on organizational changes. Competence based innovations had the most powerful and consistent effects, while innovation types had the weakest and most inconsistent effects on innovation outcomes and organizational changes. New competence acquisition was associated with slow implementation speed, while competence-enhancing innovations were associated with enhanced commercial success. Both core and radical innovations were relatively rapidly implemented even as core innovations were incompetently executed. In contrast to much exiting literature (eg Green et al, 1995), holding the coreness of the innovation constant, radical innovations were implemented quickly and competently. It appears radical innovation in an existing trajectory can be rapidly and successfully implemented (see also Christensen, 1998). In contrast, perhaps because change in core subsystems trigger cascading changes throughout the system, changes in core subsystems while implemented rapidly were executed incompetently. The structural location of the innovation appears to be more strategically difficult than the innovation’s magnitude.

 Coupling organizational changes with competence enhancing innovations and innovations associated with new competence acquisition significantly affected both commercial success as well as speed to market. Coupling organizational changes with new competence acquisition innovation reversed the negative effects of new competence requirements on speed to market. Indeed the greater the organizational changes the more rapidly innovations associated with new competencies were introduced. Sweeping organizational changes may break organizational inertia and open the organization up to new competencies as well as enhance the performance of competence enhancing technical change (see also Virany et al, 1992). Like new competence acquisition, competence-enhancing innovations take time to implement- even if they are associated with commercial success. It appears that building on existing competencies, acquiring new competencies and dealing with competence destroying innovation all put stress on the organization’s existing architecture. These results indicate that the competence effects of an innovation are more problematic to organizations than the coreness of the innovation, its radicalness, or its innovation type.

In contrast, neither generational nor architectural innovation types had consistent or significant effects on innovation performance or on organizational characteristics. These results suggest that the strong effects of architectural and radical innovations on organizational outcomes (eg. Henderson and Clark, 1990) may well be driven by competence effects and/or by the level of the innovation in the product’s hierarchy. 

In all, these methods, scales and results provide motivation to continue to explore this structural approach to assessing innovations and exploring their differential effects on organizational outcomes and on innovation performance.  In particular, our results indicate that an innovation’s structural location and its competence effects are more organizationally problematic than the other innovation dimensions. If so, research exploring the determinants and consequences of building and rebuilding organizational competencies and on dealing with the consequences of an innovation’s structural location may be particularly fruitful.

FOOTNOTES

Table 1 – Items Composing the Scales
New Competence Acquisition Scale

Items
Retained in final scale

Q5:
INNOVATION involved fundamentally new concepts or principles for BUSINESS UNIT
(

Q7:
INNOVATION required new skills which BUSINESS UNIT did not possess
(

Q8:
INNOVATION required BUSINESS UNIT to develop many new skills
(

Q12:
INNOVATION required BUSINESS UNIT to learn from completely new or different knowledge bases
(

Q13:
INNOVATION required BUSINESS UNIT to adopt different methods and procedures
(

Q14:
INNOVATION required BUSINESS UNIT to carry out a great deal of retraining
(


GFI
.98


Reliability  α
.87

Competence Enhancing/Destroying Scale

Items
Retained in final scale

Q4:
BUSINESS UNIT introduced INNOVATION by making simple adjustments to existing technology


Q6:
INNOVATION built a great deal on BUSINESS UNIT’S prior technological skills
(

Q9:
INNOVATION built heavily on BUSINESS UNIT’S existing experience base
(

Q10:
INNOVATION rendered BUSINESS UNIT’S experience base obsolete (Reversed)
(

Q11:
INNOVATION built heavily on BUSINESS UNIT’S existing technological knowledge
(

Q16:
INNOVATION built on technical know-how that existed widely among firms competing in this product category


Q17:
INNOVATION rendered obsolete the expertise that was required to master the older technology (Reversed)
(

Q18:
Mastery of the old technology did not help BUSINESS UNIT master INNOVATION (Reversed)
(


GFI
.97


Reliability  α
.83

Generational Consolidation Scale

Items
Retained in final scale

Q25:
PRODUCT no longer contains at least one subsystem that it used to contain before INNOVATION was introduced
(

Q26:
PRODUCT now contains at least one subsystem that combines what used to be separate subsystems before INNOVATION was introduced
(

Q27:
PRODUCT now contains fewer subsystems than it did before INNOVATION was introduced
(

Q29:
INNOVATION led to significant changes that were principally limited to SUBSYSTEM



GFI
NA


Reliability  α
.67

Note: PRODUCT, INNOVATION, SUBSYSTEM and BUSINESS UNIT correspond to the specific example described by the specific R&D director. NA= Not Available.

Table 1 – Items Composing the Scales (Continued)

Generational Expansion Scale

Items
Retained in final scale

Q24:
PRODUCT now contains at least one subsystem that it did not contain before INNOVATION was introduced
(

Q28:
PRODUCT now contains more subsystems than it did before INNOVATION was introduced
(


GFI
NA


Reliability  α
.77

Architectural Scale

Items
Retained in final scale

Q30:
INNOVATION led to significant changes in at least one subsystem other than SUBSYSTEM


Q31:
INNOVATION led to significant changes in the linkages between SUBSYSTEM and at least one subsystem in PRODUCT other then SUBSYSTEM
(

Q32:
INNOVATION led to significant changes in the way SUBSYSTEM interacts with other subsystems
(

Q33:
INNOVATION led to tighter integration between SUBSYSTEM and at least one other subsystem
(

Q34:
INNOVATION made it significantly more difficult to integrate SUBSYSTEM with at least one other subsystem


Q35:
INNOVATION made the integration of SUBSYSTEM with at least one other subsystem a more important factor influencing the overall performance of product
(


GFI
.99


Reliability  α
.75

Radicalness Scale

Items
Retained in final scale

Q19:
INNOVATION is a minor improvement over the previous technology (Reversed)
(

Q20:
INNOVATION was based on a revolutionary change in technology


Q21:
INNOVATION was a breakthrough innovation
(

Q22:
INNOVATION led to products that were difficult to replace with substitute using older technology
(

Q23:
INNOVATION represents a major technological advance in SUBSYSTEM
(


GFI
.99


Reliability  α
.78

Table 2   Descriptive Statistics










Variable
N
Mean
Std Dev
Minimum
Maximum

Innovation
Characteristics
Competence Enhancing
142
5.30
1.23
1.0
7.0


Competence Destroying
142
4.17
1.47
1.0
7.0


Radical / Incremental
141
4.60
1.44
1.0
7.0

Innovation
Type
Architectural Linkages
132
4.63
1.80
1.0
7.0


Generational: Expansion
135
3.95
2.15
1.0
7.0


Generational: Consolidation
131
2.89
1.67
1.0
7.0

Subsystem
Hierarchy
Core / Peripheral
146
0.77
0.42
NA
NA

Performance
Commercially Successful
136
5.34
1.21
1.0
7.0


Time to Market (months)
120
24.25
51.96
0
360

Table 3 – Pairwise Confirmatory Analyses: Estimates of Correlations
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Table 4. Effects of Innovation Characteristics, Type, and Hierarchy on

Commercial Success and Time to Introduction (in months); (OLS)


(model 1)

COMMERCIAL SUCCESS
(model 2)

TIME TO INTRODUCTION
(model 3)

COMMERCIAL SUCCESS
(model 4)

TIME TO INTRODUCTION

Variable
Parameter Estimate
Standard Error
Parameter Estimate
Standard Error
Parameter Estimate
Standard Error
Parameter Estimate
Standard Error











Intercept
*  0.32
0.17
***  39.93
10.38
0.27
0.18
***  40.30
11.19

CORE
** -0.41
0.19
* -21.32
12.12
-0.31
0.20
-17.72
12.61

RADICAL
***  0.37
0.12
** -20.85
8.13
***  0.35
0.13
** -20.56
8.60
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0.23

0

84.34

49

0.0013

1

126.75

49

<0.001

0.38

38.21

32

0.21

-0.12

NS

30.01

31

0.52

0

50.88

33

< 0.05

0

31.05

32

0.51

1

210.3

33

<0.001

1

237.94

32

<0.001

0.23

22.63

23

0.48

-0.4

25.06

22

0.29

0.19

18.29

12

0.11

0

48.94

24

0.0019

0

38.7

23

0.021

0

31.34

13

0.003

1

51.81

24

<0.001

1

45.64

23

<0.001

1

54.68

13

<0.001

0.28

27.28

17

0.054

-0.3

11.44

16

0.78

0.55

10.45

8

0.23

0.33

3.57

2

0.17

0
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_
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0
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0

_

_

_

1

84.97

18

<0.001

1

63.95

17

<0.001

1

46.81

9

<0.001

1

30.14

3

<0.001

0.54

37.55

32

0.23

-0.08

NS

36.04

31

0.24

0.18

NS

29.04

19

0.065

0.11

NS

24.19

12

0.02

0.52

40.1

13

<0.001

0

64.17

33

< 0.001

0

36.51

32

0.27

0

29.99

20

0.07

0

25.28

13

0.02

0

_

_

_

1

114.12

33

<0.001

1

159.87

32

<0.001

1

62.32

20

<0.001

1

152.31

13

<0.001

1

41.07

14

<0.001

NS = Not Significant

Radicalness
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Acquisition

Competence Enhancing 

Innovation

Architectural Linkages

Generational Expansion

Generational 

Expansion

Competence 

Enhancing 

Innovation

Architectural 

Linkages

Generational 

Consolidation

Generational Consolidation

NEW COMP ACQ
-0.03
0.13
***  24.55
7.78
-0.06
0.13
***  24.66
8.24

COMPENH/CD
**  0.26
0.12
11.47
7.58
**  0.25
0.12
*  15.41
8.02

ARCHICT
-0.02
0.11
2.79
7.13
-0.05
0.11
1.12
7.29

GEN CONSLD
0.08
0.11
-7.56
7.19
0.11
0.11
-3.57
7.64

GEN EXPAN
*  0.19
0.10
-3.02
6.22
*  0.17
0.10
0.59
6.46











ORG




0.04
0.20
-4.51
12.48

ORG (









CORE




0.03
0.23
6.34
14.54

RADICAL




0.13
0.16
* 19.82
12.19

[image: image4.wmf]-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

New Competence Acquisition

Competence Enhancing/Destroying



NEW COMP ACQ




-0.14
0.19
*** -36.06
11.61

COMPEN/CD




*  0.27
0.15
-10.96
9.26

ARCH




0.14
0.14
2.10
9.45

GEN CONSLD




*  0.31
0.16
3.11
10.90

GEN EXPAN  




-0.17
0.13
2.79
8.30











R2 
0.17 

0.16

0.23

0.25 


Res. Sum of Squares
83.31

251950

74.61

225017


F-value
***  3.42

**  2.71

**  2.10

**  1.99


Nbr. of obs.
124

107

123

106












* p < 0.10, ** p < 0.05, *** p < 0.01  .
Table 5. Effects of Innovation Characteristics, Type, and Hierarchy on

Organizational Characteristics ; (OLS)
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senior

management

change

unit culture

change

middle

management

change

unit structure

change

teams /

committees /

task force

change

Unit more

influential

influential

Generational

Consolidation

Generational

Expansion

Radical

Estimated parameter value

(Standard Error)

INNOVATION CHARACTERISTICS

INNOVATION TYPE

* p < 0.10, ** p < 0.05, *** p < 0.01

R-square

Compare

NC/CE

informal

organization

change

Variable

Description

Intercept

Core

New

Competences

Competence

Enhancing

Linkages


.

Table 6. Effects of Innovation Characteristics, Type, and Hierarchy on

Organizational Characteristics ; Seemingly Unrelated Regressions (SUR)
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Figure 1 – Plot of Innovations on New Competence Acquisition Scale vs. Competence Enhancing/Destroying Scale

REFERENCES

Abernathy (1978)
Abernathy and Clark (199-)

Alexander (1964)

Anderson, Philip and Michael L. Tushman. (1990), “Technological Discontinuities and Dominant Designs: A Cyclical Model of Technological Change,” Administrative Science Quarterly, 35, 4 (December), 604-633.

Anderson, Philip and Michael L. Tushman. (1991), “Managing Through Cycles of Technological Change,” Research & Technology Management (May-June), 26-31.

Bagozzi, Richard P., Youjae Yi and Lynn W. Phillips (1991), “Assessing Construct Validity in Organizational Research,” Administrative Science Quarterly, 36, 421-458.

Baldwin and Clark (2000)

Boeker (1997)

Chesbrough (1999)

Christensen (1998)

Christensen (1999)

Christensen et al. (1999)

Christensen and Rosenbloom (1995)

Christensen and Rosenbloom (1998)

Churchill, Gilbert A. (1979), “A Paradigm for Developing Better Measures of Marketing Constructs,” Journal of Marketing Research, 16, 1 (February), 64-73.

Clark (1985)

Constant (1980) The Origins of the Turbojet Revolution. J. Hopkins Press, Baltimore, 1980

Constant (198-)

Constant (19--)

Cooper and Smith (1992)

Damanpour, Fariborz  (1991), "Organizational Innovation: A Meta-Analysis of Effects of Determinants and Moderators," Academy of Management Journal, 34, 3, 555-90.
Damanpour (1996)

Dewar, Robert D. and Jabe E. Dutton (1986), "The Adoption of Radical and Incremental Innovations: An Empirical Analysis," Management Science, 32, 11 (November), 1422-33.
Dosi (1982)

Ehrnberg, Ellinor (1995), “On the Definition and Measurement of Technological Discontinuities,” Technovation, 15, 7, 437-452.

Ettlie et al. (1984)

Flemming (1998)

Foster (1986)

Glassmeier (1992)

Green et al. (1995)

Henderson, Rebecca (1993), "Underinvestment and Incompetence as Responses to Radical Innovation:  Evidence from the Photolithographic Alignment Equipment Industry," RAND Journal of Economics, 24, 2 (Summer), 248-70.
Henderson (1995)

Henderson and Clark (1990)

Hollander (1965)

Hughes (199-)

Iansiti and Khanna (1995)

Landes (1983)

Langois and Robertson (1992)

Mitchell (1989)

Mitchell (1992)

Myers and Marquis (1969)

Nelson (1995)

Nelson and Winter (1982)

Nunnally, John C. and Ira H. Bernstein (1994), Psychometric Theory, Third Edition, New York: McGraw Hill.

Perrault, William and Thomas Leigh (1989), “”, Journal of Marketing Research, 26, 2 (May), 135-148.

Pinch and Bijker (1987)

Podolny and Stuart (1995)

Romanelli and Tushman (1996)

Rosenkopf and Tushman (1998)

Rosenkopf and Nerkar (2000)

Sanchez and Mahoney (1996)

Sanderson and Uzumeri (1995)

Schilling (1999)

Schilling (2000)

Stuart and Podolny (1996)

Sull (1999)

Teece and Pisano (1994)

Teece and Pisano (1995)

Tripsas, Mary (1998), "Unraveling the Process of Creative Destruction: Complementary Assets and Incumbent Survival in the Typesetter Industry," Working Paper, The Wharton School of the University of Pennsylvania, Philadelphia.

Tripsis (1997)

Tripsis (1998)

Tripsis (1999)

Tushman, Michael and Philip Anderson (1986), "Technological Discontinuities and Organizational Environments," Administrative Science Quarterly, 31, 439-65.
Tushman and Anderson (1990)

Tushman, Michael L. and Johann Peter Murmann (1998), “Dominant Designs, Technology Cycles, and Organizational Outcomes,” Research in Organizational Behavior, 20, 231-266.

Tushman and O’Reilly (1998)

Ulrich abd Eppinger (199-)

Van de Ven and Garud (199z)

Van de Ven and Garud (19--)

Vincenti (1994)

Virany, Tushman and Romanelli (1992)

Virany et al. (1992)

Virany et al. (1994)

� EMBED Excel.Sheet.8  ���





INTERACTION EFFECTS








MAIN EFFECTS














� The items dropped are: 1) “Business Unit” introduced “innovation” by making simple adjustements to existing technology and 2) “Innovation” built on technical know-how that existed widely among firms competing in this category.


� The item concerned the fact that the “innovation” led to significant changes that were principally limited to the “subsystem”.


� The factor structure could not be confirmed for generational consolidation because the measurement model is saturated with three items only, exhausting all the degrees of freedom.  For generational expansion, confirmatory factor analysis could not be performed either because of the too few number of items which leads to insufficient degrees of freedom.


� The scales are the unweighted average of the items composing each scale.


� A model of perceived commercial success with time to introduction as an explanatory variable was estimated but resulted in an insignificant effect on time to introduction.


� All the items of organizational change listed in Table 5 were included to form that index.  A separate analysis of the role of each component did not reveal any heterogeneity of pattern of interactions.  Consequently, we report the results with the formative index of organizational change.


� Although these organizational change variables are correlated in our data, they are different ways in which a firm could react to the innovation.  As there is no theoretical reason for considering them a reflection of an unobserved construct, we considered each organizational characteristic as a separate dependent variable.  
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