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ABSTRACT

INFUSION EFFECTS OF INNOVATIONS ON THE TECHNOLOGICALLY
ORIENTED NEW PRODUCT DEVELOPMENT PROCESS

By

Rosanna Garcia

The primary objectives of this dissertation were two-fold: (1) to advance the
practitioner’s understanding of how adopted innovations can assist new product (NP)
managers in driving the success of inventions, and (2) to advance the methodological
framework of how the NP development process of technological firms can be studied as a
dynamical system. A secondary question was to determine if ‘catalytic’ innovations
significantly increase the success of an NP program. Two methodological approaches
were used to study these objectives; a system dynamics model and a longitudinal study.
The system dynamics model was prefaced by intensive case studies of two
technologically oriented firms. The data collected in the longitudinal study were
evaluated using bivariate linear growth curves using structural equation modelling.

It was found in both studies that the successful adoption of innovations into the
firm has an indirect effect on the success of a NP program. Innovations successfully
adopted into an organization have the effect of increasing a firm’s competences in
technology knowledge utilization (exploitation) and R&D proficiencies. These studies
also reveal a positive relationship between technology knowledge exploitation and R&D

proficiencies as explanatory variables to NP program success. Thus, indirectly the



successful adoption of innovation can drive NP success by helping organizations to better
utilize their technology knowledge competences.

Technologically oriented organizations that are interested in using the adoption of
innovations as a strategy for driving greater success in their NP program should focus on
making resources readily available to the NP process, encouraging failures in NP design,
and actively involving marketing in the NP process. An important finding supported by
both the system dynamics model and the linear growth curve model was that adopting
innovations can increase technological knowledge competences. However, the quadratic
trajectories observed in the longitudinal study suggest that peaks in performance are often
reached. The continual renewal of knowledge is important in the NP development
process. Firms that structure themselves to be open to new knowledge will benefit not
only in their success of adopting innovations, but also in NP program performance.

‘Catalytic’ innovations were identified in this study as innovations adopted into
the organization that act as a catalyst to develop new inventions not previously planned
prior the adoption of the innovation. Marginal support was found for the existence of
‘catalytic’ innovations in the sample population studied. Although catalytic innovations
are not an essential prerequisite to ensure new product program success, when adopted in
moderation they may substantially increase the firm’s knowledge base for building new

products. This increased knowledge can lead to increased new product program success.
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CHAPTER 1
INTRODUCTION

1.1 Background

The adoption of technological innovations has traditionally been seen as a means
of improving productivity, reducing costs, and building core competencies in the
manufacturing, distribution, and/or marketing processes of an organization (Robertson &
Gatignon, 1986). From an organizational behavioral perspective, this research has
primarily taken two different theoretical approaches: (a) studies investigating what
factors facilitate the adoption of innovations in order to speed its diffusion (Damanpour,
1991; Rogers, 1995; Zaltman, Duncan, & Holbek, 1973) and (b) studies focusing on the
effects from adopting innovations on organizational structure (Blau & Schoenherr, 1971;
Repenning, 2001). From a marketing perspective, the adoption of innovations has often
been studied to generate models of diffusion to consumers (Bass, 1969; Sultan, Farley &
Lehmann, 1990).

The innovations adopted by firms traditionally have not been viewed as a resource

for subsequently generating new innovations'. Yet, firms regularly adopt technological
innovations to build competitive advantages, not as a means of improving internal
productivity, but as a competitive strategy to invent new products for the marketplace.
Two examples will help to demonstrate this point.

The California State Automobile Association (CSAA) is one of the largest

' ‘new’ innovations are those that are new to the firm or adopting entity although the innovation may
already have been introduced into the marketplace (Garcia & Calantone, 2001).



providers of automobile, home and life insurance in California. It is not a firm that one
would associate with technological advancements. However, recently it invested over
$10 million in computer and telephony technology in order to introduce new services to
their customers as a pre-emptive competitive move. By adopting technological
innovations new to an insurance company, they were able to introduce an automatic call
center and web services for processing claims. This has allowed the firm to expand their
service offerings and preempt the competition.

Similarly, Comdel, Inc., a small electronics supplier to the semiconductor industry
headquartered in Massachusetts, adopted a programmable memory chip in their user
interface. This will allow them to introduce $500,000 worth of new products to their
customers this year with that revenue predicted to grow exponentially over the next five
years. The president of Comdel, Ted Johnson, admits to continually exposing the
organization to innovations of all types: administrative, technological, and process.
Exposure serves as a catalyst for introducing uncertainty into the R&D process with the
hope of developing significantly more innovative products than the last generation.

These two examples show the adoption of innovations as a competitive strategy
undertaken by firms for building their product portfolios, and not as a means for
improving internal distribution or manufacturing efficiencies. The dissertation was
motivated by this under-researched phenomenon where technological innovations are
adopted by firms for the sole purpose of facilitating the invention of new products for
marketplace distribution. Questions that arise when investigating this innovation strategy
are: What is the effect of the adoption of technological innovations on new product

success? What characterizes and differentiates the types of firms that use this new



product development strategy? How should the new product development process adapt
to accommodate the continual adoption of innovations new to the firm?

This dissertation looked at the influences of the adoption of innovations by a
technological firm on innovations invented by the firm. The primary research question it
addresses is “over time, how does the adoption of new innovations affect the new product
development process, if at all?”

A secondary issue that was addressed is how does the firm evolve and adapt its
organizational structure over time in order to effectively adopt innovations and
subsequently produce inventions. The evolutionary theory of the firm is not new to
organizational behavior researchers (cf. Nelson & Winter, 1974; Tushman & Romanelli,
1986, Miller, 1990; Aldrich, 1979) or to economic theorists (cf. Schumpeter, 1934; Perez
1983). As well, the evolutionary theory of technologies has been extensively explored
(cf. Utterback, 1996; Christensen, 1997; Ziman and colleagues, 2000). The adoption of
innovations into the firm itself has been modeled as an evolutionary process whereby
innovations are invented, and out-dated inventions undergo exnovation2 in order to free
resources for future adoption of new innovations (Kimberly, 1981). The interaction
between adopted innovations and the new product development process also can be
viewed as an evolutionary system. This dissertation looked at the evolving new
product development process as effected by the adoption of new innovations.

The remainder of this introduction is organized as follows: section 2 addresses the
new product development as an evolving process. Section 3 introduces the model that

was tested in this dissertation. Section 4 summarizes the methodology to be utilized to

2 cexnovation’ is the removal of an innovation from an organization, a term coined by Kimberly (1981).



test the hypotheses, and section 5 provides research questions that intend to be answered

from this study. Section 6 concludes this chapter with a summary.

1.2. The Evolving New Product Development Process

The new product development program process is characterized by nonlinear
relationships and complex interactions that evolve dynamically over time. Field research
supports this perception of a dynamic nonlinear evolving NPD program process. Van de
Ven, et al (1999) conducted a seventeen-year long longitudinal study on the ‘innovation
journey’ undertaken by organizations in their development of new products. They
concluded, “our research of a wide variety of innovations has found no support for a
stage-wise model of innovation development and no support for a linear (cyclical) model
of adaptive trial-and-error [random] learning, particularly during highly ambiguous and
uncertain periods of the innovation journey” (pg. 4). Thus, despite common practice by
NPD researchers, the innovation program process should not be considered as following
a static linear stage-gate process popular in many studies (cf. Cooper 1993).

Environmental conditions in new product development continuously change over
time. The inventing organization must continually adapt to dynamic exogenous and
endogenous influences in the marketplace. Competitive threats surface, customers alter
product requirements, and technology advances exponentially to create instabilities in the
new product development process. NPD team movement, mergers and acquisitions,
management turnover, and funding constraints (advancements) add to the dynamic
internal environment faced by NP managers. These ‘agents’ interact during the NPD

process, causing evolutionary dynamic and path dependent relationships.



Figure 1.1 presents this model of the evolutionary NPD process as influenced by
the adoption of innovations. The relationships between constructs will be further detailed

in the following section.

1.3 Model Introduction

In the model introduced in Figure 1.1, the antecedents to the adoption of
innovations are a firm’s adaptive capacity, its slack resources, and the integration
between the marketing and R&D departments. Successfully adopted innovations are
those that have been assimilated, implemented, and used effectively in the organization.
The unsuccessful adoption of innovations is characterized by a failure to implement an
innovation into the organization despite an expenditure of resources. It is proposed that
the effects of successful adoption of innovations are to increase the firm’s ability to
exploit knowledge acquired through the adoption of the innovations and to improve the
firm’s marketing and R&D proficiencies. These gains in knowledge and proficiencies
lead to greater new product program success. This new product program success

ultimately affects the firm’s slack resources and its adaptive capacity.

1.3.1 Adaptive Capacity
Evolutionary theory is concerned with how firms adapt to endogenous and
exogenous environmental factors. The adaptation process has been described as

following either ‘punctuated equilibrium’ or ‘time-paced evolution’. The punctuated
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equilibrium model assumes that long periods of small incremental organizational
evolution are interrupted by infrequent periods of discontinuous, radical change
(Romanelli & Tushman, 1994; Abernathy & Utterback, 1978). The alternative
explanation of the adapting organization embraces a more gradual evolution earmarked
by continuous, although fast-paced, change over time (Eisenhardt & Tabrizzi, 1995).
Eisenhardt and Tabrizzi claim that the ability to change continuously is a critical factor in
the success of firms and that “product innovation is a primary way in which this
alternative form of adaptation can happen” (pg. 84). This dissertation takes the
perspective of time-paced evolution where firms are continually adapting to their
endogenous environments.

Many studies have been conducted on the types of organizational structures that
allow firms to quickly adapt to the environment and that facilitate the NPD process
(Burns & Stalker, 1961; Miles & Snow, 1978). Burns & Stalker emphasized that an
‘organic structure’ appears to be required for conditions of change. Organic structures
are characterized by a lack of rigid structure and definition, but with the ability to quickly
respond to unstable conditions.

For adopted innovations to act as catalysts for inventions, they first must have
successfully been assimilated into the firm. This requires the firm to be flexible and
willing to adapt to the new ideas and new knowledge disseminated with the new
innovation. Flexibility to learn quickly and to adapt to new information is essential for
technological firms that must operate in turbulent market and technological environments
typical of today’s marketplace.

To remain flexible and adaptive the firm should monitor its external environment.



Adaptive organizations demonstrate this capability through a combination of their market
and R&D orientation (Jaworski & Kohli, 1993; Slater & Narver, 1995; Hurley & Hult,
1998) and through their absorptive capacity (Cohen & Levinthal, 1990). Market
orientation pertains to identifying customers' needs and wants, sometimes pre-
anticipating the consumer's wants, and using this information in new product planning.
The technology counterpart to market orientation, R&D orientation, is equally important
as firms need to effectively respond to the ever-changing technological landscape in
today's marketplace.

Fundamental to market orientation is organizational learning, which is the
assimilation of information into the firm to increase knowledge. What the firm does with
the information gained from monitoring the environment is as important as gathering the
information itself. Cohen & Levinthal address this issue by coining the phrase
'absorptive capacity'. A firm's absorptive capacity is its ability to recognize the value of
new information, assimilate it, and apply it to the development of new products. Thus,
the construct, ‘adaptive capacity’ constitutes a firm’s ability to gather and assimilate new
knowledge, and subsequently adapt its new product strategy based on this
knowledge accumulation. A firm’s adaptive capacity is precursor to its ability to

successfully adopt and implement new ideas, processes, or products.

1.3.2 Slack Resources
Slack resources are necessary for the development of inventions (Kamien &
Schwartz, 1982); likewise, the availability of resources is required for the successful

adoption of innovations by a firm. Availability of slack resources is determined by the



successful market introduction of new products to the firm’s customers. The greater the
profits from new product introductions, the more resources become available to commit
to new programs or technologies. Competition for resources can ensue as more
technologies are invested in the firm. It was expected that the more slack resources
available, the greater the likelihood that new technologies adopted by the firm are

effectively assimilated into the firm.

1.3.3 Marketing and R&D Integration

Griffin & Hauser (1996) postulate that developing informal cross-functional
networks between marketing and research departments enables more information to be
communicated, increases coordination between the departments in decision making, and
decreases new product uncertainty. This integration contributes to the successful
invention of new products. Using the same reasoning, it is expected that informally
integrated marketing and R&D departments should lead to an increase in the internal
communication between the two groups and increase the successful assimilation and

implementation of innovations adopted by the technological firm.

1.3.4 Successful Adoption of Innovations

“The adoption of innovation is generally intended to contribute to the
performance or effectiveness of the adopting organization” (Damanpour, 1991, pg. 556).
This dissertation was interested in the effects on the new product development process of
the infusion of innovations. An innovation has been defined as “an internally generated
or purchased device, system, policy, program, process, product or service that is new to

the adopting organization” (Damanpour, 1991, pg.556). Some innovations adopted by



organizations have the potential to significantly impact the NP process. March (1991)
has suggested that “some new technology is so clearly superior to overcome the
disadvantages of unfamiliarity with it, it will offer a higher expected value than the old
technology”(pg. 83). This dissertation terms these types of innovations as ‘catalytic’.
Catalytic innovations are adopted into the organization and act as a catalyst to develop

new inventions not previously planned prior to the adoption of the innovation.

1.3.5 Knowledge Exploitation

Moving away from a resourced-based view, which considers knowledge as a
company asset, knowledge-based theory argues that knowledge is a process by which
organizations evolve by adapting the body of knowledge shared by its members and that
much of this process occurs at the tacit level (Nelson & Winter, 1974; Plotkin, 1994).
This viewpoint challenges the idea of knowledge as an economic asset or commodity,
and instead argues for ‘knowledge as the skilled process of leveraging resources, where
the knowledge is embedded in the organization’ (Spender, 1996, pg. 54). Knowledge
accumulation occurs at a systems level where individuals are agents for the
organization’s continually evolving knowledge base.

Extant literature suggests that a fundamental agent contributing to the
evolutionary process is the learning experiences of the firm during new product
development. During the innovation process, knowledge (both market and technological)
is accumulated and assimilated in order to facilitate the successful marketplace
introduction of new products. Exploiting the knowledge gained from the new
technologies embedded within new products increases the potential for the firm to

achieve higher levels of performance.

10



1.3.6 Marketing and R&D Proficiencies

A firm’s proficiency at technical activities and its proficiency at marketing
activities have been noted in numerous studies to be development process factors that
drive new product success (Cooper & Kleinschmidt 1995; Montoya-Weiss & Calantone,
1994). Technical activities include the R&D process, testing of the product, trial
production, and production startup. The marketing activities include customer

orientation, competitive monitoring, program development, as well as launch activities.

1.3.7 The Feedback Loop

‘Innovation’ as a process implies a temporal perspective. In order to study new
product development as a process, this dissertation utilizes feedback loops to model the
effects of evolution. A cyclical causal relationship exists in which the agents involved in
the NPD process influence one another and in turn, are influenced by the very agents they
have interacted with during innovation. The success or failure of new products in the
marketplace will have direct, although nonlinear, path dependent effects on the firm’s
slack resources and its adaptive capacity. Failures in the marketplace can mean either
more or less resources committed to the adoption of innovations, depending upon the
firm’s new product strategy. Successes most frequently will result in an increase in slack
resources, but with allotment constraints most likely imposed.

Likewise, the more successful a NPD project, the greater the commitment made to
that new product development program, which frequently results in decreasing the
adaptive capacity of the organization. It has been shown that firms that did not
continually renew their knowledge stock lock themselves into old technological

knowledge and lock themselves out of the ability to acquire new knowledge. This
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phenomenon is referred to as lock-in by Cohen & Levinthal, (1990), core rigidities by
Leonard-Barton, (1995), or the Icarus Paradox by Miller, (1990). Lock-in to outdated
knowledge and lock-out of new knowledge causes the firm to lose its flexibility and
openness to new ideas. A firm must have a knowledge foundation that is continually
updated in order to be able to assimilate the latest technological knowledge.

The feedback loop was evaluated using system dynamics modeling, which allows
the evaluation of the nonlinear relationships between constructs over time. This

methodology will be further discussed in Chapter 3.

1.4 Methodology

The systems model in Figure 1.1 was tested in two studies. System dynamics
computer simulations were used in study 1 to test the model. Study 2 utilized a doubly
multivariate longitudinal study3 (Bijleveld, et. al, 1998) to further provide support for the
model introduced here. Utilizing these two methods for studying the model not only
allowed testing the external validity of the simulation model, but also provided an
opportunity for reconciling actual new product practices with the theory developed here.

System dynamics modeling has long been utilized in operations and strategic
management research (Forrester, 1987; Morecroft and Sterman, 1994; Nelson and
Winter, 1974; Repenning, 2001; Sastry, 1997). Nelson and Winter's (1974) seminal work
proposed an evolutionary theory of economic change based on the continual development
of innovations. They used computer simulations to model this dynamic system in order

to study the interactions among market structures, R & D spending, technical change, and

3 doubly multivariate designs survey multiple respondents in multiple groups on multiple variables over
multiple waves (Bijleveld, et al 1998).
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other aspects of industry performance.

Janszen (2000) recently used system dynamics modeling to study the peculiarities
of the new product process. He argues that non-linear mechanisms resulting from the
interaction of the different factors involved in NPD are responsible for the unpredictable
dynamics of the process. The new product development process can be best described as
an evolving dynamic complex system, and thus, was studied from this perspective in this
dissertation.

A system dynamics modeling software was utilized to evaluate the continuous
process as the firm adapts itself to the innovations it adopts, and subsequently, invents
new products. Ventana Systems' Vensim (2001) was used for the model test. The
internal and external validity of the model was validated using the methods suggested by
Levine, Van Sell and Rubin (1992). This involves conducting structural tests, behavioral
tests and policy tests, all of which will be elaborated upon in Chapter 3. A sensitivity
analysis was performed to learn more about the importance of the various parameters in
relation to certain structural characteristics of the model. The objective of the sensitivity
analysis was to learn more about the effects of changes in the parameters of the system.
It is the equivalent of running ‘what if” scenarios (Janszen 2000).

Computer simulations allow numerous factors to be modeled into the system,
and thus, the problem becomes one of determining: what are the important exogenous
factors not explicitly defined in the model under study to be set as ceteris paribus, what
are the appropriate mathematical models that explain the relationships between variables,
and what are appropriate initial values for modeling the dynamic system? In the first

study, an in depth case study of an electronics firm involved in the semiconductor
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industry was undertaken to answer these questions. The results of the computer
simulation provided the insights necessary to compile a relevant and concise survey for
distribution to a large sampling frame.

The second study utilized a longitudinal survey methodology on 40+ technology
firms with 2-3 respondents per company. Data was collected at three points in time five
months apart. This time lag was partially selected for convenience” (Jap 1999) and
partially because new product development projects typically take 9-36 months from
original concept to launch (Griffin, 1997). Since the unit of analysis was the NP
development program of the firm or division, this ten-month period reflects the changes
within a new product development program from the infusion of technological
innovations at different stages of the adoption process.

To maximize the sample size and reduce attrition over time, a minimum of two
respondents from each company were asked to complete the survey. A modified Dillman
(1978) approach was utilized in soliciting survey response. This consisted of three waves
of mailings where the first and third waves are the survey instruments and the second
mailing is a postcard reminder.

Six of the eight constructs in the model have been used in numerous studies,
thus, the scales were borrowed or adapted from previous empirical research. Measures
for ‘adaptive capacity’ and ‘knowledge exploitation’ have not been previously reported.
‘Adaptive capacity’, was based on the well-documented concepts of absorptive capacity,

flexibility, and marketing/R&D orientation originating in the management and marketing

4 six months or less between sampling was suggested by Sandy Jap in personal correspondence.

14



literature. Measures for these concepts have been reported in the literature, and form the
measures for the new construct, ‘adaptive capacity’. Likewise ‘knowledge exploitation’
was based on the well-cited works of Cohen and Levinthal (1990) and March (1991).
Measures for this construct have not been reported in the extant literature. The measures,
thus, were based on the theoretical models suggested by these researchers.

Convergent validity and discriminant validity were tested using confirmatory
factor analysis (Fornell & Larker 1981; Anderson & Gerbing 1988). Measurement
reliabilities evaluated using Cronbach’s alpha coefficient (Nunnally 1978). Content
validity was ensured in the development of the survey by pretesting the instrument with
managers and other researchers knowledgeable about the new product development
process.

Three data collection points allow the full structural model to be tested using
growth curve modeling techniques in EQS (Bijleveld, 1998). Structural equation
modeling (SEM) tests interdependencies and interrelationships among the constructs, as
well as evaluates the total effect of the antecedents on the dependent variables. All

methodology is further developed in Chapter 3.

1.5 Research Questions to be Answered

The primary research motivations of this study are to fully develop and test the
proposed model of the adoption of innovations as well as to explore the evolutionary
nature of the firm as it adapts to the changing internal environment instigated by the
adoption of new innovations.

The objectives of this dissertation are two-fold: (1) to advance the practitioner’s

understanding of how adopted innovations can assist new product managers in ensuring

15



the success of invented innovations, and (2) to advance the methodological framework of
how to study the NP process of technological firms as a dynamical system. Thus, two

sets of research questions ensue:

1.5.1 Practitioner Oriented Questions
PQ1 Can the adoption of innovations into the firm contribute to the success of new
products?

(1) Can the adoption of innovations act as a catalyst to the successful
invention of new products?

(ii))  Does the successful adoption of technological innovations lead to an
increase in the number of new product development projects undertaken
by the firm?

(iii)  What resources and types of organizational cultures (adaptive/rigid,
integrated/decentralized marketing-R&D, limited/moderation/excess
resources) promote the successful adoption of innovations into the firm?

PQ2 How should firms structure themselves to increase the successful adoption of
new innovations?
PQ3 What effects do the successful adoption of innovations have on lock-in (core

rigidities) and lock-out of knowledge?

1.5.2 Theoretical/Methodological Research Questions
TQ1 Does a relationship exist between the adoption of innovations and the
successful invention of new products in the technological firm? Is this

relationship nonlinear?
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TQ2 Is adaptive capacity an antecedent to the successful adoption of innovations?
How should it be operationalized?

TQ4 From a methodological perspective, does system dynamics modeling better
represent the evolving new product development process compared to more
traditional linear representations?

By undertaking both sets of questions the intent of this dissertation was to advance
academic and practitioner knowledge about the innovation process. The results should be
interesting to new product managers who must understand the factors that lead to success
in the marketplace through the continual development and introduction of new products.
Academics should benefit from the advancement in theory about the evolving innovation

process and the role of adopted innovations in the NPD process.

1.6 Summary and Overview of the Remaining Chapters

Chapter 1 provided an overview of the focus of this dissertation. A conceptual
model was presented which proposes relationships among the construct ‘success of
innovations adopted’, its antecedents, and its resulting outcomes. The research objectives
and questions addressed in studying this model were also introduced. Chapter 2 will
further develop the theoretical foundation of this model by presenting a literature review
on the adoption of innovations and building the hypotheses, which were tested in this
dissertation.

Chapter 3 will provide an overview of the methodology, which were used to test
the hypotheses detailed in Chapter 2. Chapter 4 details the results of the system
dynamics model, and Chapter 5 presents the results of the longitudinal survey. Chapter 6

summarizes the dissertation with conclusions and contributions.
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CHAPTER 2

LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT

2.1 Domain Delineated

The adoption of innovations has been studied from numerous perspectives:
economics (Dost, 1990; Freeman, 1988; Perez, 1983), management science (Dewar &
Dutton, 1986; Damanpour, 1991), organizational behavior (Baldridge & Burnham, 1975;
Kimberly, 1981), and sociologically (Rogers, 1995). Because of these diverse
approaches to studying the adoption of innovations, it is important to set the domain of

this dissertation.

2.1.1 Unit of Analysis and 'Innovation' Domain

The unit of analysis for this study was the NPD program at the division level. For
firms without multiple divisions, ‘firm’ is used interchangeably with ‘division’.
Reference to a ‘division’ also pertains to the strategic business unit (SBU). In this study,
‘organization’ is used interchangeable with ‘firm’, with both terms referring to profit-
seeking corporations.

This dissertation studied only technological innovations as opposed to the
managerial or administrative innovations commonly studied from an organizational
perspective. ‘Innovation’ has been defined as an iterative process initiated by the
perception of a new market and/or new service opportunity for a technology-based
invention, which in turn leads to development, production, and marketing tasks striving
for the commercial success of the invention (Freeman, 1994). Technology-based

innovations are those innovations that embody inventions from the industrial arts,
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engineering, applied sciences and/or pure sciences. Examples include innovations from
the electronics, aerospace, pharmaceuticals, and information systems industries.

Additionally, although this theory applies to product and process innovations, the
focus of this dissertation was on technological product innovations. Product innovations
are new products or services introduced to meet an external user or market need (Knight,
1967; Utterback & Abernathy, 1975). Damanpour and Evan (1984) even distinguish
between a technical innovation and a technological innovation. “Technical
innovations...are not merely innovations resulting from the use of technology. They are
defined as innovations that occur in the technical system of an organization and are
directly related to the primary work activity of an organization. A technical innovation
can be the implementation of an idea for a new product or new service or the introduction
of new elements in an organization’s product process or service operation” (pg. 394).
Technological innovations are broader and encompass technical innovations as well as
any innovation embodying a technology.

It is important to elucidate that an invention does not become a product
innovation until it has processed through production and marketing tasks and is diffused
into the marketplace (Freeman, 1994; Layton, 1977; Smith & Barsfield, 1996). This
dissertation looks at the influences of innovations adopted by the firm on the inventions
or new products created by the firm for future marketplace distribution. Innovations will
most likely originate from outside the company whereas inventions must be invented
within the firm for the focus of this dissertation. In order to distinguish between the
innovations adopted by the firm and the innovations created by the firm, the terminology,

‘innovation’ refers to adopted innovations and ‘invention’ or ‘new product’ refers to
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created-in-house innovations, even those that the adopting firm has introduced to the

market.

2.1.2 Adoption vs. Diffusion of Innovation

Another important distinction is the focus on the adoption of technological
innovations and not on the diffusion of technological innovations into the organization.
This is important because many researchers have emphasized that the process of
innovation continues as the innovation diffuses into the marketplace. This implication is
made in Freeman’s definition whereby ‘innovation’ is not just an entity but instead a
process. Innovations evolve due to end-user customization. These innovations are
frequently referred to as ‘incremental’ innovations. This dissertation does not address the
diffusion process or how innovations evolve during diffusion. It assumes that a firm has
adopted a technological innovation and that the innovation may or may not be
customized by the adopting firm. Kimberly (1981) distinguishes between diffusion and
adoption. “Diffusion is the process whereby an innovation spreads in a population,
adoption is a process which results in a decision by potential adopters to invest resources
in an innovation” (pg. 86).

The next question to arise was: “when is an innovation considered adopted?”
Answers to this question have varied in the literature. An innovation may be considered
as having been adopted once the decision about adoption has been made (Walker, 1969;
Daft and Becker, 1978), once the implementation process has been initiated (Evan &
Black, 1967) or after it has been successfully implemented (Mohr, 1969; Rowe and
Boise, 1974). For the purposes of this study, a technological innovation is considered

once the implementation process has been initiated. The reason for this focus was to be
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able to model how the new innovation alters the new product development process over
time from the first decision to adopt the innovation until its full assimilation into the firm.
It is also important to define what constitutes the successful adoption of an
innovation and what comprises the unsuccessful adoption of an innovation. Most studies
on the adoption of innovations have used a positive decision to adopt as a measure of the
dependent variable, success. However, Tornatzky and Klein (1982) and Robertson and
Gatignon (1986) both argue that a measure of success should be the adoption decision
and implementation of the innovation. Robertson and Gatignon use measures of the
‘depth of use’ of the technology and the ‘degree of use’. This dissertation considered the
successful adoption of an innovation as one which has a high degree of assimilation
(depth of use) and a high degree of implementation (degree of use) along with a high
degree of efficacy (degree of usefulness). The unsuccessful adoption of an innovation is
characterized by a low degree of assimilation, implementation and efficacy. An
innovation should not be considered a failure if it falls low on just one of these scales.
Often an innovation is pertinent only to a single department. For example, the Linux
operating system is more useful to an engineering department and may not even be
implemented in a firm’s marketing department. This would not make it unsuccessful in
its adoption by the firm. For this reason 'dissemination’, which describes the percentage
penetration through an industry or organization, was not considered in the measure of the
success of innovation adoption in this dissertation. Dissemination does not consider

assimilation or efficacy.
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2.1.3 Domain Summary

In summary, the focus of this dissertation was on the effect of the adoption of a
technological innovation on the success of new inventions created by the firm and the
evolutionary changes a firm undergoes to continually invent and market new products. A
case in point would be the CSAA example cited in the introduction. This insurance
company adopted voice-processing equipment (technological innovation) in order to
provide new services (invention) to their customers. The voice processing equipment
was most certainly adapted to the unique requirements of the CSAA, but more
importantly, for the focus of this dissertation, the firm used this technological innovation
to develop new services for their customers thereby becoming more competitive. Even
though voice processing can be considered a well-diffused technology (introduced into
the market in the late 70s), it was a new innovation to CSAA that resulted in new
inventions for their customers. It was a widely implemented innovation with high
efficacy for the firm and a high degree of assimilation since all employees of the firms

were ultimately affected by the new technology.

2.2 The Evolutionary Nonlinear Dynamic Complex System

The model presented in chapter one was described as an evolving nonlinear
dynamic complex system. Complex systems take on many meanings in the
organizational and management literature. Traditionally it has been used to describe an
organization with many interconnected departments, strategic business units or a large
number of employees (Blau & McKinley, 1979; Blau & Schoenherr, 1971; Mileti,
Gillespie & Haas, 1977). The greater the number of interacting members in the

organization, the greater is its complexity. It has been argued that complexly structured

22



organizations are more likely to be innovative compared to less complex ones (Aiken &
Hage, 1971; Baldridge & Burnham, 1975; Moch & Morse, 1977).

Complex systems are mainly characterized by the phenomenon that small
disturbances in the system can multiply over time because of nonlinear relationships and
the dynamic repetitive nature of the system. These small perturbations in the system can
have large impacts, although the impact may not be observed until a later point in time.

It is because of the feedback inherent in complex systems that these small seemingly
irrelevant noises can be amplified and molded into larger more influential phenomena.

Complex systems exhibit self-reinforcing positive and negative feedbacks that
invoke path dependencies. These path dependencies in turn create nonlinear relationships
among the interacting parts (agents) of the system. Disruptions originating in one part of
the system, in effect, propagate forward and backwards along the chain. For example, the
success of an innovation can create a positive self-reinforcing phenomenon called
increasing returns (Arthur, 1990). Exponentially positive returns are granted to the
product with the highest market share (e.g., VHS). Likewise, failed products rarely can
turn around their diminishing returns and face negative self-reinforcing nonlinear profit

levels (e.g., Betamax).

2.2.1 The NPD Process as a Complex System

The new product development (NPD) program process can be described as an
evolutionary nonlinear complex adaptive system. The NPD program includes the full
portfolio of new product projects under development by the firm. The NPD process
rarely follows a linear path of product invention as set forth in the stage-gate process

popular in practitioner oriented reference books (Cooper, 1993). It is an evolving system
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as innovations are continually invented by the firm to address the dynamic marketplace.
Complexity ensues as the agents continually interact with each other and the environment
causing the NPD process to adapt to the changing environment. The strategic goals of
the firm may not necessarily be changing, but the agents within the NPD process are
dynamic. Exogenous factors such as competitors, customer demands, regulatory
agencies, and/or technological developments may cause firms to alter their NPD process.
Likewise endogenous factors such as resource availability, skills sets of the NPD team,
managerial turnover, and/or organization-wide strategic changes can cause alterations in
the NPD process. Nonlinear relationships results as feedbacks from both endogenous and
exogenous factors result in further adaptations to the NPD process. The question is: how
does a technological firm develop a new product development program strategy for this
type of dynamic process? It is argued in this dissertation that one way for technological
firms to remain adaptive in evolving environments is to maintain a steady supply of
catalytic innovations in its knowledge arsenal that facilitate the invention of new
products.

In complex systems it is difficult to plan how the agents in the system will interact
with each other. Two ideas or innovations, which may appear to be completely
unrelated, can join together to organize into a larger unexpected idea. The internet
evolved in this fashion as an organization’s need to keep informed on projects (CERN)
melded with the US Defense systems need for wartime communication to form a very
complex but highly integrated vehicle for the public to share information with each other.
Many other examples of this type of organization of system agents exist in the historical

archives of new products.
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Based on this foundation of the NPD process as a complex adaptive system, the
role of a ‘catalytic innovation’ should become more evident. A catalytic innovation is an
innovation that when introduced into the complex system will react with the other agents5
within the system. This reaction may result in a new product idea or a new process, and
may evolve into a new invention for the firm. The resulting reaction may not be
immediately evident in the system as complex systems are time and path dependent. It is
also feasible that no reaction between agents will occur at all. It is the focus of this
dissertation to look at catalytic innovations to determine if firms can increase the success
rate of their new product development programs through the adoption of these types of

innovations.

2.2.2 Modeling of Complex Systems

There are many methods of modeling complex systems (Daneke, 1999). This
dissertation used a system dynamics model to evaluate the nonlinear relationships in the
new product development process. A brief summary here will provide an explanation to
the typical types of relationships that emerge in studies of system dynamics. Sterman
(2000) identify four common modes of behavior in dynamic systems: ‘exponential
growth’, ‘S-shaped growth’, ‘growth with overshoot’, and ‘overshoot and collapse’.
Exponential growth arises from positive (self-reinforcing) feedback. The advancements
in semiconductor integrated circuits can be described as exponentially growing. Most
systems cannot maintain such a rapid growth rate over an extended period of time.

Limitations imposed on the system will impede growth. Sterman calls this constraint on

* In this dissertation, agents are the factors (constructs) that will be tested. Thus, ‘knowledge exploitation’
is an agent. From this point forward, factor will be used instead of ‘agent’.
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an otherwise positive linear or exponential relationship as the system’s ‘carrying
capacity’. Exponential growth with a carrying capacity constraint describes the S-shaped
growth curve, which has commonly been used to model the diffusion of innovations
(Rogers, 1995) and product performance over time (Utterback, 1996). S-shaped growth
models negative feedbacks that constrain growth. “Often however, there are significant
time delays in these negative loops. Time delays in the negative loops lead to the
possibilities that the state of the system will overshoot and oscillate around the carrying
capacity” (Sterman, 2000, pg. 121). This results in S-shaped growth with overshoot.
Carrying capacity however is not fixed. Erosion of carrying capacity creates a second
negative feedback also limiting growth. If carrying capacity is itself dynamic, at the peak
of the curve, carrying capacity is at its maximum. Collapse occurs in the system as the
carrying capacity is eroded. This results in overshoot and collapse. This has been used to
describe the rate of product or process innovation (Utterback, 1996). These are common
relationships predicted to be observed in this dissertation. Figure 2.1 graphically
demonstrates these fundamental modes in business dynamics.

With the domain of this dissertation addressed, the following sections will provide
further elaboration on the model of infusion effects on the NPD process introduced in

Chapter 1.
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Figure 2.1 Fundamental Modes in Business Dynamics

Exponential Growth S-Shaped Growth

S-Shaped Growth with Collapse Growth with Overshoot

Linear
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2.3 Background Literature on the Adoption of Technological Innovation

Extant literature has attempted to understand the motivations for the adoption of
innovations into organizations (Damanpour, 1991), the diffusion of innovations among
organizations (Czepiel, 1974), or the rate of organizational innovativeness by adopting
innovations (Daft & Becker, 1978; Zaltman, Duncan & Holbek, 1973). In nearly all
studies of the adoption of innovations, there is an attempt to relate innovative behavior to
organizational structure (e.g., centralization/formalization), departmental factors, or
personal characteristics of the organizational personnel (e.g., risk averse/authoritative
managers).

Empirical analyses have focused on the antecedents that facilitate the adoption of
technological innovations. To account for the variations in patterns of organizational
adoption of innovations, researchers have empirically tested four general categories: (a)
attributes of organizational structure, (b) individual characteristics of organizational
members, (c) environmental influences, and (d) the attributes of the innovation being
adopted . Damanpour (1991) and Tornatzky and Klein (1982) conducted thorough meta-
analyses on the adoption of innovations although from two different perspectives, which
are now outdated. Damanpour focused on the organizational structure of the firm
whereas Tornatzky and Klein focused on innovation attributes. Damanpour used
organizational innovativeness or rate of adoption of innovation as the dependent variable
(DV) whereas Tornatzky and Klein used adoption (yes/no) and, when available,
implementation as the DV.

Damanpour found that specialization (diversity of specialist), functional

differentiation (number of unique departments), and external communication had a
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positive influence on the adoption of technical innovations by firms while centralization
had a negative effect. Formalization and vertical differentiation (degree of hierarchical
levels) were found to have non-significant effects. Tornatzky and Klein found that
compatibility and relative advantage of the innovation was positively related to its
adoption. Complexity of the innovation was negatively related to adoption, whereas cost
of an innovation and trialability were found to be insignificant. Although they did not
test their propositions, Robertson & Gatignon (1986) suggested that competitiveness,
technology standardization, industry heterogeneity, professionalism, and demand
uncertainty positively relate to the diffusion and adoption of innovations. From an
environmental perspective, Baldridge and Burnham (1975) reported that high
environmental uncertainty and diversity encourages the adoption of innovations. In
hospitals, Meyers and Goes (1988) determined that the environmental factor, community
urbanization, was significantly correlated with innovation assimilation. The antecedents
tested as predictors of innovation adoption have been numerous and the results varied.

Post-adoption outcomes are relatively less developed in the extant literature. A
few empirical studies have reported the positive effects of the adoption of innovations on
performance. Armour & Teece (1978) showed that the adoption of an administrative
innovation increased the rate of return on owner’s equity. Damanpour & Evan (1984)
reported that a balanced implementation of administrative and technical innovations lead
to higher performance in public libraries.

Most studies have ignored how the organization utilizes the innovation. Those
studies that have addressed ‘what happens after adoption’ take an organizational behavior

approach and focus on the resistance to implementation of new innovations (Repenning,
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2001; Leonard-Barton, 1995; Klein & Sorra, 1996). It is interesting to note that in the
organizational literature, a firm’s innovativeness has been modeled as its willingness to
adopt innovations (Damanpour, 1991; Han, et al., 1998) although how this
innovativeness leads to new products is never expounded upon. The infusion effects of
technical innovations on the new product process appear to be an under-researched area.
This dissertation looks to address the infusion effects of the adoption of innovation on the

dynamic new product process.

2.4 Hypotheses Developed

In this section, hypotheses, which were used to test the model as introduced in
Figure 1.1, are formulated.
2.4.1 Antecedents to the Successful Adoption of Innovations

This section formulates the hypotheses of the model delineated in Figure 2.2.
Adaptive capacity (H1), slack resources (H2), marketing-R&D integration (H3) are
antecedents to the successful adoption of innovations into the organization. The
successful adoption of innovations has previously been identified as those innovations
that have a high degree of assimilation (depth of use), implementation (degree of use) and

efficacy (degree of usefulness) within an organization.

2.4.1.1 Adaptive Capacity as a Construct

A firm’s adaptive capacity describes how well a firm can adapt to dynamic
environments. Weick (1998) found that firms with lower adaptive capabilities are more
bureaucratic in structure and inflexible in strategy. Lewin, Long & Carroll (1999) found

the more bureaucratic an organizational structure, the lower its absorptive capacity for
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new knowledge and the lower its abilities to recognize new opportunities, particularly in
regards to the development of new products. New product development is viewed as one
important way that organizations can adapt to changes in markets, technology, and
competition. Adaptive capacity encompasses a firm’s flexibility to adapt to changes, to
absorb new knowledge, and to have a marketing and technology orientation. These

measures are elaborated upon below.

Figure 2.2 Antecedents to the Successful Adoption of Technological Innovations

Adaptive Capacity
o Absorptive Capacity
o Flexibility

Marketing/R&D
Orientation

Success of
Adopted Innovations

Slack
Resources

Assimilation
Implementation
Efficacy

Marketing-R&D
Integration

2.4.1.1.1 Flexibility
Flexible organizations quickly adapt to their environment and rapidly respond
with strategies and inventions to address the dynamic marketplace. These types of

organizations have been labeled as ‘organic’ (Burns & Stalker, 1961), or as ‘prospectors’
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(Miles & Snow, 1978). These firms are characterized as lacking in bureaucratic rigidities
and high administrative intensity and rapidly build intuition and flexible options in order
to learn quickly about and shift with uncertain environments (Tyre & Orlinkowski, 1994).
“In general, flexibility sustains any complex system. To respond to complex and
changing markets, firms must maintain a variety of resources, routines, and robust
intellectual processes. Monolithic responses are displaced by diverse strategies and
activities. Organizational diversity, product diversity, life cycle diversity, customer
diversity, and strategic business unit diversity help firms pursue business opportunities”
(Phillips & Tuladhar, 2000, pg. 28). Flexible firms demonstrate high market and R&D

orientations.

2.4.1.1.2 Market & R&D Orientation

Market orientation refers to the generation of market intelligence pertaining to
current and future customer needs, dissemination of the intelligence across departments,
and responsiveness to the intelligence collected (Kohli & Jaworski, 1990; Narver &
Slater, 1990). The first step in building a market orientation is the generation of market
information regarding competitors, technology evolution, and the current and future
needs of customers, latent as well as expressed (Narver, et al., 2000). Information
disseminated throughout the organization together with strategies developed and
implemented in response to the information gathered constitute the full realm of market
orientation.

Complementary to market orientation is a firm’s R&D orientation. R&D
orientation includes the generation and dissemination of technology intelligence as ways

of monitoring technological advances that may be important to help identify catalytic
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innovations. It also refers to the firm’s responsiveness to this technology intelligence.
Berthon, et al (1999) introduced a similar concept called ‘innovation orientation’. An
innovation orientation however focuses on “openness to innovation” (Zaltman et al,
1973) and “a capacity to innovate” (Burns & Stalker, 1961). An innovation orientation is
equivalent to the ‘responsiveness’ component of market orientation but does not include
the generation of technology intelligence or dissemination of the information collected.
Market orientation has been closely linked with organizational learning (cf. Day
1994; Hurley & Hult, 1998; Kohli & Jaworski, 1990; Narver & Slater, 1990; Narver et al,
2000) as well as should R&D orientation. A firm may monitor the marketplace and
utilize the information gained from the intelligence collection and still not learn from the
data collection. Reasons for this lack of knowledge accumulation can be explained by a

firm’s absorptive capacity.

2.4.1.1.3 Absorptive Capacity

Absorptive capacity is defined as a firm’s “ability to recognize the value of new
information, assimilate it, and apply it to commercial ends” (Cohen & Levinthal, 1990,
pg. 128, emphasis added). Whereas marketing and R&D orientations describe a cultural
position regarding the collection of intelligence, absorptive capacity’s focus is on the
firm’s ability to use the information to accumulate knowledge and apply that knowledge
in the development of new inventions. Absorptive capacity focuses primarily on
technological information but does not preclude market intelligence.

Absorptive capacity is path dependent. Cohen & Levinthal argue that the firm’s
ability to evaluate and utilize outside knowledge is highly dependent upon the level of

prior related knowledge. They expound on this idea:
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“By having already developed some absorptive capacity in a particular
area, a firm may more readily accumulate what additional knowledge it
needs in the subsequent periods in order to exploit any critical external
knowledge that may become available. Second the possession of related
expertise will permit the firm to better understand and therefore evaluate
the import of intermediate technological advances that provide signals as
to the eventual merit of a new technological development. These revised
expectations, in turn, condition the incentive to invest in absorptive
capacity subsequently” (pg. 136).

A firm’s absorptive capacity is highly dependent on the individuals within the
firm who act as gatekeepers of information in boundary spanning roles. Knowledgeable
gatekeepers monitor the environment and translate technical information into a form
understandable to the internal staff. Thus, while R&D orientation is a cultural aspect of
the firm, absorptive capacity addresses the structure of the firm to position capable
personnel in positions that will allow the successful assimilation of market and
technology intelligence.

To summarize, adaptive capacity explains a firm’s propensity to be structured
flexibly (organically), its readiness to build marketing and R&D orientations, and its
ability to utilize the intelligence collected from monitoring the market and technology
environments for developing new products. A firm’s adaptive capacity was measured

with these three different types of scales.

2.4.1.2 Adaptive Capacity as an Antecedent

As described above, a firm’s adaptive capacity is defined by how well it can adapt
to dynamic environments. Thus, firms with high adaptive capacities should have greater
success at assimilating catalytic innovations into the organization. It has been shown that

many innovations are either not adopted or not successfully implemented within the
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organization because of internal resistance (Klein & Sorra, 1996; Repenning, 2000) or
because of the lack of flexibility within the organizational structure (Kimberly, 1981).

All firms have capacity constraints. When a capacity constraint is reached the
firm becomes inefficient, or reaches a point of chaos. At this point, too many options are
available for a firm to consider the appropriate action to take. If a firm has too much
flexibility, it lacks the structure to set organization-wide strategic plans. If it collects too
much intelligence, the knowledge base fails to expand because of ‘information overload’.
Similarly, firms must be concerned with 'lock-in' or what Leonard-Barton (1995) refers
to as 'core rigidities." This phenomenon occurs when a firm is so ingrained in a particular
technology and knowledge base that it is unable to adapt to changing market conditions
due to the rigidities in the firm. Too much knowledge is accumulated in one area,
locking the organization from learning from new intelligence accumulated. March
(1991) terms this as an imbalance in knowledge exploration compared to knowledge
exploitation. An organization may focus too much on gathering information instead of
utilizing the information to adopt innovations. Because of the imbalance in knowledge
exploration, a nonlinear relationship exists between a firm’s adaptive capacity and the
successful adoption of innovations. Thus,

H1: The relationship between a firm’s adaptive capacity and its successful adoption
of innovations follows over time a nonlinear path of S-shaped growth.

2.4.1.3 Slack Resources

Organizational slack resources determine whether the organization can afford to
adopt innovations. Slack resources have been defined as those resources that have not
been committed to other organizational departments or programs. "The existence of

slack means that the organization can afford (1) to purchase costly innovations, (2) to
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absorb failures, (3) to bear the costs of instituting the innovation, and (4) to explore new
ideas in advance of actual need” (Rosner, 1968, pg. 615). Slack resources are not just
monetary assets. They also include human, physical, and temporal resources. Is there
knowledgeable staff with available time to make decisions about new innovations? Does
the firm have the proper computer systems, equipment, and/or building sites necessary to
ensure the successful implementation of a new innovation? Are slack manufacturing
capacity, R&D capabilities, etc. available to assimilate the innovation?

In their study on the adoption of innovations, Dewar and Dutton (1986) found that
the greater the number of specialists in an organization, the more easily new technical
ideas can be understood and procedures developed for implementing them. Likewise,
Robertson & Gatignon (1986) found that R&D allocation lead to enhanced technologies.
Although Damanpour (1991) expected to find, in his meta-analysis on the adoption of
innovations, a positive relationship between slack resources and the successful adoption
of innovations, he found a non-significant relationship. He did however, find a
significant positive relationship between technical knowledge resources and adoption
success. Technical knowledge resources “reflect an organization's technical resources
and technical potential” (pg. 589).

Fenell (1984) warns that researchers should consider whether parallel competing
innovations factor into the adoption of innovations. "Parallel innovations may pose
competing alternatives for the use of slack resources, either because two or more
innovations may have developed simultaneously in the same substantive area or because
different innovations may represent alternative ways of expending resources (Kimberly

1981)" (pg. 114). Organizations will not have unlimited funds available for adopting all
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the innovations they believe beneficial to the production of inventions. Even when slack
resources are readily available, management will very likely impose a cap on the
percentage available for new innovations. Additionally, by definition, slack resources
allow the firm to absorb failures. With an increase in slack resources, managers will be
comfortable making risky decisions that can lead to failure. It is hypothesized that as
resources increase, the rate of change in success will decrease. Thus,

H2: The relationship between a firm’s slack resources and its successful adoption of
innovations follows over time a nonlinear path of S-shaped growth.

2.4.1.4 Marketing-R&D Integration

There is strong and consistent empirical evidence, applicable across both services
and products and in both customer and industrial markets, that communication and
cooperation between marketing and R&D enhances new product development success
(Griffin & Hauser, 1996; Moenart & Souder, 1990). NPD projects that balance
marketing and R&D inputs have higher rates of success (Cooper, 1984a, 1984b). Cross-
functional integration reduces language, thought, and physical barriers. This enables
more information to be communicated and utilized, increasing coordination and decision-
making (Ruekert & Walker, 1987).

Similar predictions can be made regarding the integration of marketing and R&D
and the successful adoption of innovations. Proliferation of an exchange of information
about potential market demands allows R&D to better anticipate how an innovation
adopted into the organization will facilitate the invention of new products. Likewise
R&D can provide marketing personnel with information regarding internal technology

progress that may provide solutions for customer demands. The inter-exchange of ideas
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between departments increases idea generation and knowledge assimilation. This creates
a better understanding by both departments on how externally created innovations may be
successfully utilized within the firm for new product invention.

“It has become generally accepted that complementary functions within the
organization ought to be tightly intermeshed, recognizing that some amount of
redundancy in expertise may be desirable to create what can be called cross-function
absorptive capacities. Cross-function interfaces that affect organizational absorptive
capacity and innovative performance include, for example, the relationships between
corporate and divisional R&D labs or, more generally, the relationships among the R&D,
design, manufacturing, and marketing functions (e.g., Mansfield, 1968: 86-88)” (Cohen
& Levinthal, 1990, pg. 134).

Griffin & Hauser (1996) argued that marketing and R&D responsibilities in new
product development are neither independent nor static; they cannot be analyzed
separately. Responsibilities in both departments intermingle as new technological
emerges, as customer needs change, as competitors offer new products, and as
environments evolve. Thus,

H3: The greater the marketing-R&D integration, the more successful the adoption
of catalytic innovations into the firm.

2.4.2 Outcomes of the Successful Adoption of Innovations

Extant literature has focused on how an innovation moves through stages in
becoming a standard part of an organization (cf. Meyer & Goes, 1988; Pelz, 1983).
Management and organizational behavior researchers have looked at how an innovation
evolves as it assimilates into the organization for internal use (Leonard-Barton, 1988;

Van de Ven & Rogers 1988; Van de Ven & Poole 1990). Reinvention (Rice & Rogers,
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1980) is a common occurrence during implementation (Rogers, 1983, 1995; Tornatzky, et
al., 1980). Van de Ven and Poole examined the innovation process and proposed a
methodology that emphasizes the evolution of relationships among internal
organizational ideas, people, transactions, and outcomes over time. These studies have
all focused on the intra-organizational effects of post-adoption.

Rothwell & Gardiner (1988) introduced ‘reinnovation’ to explain the invention of
incremental innovations. These researchers noted at least twelve patterns of redesign and
reinnovation that occur throughout the new product development process from
conceptualization to diffusion. Of these twelve patterns, four involve taking existing
technology and improving upon it to invent new innovations: 'retrofitting', 'new
generation', 'hybrid technologies', and 'radical technologies'. ‘Retrofitting’ involves the
overhaul of existing product designs with new features and improvements whereas ‘new
generation’ is a total redesign of an existing product. ‘Hybrid technologies’ upgrade
existing products with new technologies whereas ‘radical technologies’ use new
technology to introduce completely new products. The essence of these reinnovation
processes is the utilization of one technology to invent a new product. Thus, technologies
adopted by a firm are used in some manner in order to create a new product. It is not
uncommon for one technology to act as a catalyst in the invention of a new technology
(e.g., the Watt engine facilitated steamboat transit, smaller and faster semiconductors
spurred laptop inventions, and lasers are now being used as ‘scalpels’ in heart surgery).

Yet, new product researchers know very little about how the adoption of
innovations affects the new product development process over time. As previously

noted, the infusion effects of innovations on the firm’s new product development process
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are an under-developed area of research. This dissertation looked at the effect of the
successful adoption of innovations on the firm's ability to exploit knowledge (H4), to
build on marketing proficiencies (HS), and to build on R&D proficiencies (H6).

Predictions regarding these hypotheses are described in this next section. Figure 2.3

delineates this sub-section of the model.

Figure 2.3 Infusion Effects from the Successful Adoption of Technological

Innovations

Knowledge
Exploitation

Success of
Adopted Innovations
« Assimilation

« Implementation
Efficacy
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Proficiencies
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2.4.2.1 Knowledge Exploitation as an Outcome

The firm's ability to evaluate, implement, and assimilate knowledge for
commercial success is of strategic importance to the innovating organization (Grant,
1996; Cohen & Levinthal, 1990). This ability is frequently modeled as competitive
advantage (Burgelman, 1990; Senge, 1990). Quinn (1992) proposed that knowledge

based tangibles such as know-how, design expertise, and marketing insights largely
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determine the competitive advantage of most products. In these studies, knowledge is
considered an asset.

However, knowledge can also be considered as a process (Nonaka & Takeuchi, 1995;
Li and Calantone, 1998; Leonard-Barton, 1995). Nonaka and Takeuchi present a
dynamic model for the creation of new knowledge starting with tacit knowledge that
becomes embedded within an innovation, ending with the reabsorption of new knowledge
into the organization from the development process. They describe this as a 'spiral of
knowledge creation'. Li and Calantone distinguish between market knowledge and
market knowledge competence. Market knowledge competence encompasses the
processes that generate and integrate market knowledge (an asset) into a new product.
This concept can apply to all types of knowledge competence.

Knowledge exploitation is a related but distinct concept from knowledge
competence. Knowledge exploitation is the utilization of knowledge competence.
Knowledge exploitation has been defined as “the use and development of things already
known” (Levinthal & March, 1993, pg.105). The “essence of exploitation is the
refinement and extension of existing competences, technologies, and paradigms” (March,
1991, pg. 85). Catalytic innovations that are successfully adopted by the firm bring with
them new technologies and new ideas that can lead to the future development of new
inventions. These new technologies and ideas increase the knowledge competence of the
firm. If this knowledge is exploited, new applications from existing knowledge
components will emerge (Kogut & Zander, 1992). How well a firm exploits the

knowledge gained from the adoption of new innovations is a prediction of its success in
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the new product development process. The greater the firm's success at assimilating new
innovations into the firm, the more knowledge exists that can be exploited by the firm.

However, limitations exist on the firm's ability to exploit knowledge. A firm’s
carrying capacity will be reached, imposing constraints on future exploitation efforts.
Human, capital and R&D resources are limited, as are knowledge compentences and
managerial skills. Knowledge acquisition and exploitation are limited by these
constraints. Additionally, it is possible for the firm to adopt too many innovations. Too
many competing projects can result in all projects receiving little attention. Thus,

H4:  The relationship between a firm’s successful adoption of innovations and its
knowledge exploitation follows over time a nonlinear path of S-shaped growth.

2.4.2.2 Marketing & R&D Proficiencies as Outcomes

It is expected that the successful adoption of an innovation will increase the
overall marketing and R&D proficiencies of the firm. It is hypothesized that information
collected during the decision making process of adopting innovations can lead to an
increase in market and R&D knowledge. "The greater the technical knowledge
resources, the more easily can new technical ideas be understood and procedures for their
development and implementation be attained" (Dewar & Dutton, 1986 pg. 1431). The
firm’s carrying capacity (limitations on employee skill sets, education, managerial
demands, etc.) will set limits on the growth in proficiencies. Thus,
H5:  The relationship between a firm’s successful adoption of innovations and

marketing proficiencies in the new product development process follows over
time a nonlinear path of S-shaped growth.
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H6:  The relationship between a firm’s successful adoption of innovations and R&D
proficiencies in the new product development process follows over time a
nonlinear path of S-shaped growth.

2.4.3 Antecedents to NP Program Success

Numerous studies have been conducted regarding the antecedents to new product
program success (Montoya-Weiss & Calantone, 1994; Brown & Eisenhardt, 1995;
Cooper & Kleinschmidt, 1995). In this model of new product development as a complex
system, three potential antecedents were tested, knowledge exploitation (H7), marketing
proficiencies (H8) and R&D proficiencies (H9), Figure 2.3.

New product success has been accounted for in many ways (Griffin & Page,
1993; 1996). They report that firms and academics use over 75 distinct measures of
product development success. Since the unit of analysis in this dissertation is the
division, success was determined on a program level. Because different divisions have
different product development strategies (Miles & Snow 1978), it is important to measure
a division’s success in growth, efficiency and effectiveness of the new product
development program, and financial performance (Griffin & Page, 1996). The actual

measures to be used will be delineated in Chapter 3 of this dissertation.

2.4.3.1 Knowledge Exploitation as an Antecedent

Drucker (1985) traces a firm's competence in new product development to its
processes of generating knowledge about its customers and competitors and integrating
such knowledge with technology. The greater its ability to utilize the knowledge
generated, the greater the success in the NPD process. Leonard-Barton (1992) termed

this ability as a firm's core capability. "[Core] capabilities continually spawn new
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products and processes because so much creative power is focused on identifying new
opportunities to apply the accumulated knowledge base" (pg. 118).

Knowledge exploitation can be viewed as a core capability of the firm. Core
capabilities differentiate a company strategically. It is hypothesized that a firm that
exploits knowledge innovates new products with greater success. However, all core
capabilities “simultaneously enhance and inhibit development” (Leonard-Barton, 1992,
pg. 112). Core capabilities can result in core rigidities. Core rigidities evolve as
knowledge exploitation causes firms to build capabilities in one specific area. Technical
and managerial systems, skills and knowledge sets (assets), and values become ingrained
to the firm. Firms become 'locked-in' to the old technologies and patterns of development
activities. Thus, the cumulativeness and path dependencies of new product development
can lead to technological, organizational, and institutional boundary limitations (Cohen &
Levinthal, 1990; Alange, et al., 1998).

To break the path dependency of core rigidities in new product development,
companies need to unlearn, or abandon earlier practices and behaviors that were found
necessary, or even crucial, in other development projects. “An organization that engages
exclusively in exploitation will ordinarily suffer from its obsolescence. The basic
problem confronting an organization is to engage in sufficient exploration to ensure its
current viability, and at the same time, to devote enough energy to exploitation to ensure
its [future] viability” (Levinthal & March, 1993, pg. 105). Some organizations are able to
use new projects as agents of renewal and organization-wide learning (Leonard-Barton,
1992), although most firms find this very difficult. It usually takes an environmental jolt

(Meyer, 1982) or catastrophe (Bak, 1996) to move a firm off its self-reinforcing path of
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reliance upon tried and true technology onto a path of exploring and exploiting riskier

technology. "One of the central findings of complexity theory is that robust (dynamic)

systems evolve toward the balance between order (the pull of exploitation) and disorder

(the pull of exploration) ..." (Lewin, et al., 1999, pg. 540).

Thus, it is hypothesized that over time firms that utilize their knowledge
competence (exploitation of knowledge) will increase the success of their new product
development projects. However, knowledge exploitation may begin to cause
complacency in the firm’s new product development process, negatively affecting new
product success until an environmental jolt or catastrophe causes the firm to re-evaluate
its knowledge exploitation behavior. This will result in an adjustment in knowledge
exploitation over time. Thus,

H7:  The relationship between a firm’s knowledge exploitation and new product
development program success follows over time a nonlinear path of S-shaped
growth.

2.4.3.2 Market Proficiencies as an Antecedent
Marketing and R&D proficiencies have been empirically linked to the success of

new products (Montoya-Weiss & Calantone, 1994). Cooper (1979) identified the notion

of maximizing proficiencies in NPD activities rather than just undertaking the activities
noted as key drivers of NPD success. Using a meta-analysis of forty-seven firms,

Montoya-Weiss & Calantone (1994) found that proficiency in market related and

technological activities are key determinants for driving new product success.

As early as 1956, Carter & Williams noted that marketing proficiencies are associated
with technically progressive firms. Likewise, Kuczmarski (1988) found that skill at

marketing activities is potentially critical for ensuring the success of new products. Thus,
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building marketing proficiencies are essential for ensuring NP success. Marketing
activities requiring proficiency include customer orientation, competitive monitoring,
program development, as well as launch activities. Thus,
H8:  The greater the marketing proficiencies, the greater the success of the firm’s new
product development program.
2.4.3.3 R&D Proficiencies as an Antecedent
Quality of execution of technological activities - the actual physical development,
product testing, trial production, and production start-up - has been linked to new product
development program performance (Cooper, 1979; Cooper & Kleinschmidt, 1995). R&D
strength has been noted as a major determinant of new product advantage (Li &
Calantone, 1998). Day (1994) considered R&D strength a major internal capability and
suggested that strong R&D provides a technological base critical to new product
development. Technical activities requiring competence can include the R&D process,
testing of the product, trial production, and production startup. Thus,
H9: The greater the R&D proficiencies, the greater the success of the firm’s new
product development program.
2.4.4 The Feedback Loop
The feedback loop as detailed in Figure 2.4 models the relationship between the
success of the new product development program as an antecedent to the firm’s adaptive
capacity (H10) and slack resources (H11). Since this dissertation models the new product
development process over time, it is necessary to determine the effects of program
success on future development projects. The feedback loop modeled here looks

specifically at slack resources and adaptive capacity over time.
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Figure 2.4 Feedback Loop
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2.4.4.1 New Product Program Success as an Antecedent

A firm’s success can be its demise. This phenomenon has been called core
rigidities (Leonard-Barton, 1995), stale in the saddle (Miller, 1991), or the ‘Icarus
paradox’ Miller (1990). Successful firms can experience downward trajectories because
their “victories and ...strengths...seduce them into the excesses that cause their downfall.
Success leads to specialization and exaggeration to confidence and complacency, to
dogma and ritual” (Miller 1990, pg.3). Technologically based companies can move from
being pioneering entrepreneurs to ‘escapists’ where the focus on inventiveness becomes
an unproductive pursuit of technology for its own sake (Miller, 1990).

Leonard-Barton (1995) reasoned that core rigidities form because attacking the
rigidities “means undermining the current economic foundations of the firm —
cannibalizing current product lines, making obsolete current knowledge bases and skills,
lessening the values of current assets” (pg. 34). The politics of power and organization
behavioral routines that become ingrained also contribute to the strength of core

rigidities. The inertia of current practice can overwhelm concerted efforts to change a
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firm’ strategy (Dougherty & Hardy, 1996; Hannan & Freeman, 1984; Johnson, 1988).
These dependences on the status quo result in the decrease in a firm’s absorptive
capacity, its flexibility, and its marketing and R&D orientations, and hence its adaptive
capacity.

Sustained success in a firm’s established new product development program can
lead to the Icarus paradox (Miller, 1990). However, an environmental jolt, internal or
external (Meyer, 1982), or catastrophe, or even intelligent management can cause the
firm to recognize the destructiveness of core rigidities and put a concerted effort back on
building core capabilities. Over time, this leads to a negative relationship between new
product program success and adaptive capacity (Figure 2.4). Thus,

H10: The relationship between a firm’s new product development program success and

its adaptive capacity follows over time a nonlinear path of inverted S-shaped
growth.

Figure 2.5 Predicted Relationship H10

Adaptive Capacity

New Product Program Success
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As previously noted, a firm’s goals will determine how it accounts for success in
the new product development program. It can rate success based on profits, market
share, number of new products launched, etc. Regardless of the firm’s method of
determining success, greater slack resources result from greater success of new products.
Griffin and Page (1996) found that Prospectors6 determine new product program success
through the growth derived from the program. One measure of success Prospectors use is
‘degree today’s products lead to future opportunities’ (Griffin & Page, 1996, pg. 490). If
a firm believes that today’s products will lead to new products, it will allocate the
resources necessary for evaluating future technologies that may spur new technologies.
Even if financial slack resources are not readily available, growing firms will frequently
obtain venture capital or other entrepreneurial funding for future new product
development. Thus, financial success alone is not necessary to increase slack resources.
As long as the firm continues to have the successes it predicts from the new product
program, slack resources will usually be made available.

However, all resources are limited no matter how much wealth or potential
success a firm has. Most firms will put a cap on the resources available for any single
function within the firm. Additionally, Dougherty & Hardy (1996) found that in mature
organizations, resources do not flow smoothly to new product projects, particularly where
prevailing practices supported established activities. Thus,

H11: The relationship between a firm’s new products program success and slack
resources follows over time a nonlinear path of S-shaped growth.

% ‘Prospector firms ‘value being first with new products, markets and technologies even though not all
efforts prove to be profitable’ (Griffin & Page, 1996, pg. 482).
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2.4.5 Hypotheses Summarized

Table 2.1 summarizes the hypotheses that were tested in this dissertation. The

methodology used to test these hypotheses is presented in Chapter 3.

Table 2.1 Hypotheses

H1:

H2:

H3:

H4:

HS5:

H6:

H7:

HS:

H9:

H10:

HI11:

The relationship between a firm’s adaptive capacity and its successful
adoption of innovations follows over time a nonlinear path of S-shaped
growth.

The relationship between a firm’s slack resources and its successful adoption
of innovations follows over time a nonlinear path of S-shaped growth.

The greater the marketing-R&D integration, the more successful the adoption
of innovations into the firm.

The relationship between a firm’s successful adoption of innovations and its
knowledge exploitation follows over time a nonlinear path of S-shaped
growth.

The relationship between a firm’s successful adoption of innovations and
marketing proficiencies in the new product development process follows over
time a nonlinear path of S-shaped growth.

The relationship between a firm’s successful adoption of innovations and
R&D proficiencies in the new product development process follows over time
a nonlinear path of S-shaped growth.

The relationship between a firm’s knowledge exploitation and new product
development program success follows over time a nonlinear path of S-shaped
growth.

The greater the marketing proficiencies, the greater the success of the firm’s
new product development program.

The greater the R&D proficiencies, the greater the success of the firm’s new
product development program.

The relationship between a firm’s new product development program success
and its adaptive capacity follows over time a nonlinear path of inverted S-
shaped growth.

The relationship between a firm’s new products program success and slack
resources follows over time a nonlinear path of S-shaped growth.
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CHAPTER 3

OVERVIEW OF METHODOLGY

3.1 Chapter Summary

The hypotheses delineated in Chapter 2 were tested in two studies. Study 1
utilized a case study for data collection for a system dynamics model and study 2 utilized
a longitudinal survey for data input to a structural equation model (SEM). In study 1, two
case studies were used to identify the analytical relationships between constructs and to
determine starting values for system dynamics modeling, which uses computer
simulations to evaluate the interaction effects of nonlinear relationships. This method
allowed testing of the hypotheses in a controlled setting and for modeling the feedback
process. Additionally, field support for the predicted underlying theoretical relationships
between factors described in Chapters 1 and 2 provided validity for the structural
equation model to be tested in study 2.

In study 2, the data collected from the longitudinal study was analyzed using a
growth curve model in structural equation modeling. Empirical data collection allowed
for external validation of the hypotheses. The nonlinearities, with respect to time, of the

relationships between constructs were the major focus of study 2.

3.2 Study 1 - Case Study & System Dynamics Simulation

The intent of the case study was twofold: (1) to provide both qualitative and
quantitative data for input into the system dynamics model, which is summarized in
Figure 3.1 and further detailed in Chapter 4, and (2) to provide validity to the structural

equation model, which is shown in Figure 3.2.
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Figure 3.1 System Dynamics General Framework
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Notes: Arrows represent causal relationships with direction noted as a (+) or (-).
Loops labeled R indicate a reinforcing (+) feedback. Loops indicated with B,
indicate balancing (-) feedback.
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The exploratory nature of the case study facilitated identification of the functional forms
of relationships that occur between the variables over time, both under normal and
extreme conditions. The case study also allowed collection of quantitative data that was
used as starting values for the system dynamics model.

Since no previously known empirical research had been conducted on the infusion
effects of technological innovations on the success of the new product program process
prior to this dissertation, the case studies provided a better understanding of this
phenomenon. Identifying the characteristics of catalytic innovations through discussions
with industry experts prior to the longitudinal survey increased the potential for obtaining
content validity. The case study data collection techniques and system dynamics

simulation techniques are described in the section below.

3.2.1 Case Study Data Collection

Creswell (1998) suggests that five different traditions of qualitative inquiry and
research design exist - biography, phenomenology, grounded theory, enthnography, and
case studies. He advocates that each method has dis<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>