Strategies for Successful Technology Integration
by
Michael W. Hawman

B.S., Mechanical Engineering, Pennsylvania State University, 1982
M.S., Engineering Mechanics, Pennsylvania State University, 1984

Submitted to the Alfred P. Sloan School of Management
in Partial Fulfillment of the Requirements for the Degree of

Master of Science in Management of Technology
at the

Massachusetts Institute of Technology
June 1997

© 1997 Michael W. Hawman
All rights reserved

The author hereby grants to MIT permission to reproduce and to distribute publicly paper
and electronic copies of this thesis document in whole or in part.

Signature of Author . .
MIT Alfred P. Sloan School of Management
May 9, 1997

Certified by pprm= o -
James Utterback
Professor of Management and Engineering
Co-chair, Management of Technology Program
Thesis Supervisor

Accepted by

Rochelle Weichman
Director, Management of Technology Program

vt AGHUR D TTE RIS TTUIT
OF TECHNDORY

JuL 011997 Dewey



Strategies for Successful Technology Integration

by
Michael W. Hawman

Submitted to the Alfred P. Sloan School of Management and the School of Engineering
on May 9, 1997, in partial fulfillment of the requirements of the Degree of
Master of Science in Management of Technology

ABSTRACT

The business environment in many industries is increasingly relying on an ever-widening
set of disparate technologies that must be linked together to form products, and thus, the
importance of technology integration is growing. Technology integration was defined and
studied from a strategic and operational perspective to identify key factors which promote
superior performance. From a strategic perspective, it is shown through an evaluation of
the research into product development and through a case study of residential central air
conditioners, that technology integration must be coherent and synergistic with the
business strategy of a firm. The set of viable technological opportunities can both drive
business strategy and be driven by business strategy. The greatest success is achieved
when both occur simultaneously in a synergistic manner. From an operational perspective,
technology integration was studied to identify factors which enable the effective
combination of technologies and components together to form the product systeri. A
combination of a review of the research into product development, and interviews with
experts in systems integration, points to several broad categories of factors which promote
superior technology integration. Decisions and organizational structures that 1) promote
business and technical linkages, 2) prevent biases, and 3) promote product design iteration
are suggested as factors which are under the control of management and which
significantly contribute to greater technology integration performance. Factors which
increase the difficulty of technology integration that are typically beyond the control of
management are technology and market uncertainty, the complexity of interaction between
the components in the product system, and the degree of disruption.
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Chapter 1 - Introduction

There has been more information produced in the last 30
years than during the previous 5,000, The information

supply available to us doubles every 5 years.
-Richard Saul Wurman (Wurman 1989)

Technology progress... ... .....has slowed marked|y.
-The End of The Future (Gimpel 1995)

The Age of Convergence

The question of how the pace of technological change today compares with past history is
the source of much debate today. Many believe that the changes that we must contend
with are unprecedented in magnitude at least since the industrial revolution.  Others
counter that the changes in today’s technological landscape are of the same or diminished
magnitude on a relative basis to those that have occurred for centuries, Despite widely
varying positions on the answer to this question, many agree that the number and breadth
of technologies that businesses today must consider as being relevant is much broader than

at any time in the past.

One major driver behind this dramatic increase in the technological breadth necessary to
be competitive is convergence. On an industry level, convergence represents the uniting
of once very disparate industries together to form a new industry with new products
and/or services. On a product level, convergence is the combination of functions,
previously available only on separate products, which are now embodied in a single

product.

The unification of once separate industries and its products is possibly best illustrated
today by the convergence of computers, telecommunications, and entertainment (Yoffie

1996). Companies such as AT&T, TCI, Time-Warner, Cablevision, and others are racing



to pursue strategies of delivering products that bring together voice, data, television, and
entertainment/information content.  Personal video conferencing, video-on-demand,
interactive television, multi-media learning, real-time corporate information networks, are
just a few of the products and services envisioned from this union of established

technologies.

Convergence on the product level is also pervasive from the brand new internet industry to
the hundred year-old automobile industry. Thirty years ago paper copiers were dominated
by Xerox, computers and peripherals by IBM. Today, Canon offers the CFX L4500
which is a single unit that functions as a copier, a computer printer, a fax machine, a
scanner, and includes telephony functions.' Until recently, consumers needed a second
vehicle, different from their sedan, to haul cargo and to use in off-road situations. The
sport utility vehicle created by the United States automobile manufacturers integrated the
ruggedness and off-road capabilities of trucks with the ride and handling characteristics of
the traditional sedan. Consumers no longer need to trade-off these functions or to

purchase two vehicles to obtain the functionality that the sport utility vehicle offers.

Although convergence provides users with superior performance and functionality ofien at
lower cost, it presents a particularly daunting challenge to business leaders who are faced
with integrating the disparate technologies. New competencies may be required, while
existing competencies may be viewed as unnecessary and even a hindrance. In-house
development versus outsourcing some or all of the component technologies embodied in
its product must be considered, These are but a few of the factors that managers must
consider in crafting a successful strategy. These challenges become real when one looks
at the Canon CFX L4500 mentioned above. How did Canon first determine that these five
functions/technologies needed to be integrated into a single product? Second, once
decided, how did Canon gain the expertise in the areas such as telephony which is outside

their previous experience base?

'Canon debuts five - function laser printer, PC Week, 14;: 104, 1997,




Thus, the acceleration of convergence is placing greater emphasis on being able to
integrate technology as critical competitive competency. The success of major resource
commitments is riding on the ability to make the integration happen. AT&T will spend
between $8 billion and $9 billion in the near term to bring new technologies together such
as voice, data, wireless, and internet for corporate customers (Lapolla 1997). Yet, despite
these high stakes, technology integration is not new. At some level, almost all products
and services can be viewed as a combination of components that represent different
technologies. Our transportation vehicles, home appliances, and manufacturing systems
are all forms of significant mechanical and electronic integration. How have companies
producing these products succeeded at technology integration? What strategies and
organizational approaches have they found that promote technology integration?
Answering these questions about existing products and firms may serve as guidance for
those managers seeking to cope with new convergence of technologies. Providing this
insight into the management-controllable factors which affect a firm’s technology

integration capability is the value proposition that I seek to address through this thesis.

Thesis Content and Scope

Despite argument of its significant and growing importance, there are no textbooks and
few research papers which analyze and illuminate the success factors for technology
integration. Even as a distinct element within studies of general technological innovation,
scholars and business practitioners have paid little attention to the specific act of
integrating technological components. Those that refer to integration, do so primarily from
the context of bringing together different capabilities to form cross-function groups (e.g.
Clark and Wheelwright 1993). But the process of bringing together disparate technologies
to form a product or service is about much more than just cross-functional integrated
product development (IPD) teams. It must include how the firm’s business strategy is
accounted for in the product design and execution, and it must consider how to ensure

that the IPD teams have access to broad sources of technical and business information



from which they can base their decisions upon. The lack of focus and research on
technology integration is clearly a gap that deserves attention, particularly in light of the
business imperatives discussed above. This thesis represents one small attempt to begin
filling this gap with a clearer understanding of technology integration as a specific

competency that can be managed and promoted.

The premise for this thesis comes from a deceptively simple question that Clay Christensen
at Harvard Business School posed to me one day: If you give two firms the same box of
components required to build a product, why does one firm produce a better performing
product than the other? This question is simple because the answer is that one firm is
“better” than the other. It is also deceptive in that it is not very clear what “better” is and
how to achieve it from the perspective of a manager charged with running all or part of a

firm.

Clay’s question became even more puzzling when he pointed out that those firms which
produced a comparatively poorer product, often had superior knowledge of the
technologies and components that comprised the product. In his study of the computer
disk drive industry, he found that IBM and HP increased the performance of their
products at nearly the same rate, but by following very different strategies (Christensen
1992). IBM derived its performance improvement by periodically incorporating new
component technologies that it had developed internally. HP, in contrast, improved the
performance of its hard disk drives through continuous incremental innovations based on a
stable set of technologies that it did not develop internally. HP was able to derive
performance improvements from increasingly better integration compared to IBM which
resorted to adoption of new technologies to keep the same pace of improvement. HP’s
superior ability at technology integration compared to IBM is somewhat puzzling since
IBM clearly had much deeper knowledge of the individual component technologies for
disk drives. In fact, IBM pioneered almost all of the innovations in the hard disk industry.
Common sense would suggest that the greater knowledge about the component

technologies possessed by IBM would enable them to wring greater performance out of a



given set of components than HP. The answer to this paradox must lie within the process
of technology integration and how a firm’s strategy, structure and operational

characteristics influence this capability.

These observations can be unsettling for leaders faced with integrating new technologies
into their products as they deal with the acceleration of technological convergence. The
answers to fundamental questions become less clear. For example, is it better for a firm to
develop significant competencies in the development of the component technologies (as
IBM did), or is the firm likely to be more successful if it outsources the components that
make up its products? If one path is better than the other, how does the leader of the firm
identify the appropriate strategy? As [ will discuss later, the academic research and the
popular business literature provide little specific guidance for the pursuit of superior

technology integration.

This thesis seeks to begin to understand technology integration as a specific competency,
and to present this understanding from the perspective of a manager of a firm so that it has
a degree of usability and applicability. This perspective suggests that the framework of
this understanding must be both fairly uncomplicated and incorporate factors that are
under the direct or indirect control of a manager. I hope that the reader will agree that
the proposed three dimensional framework of linkages, biases, and iteration is a useful
way to not only think about technology integration, but to also motivate managerial
decisions of organizational structure and firm strategy that will lead to superior capability
in this area. Robust verification of this framework is beyond the scope of this thesis, yet,
the empirical data presented in this study strongly suggests that it is clearly on the right

track.

Thesis Structure

The understanding of technology integration begins in Chapter 2 with the development of

a working definition and consideration of how technology integration performance can be
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measured. Chapter 3 explores the state-of-the-art in the understanding of innovation as it
relates to the specific competency of technology integration. The most direct work on
technology integration by Iansiti and Christensen is also explored. In Chapter 4, the
fundamental competencies and factors that support superior technology integration are
introduced. We will see that technology integration must be considered from both an
operational and a strategic perspective. A framework is proposed which identifies three
behaviors that managers must promote in order to achieve superior technology
integration, Three environmental variables, outside of the control of a manager, are also
identified which have equally significant impact on the success of technology integration.
In Chapter 5, we see how technology integration and business strategies are strongly
linked through a study of two firms in the residential central air conditioning industry.
Chapter 6 concludes this thesis with a summary of key lessons learned from this
investigation into technology integration and identifies further work that is needed to more

fully understand this complex competency.
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Chapter 2 - What is Technology Integration?

I suggested in the preceding chapter that the capability to integrate disparate technologies
is becoming an increasingly important competence, and it is thus important to understand
the factors that lead to success and failure in this endeavor. To accomplish this, we must
first discuss what technology integration is and what parts of the product development
process are included. Once we have a common frame of reference to discuss the subject,
we then need a robust means to measure technology integration so that we can begin to

make value judgments as to what leads to better or worse technology integration,

Definition of Technology Integration

Defining technology integration presents a particular challenge since limited studies have
been conducted on this subject. It is only through repeated attempts to analyze and
explain something that we can develop a highly meaningful and useable definition for it.
Given that there is no consensus definition for technology integration, I shall propose a
working definition that captures the essential competencies and builds on the thoughts of

scholars which have recently explored this subject.

Marco Iansiti is one scholar who has specifically targeted his efforts to better understand
technology integration. Although I will discuss his findings later in more detail, I believe it
is worthwhile to use his definition for technology integration as a starting point. Within
Iansiti’s body of work there are subtlety different definitions proposed for technology
integration. In one example, he focuses on the process of selecting among technical
approaches and possibilities: “Technology integration is the set of investigation and
evaluation activities aimed at se’ecting the set of novel technical approaches to be
Jollowed in a development program” (lansiti 1995). He further emphasizes this idea by
stating that technology integration activities define the interaction between research and
product development and that they are distinctly different from activities related to

technology transfer.

12



lansiti along with Clark present a slightly different definition of technology integration
which is based on linking technological possibilities to the capability of the firm:
“Technology integration is the capacity to link the evolving base of technical knowledge
(both inside and outside the firm) to the existing capability within the organization”
(lansiti and Clark 1994). This definition emphasizes that an element of technology
integration is the capability of the firm to exploit the technological possibilities that are

available to it.

lansiti’s definitions lack some specific competencies which I believe are equally important
to the process of technology integration. Specifically, he excludes what is conventionally
referred to as the product development process from technology integration. I argue that
the process of knitting together the selected technologies to form a product is also
essential to the notion of technology integration. Mere selection of technical approaches
to be used does not guarantee that they will be effectively integrated together.
Furthermore, technology integration must not only select and combine technical
possibilities into a product or service, but these steps must result in a product that is
successful in the marketplace. The business landscape is littered with examples of
products which technically outperformed the competition, yet were dismal failures in the
marketplace. For example, Sony’s Betamax architecture was technically superior to the
VHS format, yet the Betamax succumbed to the market domination of VHS (Cusumano,

Mylonadis et al. 1992).

Building on Iansiti’s definitions, I propose that a comprehensive definition of technology

integration must include three important competencies:

Selection: The selection among all possible technical approaches (both
internal and external to the firm) to solve the product “problem”

Combination: The combination and integration of these selected approaches
together to create the product or service

13



Market Success: The technical approaches are selected and combined in such a
manner to produce a product that is highly valued by the market
that is targeted for.

These competencies lead to the following definition for technology integration that serves
as the basis for this study:

Technology integration is the process of selection and

combination of technological possibilities into a product or

service that is successful in the marketplace.

This definition is very broad and it encompasses activities that range from being strategic
to those that are very tactical. As we will see later, the “selection” element of the
definition is often very strategic to the success of a firm. The eminence of many firms and
products is based on the ability to select the “right’ set of technologies that are bundled to
meet customer needs. Technology integration also spans the more operational/tactical end
of the spectrum where the process of combining the selected technologies to form the

product occurs.

The definition of technology integration presented above begins to illuminate why this
competency is both difficult to manage and why little attention has been paid to it in the
academic literature. Simply stated, technology integration is a process that is very hard to
grasp because it spans a large part of a firms business and technical activities that are
generally under the responsibility of different functional organizations. There is unlikely to
be a director of technology integration within a firm, yet there will be the leaders of
business development, engineering, R&D, marketing, and manufacturing - all owning
pieces of the technology integration process. In some sense, technology integration is a
lens through which the linkages between various activities in the product development

process can be viewed,

14



Measuring Technical Integration

How do we differentiate between “good” technology integration and “poor” technology
integration? In other words, how do we measure the performance of a firm with respect
to its ability to select and combine technological possibilities into a successful product?
Measuring technology integration is vital to both understanding what it is as well as
enabling management to make decisions that improve the outcome of the technology
integration process. Appropriate performance metrics, however, are usually troublesome
for firms to develop since it is difficult to capture the complexities of business performance
with just a few quantifiable measurements. Technology integration is no different since it
spans such a large range of the strategic continuum. Given this breadth, I suggest that
technology integration must be measured from both the strategic and the
operational/tactical perspectives if we are to gain a robust indication of performance.
This is itself not an easy proposition since it is very difficult to measure the performance of
“strategy” beyond looking at the financial performance which results from the combination

of'the firm’s strategic and tactical activities.

Technical and Operational Perspective

Measures of technical performance and operational effectiveness have been the focus of
the few published efforts to gauge technology integration. While I do not believe that they
adequately address the strategic aspects of technology integration, they do serve as a

starting point for comparing the technology integration competencics between firms.

Measures of product performance or other parameters that are attributable to the
interconnection and integration of component technologies have been suggested as
suitable metrics for technelogy integration. Iansiti, in his study of the mainframe computer
industry, utilized the number of gates per square centimeter of silicon as a measure of the
effectiveness of the integration achieved in producing a module for a mainframe computer

(lansiti 1995). This metric is a good indicator of technology integration performance since
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it depends on the electrical, thermal, and mechanical characteristics of the design,
Christensen similarly utilized areal recording density as a measure of a manufacturer’s
ability to integrate the platter, head, motor, and other components together to produce a
hard disk drive (Christensen 1992). I categorize these product performance and product
attribute metrics as measures of the fechnical effectiveness of the technology integration

process.

Technical effectiveness is not always sufficient to judge the success of technology
integration. The elegant combination of different technologies to produce a product which
fails to survive against the competition cannot be judged as successful technology
integration. The battle between Sony and JVC for the video recorder market in the 1970’s
is an illustrative example. Sony was first to market with its Betamax which produced a
superior picture quality compared to the VHS format introduced a year later by JVC.
Despite Sony’s first mover advantage, through which it captured 58% of the market in
1975-1977, Sony had all but stopped Beta VCR production by the late 1980°s even
though its product was technically superior. The success of the JVC VHS format over
the Sony Beta format has been explained by Cusumano et al as attributable to a superior
business strategy pursued by JVC and its parent Matsushita (Cusumano, Mylonadis et al.
1992). JVC’s strategy was to build market acceptance for its VHS standard by
aggressively pursuing both licensing and OEM agreements with other Japanese, US, and
European firms. In contrast, Sony was initially reluctant to partner with other companies
because it did not want to compromise the technical design of the Betamax to create an
industry standard. JVC’s strategy to partner with other companies and to compromise on
their original design caused the VHS format to gain momentum that overwhelmed the

Beta format in just a few years,

This case shows that it is the users of the product, which vote with their purchase
decisions, who are the ultimate judge of whether a firm is successful in its endeavor to
integrate technologies into a product. Thus, appropriate measures of technology

integration must also directly or indirectly capture the business effectiveness of the

16



product. Metrics different from those that capture the technical effectiveness of the
technology integration may be required. For example, in the early days of the hard disk
drive industry, recording density captured both the technical and business effectiveness of
a firm’s integration strategy since the overriding industry objective (and purchase decision)
was to provide the greatest storage capacity in a form factor that could fit into the
computer, Today, recording density remains a measure of technology integration
capability since the capacity desired for personal computer hard drives continues to rapidly
rise.  However, areal recording density no longer totally captures the business
effectiveness of technology integration in this industry since there are markets for hard
disk drives which value other attributes, such as cost or reliability, more than recording
density. Care must be exercised in selecting technical measures of performance to ensure

that there are also primary factors which influence the purchase decision.

Second, we must consider how much effort and resources were devoted to the integration
process. A well integrated product from an effectiveness perspective will ultimately not be
successful if extraordinary resources, including time, capital, and labor, are required to
achieve the integration. [ term this dimension as the efficiency of the technology

integration,

Strategic Perspective

As noted earlier, measuring technology integration performance from a strategic
perspective is quite difficult since it requires the ability to link specific strategy decisions to
measurable outcomes of firm performance. Yet firm performance is affected by all
decisions, both tactical and strategic, as well as market and economic factors beyond the
control of the firm. An assessment of what constitutes business strategy and how to
ascertain its effectiveness is beyond the scope of this thesis and the reader is directed to
the work of several scholars on this subject. Michael Porter continues to mature his
thinking on what comprises strategy and how one can judge its overall effectiveness

(Porter 1996). Hamel’s recent thoughts suggest that business strategy must be assessed by

17



how revolutionary its impact is on the industry (Hamel 1996). Hax offers a more
pragmatic and traditional treatment on the process and frameworks for creating and

assessing business strategies (Hax and Majluf 1996),

For the process of measuring technology integration from a strategic perspective, 1 will
suggest  later that we must judge the degree of coherency, alignment, and
interdependence between the strategy for technology integration and the overall business
strategy of the firm. A business strategy and a technology integration strategy that
synergistically work together reinforce each other and offer the best opportunity for the
firm to succeed. Traditional measures of firm success, such as revenues, returns on
selected assets, or market share can also be used as additional indicators of technology

integration performance from a strategic perspective.

18



Chapter 3 - The Foundations of Technology
Integration

My discussions with both business leaders and academic scholars of innovation confirmed
that understanding how to do technology integration well is of both great interest and
concern. I found it surprising, however, that little research has been focused on
technology integration as a fundamental competency. Why is this so if it is such an
important concept? Part of the answer, | believe, is that technology integration gets lost in
the pursuit of the overall product development process because it is typically not owned
by a single function or organization within a firm, Additionally, technology integration is a
competency which is inherently about creating linkages between functions that have

historically been very separated.

lansiti, who focuses on the selection aspect, makes a similar observation when he points
out that technology integration is a bridge that links the world of technology development,
which we often call research, to the world of product and manufacturing process
development (Tansiti 1997). He suggests that research has focused on either how we
conduct effective research to create technological possibilities or on how we can execute
effective product and manufacturing process development, but not on the linkage between
the two. Technology integration, as an explicit function, does not necessarily reside within
the domain of the research, engineering, or manufacturing organizations of a firm. In
essence, technology integration “falls between the cracks” of technological research, and

product and process development and is thus not well accounted for in the literature.

Despite neglecting technology integration as a specific competency, much effort has been
expended at studying its outcome - a successful new product. Ever since Schumpeter
introduced the term “creative destruction” as a means to characterize innovation from an
economic perspective (Schumpeter 1942), innovation and new product development have

been studied in great detail to both characterize it as a disciplined process and to identify
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those factors which promote its success. Some of my colleagues might argue that
technology integration is the process of innovation and new product development,
However, I chose to think of technology integration as narrower than the broader context
of general innovation and product development. For those that insist that technology
integration is nothing more that product development and innovation, it is still useful to
use the definition introduced in Chapter 2 as a lens through which to view the research on
innovation. Through this filter, we can begin to glean the competencies and practices that
specifically promote the ability to select and link disparate technologies together into a

product.

Product Development and Innovation

Brown and Eisenhardt have published a very extensive summary of past and present
research that has been conducted in the broad fields of innovation and new product
development (Brown and Eisenhardt 1995). The authors have taken this work and have
synthesized a model of successful innovation and new product development that integrates
these various perspectives. 1 will use this model to explore insights into technology
integration that are embodied in the understanding of product development and

innovation.

Brown and Eisenhardt identified three important streams of research that characterize
fundamental conclusions about successful innovation and new product development. They
suggest that these streams refer to successful product development as:

1. A rational plan,

2. A communication web, and

3. A disciplined problem solving process.

Rational Plan:

The rational plan view of product development suggests that success stems from
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a) the careful planning of a superior product for an attractive market, and,
b) the execution of that plan by a competent and well-coordinated cross-
functional team that operates with

c) the blessings of senior management,
Research studies within this context focus on relating many different independent factors
to the financial success of the new product or service. One of the earliest studies in this
research stream showed that successful products from a market perspective resulted from
a strong understanding of the market and user needs rather than a deep understanding the
underlying technology. Subsequent studies have also documented the importance of
linking technology to the market context to achieve successful products. Cross functional
teams and skills are also highlighted by the rational plan concept as being important to

creating successful products.

The implications for technology integration from the research stream characterized as a
rational plan clearly show that the technologies that ultimately get combined into the
product must first be thought of in the context of the market. Once a product concept and
its constituent technologies has been envisioned to be a success in the market, significant

utilization of cross-functional skills and teams is required to turn the vision into reality.

Communication Web

This stream of research is based on the fundamental work of Tom Allen where it is shown
that communication among project team members and outsiders stimulates the
performance and success of product development teams (Allen 1971; Allen 1977). Allen
identified the importance of gatekeepers to the success of innovation. A gatekeeper is a
high-performing individual that is the principle conduit for the team’s contact and access
to people and information external to their organization. Ancona and Caldwell delved
deeper into the specific external communication and interaction activities of high
performance product development teams and found that specific types of activities

(ambassadorial, task-coordination, technical scouting) rather than frequency of external
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communication was a predictor of success (Ancona and Caldwell 1992). Internal
communication within teams was also identified as promoting product development
success in studies performed by Ancona and Caldwell (Ancona and Caldwell 1992).
Dougherty identified that the “thought worlds” of each of the functional departments need
to be brought together into a parallel, iterative, interactive manner (Dougherty 1990).
High internal communication increases the quantity and variety of information that the

team uses to develop and implement the new product idea.

Viewing product development and innovation as a web of both internal and external
communication suggests two implications for technology integration. First, access to
external information including both technological and market opportunities should lead to
greater success. Second, internal cross-functional interaction that brings together the
different perspectives of the technical disciplines along with market perspectives should

lead to superior technology integration.

Disciplined Problem Solving

This stream of research views product development and innovation as a disciplined
problem solving process at the project level balanced with a clear product vision
developed at the executive level. This view also suggests that successful product
development is enhanced by the use of cross-functional teams which are organized
according to the needs of the development project. It clearly places greater emphasis on
the process of product development compared to the communication web and rational

plan perspectives,

Early work in this research stream studied successful Japanese product development
projects. Imai et al found six interfirm factors and one external linkage to be key for
product development success (Imai, Nonaka et al. 1985). Top management provided an
overall strategic direction and vision for the product that was derived from and consistent

with their knowledge of the market environment and the firm’s strengths and weaknesses.
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Management also provided subtle control rather than acting purely in an advisory role.
Self-organizing teams of cross-functional make-up were utilized. The phases of the
product development process were conducted in an overlapping and parallel manner as
opposed to a sequential process. Learning was also conducted across functions and
across levels. This learning was captured through its incorporation into the institutional
memory rather than remaining within the knowledge of the individuals. The external key
success factor was the extensive use of suppliers to provide knowledge and capabilities

that were outside of the boundaries of the firm doing the product development,

Later research extended and validated this early work through studies of major car
development projects (Clark and Fujimoto 1991). These investigators also presented
support for the use of extensive supplier networks, the use of overlapping product
development phases, communication, and the use of cross-functional teams. They also
identified the contributions to success from heavyweight team leaders who both
coordinated the activities of the product development teams, and also served as the link to

senior management and to the overall vision for the product.

Eisenhardt and Tabrizi looked at the speed of product development in the computer
industry and found teams that used an experiential, iterative process with frequent testing
and milestones were more successful as measured by speed (Eisenhardt and Tabrizi 1995).
They also identified that supplier involvement, the use of CAD tools, overlapping product
development phases, and extensive planning can inhibit the speed of new product

development if they are not carefully employed.

This stream of research continues to support the notion that cross-functional teams,
internal/external communication, product vision within a market context, are all factors
which promote technology integration. The additional factor that is found here and not in
the other two research streams is the utilization of an approach that incorporates

experiential iteration. The use of software tools and system knowledge enables a firm to
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employ an educated trial and error strategy which rapidly converges the design to the

optimum,

Technology Integration from a Project-Level Perspective

Marco Iansiti has been particularly concerned with understanding technology integration
at the product level in environments characterized by high uncertainty, His early work
looked at the computer mainframe industry where component technologies were steadily
changing within a relatively stable market context (Iansiti and Clark 1994; lansiti 1995).
In later work, Iansiti has looked at the workstation and internet industries where both the
technological possibilities and the market needs are highly uncertain (Iansiti 1995; lansiti
1997). lansiti particularly stresses the selection aspect of the definition of technology
integration introduced in Chapter 2. He defines technology integration to be the selection
of technological possibilities within the context of the marketplace to produce a product
that makes business sense. Technology integration from this viewpoint is the bridge that
links the possibilities created by the R&D process to the product development process.
He argues that the technology choices not only drive product performance (the
effectiveness of the product development process), but they also drive the efficiency of the

product development process. lansiti summarizes his findings by stating:

“...a good technology integration process should proactively induce a
broad and informed approach to decision making and problem solving.
The process should emphasize the experimentation aimed at the early
generation of knowledge, about the potential impact of novel approaches
on the application context, It should manage the retention of knowledge
through past experience. The knowledge retained through experience and
generated by experimentation should be integrated by a dedicated group
of individuals charged with making technology choices with influence over
the relevant application context. The choices should be kept open until
informed decisions can be made, thereby avoiding premature
commitments.”

The key factors which promote technology integration in the industries that lansiti studied

are:
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Technology Integration Function: This function defines the architecture of the product.
It is accomplished with a dedicated individual or a dedicated group along with the
investment of significant resources to specifically evaluate the technical possibilities and to
make the selection from those possibilities such that there is coherency between the
technology, the product concept, the production systems, and the marketplace. The
people who fill this role have particularly broad backgrounds in understanding both

business and technology issues, as well as a strong understanding of the customer.

Prototyping: Development projects which yielded higher performing products utilized
rapid prototyping and simulation to analyze the implementation of various system-level
choices. Better integration resulted from more frequent trial-and-error prototypes that

were tested in hardware or through software simulations.

Accumulation and Application of System Knowledge: Knowledge gained from the
technology integration of one project is carried forward so that it can be used to
effectively guide the decisions on the next product development project. This knowledge
retention and transference is primarily accomplished through using the same people on

subsequent projects, particularly those performing the technology integration function.

Delaying Product Design Freeze: The period of time where component technologies are
evaluated and where various combinations are tested together in a product architecture is
a window of opportunity to obtain the best fit between what is technically feasible and
what will be successful in the marketplace. More successful technology integration was
achieved by those firms able to employ a flexible process that kept this window open as
long as possible before freezing the final design. This does not mean that they lengthened
the overall development process commensurate with enlarging this window of
opportunity. The successful firms skillfully identified those elements of the product design
that needed to be frozen early on and those elements that should and could remain flexible

to fairly late in the process.



Iansiti claims that the reason these factors dramatically effect the ability to integrate
technologies into a product stems from the complexity of the products and the uncertainty
of the industries that he studied. He asserts that since the semiconductor and mainframe
computer environments are characterized by high technological uncertainty, making the
selection of the technologies to integrate into the product is much more of a challenge
than for those industries in a stable environment. He extends his conclusion by stating that
if the technological environment is relatively mature and stable, then the selection of the
technical approach is not a major challenge and differences in product performance and
project efficiency are due to project mismanagement, and “coordination and integration
problems” (emphasis added) (Iansiti 1997). With this statement lansiti is acknowledging
that the process that follows the selection between technological possibilities does involve
integration and does have an effect on the performance of the resulting product. He is
merely arguing that in certain environments, such as those that exhibit significant
uncertainty, the selection part of technology integration possibly plays a more dominate
role than the latter part of this process. Thus, I argue that the broader definition of
technology integration that I introduced in Chapter 2, is generally more applicable since it
includes the part of the product development process where the selected technology
components are combined together into the product. Furthermore, 1 will show in a case
study of the air conditioner industry, presented in Chapter 5, that even in very stable and
mature industries that very significant differences can exist in technological integration

capability and strategy.

Disruptive and Sustaining Innovations

Posing the following question leads to some additional insights into the key factors of
innovation that affect technology integration: Can a firm that is good at innovation in
general, and at technology integration specifically, integrate almost any new or existing
technology into its product? The answer is not clear. We would expect an automobile

manufacturer to be able to integrate a new combustion chamber shape into its gasoline
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powered engines. But what about the ability to successfully integrate a new propulsion
technology such as electric drives into the automobile? This answer is not as clear. What
about the ability of a children’s clothes manufacturer to integrate wireless communications
technology into their coats so that parents would know the whereabouts of their children?
We might be more skeptical, but still uncertain in this case. So then, what is it about the
nature of the technology that suggests why one technology might be easily integrated by a
firm and why another technology would present a nearly impossible challenge to that same
firm? Is it the size of the technology hurdle, is it the newness of the idea, is it the degree

of difference with the existing competencies of the firm?

Christensen has explored this issue in significant detail in a forthcoming book where the
notion of the technology as acting to either sustain or disrupt the performance of a
product is central to answering these questions.  Christensen and Rosenbloom have
introduced the framework of a “value network” to explain the differentiation between

sustaining and disruptive technologies (Christensen and Rosenbloom 1995).

A value network is a technological paradigm which defines the context in which the firm
solves customer problems by using resources and associations both inside and outside the
firm.  Structurally, the wvalue network is the entire value chain including suppliers,
customers, and the organizations internal to the firm. In practice, a value networh defines
how the firm identifies and satisfies customer needs, procures inputs, reacts to competitors
and strives for profit (Christensen 1997). This paradigm acts as a lens through which the
firm views all possible opportunities for new technologies and new products. If a
technology fits this paradigm, then it is likely to be recognized and incorporated into the
product regardless of the degree of the technical hurdle. On the other hand, if the
potential technology does not make sense within the paradigm, then it is unlikely that the
firm will recognize the opportunity to utilize the innovation, regardless of its level of
complexity, Christensen suggests that the rank ordering of the product performance
characteristics by the firm’s traditional customer is a strong manifestation of this value

network or paradigm. If the technology reinforces and improves the currently accepted
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measures of product performance (84, Sz, S3 in Figure 3.1) then it is likely to be
recognized and adopted by the firm. These technological advances are referred to as
“sustaining” since they sustain the system of use of the product, If the technology affects
performance measures that are not relevant to the customer (and to the firm) then it is
unlikely that the firm will integrate the new technology into its product. The technology
must be adopted by a different “value network™ where its performance improvement
ability makes sense and fits the paradigm (D4, D2 in Figure 3.1). The unfortunate reality
for existing firms is that new technologies that they initially reject are improved in these
alternate value networks to the point where the product performance now fits within the
value network of the incumbent firm. When this happens, more often than not, firms in
the alternate value network begin to rapidly steal market share from the firm that is stuck
in previous value network. The technology is thus ultimately “disruptive” to the success
of the original firm.

S§ = sustaining technological advance
D = disruptive technological advance

Performance demanded in
mainstream market

Product A —('

Performance -

——
-
-

_— k‘
- - - 1
- Performance demanded in

- alternate market

Time
Figure 3.1. Technology improvement in an alternate value network can disrupt a
firm following a series of sustaining innovations.

Christensen illustrates this phenomena with a case from the excavation equipment industry
in the US. Prior to the 1920’s most excavation equipment was powered by steam, hence

the term - steam shovel. Steam was used to move the cables that actuated the buckets of
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the excavator, In the 1920’s the radical idea of gasoline powered engines arrived on the
scene as a potentially viable technology to integrate into excavators. The gasoline engines
along with a system of gearing, clutches, and drums provided a cheaper, faster, more
reliable means to move the actuating cables which translated to more reliable, cheaper, and
faster means to move earth - key measures of performance in the excavator value network,
Since the new gasoline engine technology was sustaining in its nature to improve the
recognized measures of product performance, it was readily adopted by almost all of the
industry. Although it was a fairly radical new technology, 23 of the 25 largest firms at the

time successfully integrated gasoline engines into its producls.

In the late 1940’s and 1950’s hydraulic actuation technology appeared which was equally
as radical as the introduction of the gasoline engine. Initially, hydraulic actuation that
replaced cables was significantly inferior in terms of its range of motion and the capacity
of earth that could be moved. Cable actuation remained superior in terms of range of
motion and capacity which were recognized as the key measures of performance. Thus,
this technology did not fit within the existing value network paradigm of the excavator
manufacturers at that time, and they rejected the integration of hydraulics into their

products.

Hydraulic actuation did make sense in the value network for excavators used by small
contractors to dig trenches. Called backhoes, these hydraulic excavators were attached to
industrial and farm tractors to replace the hand digging of relatively small trenches in new
residential developments. The product performance requirements in this value network
were narrow bucket sizes, and maneuverability - quite different from cable actuated
machines, but quite appropriate for hydraulics. Through the 1950’s and 1960’s, hydraulic
actuated excavators increased in both size and in improved range of motion to the point
where they equaled the requirements of the large mainstream excavation market. As the
capacity of hydraulic excavators increased, manufacturers that had pioneered the small
hydraulic excavators increasingly gained market share at the expense of the manufacturers

of traditional, large capacity cable actuated equipment, This new technology from a
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different value network was so disruptive to the traditional manufacturers of cable
actuated equipment, only 4 of the 30 firms that were in the cable actuated excavator

market in the 1970’s survived the transition to hydraulics.

| introduce this lengthy example from Christensen’s work to illustrate that there are
factors inherent in the technology that will greatly affect the ability of a firm to integrate it
into its products. Those technologies that are recognized within the firm’s existing value
network will be much easier to integrate than those that do not sustain the performance of
the product as measured by the parameters defined by the value network. The difference
between this factor and the other factors highlighted in the earlier discussion of innovation,
is that the degree of sustainment of the technology is beyond the control and influence of
management, yet it may be of equal or greater importance than those success factors that

can be controlled.

Product Platforms

Marc Meyer and Alvin Lehnerd have suggested that most companies approach technology
integration and product development sequentially one product at a time while failing to
exploit commonality, compatibility, standardization, and modularity across different
products and product lines (Meyer and Lehnerd 1997). They propose the concept of
product platforms as a way of thinking and a way of developing products that enable
numerous products and derivatives to be developed rapidly and efficiently. Meyer and
Lehnerd define a product platform as “.....a set of subsystems and interfaces that form a
common structure from which a stream of derivative products can be cfficiently
developed and produced.” They argue that the product architecture, as defined by the
integration of component technologies, should be done from a platform perspective that
makes the architecture as common across many different products as possible. This
utilizes product design and manufacturing commonality to create new products faster, and
at lower cost than unique sequential product-by-product development eflorts.

Commonality of subsystems not only makes the design process more efficient, but it
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enables greater manufacturing and procurement economies which further contribute to
lowering product costs. The benefits of this approach seem fairly obvious, but most firms,
however, seek to engineer and build the perfect product for each customer group which

leads them away from product and subsystem commonality.

Meyer and Lehnerd explain the product platform strategy and its associated benefits can
be achieved by following a “composite design” process. Composite design is defined as
“the identification, analysis on a function and cost basis, sclection, and integration of
subsystems and interfaces into products that harmonize the form and function of the
overall system.” This is essentially the definition of technology integration that we
adopted in Chapter 2. Meyer and Lehnerd make an important distinction that the majority
of the technology integration effort should be done at the product architecture level in a
manner that provides “degrees of freedom” that can be exploited later to develop
derivative products rapidly and at far lower cost than the traditional product-by-product

strategy.

Meyer and Lehnerd use the strategy pursued by Black & Decker in the 1970’s redesign of
their complete line of power tools to demonstrate the advantage that a product platform
strategy can provide. A key subsystem of hand power tools is the motor which had been
traditionally designed and manufactured differently at Black & Decker for each power
tool. The composite design methodology led Black & Decker to modularize and
standardize the motor design to be common across all of its power tools. The motor
diameter and interfaces were made common for all power tool types and models. The
length of the motor was the only dimension that changed as the power of the motor was
increased. The design simply required a change in the number of common-sized armature
plates to scale the motor to any desired wattage. The annual savings of this motor design
were $1.28M in 1974 which resulted from a 39% reduction in unit cost. The motor
design and the synergies created with the component redesigns enabled Black & Decker to
efficiently introduce a family of power tools that ranged from low-cost entry level

products (a drill for under $10 in 1973) to higher margin, higher performance products
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utilizing the same product platforms and many common subsystems. Black & Decker’s
resulting business success in power tools was stunning, Unable to compete on price,
manufacturers such as Stanley, Skil, Sunbeam, General Electric and others left the

consumer power tool business.
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Chapter 4 - Successful Technology Integration
Strategy and Process

The discussion presented in the previous chapters leads to the important notion that
technology integration is less about the inherent technical competency of a firm and more
about the firm’s ability to strategically select a set of technologies and to very efficiently
and effectively combine those technologies into a product. A firm must blend the
technological possibilities with strategic business opportunities to create an overall
business/technology strategy which will be both technically and financially successful.
Once the strategic framework is established, technology integration must be facilitated by
a set of processes which effectively and efficiently enable the product to be created.
Competency in the constituent technologies of the product is important and necessary, but

not sufficient to achieve superior technology integration.

The entire picture of technology integration is thus a combination of a coherent winning
strategy and effective operational processes. This notion parallels Porter’s recent thoughts
where he argues that operational effectiveness is necessary, but not sufficient for success
(Porter 1996; Porter 1997). Long-term success does not come from competing on the
basis of operational effectiveness, and hence, this is not strategy. Strategy, he asserts, is
the process of making tradeoffs to establish a system of competencies and positioning that
is unique from the competition and will provide a durable compctitive advantage.
Successful technology integration at the process level is part of Porter’s notion of
operational effectiveness while technology integration at the business strategy level is

consistent with his idea of strategy.
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Technology Integration as Business Strategy

Technology integration as strategy can be best understood from the perspective that the
overall strategy of a firm is a hierarchy of increasingly focused constituent strategies.” At
the highest level, the overall business strategy defines how the firm will create value by
identifying particular markets to be served, product types to be offered and the positioning
of the firm within the industry to achieve superior results. Technology integration at this
level is principally focused on the process whereby a firm evaluates and selects from
various technological options to support a business strategy and to also influence the
adoption of the most successful business strategy.  For example, a firm which owns
proprietary, low cost and high volume production technologies could use these to develop
a price leadership business strategy. Alternately, a firm which decides that the industry
environment dictates that a lowest price strategy is its only avenue for success, might
select the lowest-cost means of production from the set of all production technologies
available to it. At the business strategy level, technology integration (with emphasis on
the selection of technological possibilities) must work synergistically to create an overall
winning strategy that ties together business opportunities with specific technology and

product design options.

The top level business strategy is then supported by a series of more detailed strategies
that might prescribe the marketing, financial, distribution, and product line specific
strategies. Technology integration at this level is again both an enabler and an outcome of
these operational strategies. Product architecture is identified at this level through the
selection of specific technologies and features which will be incorporated into the
product. For example, a platform strategy for product development and product line
management may be adopted here to be synergistic with the cost and product line

complexity requirements of the business strategy.

21 gratefully acknowledge Dr. Robert J. Hermann for his suggestion of a strategic hierarchy to explain
the flow-down of technology integration from the firm business strategy.
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The lowest levels of the hierarchy contain the specific strategies for each of the products
and their constituent component technologies. This is the tactical level where the product
architecture is executed to create the individual products in the product line. Technology
integration still involves choices here also, but at the specific and detailed level of
component designs and manufacturing processes. Provided that strong synergy and
coherency has been maintained throughout the hierarchy of the business and technology
integration strategy formulation, the teams should have a very clear understanding of how

to make these final tradeoffs and component process selections.

Successful technology integration, therefore, begins with an effective business strategy
that accounts for the technological possibilities that help shape the competitive positioning
desired by a firm. It further continues with a series of increasingly detailed supporting
strategies which define the technological selections from the product architecture level
down to the component level. Technology integration from a strategic perspective will be
most successful when a strong coherency and synergy is maintained between the business
and technology strategies as they are derived in increasing detail extending from the

overarching firm strategy.

Technology Integration Through Operational Effectiveness

The operational aspects of technology integration are somewhat easier to identify and
understand since a great deal of extensive study on innovation and product development
has been conducted from this perspective. Most of the foundations of technology
integration discussed in Chapter 3 are processes and behaviors which promote better
technology integration at the tactical level. Provided that there is a linkage and coherency
between these tactics and the higher level strategies, focusing on these behaviors and
practices will greatly and positively impact the overall outcome of the technology

integration process.
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We can thus use this research to build a framework to understand the key factors which
drive successful technology integration processes. This framework is presented from the
perspective of a manager within a firm who is faced with organizational, process, and
resource choices that must be made to integrate component technologies together into a
product. This perspective suggests that the framework must account for the sets of
factors that are either within or outside of the manager’s control. 1 assume that the
manager has direct or indirect control over those factors which are concerned with the
detailed strategy, structure, people, and processes within the firm. At this operational
level, 1 assume that the manager has little to no control over the external environmental
conditions which establish the context for the firm-specific factors and little opportunity in
the near term to influence the overall firm’s business strategy. The manager must
understand, however, how these external conditions effect the relative importance of the

factors and decisions under their control.

For usability and simplicity, I have tried to focus only on the significant principle factors
which promote integration. As we learned from the literature, numerous factors can have
some effect on innovation in general, and on technology integration specifically. My goal
here is to not identify every factor which affects technology integration, but only to
highlight the small number of principle factors which are both recognizable and actionable

by managers of a firm.

Management Actions to Promote Technology Integration

This framework of management controllable and environmental factors was developed
through a combination of literature reviews and field interviews with experts in technology
and systems integration. A robust proof of these factors and their particular influence is
beyond the scope of this thesis. However, the degree of consistency among the interview
subjects and between their opinion and the published literature is encouraging and

suggests that this framework is fundamentally correct, although it may not be complete.
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During a series of ten interviews, I presented the definition of technology integration
discussed in Chapter 2 and then proceeded to question the subjects regarding what they
believed to be the key factors which promoted the success of technology integration. I
asked them to utilize their previous experience with successful and unsuccessful projects
as the basis for their answers. From their responses, and from the research studies
discussed in Chapter 3, several clusters of thinking emerged that captured the thoughts of

both the researchers and the interview subjects.

Successful technology integration is driven by managerial actions and decisions which
focus on reinforcing three basic behaviors: 1) making and strengthening linkages, 2)
preventing biases, and 3) promoting iteration. Table 4.1 highlights the factors which
promote each of these three behaviors. Furthermore, I suggest that the relative
importance and means to achieve these behaviors varies according to the environmental
factors which describe 1) the uncertainty of the technology and market, 2) the complexity
of the product system, and 3) the degree to which the technologies are sustaining or

disruptive.

Table 4.1. Management-controllable factors which promote successful
technology integration.

Make & Strengthen Prevent Biases Promote Iteration

LinkagLes

Existence of technology
integration function
Utilize IPD teams

Physical team co-location

Product vs. Functional
organizational structure
Strong participation of
marketing

Sufficient access to
potential technologies
Outsourcing of
components
QOutsourcing of
technology development
Participation of new
people

Relatively equal power
between technical
disciplines
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Support for failure (vs.
incrimination)

Use of simulation and
modeling

Frequent model updates
and improvements
Avoid paralysis by
analysis



Making and Strengthening Linkages

It should not be surprising that linkages are important to an activity whose goal is to
integrate various parts into a functioning whole. Better quality decisions will be made
when information concerning all of the constituencies of the product are considered. The
process of knitting together the selected technological components will be more effective
and efficient when all of the engineering, manufacturing, and product support functions
are brought together. The linkages are what cause the appropriate people and information
to be brought together. The studies by lansiti and Clark and Fujimoto, suggest that these
linkages can be broadly characterized into two categories, technological links and business
links. The first category includes those linkages which bring together the technical
disciplines, engineers, and the components together to enable the product to be designed
and manufactured. The second category of linkages are those that make sure there is a
coherency between the product architecture, the needs and desires of the users, and the
positioning of the product relative to competitors. The behavior of making and
strengthening linkages can be supported by management actions and decisions which

ensure that the appropriate people and information are connected.

Technology Integration Function: Dedicating a specific person or group of people to
evaluate technological possibilities and product architectures against the context of the
market promotes a successful product outcome, and lessens the probability for a
technically elegant product that fails to be accepted by users. This role is generally filled
by experienced people with broad technology and business backgrounds and familiarity
with the expectations and needs of the customer. Iansiti found this function to be most
effective when it was fulfilled by people outside of the product development team, though
Clark & Fujimoto, and Katz & Allen suggest that a strong project team leader can also
provide the coherency and linkage to the business issues. Nearly every interview subject |
spoke with raised this as being the most important factor for successful technology
integration. They further suggested that, in their experience, it was senior management
who was most successful at creating the strategic linkage between technological

possibilities and the market environment.
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Integrated Product Development: The use of integrated product development teams is a
well established best practice for product development (Clark and Wheelwright 1993). It
is also key for strengthening both business and technological linkages which support
technology integration. A multifunctional team is more likely to select and knit the
component technologies together into a higher performing product if experts in all of the

technical disciplines participate in the process.

Co-location: Co-location of the functions that participate in the design process is likely to
promote a superior integrated product since it encourages spontaneous and informal
interaction of the various individuals responsible for the integration (Allen 1971). The
interview subjects all agreed that utilization of cross-functional teams and their co-location

was a given and almost a taken-for-granted way of doing product development today.

Product versus Functional Organization Structure: Since structure strongly influences
behavior, the organization of the firm’s technical staff around products or product lines is
likely to promote greater interaction of the various technical disciplines that comprise the
product (Roberts 1979; Chester 1994; Goodman and Lawless 1994). The product
organizational structure promotes a constant vision on creating a superior product rather

than creating superior technology.

Participation by Marketing: The participation of marketing in making key decisions
about the technological components of the product is extremely important since they are
the primary link to the customer (Roberts 1979; Clark and Fujimoto 1991; Clark and
Wheelwright 1993; lansiti 1995; Iansiti 1997). Better decisions concerning the product
architecture and component technologies will be made when there is a strong voice of the
customer considered in the process. The participation of marketing as a factor in
promoting making and strengthening linkages could be assumed to be part of the
technology integration and/or IPD factors. I have broken it out as an explicit factor

because of its importance to technology integration.
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Preventing Biases

The best decisions regarding which technological components to use and how to combine
them into a product can only be made in an environment that is free of biases and where
there is freedom, access, and incentive to explore all possible solutions to meeting
customer needs. Management must prevent the individual organizations with the relative
depth of skill and understanding for the component technologies from biasing the product
architecture toward the technology which has the strongest position within their
organization (Leonard-Barton 1992). Furthermore, Leonard Barton has shown that the
core competencies that are critical to a firm’s success (e.g. (Prahalad and Hamel 1990))
also have a downside in that they add rigidity to a firm and severely inhibit innovation and
technological opportunities outside of the paradigm created by their core competencies
(Leonard-Barton 1992). Finally, management must actively balance the technical and
business perspectives brought together in defining the product architecture so that neither

inappropriately dominates the product design.

Outsourcing: All other things being equal, a firm that outsources more of its components
and/or technology development will have a culture that is more predisposed to considering
options that come from outside of the firm. In the extreme case of a firm that outsources
100% of its components, there is no internal bias towards a particular solution that uses an
in-house produced component. Furthermore, outsourcing considerably expands the realm

of technological candidates beyond what a firm could provide internally.

Participation of New People: The introduction of new people outside of any previous
product development teams will bring new ideas and perspectives to the process and help
the team from getting stuck in the paradigm defined by the previous process (Janis 1971).
Katz has shown that innovation effectiveness of teams with intermediate terms of
membership outperformed those teams that were together with the same people for very
short or for very long periods of time (Katz 1982). A large systems integrator remarked

that hiring new people was their principle mechanism for learning about new technologies.
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Equal Power of Technical Disciplines: Firms which have a technical competency that is
considerably stronger and/or deeper than other component technologies will favor
solutions where the dominate technology is the driver. This is just a restatement of the
adage: “If T have a hammer, then everything looks like a nail to me.” lansiti illustrates this
bias with the description of how two different computer manufacturers solved the same
problem of the buckling of ceramic and metal layered substrates by enabling integrated
circuits to be attached to printed circuit boards (lansiti 1997). One company, which had a
dominant competency in materials science, spent considerable time and effort iterating
through a series of solutions which adjusted the material comiposition of the substrate.
This materials science solution was not very robust since minor changes to the substrate
manufacturing process caused the buckling problem to reoccur. The second computer
manufacturer did not have a bias to a single technical discipline. A multidisciplinary
technology integration group was assigned to solve the problem. The solution they chose
was achieved faster, with fewer resources, and resulted in a very robust fix for the
problem. Thus the effectiveness of the technical integration should favor firms where the
technical disciplines have relatively equal power and influence over major product
architecture decisions. Several of the experts that I interviewed identified that the role of
the project team leader and/or systems integrator was to prevent this specific bias from

occurring if one of the technical disciplines was trying to inappropriately drive the design.

Promoting lteration

Achieving a product design that makes the optimal tradeoffs between technological and
architectural possibilities is difficult, at best, even for products of minimal complexity.
This results from the human mind having very limited capacity for comprehending the
implications of interactions beyond simple input/output relationships (Forrester 1961;
Sterman 1994). We overcome these limitations by iteratively testing ideas and designs
which successively bring us closer to the optimal design (Homer 1996). Building physical
prototypes which can be evaluated from both the technical and market perspectives is one

embodiment of the iterative process. Thus, the more management directs and encourages
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the use of fast iteration and prototyping, the better integration between the components

will be achieved.

The acceleration in availability and performance of low-cost computing capability is
increasing the use of simulations to replace all or part of the sequence of building physical
prototypes. Computer simulation increasingly provides a method for testing many
different combinations of system components in a short period of time and usually at a far

lower cost than can be achieved through the use of physical prototypes.

As lansiti and Eisenhardt point out, iteration is extremely important in environments
characterized by a high degree of uncertainty (Eisenhardt and Tabrizi 1995; lansiti 1995).
If the industry has not adopted a dominant design, there are many more potential
approaches to meeting customer requirements and thus many more potential product

designs that need to be evaluated (Utterback 1994).

All of the systems and technology integration experts that were interviewed identified this
factor as critical to effective and efficient technology integration, One remarked that he
coached his teams to pick a set of decent technologies (unlikely the best technologies) and

then to proceed with the trial-and-error process of figuring out how to best merge them.

Simulation and Modeling: Firms that have a greater utilization and sophistication of
modeling are likely to achieve superior integration of the product components. The wok
of Eisenhardt and Tabrizi suggest, however, that care must be taken to ensure that the
modeling and simulation software packages remain as tools to support the design iteration
and do not themselves become the focus of considerable development effort to overcome

incompatibilities (Eisenhardt and Tabrizi 1995).
Culiure Supporting Failure: By its nature, the process of prototyping and iteration will

produce designs and architectures that are “failures” in that they do not provide the

optimal solution. A firm with a culture that penalizes or otherwise inhibits the trial of
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ideas that turn out to be failures will ultimately try fewer designs which have the
opportunity to push the performance of the product closer to its limit. This is not to say
that a firm should waste time and resources by conducting a detailed analysis on every
idea, regardless of how bizarre it might appear at first. Rather, the firm needs to use a
process that treats all ideas as possibilities in the beginning, but quickly identifies those
with promise that deserve more careful analysis. Tom Peters characterizes this by

exhorting firms to “learn to fail fast” (Peters ).

Frequent Model Introductions: All other things being equal, a firm that produces more
frequent model introductions will integrate technology better. The more ofien a firm
introduces a new or improved model, the more often the firm goes through the technology
integration process. Since product development has often been characterized as a learning

process, the more often that a firm does it, the better the firm will become at doing it.

Environmental Factors

The preceding discussion focused on factors that are directly or indirectly under the
control of the management of a firm and that strongly influence technical integration
capability. There is a second set of factors which are not under control of the firm
management, but are just as important for determining the success of technology
integration. I refer to these as environmental factors because they describe key attributes
of the business and technical environment external to the firm that greatly influence the

success of the technology integration process internal to a firm.

Technological and Market Uncertainty

Environments where technological possibilities are rapidly changing and/or environments
where the requirements of the market are unclear and changing create uncertainty for
formulating a product strategy. This stresses the technology integration process because
the definition of what constitutes a better product is both elusive and changing. There are

simply more technological possibilitics, more information, and more people that must be
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brought into the process. This environment will place a greater emphasis on all three of
the behaviors discussed above. In particular, the work of lansiti and Eisenhardt suggest
that product design flexibility and iteration are extremely important in this environment
(Eisenhardt and Tabrizi 1995; lansiti 1995)., Trying lots of potential product
configurations (real or simulated) while delaying the final configuration decision until as
close as possible to market introduction is a lesson from the computer industry that likely

has general applicability.

Product System Complexity

The complexity of the product when viewed from a systems perspective will directly
effect the ease of technology integration, Complexity can be described along the
dimensions of the complexity of the component interactions and the modularity of the
component technologies. If the overall product system is complex due to many different
components interacting in subtle and complex ways, then the integration of the
technological components will be much more difficult. For example, integrating together
the functional components of a computer operating system, such as Windows 95, or an
enterprise business software system, such as SAP, will be much more difficult than
integrating the functional components of a simple utility program. System complexity is
also greatly affected by the modularity of the constituent component technologies. |
define modularity as the degree to which the interface between the components are
documented, stable, and understood. For example, an Intel-based desktop computer is a
fairly complex system from a functional standpoint. Yet, the interfaces of the components
such as the disk drives, the motherboard, the power supplies, the graphics system, etc, are
very well documented and defined. This high degree of modularity makes it easier for
manufacturers to build computers by integrating the components. A recent article on the
components comprising a laptop computer identified over twenty-four principle
manufacturers of ten major components used by the laptop manufacturers. Modularity
certainly makes it easier to integrate components into a product system, however, it does

eliminate decisions that can have a dramatic effect on overall performance.
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Sustaining vs. Disruptive Technology

The discussion in Chapter 3 highlighted Christensen’s work which shows that certain
technologies are much more difficult than others for firms to adapt to and integrate into
their products. Technologies that sustained the performance of the product within the
existing value network will be much easier to integrate than technologies which do not

make immediate sense for inclusion into the product design.
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Chapter 5 - Technology Integration Strategy in
Residential Central Air Conditioners

Residential central air conditioners provide an opportunity for studying technology
integration in a relatively mature market and under a fairly stable technology environment.
A mature industry where a dominant product design is well established, where markets
and technology change incrementally, where competitors are well-established, and where
everyone has equal access to component technologies, serves to highlight the impact that
different technology integration strategies can have. Viewed another way, we cannot
attribute the differences in relative success of the industry players to superior knowledge
or better access to key technologies. We can therefore assume that differences in firm
performance must be due to their business market strategy and their approach to
integrating component technologies to form the product system. We can thus test the
validity of our claim in the previous chapter that successful technology integration must

exhibit a strong linkage to, and coherency with, the overall business strategy.

The two largest residential central air conditioning competitors,” Carrier and Goodman
Manufacturing, were studied to understand their technology integration approaches and
business strategies. We will see that, although the products are not differentiated in
performance, features, and components, very different approaches to inte<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>