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An Abstract of

KNOWLEDGE INTEGRATION IN INTEGRATED PRODUCT DEVELOPMENT

Paul Chong Kun Hong

Submitted in partial fulfilment of the requirements for
the Doctor of Philosophy Degree in

Manufacturing Management

The University of Toledo

December 2000

The first objective of this study is the development of a conceptual model
of knowledge integration. A clear understanding of the components of knowledge
integration and their outcomes in product development may provide an important
missing link in integrated product development (IPD) research. The second
objective is to develop valid and reliable instruments of three components of
knowledge integration (role changes, team vision, and shared knowledge) and
product development performance outcomes (process outcomes, manufacturing

outcomes and customer outcomes). The third objective is to explore and test the
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relationships between knowledge integration and IPD outcomes based on the
sound theory and standardized measures developed in this research.

The methodology used to derive the instruments (measures) includes an
extensive review of literature, interviews with twelve practitioners and an
evaluation with seven experts in the field. A pilot study was conducted with thirty
firms. An exploratory data analysis with 205 firms followed. Reliabilities of fifteen
variables were high (Cronbach’s alpha > 0.80) and the instruments were found to
be generalizable across the industries surveyed. The factor pattern matrix for
each instrument exhibited a simple structure and was easily interpretable. Good
discriminant and convergent validity was evident for all instruments.

Structural equations modeling (LISREL) methodology was used to test the
relationships between constructs. Research findings support the notion that role
changes of design and manufacturing engineers affect the extent of team vision
and shared knowledge. It also supports the direct relationship between team
vision and shared knowledge, between shared knowledge and product
development outcomes (process and product outcomes), and between product
development outcomes and market performance of projects.

Recommendations for future research include: (1) benchmark studies of
firms by applying the instruments developed in this research to improve actual
IPD performances; (2) a combination of work and knowledge integration
measures to assess more comprehensive process and product outcomes of IPD;
(3) confirmatory factor analysis, the use of muitiple methods of obtaining data,

and incorporation of contextual variables (e.g. knowledge environment).
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Chapter One

Introduction

The competitive battleground has shifted from improving manufacturing
efficiencies to enhancing product development. increasingly, the competitiveness
of U.S. manufacturing firms is determined by their ability to rapidly develop.
produce, and market new products successfully. An organization’'s ability to
generate commercially successful products is central to its competitive
advantage. Creating product concepts that have high value to customers and
moving these concepts from R & D to design, from engineering to production.
and into the marketplace with speed and efficiency are hallmarks of many of the
world's most successful companies (Clark and Fujimoto, 1991; Clark and
Wheelwright, 1993; Brown and Eisenhardt, 1995).

Clark and Fujimoto (1991) define product development as “a process by
which an organization transforms data on market opportunities and technical
possibilities into information assets for commercial production”. Product
development is knowledge intensive work. Firms’ superior product deveiopment
capabilities are derived from their ability to create, distribute and utilize

knowledge throughout the product processes. According to Jassawalla and



Sashittal (1999), the most difficult yet important challenges facing product
development teams are “integration of markets, products, and technologies”.
Developing highly successful new products is possible through the integration of
the abilities of both upstream (e.g., design engineers) and downstream
knowledge workers (e.g., manufacturing engineers). Such knowledge integration
of cross-functional teams is a key aspect of integrated product development
(IPD). In this study, integrated product development (IPD) is defined as “cross-
functional product development that is to optimize the design, manufacturing and
supporting processes to enhance multiple outcomes of product development”
(Ettlie, 1995; Moffat, 1998; Magrab, 1997; DoD, 1998).

“Generic product development” includes five stages: concept
development, system design, detail design, testing and refinement, and
manufacturing production (Ulrich and Eppinger, 1995). However, the real causes
of failures in most product development projects do not lie in their backend but
frontend activities. Frontend activities include concept development and are prior
to system design. Typically, stages like pre-phase zero (idea generation), phase-
zero (assessment of market, technology and competition) and phase one
(product definition, project justification and action plan) are regarded as front-end
activities (Khurana and Rosental, 1998). Such strategic, conceptual, and
planning activities typically precede the product development execution activities
such as the detailed design, prototype test, volume manufacturing, and market
launch. At this stage, project teams may not be quite sure of customers’ needs,

competitors’ positions and their internal manufacturing capabilities. “Fuzzy front-



end” refers to a lack of clear understanding of frontend activities in product
development (Khurana and Rosenthal, 1997).

Knowledge integration affects the entire process of product development.
Since critical failures occur at the frontend, effective knowledge integration
should start in this early stage and its impact needs to be properly measured. Yet
the frontend assessment measures are not yet developed. With an absence of
good conceptual models and instruments that test and validate the models,
understanding and evaluating the effectiveness of knowiedge outcomes in
product development teams is still a difficult task. Without good understanding of
knowledge integration in the frontend, it is less clear about the knowledge
outcomes in product development. Research in this area is still in an early stage
of defining the contexts of knowledge integration. Empirical studies that validate
sound conceptual models of knowledge integration in IPD are still rare (Pisano,
1994; Grant, 1996; Johannessen, et al., 1999; Hoopes and Postrel, 1999).

In view of such needed research in this area, the first objective is the
development of a conceptual model of knowledge integration. An understanding
of these relationships may provide an important missing link in IPD research.
Thus far, the theoretical framework of IPD is based on fundamental concepts
such as total quality management, multi-functional teams, computer-aided tools,
process simplification, data standards, enterprise integration, and reengineering
(Hunt, 1993). The theoretical domain of IPD has been determined by its
objectives: reducing time (Patterson, 1993; Gupta and Wilemon, 1990;

Blackburn, 1991), cutting costs (Hartley, 1990; Carter and Baker, 1992;



Handfield, 1994), enhancing quality (Zairi, 1994), effective design of product and
process (Rosenthal, 1992), and manufacturability (Ha and Porteus, 1995; Swink,
1999). As long as any management or engineering concepts or theories have
any relevance to achieving the aforementioned objectives, they are regarded as
a part of IPD. Literature has not yet defined what constitutes knowledge
integration in IPD. Based on an extensive literature review, components of
knowiedge integration, which many authors discussed separately, will be clearly
integrated in a model.

The second objective is to explore the relationships between (1) role
changes of design and manufacturing engineers, (2) team vision (shared team
purpose and mission), and (3) shared knowledge of teams through a large-scale
survey. However, knowledge literature usually focuses on a particular aspect of
knowledge integration but has not presented a model that captures the complex
nature of knowledge integration in IPD. For example, general knowledge
leadership is emphasized among cross-functional teams (Cordero, et al., 1998;
Norrgren and Schaller, 1999; Maccoby, 1999). However, who should play such a
role in cross-functional teams and what role changes need to be made among
such leaders who come from highly functional backgrounds are not discussed
(Willaert et al., 1998). Strategy literature has emphasized the importance of
integrating strategic goals to project targets (Englund and Graham, 1999,
Khurana and Rosenthal, 1998) but it is not clear how to assess the extent of

strategic integration at project team level.



The appropriation of relevant shared knowledge is also stressed but
exactly what constitutes this shared knowledge is not yet well-defined (Nonaka
and Takeuchi, 1995; Singh, et al., 1997; Madhavan and Grover, 1998). Many
success factors of IPD have been identified but their interrelationships in the
context of knowledge integration have not been explored further (Cooper and
Kleinschmidt, 1995; Cooper, 1998a; Cooper, 1999). The key assumption is that
by bringing people, technology and processes together it is possible to
simultaneously achieve the multiple performance requirements mentioned above.
In this context, |PD researchers emphasized the importance of the integration of
these factors but have not precisely examined the interrelationships of these key
components of knowiedge integration.

The third objective of this research is to develop valid and reliable
instruments. Instrument development is a necessary foundation to test and
validate a conceptual model. Standardized measures of knowledge integration
measures (i.e., role changes, team vision and shared knowledge) also make it
possible to examine their interrelationships. These standardized measures intend
to be objective (e.g., testable with unambiguous procedures for documenting
empirical evidences of learning practices of automotive industries in IPD),
quantifiable (e.g., numerical indices in items make it possible to report results of
knowledge integration practices of different firms in numbers), communicable
(e.g., the process and product outcomes of learning practices are communicable
to other researchers), economical (e.g., researchers and firms are able to save

time and money in studying and comparing their integrated product development



with others), and scientifically generalizable (e.g., the instruments may be useful
beyond particular industries) (Nunnally, 1978). These benchmarking instruments
are designed to capture the status of the best practices in knowledge integration
early enough to make a difference in muitiple performance outcomes of product
development.

Finally, a fruitful research in IPD requires a good understanding of the
subject matter based on sound theories, research methodologies, and valid and
reliable empirical findings. As of now, this study is one of a few studies in
knowledge integration in IPD of manufacturing industries. Many studies in this
area have been conceptual and case studies. Based on the empirical results of
this study, future direction of research will focus on methodological, structural
and practical dimensions of IPD research. The research findings will be helpful to
further promote understanding of this important research topic. Furthermore, it
may shed better light on how to enhance IPD performances through knowledge

integration.



Chapter Two

Theory Development

The three driving forces that put product development at the center stage
of the competitive battlegrounds are: intense global competition, fragmented
markets with sophisticated customers, and diversified technologies (Clark and
Fujimoto, 1991). This changing competitive environment demands new products
to display integrated sets of requirements—quality (i.e., total product quality
including reliability, functionality, and customer satisfaction), efficiency/cost (i.e.,
product cost and the overall costs of development) and speed (i.e., time required
to develop product from initial product concept to market introduction) (Clark and
Wheelwright, 1995). In today’'s competitive environment, firms are expected to
excel in multiple performance measures. Deficiency in even one area is regarded
as a serious handicap.

It is widely accepted that integration across functional specialties drives
superior product development performances in multiple areas. This conclusion is
consistent across industries: automobiles (Clark and Fujimoto, 1991; Clark and
Wheelwright, 1993), mainframe computers (lansiti, 1997), and pharmaceuticals

(Henderson, 1994; Pisano, 1994). Numerous other studies confirm this point as



well (Clark and Fujimoto, 1991; Leonard Barton, et al., 1994; Adier, 1995; Cooper
and Kleinschmidt, 1995; Cooper, 1998a, 1998b).

From a marketing and project management standpoint, the integration
effort is directed in screening the most promising project proposals and securing
the best possible portfolio of projects for overall business success (Cooper, 1996;
Cooper, Edgett and Kleinschmidt, 1998b; Archer and Ghasemzadeh, 1999). The
firm's mission and overall business strategies, not individual projects, should
guide the effective portfolio of projects. This study, however, is not about project
screening, selection or portfolio management. Neither does this research focus
on specific work practices like concurrent engineering nor supply chain
management; rather, the focus of this research is integrated product
development (IPD) with special attention on project teams’ abilities to create new

knowledge, disseminate it, and embody it in products and services.

2.1. INTEGRATED PRODUCT DEVELOPMENT

In the early 1900’'s, as industrialization was intensified, organizations
became more specialized in order to deal with the uncertainty associated with
diverse environments (Daft, 1989). As specialization is intensified, functional
departments with particular knowledge segments also develop differences in
attitude and behavior. Marketing managers, for example, may have a unique
knowledge of the external environment (e.g., competitors and customers), which
is different from that of engineers. Engineers develop certain attitudes in regard

to their design work and display behavioral patterns that may be quite distinct



from research and development people. In this environment, traditional product
development is characterized by work specialization. Different functions
separately carry out narrowly confined areas of responsibility and they develop
different attitudes and behavioral practices. Such increasing specialization and
differentiation naturally hinders communication, coordination, and collaboration
among functions and accordingly results in longer time and higher cost for
product development. Specialization and differentiation may be inevitable and
yet, the real challenge is how to integrate these different orientations and achieve
the organization’'s overall purpose.

Figure 2.1. shows the evolution of product development—from sequential,
functional specific product development to concurrent, cross-functional integrated
product development (IPD). Researchers concluded that the key to
simultaneously achieving these multiple objectives (i.e., successful product
development) is the integration of critical processes and people. A shift toward
IPD has occurred as firms increasingly recognize the problems associated with
sequential product development activities in the rapidly changing and highly
competitive environment.

As each function (R & D, marketing, engineering and manufacturing)
operates in a fragmented and separated manner, barriers of communication
exist, knowledge is not properly transferred and complex problems are not
resolved in a timely manner. As a consequence, firms are less able to focus on
multiple performance goals (e.g., time, quality, cost, and delivery) and to achieve

strategic goals.



10

This integration takes increasingly complex forms to capture the synergy
of intra-company and intercompany integration and relationships. Even
integration in product development involves team integration (i.e., forming a team
with members from all the appropriate functions), intra-process integration (i.e.,
managing the entire development project from its concept formulation through
market introduction), resource integration (i.e., giving the team the authority and
resources to carry out the project), and chain integration (i.e., involvement of
customers and the supply chain for product development) (Lambert and Cooper,
2000). In this context, product development has evolved from a functional
specific, step-by-step approach to a cross-fucntional, integrated product

development (IPD).

2.1.1. Knowledge and Work Integration

Over the years, many firms have streamlined workflows and tried to
improve the processes of product development. Such integration efforts have
brought noticeable improvements to companies and resulted in good
marketplace performances, but they have also created additional and
unexpected problems. Cross-functional coordination has improved, but at the
expense of depth of knowledge within functions (Sobek, Liker and Ward, 1998).
The challenge is to develop team learning capabilities to provide the overall
depth of knowledge required for sustainable innovation.

According to Kim (1993) the team learning process goes through

Kofman's OADI cycle (observe, assess, design and implement). In his model,
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conceptual (i.e., assess and design) and operational (i.e., implement and
observe) learning is distinguished. On a team level, the conceptual aspect of
learning is knowledge integration (i.e., know-why or learning by planning or
modeling) and the operational aspect of learning is work integration (i.e., know-
how or learning by doing).

This study explores the nature of knowledge integration in IPD.
Knowiedge integration in IPD has the cycle of assess and design. The
assessment cycle of a product development team is to exploit knowledge and the
cycle of design is to explore knowledge. In this study, knowledge integration in
iPD is defined as “the extent of shared understanding of cross-functional team
members through strategic focus and disciplined problem solving to enhance
multiple performance outcomes in product development.”

On the other hand, work integration in IPD also has the cycle of implement
and observe. The implementation cycle of product development is devising
optimum workflows. The observation cycle of product development is evaluating
actual enhancement of multiple product development outcomes. In this study,
work integration in IPD is defined as “operational optimization of cross-functional
workflows for enhancement of multiple product development outcomes.” In brief,
the IPD cycle has both knowledge and work integration. [IPD has two important
aspects (i.e., work and knowledge integration). For the purpose of this study,
work integration is briefly discussed in its relationship with knowledge integration.

Then, knowledge integration is examined in depth.
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Unlike work integration, knowledge integration may not be easily
formalized and integrated into the routine because knowledge is less observable
and less easy to transfer. Workflows, however, may be more easily observed
and their integrating mechanisms may be relatively simple to duplicate compared
to knowledge integration. In that sense, knowledge integration is not as tangible
and observable as workflow integration. It takes time and effort to develop a high
degree of knowledge integration. It is essential to have collaboration and

cooperation among team members to enhance their knowledge integration.

2.1.2. Knowledge Exploitation and Exploration

As IPD teams strive for performance enhancement, a lot of firms discover
that their efforts to enhance IPD performance fail not necessarily because of lack
of coordination or workflow disruptions (e.g., failures of meeting schedules and
sequences), but because of a lack of cross-functional or inter-speciaity
knowledge about problem constraints (Hoopes and Postrel, 1999). An
integration effort has to move beyond doing away with known and obvious
inefficiencies within the system. It has to move to a much deeper level—finding a
high level of innovative solutions for product development. For example, IPD
teams share a great deal of preliminary information about their designs, which is
subject to change as more definite decisions are made down the road. An
efficient streamlining of the work process alone is not what makes IPD

successful. Rather, what matters is the collaboration and coordination of design
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and manufacturing engineers to effectively deal with manufacturing issues in the
early stages.

In a broad sense, successful IPD requires the creation and utilization of
new knowledge, because ultimately the new products and services are the
outcome of creation, utilization and the embodiment of the knowledge.
Integration has to occur on a conceptual level--beyond operational work--
because knowledge is embedded in people and products. This knowledge needs
to be continuously explored and used. Sustaining knowledge exploitation and
exploration are essential elements of successful product development

(McNamara and Baden-Fulier, 1999).



14

Bunnjoejnuepy
adAjojoid

ubisaq sjejaq

ubisag wasAs

1daouo) jonpold

Auanonpoid 18ybiH Buinjos wajqoid aaneaouu|

SanjeA 13W0ISN) / Yiomwea | sieob Aq saianoe pajesbaju)
1S0D) 13m0 uoneibajui |leUONOUNY-SSOID

19%Iep 0} 8l | 1auoys $9§8350.d JU8JINJU0YD)
sawoon0 s)oodsy Aa)|

IN3INdOT3IAIA LONAOYUd AILVHOILNI

uopeibBoju)
eBpeymouy
sease
oydpinus uy
sosuswWIOMed
loneg
uoneiBoyuy
WIOM
sonsue)oeIey)
uopeuawbesy
pue
uojezjje)reds
sealy oyjdeds u) oBpojmouy
S92UBULIONOd
pooy
uopmuawbesy
juopezjjeidadg
om
s2})8118)o8IeYy)

. .
O~O~ OO0

Bunoeynuepy adfjojoid  ubisaq papelpq  ubissqg waisAs 1dasuo)
1onpold
sabueyo o) ANpaixay) jo »oe swiaysAsjuoneziuebio jo uolensasald
sn20j o163ajesisAaNIew/13WoIsnd Jo ¥oe SUOISIap/salIANoe pajuawbely
uoleIoqe||03/uoHEJUNWILIOD JO Sidileg Jij10ads-|euoijouny
1502 Jaybyy pue awn Jabuon |enuanbag
sawoanQ m«oomw( xcv_

INIWNJOTIAIA 12NA0YUd TYNOILIAVYHL
Juswdojana( 19npo.id 0 UORN|OAT :Qdi "L 8anbBi4



15

Under rapidly changing market needs and a wide variety of available
technologies, design and manufacturing engineers continue to define and modify
product concepts, design specifications and manufacturing processes.
Knowledge integration requires the coordination and collaboration of team
members. For this, knowledge leadership is important. Engineers can assume
knowledge leadership with proper changes in the aspects of their traditional
roles. Therefore, role changes of engineers are an essential component of
knowledge integration. Successful product development depends on how quickly
project teams capture, share and utilize relevant knowledge components (i.e.,
shared knowiedge) and integrate them to derive innovative solutions for new
products (lansiti and MacCormack, 1997).

To further expiore the key components of knowledge integration, it is
helpful to examine the nature of knowledge integration. Knowiedge integration
involves both exploitation and exploration of new knowledge for innovative
problem solving. Knowledge exploitation has to do with utilizing existing
knowledge to identify problems. Knowledge exploration occurs when existing
knowledge is not sufficient to solve the problems identified.

The knowledge exploitation stream primarily focuses on goal-integration
and innovative problem definition based on existing knowledge. Innovative
problem definition includes the firm's capacity to assimilate and exploit
knowledge (Cohen and Levinthal, 1990), the vaiue of information (Von Hippel,
1994), interfunctional information transfers (Soulder and Moerhart, 1992), factors

affecting the success of product development (Brown and Eisenhart, 1995),
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product innovation determinant (Romano 1990), interpretative barriers to
successfui product development (Doughty 1992), factors of organizational and
technical innovation for product development (Dougherty and Heller, 1994), and
factors of developing products quickly (Schoonhoven, Eisenhardt and Lyman,
1990; Ettlie, 1995; Eisenhardt and Tabrizi, 1995; Adler, Mandelbaum, Nguyen
and Schwerer, 1995; Liberatore and Stylianou, 1995; Brown and Karagozogiu,
1993; Banbury and Mitchell, 1995).

On the other hand, the knowledge exploration research focuses on finding
innovative solutions for problems through cooperation and collaboration among
firms (Shan, Walker and Kogut, 1994; Zander and Kogut, 1995), identifying
processes and methods of knowledge diffusion (Abrahamson, 1991;
Abrahamson and Fombrun, 1994), roles of information systems for knowledge
creation (Swanson, 1994), knowledge creation for new products (Dougherty
1990), methods creation for capturing the value from process innovation (Ettlie
and Reza, 1992), utilizing product knowledge embedded in culture and
information processing systems (MacCrimmon and Wagner, 1994), and
computer-based idea generation (Henderson and Clark, 1990). Knowledge
exploration is directed to create new knowledge while utilizing existing knowledge
as a base for expansion.

Fiol (1996) urged the researchers to integrate both streams of knowledge
exploitation and exploration. The knowledge exploitation research stream
focuses on problem definition (i.e., what is the problem and solution based on the

existing mental models and perspectives). Knowledge exploration research
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streams deal with problem solution (i.e., what to do about the problem) with
expanded perspectives and shared mental models. In that sense, knowledge
integration includes both knowledge exploitatin and exploration to achieve
multiple IPD performance outcomes. Team vision is, in a sense, a focus on
innovative problem definition. Team vision directs team members to set broad
and specific goals that lead to desirable IPD performance outcomes. On the
other hand, shared knowledge is about finding innovative problem solving
through sharing relevant knowledge among cross-functional teams. Shared
knowledge of customers, suppliers, competitors, products, and internal
capabilities not only utilizes existing knowledge but also enhances a greater level
of knowledge exploration because shared understanding of key knowledge
components facilitates tackling problems with innovative solutions which were not
available in the past. Both team vision and shared knowledge may effect
performance enhancement in IPD. In order to understand the impact of a
particular element of team vision or shared knowledge, multiple measures of

product development performance need to be properly identified.

2.2. A RESEARCH MODEL OF KNOWLEDGE INTEGRATION

Table 2.1. is a brief description of key constructs of knowledge integration.
This is not a comprehensive list of literature. The purpose of Table 2.1. is to show
that different authors have focused on some of the aspects of knowledge

integration. But each of these components was not properly linked together in a
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coherent model. Yet, each of these representative authors emphasized some of
the important aspects of integration.

The first important research stream focuses on the importance of
integration of product design and manufacturing processes. Successful product
development involves integration of product design and manufacturing process
design (Ettlie and Reza, 1992; Ettlie, 1995). Based on an extensive case study of
the Toyota Company, Sobek (1997) emphasized the knowledge leadership of
engineers, especially that of chief engineers, for effective integrated product
development effort. Broad integration of product design and manufacturing
process design is a key aspect of knowledge integration and this requires active
involvement of design and manufacturing engineers in {PD.

The second aspect of knowledge integration is the importance of strategic
focus in IPD. Successful product development is possible when the IPD teams of
companies maintain a strategic focus (Ettlie, 1995). Because of resource
constraints, firms expand their product lines within reasonable boundaries, stay
in touch with changing customer needs and utilize their internal capabilities
(Madique and Hayes, 1984, Crawford, 1991). Such focus has to occur in the
very early part of the product development processes. Khurana and Rosenthal
(1997, 1998) stressed the importance of frontend activities in product
development. Frontend activities involve clear definitions of product concepts,
careful planning of projects and clear assessments of customers' needs. All
these frontend activities require a high level of focused work by cross-functional

teams.
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Table 2.1. Key Constructs of Knowledge Integration in IPD

Constructs Authors Research Themes
|
! Engineers’ Page, 1993; Turtle, | (1) Cross-functional teams are the
Role Changes in | 1994; Paashuis, 1998 structural solutions for managing
Cross-functional product development task
z Teams Sobek, 1997; Sobek et | (2) Importance of engineers’ knowledge
: al., 1998, 1999 leadership in cross-functional teams
(3) Importance of integration of product
Ettlie and Reza, 1992, design and manufacturing processes
Ettlie, 1995

Madique and Hayes, | (1) Importance of strategic focus :
1984; Crawford, 1991, |
1992; Ettlie, 1995 |
Team Vision ’

Khurana and Rosen- | (2) Identifying integration mechanisms in

thal, 1997, 1998 IPD., focused on front end activities

Paashuis, 1998 (3) Identifying five integration mecha-
nisms in |IPD, esp., strategy and !
goals i

Ettie and Stoll, 1994; | (1) Importance of disciplined problem

Shared Clark, 1989; Ettlie, solving

Knowledge 1995
Zander & Kogut 1995; | (2) The importance of collaborative know- :
Henderson & Clark, how (i.e., shared knowledge) for '
1990; Pisano, 1994; innovation in general and product
Simonin, 1997 development in particular

Performance Calantone, Vickery, | Value of IPD performance measures— |

Outcomes Droge. 1995; Cooper | process, product outcomes, and market!
and Kleinschmidt, | performance of projects ‘

1995; Cooper, 1998a

The third aspect of knowledge integration is disciplined problem solving.
Successful firms concentrate effort on a few, high priority issues (Ettlie and Stoll,
1990; Ettlie, 1995; Clark, 1989). Problems that iPD teams face are complex and

their implications are multiple. New knowledge is constantly created in the



course of the product development processes. The amount of available
knowledge is in many cases more than enough for team members to handie. In
this context, effective sharing of relevant knowiedge is what matters (Zander and
Kogut, 1995; Henderson and Clark, 1990; Pisano, 1994; Simonin, 1997). This
requires a high level of discipline among the project team members so that team
members may have shared mental models and adequate understanding of key
issues and problems but not be overloaded with unnecessary information
(Neison and Cooprider, 1996; Hoopes and Postrel, 1999).

The value of product development performance measures has been
emphasized (Calantone, et al., 1995; Cooper and Kleinschmidt, 1995; Cooper,
1998a). In the subsequent section, the detailed aspects of these constructs will
be examined further.

Figure 2.2. is the research model, which shows the components of
knowledge integration and their interrelationships. This model indicates the
critical importance of knowledge leadership of design and manufacturing
engineers, a team's shared vision and mission, and the shared knowiedge of
cross-functional teams. The dotted upper rectangular area identifies three
components of knowledge integration (i.e., role changes, team vision, and shared
knowledge). The dotted lower rectangular area denotes two outcome
components (i.e., product development performances and market performance)

of knowledge integration in IPD.
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Figure 2.2. RESEARCH FRAMEWORK
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2.2.1. Role Changes of Engineers

The topics of work roles and role adjustment have been investigated in
various contexts. Work role transitions (or changes) have been explored in the
case of job changes (Nichoison, 1984; West, Nicholson and Rees, 1987),
organizational changes (Rizzo, House and Lirtman, 1970; Sarbin and Allen,
1968), and changes in work assignments overseas (Black, 1988). Very little has
been done in studying the role changes of engineers in the context of IPD, with
special focus on knowledge integration. With limited research on the role
changes of engineers in IPD, items are drawn from a wide variety of literature
from areas of organizational behavior, leadership, teamwork, empowerment and

job design.

2.2.1.1. Engineering Leadership in IPD

Authors on IPD believe team organization to be the most appropriate
product development organization (Ulrich and Eppinger, 1995; Turtle, 1994;
Smith and Reinersten, 1991). According to a study by the Product Development
and Management Association (PDMA), technical professionals spend
approximately 56% of their time in product development and over 76% of firms in
the study used cross-functional teams to develop new products (Page, 1993).
IPD, as an example of cross-functional and knowledge intensive work, requires
high involvement and collaboration of its team members (Spreitzer, 1996;

Jassawalla and Sashittal, 1999).
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An IPD team can integrate its knowledge intensive work effectively if it is
assigned all the tasks (i.e., from product concept to market introduction) and is
given the authority and resources to carry out the project. On a program level,
empowered leadership (i.e., heavyweight managers) is critical for integration.
Their primary contribution is to secure resources for specific projects that might
otherwise be neglected and to oversee the different projects to achieve overall
program objectives (Ancona and Caldwell, 1990; Clark and Fujimoto, 1991;
Sicotte and Langley, 2000). On a project level, the critical aspect of knowledge
leadership is how to “integrate” (i.e., create, share and use) knowledge of diverse
specialists (Griffin and Hauser, 1996; Song and Parry, 1993; Davenport, De
Long, and Beers, 1998) to effectively implement the projects and successfully
develop new products according to specified goals that fit the overall
organizational purposes.

Turtie (1994) reports that up to 70% of project delays are due to poor
planning at the outset. For manufacturing industries, team structures are often
associated with high levels of engineering and manufacturing influence in the
early stages of IPD product development (Izuchukwu, 1996; Sobek, et al., 1998).
They involve planning the process and managing concurrent engineering for the
project's overall effectiveness. Wheelwright and Clark (1992) assert that effective
concurrent engineering requires knowledge of manufacturing constrains and
capabilities. Design and manufacturing engineers supply their expertise on
design reviews and manufacturing process planning in the early planning stage

(Ulrich and Eppinger, 1995; Leonard-Barton, et al., 1994). In that sense, the
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more |IPD is implemented, the more engineers are expected to work on the front-
end strategic, conceptual work that precedes the detailed design and

manufacturing of a new product.

2.2.1.2. Nature of Role Changes of Design and Manufacturing Engineers

Table 2.2. defines the scales of role changes of design and manufacturing
engineers and their literature base is cited. In IPD, team members interact with
other members from different disciplines. Each member represents his/her
particular functional area and therefore, he/she is expected to act as an expert in
that area. Therefore, as the team is engaged in a higher ievel of knowledge
integration, each team member's qualification requirements in terms of
education, training and technical skills would not be diminished but rather
enhanced. Each functional representative needs to have a solid grasp of his/her
area. Design or manufacturing engineers, for example, would be expected to
handle more complicated design requirements with his/her increasing design or
manufacturing capabilities. Both design and manufacturing engineers’ technical
skills become more complicated and their education/training requirements might
become more rigorous than before (Nicholson, 1984; Redmond, Mumford and
Teach, 1993).

As IPD team members interact with one another, the behavioral aspect of
their work is as important as the technical aspect. Their work includes relating to

their team members effectively. Therefore, the behavioral components of their
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work (e.g., the ability to communicate, work together and resolve conflicts) are

essential in successful work outputs (Vliert, Nauta, Giebels and Janssen, 1999).

Table 2.2. Role Changes in Integrated Product Development

Variables

Literature-Base

(i.e., job complexity,

o job enrichment,
° job enlargement,

. job satisfaction)

in the course of implementing

cross-functionali teamwork
product development.

in

Definition
The extent of alternation of | Etlie and Reza, 1992; Ettlie
design and manufacturing | and Stoll, 1994; Ettlie, 1995:
engineers’ Tatikonda, 1994
Role Changes
of e personal qualites (i.e.,
professional qualifications, | Nichoison,1984: Redmond,
Design training,  technical  and | Mumford, and Teach, 1993
behavioral skills),
and Blau and Alba, 1982
o member relationships (i.e., | Lawrence and Lorsch, 1986;
power or influence), Spreitrzer, 1996
Manufacturing
Engineers ° perceptions of their work | Locke, 1976; Hagedoorn,

Yperen, Viiert and Buunk,
1999

Hackman and Oldham,
1980; Hackman, 1986

Cranny and Stone, 1992;
Spector, 1997; Robie, et al.,
1998

Thomas, and Tymon, 1994,
Cordero, Farris, DiTomaso.
1998
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In IPD teams, individuals who have a high degree of access to information
or knowledge tend to have a higher level of power and influence (Blau and Alba,
1982; Spreitrzer, 1996). Naturally, with the implementation of IPD, the power and
influence of engineers may increase among the team members because of their
deeper understanding of design and manufacturing capabilities.

Lawrence and Lorsch (1986) found that the characteristics of effective
knowledge integration are balance (i.e., a team does not depend too much on
one particular functional orientation), influence (i.e., influence derived from
knowledge and expertise valued by all team members, not just positional
authority), and rich exchange (i.e., formal and informal sharing of information and
knowledge to solve problems). The core of engineers’ knowledge leadership is
the combination of their particular functional knowledge and their ability to utilize
or assimilate the knowledge of other team members in order to attain common
objectives. Therefore, with the impiementation of IPD, design and manufacturing
engineers need to tackle broader issues beyond their narrowly defined technical
engineering areas. For example, both design and manufacturing engineers’ roles
are critical when a cross-functional team reviews project status with respect to
not only design for manufacturability but also other key performance targets such
as cost, time and quality. Therefore, traditional engineers’ roles need to be
enlarged so as to effectively resolve compiex product development issues in IPD
(Hackman and Oldham, 1980; Hackman, 1986).

As members of a cross-functional team, engineers’ work may be more

demanding and rewarding than working as members of a functional group
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(Cordero, Farris and DiTomaso, 1998). With a greater perceived importance of
their work, engineers may experience enrichment of their work. They may have a
better sense of their work with increasing intelligence/knowledge requirements
and appreciation of their work among the team members (Hackman and Oldham,

1980; Brief and Nord, 1990).

With the implementation of IPD, perceived favorable causal factors (e.g.,
more autonomy, power and influence) may positively affect the level of job
satisfaction (Robie, et al, 1998; Uhi-Bien and Graen, 1998; Spector, 1997). In
spite of the potential negative impact of increasing job compiexity and added
responsibilities, the overall job satisfaction may be positively affected (Cranny

and Stone, 1992; Ganzach, 1998).

2.2.2. Team Vision
Growth in organizations typically resuits from successful projects that

generate new products, services, or procedures. Project managers are
increasingly concerned about getting better resuits from the projects that are
under way in their organizations and in getting better cross-functional
cooperation. Developing cooperation across projects requires that upper
managers take a strategic and systematic approach to projects. This means that
they need to look at projects as a system of interrelated activities and carefully
examine each project's contribution for the overall strategic objectives (Graham

and Englund, 1997; Englund and Graham, 1999).
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In IPD, team vision is a shared purpose and plan of action that clarifies
mission, strategic fit, and sets of project targets and priorities that are consistent
with the firm's internal capabilities and the market place realities (Rosenthal and
Tatikonda, 1990; Rosenthal and March, 1986; Clark and Wheelwright, 1993;
Marquart and Reynolds, 1996). Team vision is a critical linkage between role
changes and shared knowledge to bring about positive product development
outcomes.

Table 2.3. shows the four variables of team vision (i.e., shared purpose
and mission, strategic fit of project targets, clarity of project targets and tradeoff
of project targets), their definitions and each corresponding literature base.
Shared purpose and mission describes the future state associated with project
success. Strategic fit of project targets is for use in identifying important factors
that assess and compare a projects’ ability to achieve overall strategic goals. On
the other hand, clarity of project targets is for use in evaiuating alternatives
among existing and potential projects and deciding exactly what the project is to
accomplish among the set of targets. Tradeoff of project targets is for use in
analyzing cost and benefits of project target specification. the first two variables
(i.e., shared purpose and strategic fit) relate project characteristics to broad
organizational or program goals, while the last two variables (i.e, clarity and

tradeoff of project targets) examine project specific characteristics.
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2.2.2.1. Shared Team Purpose and Mission
“In innovation, as in any other endeavor, there is talent, there is ingenuity,

and there is knowledge. But when all is said and done, what innovation

requires is hard, focused, purposeful work.” (Peter Drucker, 1998)

Team vision is the extent of a shared understanding of the project
purpose, the project mission, the project goals, work plan, and the product
concept for product development. Project purpose is used to answer the
fundamental question of why the project is important. Project mission is used to
define what the project is really about (Tjosvold, 1989; Rosenthal, 1992). Project
goals are what the project intends to accomplish (Rosenthal and Tatikonda,
1992, 1993). Project work pian is the sequence of how the project is to be
implemented. Product concept is an elaborated version of the idea expressed in
meaningful consumer terms (Khurana and Rosenthal, 1997; Kotler, 1999).

A lack of shared vision is a major reason for disappointing performance
(Lynn, 1998). Having a clear vision and having that vision shared and agreed to
by others on the team (i.e., coherent vision) were recurring themes for successful
innovation (Leonard-Barton, et al., 1994). Successful teams were committed to
the vision of the project, while unsuccessful teams were misdirected with blurred
vision or a vision conflict among team members (Bowen, et al., 1994; Lynn,

1998).
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Table 2.3. Team Vision in Integrated Product Development

Variables Definition Literature-Base
‘ Shared Team The extent of a | Tjosvold, 1989; Rosenthal
i Purpose shared purpose and | 1992: Rosenthaland
and Mission plan of action for Lac‘ggr’:“t’)a- éiﬁ ';:33'
product development. Compton, 1 ggg_' |
- The extent of | Cooper, 1983, 1985; ]
Strategic Fit alignment  between | Cooper and Kleinschmidt, .
Project overall business. | Rosenthal and Tatikonda, |
Targets + | 1992; Rosenthal and
technology and . ‘
roduct strat Tatikonda, 1993.; Englund
product strategy. and Graham, 1999. !
The extent of | Rosenau, 1989; Clark and ‘;
Clarity of communication and | Wheelwright, 1993; ;
Project understanding of a Marquardt and Reynolds. 1
Targets set of project goals | 1996: Schein, 1996. ‘
that guided develop-
ment efforts.
The extent of project | Kloppenborg and Mantel,
Tradeoff of targets specification 1990; Gupta and Klaus,
Project in terms of | 1992; Prabuddha, Dunne,
Targets erformance, cost, | Shosh. and Wells, 1995
9 guality and time Babu and Suresh, 1996. !

2.2.2.2. Strategic Fit of Project Targets
Strategic fit is the extent of alignment between the team’'s mission and

overall business, technology and product strategy. Strategic fit is the extent to
which a firm's overall business, product, and technology guide the product
development contents and processes (Cooper, 1983, 1985; Cooper and
Kleinschmidt, 1987; Wheelwright and Clark, 1992b). The team members need to
understand the linkage of what they specifically do (e.g., design of new products,

setting project targets) with the overall firm's policy directions. Senior
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management’s role is to support overall direction and assist necessary resource
allocation (Rosenthal and Tatikonda, 1992, 1993).

If a particular product concept fits the overall strategic direction, it has a
better chance of being selected (i.e., the project moves faster), accepted (i.e.,
better team coordination) and executed (i.e., less cost) among team members
(Crawford, 1991, 1992; Song and Parry, 1997). Project targets that have a high
degree of strategic fit tend to receive quicker top management support and get
easier access to internal resources. It would also accelerate the project process
to attain strategic advantages in the marketplace. Therefore, a project that has
a high level of strategic fit may enhance teamwork (Trygg, 1993), time to market
(Mabert, Muth, and Schmenner, 1992), and manufacturing cost (Cusumano and

Nobeoka, 1992).

2.2.2.3. Clarity of Project Targets
Clarity of project targets relates to the extent of communication and

understanding of a set of project goals that guide development efforts. Clarity of
project targets requires unambiguous definition, rich communication, and
common understanding of project targets among team members (Gupta and
Klaus, 1992; Schein, 1996; Marquardt and Reynoids, 1996). Effective project
targets are based on realistic customer requirements (Rosenau, 1989), and good
understanding of competitive situations and technical risks (Clark and

Wheelwright, 1993). Sound team members strive to set project objectives that
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are consistent with manufacturing capabilities, suppliers’ capabilities, and
resources (Clark and Wheelwright, 1993; Schein, 1996).

Having clear project targets may be critical in improving cycle time (i.e.,
time to market), teamwork and overall process productivity because knowing
clear project targets enable team members to focus their resources faster and

more effectively (Murmann, 1994).

2.2.2.4. Tradeoffs of Project Targets

Contingent theories have long held that performance is contingent on
the fit between the organization’s strategy and its product development practices
(Gupta, et al., 1986; Dougherty, 1990, 1992). For firms that compete by being
able to develop products faster than competitors, this supports the organization’'s
strategy by enabling quicker response to changing technologies and customer
demands. In contrast, firms competing on the basis of low cost or mature
products or with products that have long life cycles or high switching costs and
barriers to entry may see little gain from quicker product development (Crawford,
1992; Ittner and Larcker, 1997).

Tradeoffs of project targets refers to the extent of project targets
specifications in terms of performance, cost, quality and time. Time-cost tradeoff
analyses were well developed in the project management literature (Robinson,
1975; Moder, et al., 1995). Larger and more complex projects take more time.
Acceirated product development incurs higher hidden costs (Crawford, 1992). In

iPD, time-cost tradeoff is about the overall product development time and its
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associated costs. Technologically more advanced products take longer to
develop than less advanced products (Karlsson and Ahistrom, 1999). Cost-
quality tradeoff is about comparing the cost in terms of resources for producing
particular products and the quality of the products received by customers (Bolot,
1996).

As more firms engage in time-based competition, defining, communicating
and understanding the tradeoff between time and cost, time and quality, and
quality and cost become more critical. Timely determination of tradeoffs may

facilitate teamwork and enhance development productivity.

2.2.3. Shared Knowledge
Dougherty and Heller (1994) argued that the activities that constitute

product innovation may be grouped into three sets of linkages. The first set of
linkages is the one that innovators make between market and technologicai
possibilities. The second set of linkages is made between the expertise of
different functions or departments within the organization. The third set of
linkages is made between the product and the firm’s strategy and resources (i.e.,
strategy and goals). The first linkage is about external knowledge components,
which are, in an IPD context, knowledge of customers, competitors and
suppliers. The second linkage is about internal knowledge components, which
are knowledge of internal capabilities and products. The third linkage is about
linking a particular project with overall strategic goals and objectives (i.e., team

vision). Therefore, the two knowledge integration components (i.e., team vision
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and shared knowledge) are a part of vital knowledge integration linkages.
Recently, some researchers have explored the importance of shared knowledge
for the success of a firm's product development efforts (Nonaka and Takeuchi,
1995). However, studies of shared knowledge are limited in a particular industry:
information systems (Nelson and Cooprider, 1996), and the software industry (Li
and Calanton, 1998; Hoopes and Postrel, 1999). At present, little is known about
the impact of shared knowiedge in IPD for manufacturing firms. Aiso, little is
known about whether, or under what conditions, a particular aspect of shared
knowledge enhances a firm’'s product development outcomes.

Shared knowledge is one of the unigue, valuable and critical resources
that is central to having a competitive advantage (Nonaka and Takeuchi, 1994,
1995; Prahalad and Hamel, 1990). Firms increasingly rely on building and
creating a shared knowledge base as an important resource capability (Huber,
1991, 1996; Nonaka, 1994; Matusik and Hill, 1998). On a project level, teams
share knowledge of individuals in order to solve problems and find innovative
solutions (Davenport, Jarvenpaa and Beers, 1996; Drucker, 1991; Kogut and
Zander; 1992; Winter, 1987). Shared knowledge is viewed as an understanding
and appreciation among different functions and effective shared knowledge is
viewed as a synergy between team members (Bostrom, 1989; Hoopes and

Postrel, 1999).
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Table 2.4. Shared Knowledge in Integrated Product Development

Variables Definition Literature-Base |

1. Knowledge of The extent of a shared | Day, 1990. 1994a; Clark and
Customers understanding of current | Wheeiwright, 1993; Doian,
customer needs and future | 1993; Slater and Narver,
value to customer creation | 1995; Cordell, 1997.
opportunities among product
development team members.

2. Knowledge of The extent of a shared | Porter, 1985, 1990, 1998;

Competitors understanding of product devel- | Day and Prakash, 1994; Day
opment team members con- | and Wensiey, 1994; Sanchez,
cerning competitive realities | 1996; Andrew, 1996; Baidwin.
i (e.g.. advantages and dis- | 1997, Hendricks and Singhal,
advantages of competitors, | 1997; Whitehill, 1997. ;
threats and opportunites).

3. Knowledge of The extent of a shared | Clark and Wheelwright, 1993; !

1 internal understanding of the firm's | Garvin, 1993; Adler, et al., |
i Capabilities internal design, process and | 1996; Numata, 1996; Kim and |
manufacturing capabilities | Mauborgne, 1997; Moorman, !

among product development | 1997.
team members.

4. Knowledge The extent of a shared | Hahn. Watts and Kim, 1990; .

of Suppliers understanding of suppliers’ | Slade. 1993; Ragatz.
design, process, manufacturing | Handfield and Scannell, .
| capabilities among product | 1997, Evans and Lindsay.
' development team members. 1996; Hartley, 1997.

|
. 5. Knowledge of The extent of a shared | Day, 1990; Boon and Kurtz,%

Products understandanding of products | 1995; Garrison and Noreen,

(e.g.. components, financial | 1994, 1997, Liberatore, 1995; |
performance, history and costs) | Kim and Mauborgne, 1997 !
among product development  Kalyana-ram, 1997. :
team members.

In this study, shared knowledge is defined as “shared understanding of
customers, competitors, internal capabilities, suppliers and products in cross-
functional product development teams.” Empirical studies by Madhavan and
Grover (1998), Li and Calanton (1998), and Zander and Kogut (1995) have
helped to identify and measure underlying variables of shared knowledge. This
research model builds on the pioneering works of Khurana and Rosenthal (1997,

1998), Kim (1993), Paashuis (1998), and Hoopes and Postrel (1999) in regard
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to the importance of shared learning and knowledge. Table 2.4. identifies five
variables of shared knowledge, their definition and the relevant literature base of
each variable. Shared knowledge affects product development performance

outcomes (Zack, 1999).

2.2.3.1. Shared Knowledge of Customers

Shared Knowledge of Customers (SKCUST) refers to the extent of a
shared understanding of current customers’ needs and future value to customer
creation opportunities among product development members (Narver and Slater,
1990: Griffin and Hauser, 1991; Calantone, Vickery and Droge, 1995; Calantone,
Schmidt and Song, 1996). The extent of shared knowledge is an indication of a
continuous, proactive disposition toward creating high customer values across
the functions of an organization and; therefore, it is regarded as the most
fundamental aspect of product development (Deshpande, Farley and Webster,
1993).

Those who have a high level of contact with customers (e.g.. a
marketing manager or a chief engineer) may have high degrees of understanding
the changing needs of customers (Slater and Narver, 1994a, 1995), the value to
customer attributes (Slater and Narver, 1994b), and levels of satisfaction with
customers to the products (Gatignon and Robertson, 1991; Day, 1993; Gale,
1994). A key of product development success is how much other product
development team members (e.g., product and process design engineers and

manufacturing team members) understand the customer needs, requirements,
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use, and value attributes in the early stage of the product development process
(Clark and Wheelwright, 1993). Iinstead of relying on the experience or insight of
particular functional team members, when cross-functional team members meet
with customers directly in focus groups, common experience may improve the
information quality and knowledge content of customers (Dougherty, 1992;
Brown and Eiserhardt, 1995; Jaworski and Kohli, 1993). Shared understanding
of customer knowledge also enhances the chances of meeting changing needs
of customers, coping with internal dynamics on how customers make their
purchase decisions (Holak and Lehmann, 1990), and assessing characteristics of
target customers, in broader viewpoints (Cooper, 1983, 1984, 1992; Wheelwright
and Clark, 1992).

The more knowledge about the needs of current customers and potentiai
customers is shared among product development members, the better chance
there is to understand more realistic customer requirements. Such shared
knowledge of customers also provides the basis of creating greater value for
customers because the product might better satisfy customer needs and
expectations. Accordingly, the product might have a better chance for success in

the market place.

2.2.3.2. Shared Knowledge of Competitors
A balanced mix of customer and competitor orientation is a requisite for

maintaining a competitive advantage in the market place (Day and Wensley,

1988; Deshpande, Farley, and Webster, 1993; Narver and Slater, 1990).
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Shared knowledge of competitors asks fundamental questions about
competitors: (1) Who are our competitors? (2) What technologies do they
offer/luse? (3) Do they represent threats to our customers? (Han, Kim, and
Srivastava, 1998).

Knowledge of competitors refers to the extent of a shared knowiedge base
and understanding (i.e., know-why) of product development team members
concerning competitors (Porter, 1980, 1990, 1992, 1994; Sanchez, 1996;
Andrew, 1996; Baldwin, 1997; Hendricks and Singhal, 1997). Shared knowledge
of competitors includes competitive threats (Day and Wensley, 1983; Day, 1991,
1994), advantages and disadvantages of competitors (Dickson, 1992; Hamel and
Prahalad, 1994; Porter, 1985), strengths and weaknesses of competitors (Hunt
and Morgan, 1995; Porter, 1990), and competitors’ product technologies
(Wheelwright and Clark, 1992). Strengths/weaknesses of competitors usually
refers to the technical and marketing attributes of the product and/or services
offered, while advantages/disadvantages of competitors focuses more on a
broad level of competitors' capabilities and market positions (Han, Kim and
Srivastava, 1998; Porter, 1990).

Shared knowledge of competitors would be helpful in developing products
that meet “time to market requirements (e.g., getting products to market ahead of
competitors and develop products on schedule), have high values to

customers (e.g., work on product’'s success in the marketplace), and improve
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product performance (e.g., better overall performance of the product than

competitors).

2.2.3.3. Shared Knowledge Of internal Capabilities

Knowledge of internal capabilities refers to the extent of a shared
understanding (i.e., know-why) of the firm's internal design, process and
manufacturing capabilities among product development members (Clark and
Wheelwright, 1993; Garvin, 1993; Adler, et al., 1996).

Knowledge of internal capabilities resides usually among design and
manufacturing team members. The key is how many different functional
specialists (e.g., product design engineers, marketing managers) are aware of
the strengths and weaknesses of various aspects of design capabilities,
manufacturing processes, facilities and other manufacturing capabilities.
Standard work processes (e.g., standard forms and procedures that are simple,
devised by the people who use them, and updated as needed) are an important
element of process technologies (Sobek Il, Liker and Ward, 1998).

The more knowledge of internal capabilities is shared among product
development members, the faster they start working on their project targets and
increase development productivity (e.g., reducing engineering hours). IPD
decisions made by a particular function (e.g., that of a design engineer) may

affect other functions (e.g., that of a manufacturing engineer). Knowing what
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other team members can do would enable team members to make better quality
decisions that effect the different performance outcomes. Therefore, shared
knowledge of internal capabilities might affect almost all performance outcomes
because ultimately effective problem solving in IPD is the result of the effective
decision making of all team members. Effective decision making in all aspects of
IPD requires a good understanding of what other functions can do as much as
what a particular function can do because knowledge and work is highly

interdependent.

2.2.3.4. Shared Knowledge of Suppliers

Shared knowledge of suppliers refers to the extent of the shared
understanding (i.e., know-why) of suppliers’ design, process, and manufacturing
capabilities among product development team members (Maas, 1988; Hahn,
Watts and Kim, 1990; Slade, 1993). Since suppliers are actively involved in key
processes of IPD, the knowledge of suppliers’ capabilities is essential for timely
and cost-effective decision making in IPD (Evans and Lindsay, 1996).

Shared knowledge of suppliers allows product development members to
improve product performance (e.g., its technical and overall perfformance) and
reduce manufacturing costs (e.g., cost of raw materials of the product supplied
by the suppliers) because a substantial portion or part of their final product

depends on suppliers’ work.
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2.2.3.5. Shared Knowledge of Products

Products can be viewed as a collection of ideas and solutions to design
concepts. A great amount of knowledge (e.g., assumptions about its intended
use, the product concept, and the design specifications) generated during the
development of a new product is ingrained in the product itself. The final product
is the outcome of the development team'’s decisions and all innovative ideas plus
application of the available technologies (Nonaka and Takeuchi, 1995; Olivera
and Argote, 1999). A failure to define the product—its target market, the
concept, benefits and positioning, and its requirements, features and specs—
before development begins is a major cause of new product failures and serious
delays in time to market (Cooper and Kleinschmidt, 1993; Montoya-Weiss and
Calantone, 1994; Cooper, 1999). Early and stable product definition is
consistently cited as a key to success of product development (Cooper and
Kleinschmidt, 1995).

Knowledge of products refers to the extent of a Shared Knowledge base
and understanding (i.e., know-why) of products (e.g., components, financial
performance, history and costs) among product development team members.
Since product characteristics (e.g., product advantages, product disadvantages,
product strengths, product history, and product technologies) are regarded as the
most important determinants of product success, the knowledge of products is
critical for product development success.

Product advantage/disadvantage refers to the abundance or lack of

contextual value (e.g., product location, company image, product after-



42

services)(Cooper, 1983, 1984, 1992, 1999; Clark and Fujimoto, 1991) and
tangible value (cost, uniqueness, and differentiated and unique benefits) (Edgett,
Shipley and Forbes, 1990; Jones, 1991). Product strengths/weaknesses refers to
the technical and marketing attributes of the product and/or services offerings,
including functionality, compatibility, product integrity, high quality, and innovative
features (Cooper, 1979; Cooper and Kleinschmidt, 1987; Brown & Eisenhardt,
1995). Customers may use these terms interchangeably.

Sutton and Hargadon (1996) described how existing products are used as
sources of ideas in brainstorming sessions at a product development firm. These
products not only provide ideas that can be creatively recombined in a new
product but also support the organization's memory by storing the ideas of
previously designed products. In that sense, product history is specific
knowledge of a product platform of mature products (Kuczmanski, 1988; Meyer
and Seliger, 1998), financial performance of the products (Liberatore, 1995; Kim,
1997; Kalyanaram, 1997), costs (Garrison and Noreen, 1994, 1997) and
development history (Cusumano and Nobeoka, 1992; Dougherty and Hardy,
1996) embedded in particular members of the product development team.

Increasingly, a product becomes more complex so that it requires product
technologies in designing and producing it. Depending on what type of product
technologies a firm uses, it may affect the cost, quality, time-span of product
processes and its outcomes as well.

Shared knowledge of products (i.e., product advantage, product

disadvantage, product strengths, product history and product technologies), may
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be important to improve development productivity (e.g., reducing its development

costs) and manufacturing costs (e.g., reducing overall manufacturing costs).

2.2.4. Product Development Performance Ooutcomes

IPD performance measures are multiple. Since the effectiveness of IPD
processes can be measured only in relation to the performance measures,
proper identification of these measures is important. Multiple performance
measures are necessary for two reasons: (1) to understand the relationships
between knowiedge integration components (i.e., role changes, team vision, and
shared knowiedge) and the muitiple performance outcomes in order to find
specific ways to improve the IPD processes, and (2) to outperform competitors in
multiple criteria.

In this study, these IPD performance measures are classified into three
components: (1) process outcomes looks at the effectiveness of the IPD process
in terms of teamwork, productivity, and time; (2) product outcomes concern the
characteristics associated with products. These product outcomes are further
classified into two areas. Manufacturing performance measures are expressed
in terms of manufacturability and manufacturing cost. Customer performance
measures denote value to customer and product performance; (3) market
performance of projects is about how a particular project actually contributes to
the bottom line of the business.

Process outcomes measure the effectiveness of the product development

process itself. The effectiveness of the IPD process is measured in terms of



teamwork, development productivity and finally time to market. In this study, time
to market (i.e., product development cycle time) is regarded as one of the
process outcomes because it measures the critical aspect of the product
development process—the time aspect from a product concept to the market
introduction. Table 2.5. shows three variables of process outcomes, their

definition and relevant literature base for each variable.

2.2.4.1. Teamwork
Teamwork refers to the degree of collaborative behavior of product

development teams. The indicators of a high level of teamwork are: timely
conflict resolution (Zirger and Maidique, 1990; Clark and Fujimoto, 1991),
effective decision implementation (Mabert, et al., 1992), creative problem solving
(Guftafson, 1994), effective communication (Brown and Eisenhardt, 1995; Fisher,
et al, 1997), and good coordination of activities (Heany, 1989; Griffin, 1993).
Defining later stage problems (e.g., manufacturing and design problems) is an
indication of a high level of teamwork (Clark and Fujimoto, 1991).

What are the antecedents of teamwork? As a representative of a
particular function, it is easy for team members to look out for their narrowly
perceived interests. When cooperation lags, what brings team members together
is a sense of shared purpose and mission (Graham and Englund, 1997).
Knowing about common enemies can unite team members for their common
interest. In that sense, shared knowledge of competitors may be critical.

Ultimately, team members work to create business, which is about satisfying
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existing customers or creating new customers. In that sense, the shared

knowledge of customers may be critical in promoting teamwork as well.

2.2.4.2. Development Productivity
Development productivity refers to effectiveness of developing new

products from product concept to manufacturing. Product development members
with a high level of development productivity would get work done quickly, reduce
cost and engineering hours and have a general sense of their productivity
(Crawford, 1992; Ali, Krapfel and LaBahan, 1995; Tersine and Hummingbird,
1995; Adler, 1995). Although development productivity is affected by the time
element, it is quite different from time to market. Time to market is about the total
cycie time required from product concept to ramp-up and manufacturing.
Development productivity is about the total costs incurred in all activities of the
product development. For example, the time to market of a project may be
shorter than that of a competitor (e.g., 1 year vs. 1 .5 year), and yet because of
the high concentration of work in each step, the total costs of all activities may be
higher (e.g., 10,000 engineering hours vs. 7,000 engineering hours).
Development productivity is measured by overalli technical and team
performance in terms of efficiency, budget, schedule, and innovation (Cooper
and Kleinschmidt, 1987, 1995; Ancona and Caldwell, 1990, 1992; Cooper, 1999).
Time to market, teamwork and development productivity are regarded as process
outcomes in that they reflect product development process characteristics rather

than the product itself.
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Table 2.5. Process Outcomes of Integrated Product Development

manufacturing.

Variables Definition Literature-Base

Team Work The degree of effective action (e.g., | Zirger and Maidique, 1990;
conflicts resolutions, decision | Mabert, et al., 1992;
implementation, creative probiem | Gustafson, 1994; Griffin and
solving, and problem definitions, and | Hauser, 1992; Griffin, 1993.
team communication) of product
development teams.

Development Process efficiency of developing new | Crawford, 1992: Ali. Krapfel

Productivity products (e.g.. allocation of | and LaBahn, 1995; Tersine
resources, usage of engineering | and Hummingbird, 1995;
man hours) from product concept to | Adler, 1995; Adler,

Mandelbaum, Ngyyen and
Schwerer, 1996.

Time to Market

Product development time (e.g.,
product introduction on schedule or
ahead of competitors) required from
concept generation to market
introduction.

Youssef, 1995; Cohen,
1996; Haddad. 1996; Zirger.
1996; Datar, et al., 1997;
Dyer, Gupta and Wilemon.
1999.

2.2.4.3. Time to Market

Time to market refers to how fast a firm completes

its product

development projects from concept generation to market introduction (Takeuchi

and Nonaka, 1986; Clark and Fujimoto, 1991; Gupta and Wilemon, 1990; Dyer,

Gupta and Wilemon, 1999).

A product development team that values time to

market would strive to get products to market ahead of competitors (Lieberman,

M. B. and Montgomery, D. B., 1988; Stalk and Hout, 1990; Blackburn, 1991;

Youssef, 1995), develop products on schedule (Cohen, 1996; Zirger, 1996) and

keep improving on the previous time to market (Mabert, Muth and Schmenner,

1992; Haddad, 1996).
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Reducing product development time and hence the time to the
introduction of a new product can create relative advantages in market share,
profit, and long-term competitive advantage (McDonough and Spital, 1984;
Lieberman and Montgomery, 1988; Brown and Karagozoglu, 1993; Sanchez,
1995; Ward, Liker, Cristiano and Sobek, 1995; Ali, Krapfel and LaBahn, 1995).

Technologicaily more advanced products take longer to develop than less
advanced products. When shortening product development cycie time, the
challenge is not to cut corners, but to carry out the development task faster
without sacrificing quality or eliminating steps (Gupta and Wilemon, 1990;
Karisson and Ahlstrom, 1999). In the case of Toyota's product development
system, Toyota considers a broader range of possible design options and delays
key decisions longer than many other automotive companies, yet has what may
be the fastest and most efficient vehicle development cycle in the industry (Ward,
Liker, Cristiano and Sobek, 1995; Sobek, Ward, Liker, 1999). Toyota maps the
design and establishes feasibility before commitment (Sobek, Ward and Liker,
1999). In brief, Toyota teams generate a great deal of shared knowledge in
considering a broader range of possible designs and manufacturing options, not
only in light of internal and suppliers’ capabilities but also in light of strategic fits
before they make a commitment of their resources. This has to do with
developing internal capabilities, especially design and manufacturing engineers.
Another important principle is a suppliers’ high engineering capability and a close
but demanding relationship between the parent company and the suppliers

(Kamath and Liker, 1994).
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Although the success of an individual project may not be indicative of a
systematic relationship between time to market and overaill organizational
performance (Clark and Fujimoto, 1991; Cusamano and Nobeoka, 1992; Smith
and Reinertsen, 1991), the extent of shared knowledge is related to the project's
time to market. Thus, the sample responses provide insights on how each
team's shared knowledge is related to the time to market of projects in general.
Stalk and Webber (1993) argue that one of the biggest probiems with time to
market reduction programs is that firms often pursue speed without considering
how faster product development or increased product turnover contribute to the
fulfiliment of their customer requirements. The extent of shared knowledge of
customers, therefore, is critical to ensure that the resulting products satisfy
customer needs (Ciccantelli and Magidson, 1993).

Reducing the time to market requires adequate knowledge of customers
earlier in the process (Mabert, Muth and Schmenner, 1992). Substantial work in
accelerating time to market (e.g., understanding the earlier availability of
prototypes, increased standardization of parts, consistency between designs and
suppliers’ process capabilities, and reduced engineering changes) is based on
the proper understanding of suppliers and internal capabilities (Bonaccorsi and
Lapparini, 1994). Understanding internal capabilities is significant in reducing
time to market. Deere and Company focused on process identification and
simplification to reduce cycle time (Hunt, 1993).

Having a shared understanding of vision, purpose of the project and

strategic intent substantially affects the time to market (Mabert, Muth, and



49

Schmenner, 1992). Clear project targets are also another critical factor in
reducing Time to Market (Murmann, 1994).

Product outcomes have four variables: manufacturability, manufacturing
cost, value to customer and product performance. These are all classified as
product outcomes in that these variables all represent the elements of a final
product as it passes through its manufacturing stage and customer assessment.
Table 2.6. shows four variables of product outcomes, their definition and relevant
literature base. Manufacturability and manufacturing cost are regarded as

manufacturing performance measures.

2.2.4.4. Manufacturability

Manufacturability measures how easy new products are to design,
manufacture and assemble (Clark and Fujimoto, 1991; Susman, 1992; Walleigh,
1989; Tatikonda, 1994). Somewhere near the end of the project, a key member
of the manufacturing team may discover that not all elements of the design are
readily manufacturable. This kind of problem is not uncommon and it adds a
great deal of cost to the process of a product development. This is primarily
because the manufacturability issue has not been addressed in the early stages

of product development.
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Table 2.6. Product Outcomes of iPD

Variables Definition Literature-Base

“Manufacturing Outcomes

The degree of easiness of the | Clark and Fujimoto, 1991,

™ new products to design, | Walleigh,1989; Susman,
(1) Manufacturability manufacture and assembie. 1992; Tatikonda. 1994;
Ha and Porteus, 1995;
Youssef, 1995.

Cost of materials, labor and
overhead for producing new
products.

Myers and Marquis. 1969:
Cooper, 1979; Cooper
and Kleinschmdt, 1987;
Maidique and Zirger,
1984, 1985, 1990; Ittner
and Macduffie, 1995;
Cooper and Slagmuider,
1999.

(2) Manufacturing Cost

Customer Outcomes

Clark and Fujimoto, 1991;
Value of new products in terms | Clark and Wheelwright,
of meeting customer needs, | 1993; Day, 1993; Slater
requirements, and | and Narver, 1995;
expectations. Lengenick-Hall, 1996;
Cordell, 1997; Koen and
Kohli, 1998; Slater and
Narver, 2000.

(1) Value to Customer

New product performance in | Hayes, Wheelwright and
(2) Product Performance | terms of technical, system and | Clark, 1988; Clark and
product integrity). Fujimoto, 1991; lansiti,
1997a, 1997b; Clark and
Wheelwright, 1993.

Research aimed at finding ways to improve manufacturability has led to a
greater understanding of this power of the design and development process in
affecting manufacturing performance. Experience in a variety of industries
suggests that a significant fraction (as much as 80 percent in some cases) of

total product cost is established during the product engineer stage of
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development (Jaikumar 1986; Soderberg 1989; Clark and Fujimoto, 1991). The
effective way to improve manufacturability is to have a shared understanding of

knowledge of customers, suppliers, internal capabilities and products.

2.2.4.5. Manufacturing Cost
Manufacturing cost is defined as the cost of materials, labor and overhead

for the product (Garrison and Noreen, 1997). Manufacturing cost is, therefore,
interchangeable for total product cost, except for service and distribution costs.
The cost strength of a particular company is relative to industry performance, so
each item is compared to the industry average. Usually, changes in the later
stages of design are quite costly. Such changes may occur because of lack of
understanding of customer knowledge, project targets, and the degree of the
suppliers’' capabilities in advance. In that sense, the cost impact of IPD is most
significant during the product design phase. It is estimated that 80 percent of
product development cost is determined in the early design and process planning
(Hunt, 1993).

Low manufacturing cost is highly related to the early involvement of
manufacturing people in the product development process (Walleigh, 1989). To
reduce manufacturing cost, knowledge of suppliers’ capabilities is also critical.
To increase suppliers' capabilities, firms are willing to empower suppliers with
expert knowledge as long as such an arrangement does not create long-term
dependence (MacDuffle and Helper, 1998). Low manufacturing cost may also be

related to the shared knowledge of suppliers because typical industrial firms
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spend more than one half of every sales dollar on purchased products (Dyer,
Cho and Chu, 1998). Therefore, more than half of the manufacturing cost is
purchase costs from suppliers .

Value to customer and product performance are the other two product
outcomes. Customers ultimately assess and appreciate the extent of these
outcomes. Therefore, value to customer and product performance are regarded

as customer outcomes.

2.2.4.6. Value to Customer

Value to customer is the customer-perceived worth adjusted for the
relative price of the product (Gale, 1994). It is measured in terms of the value of
new products in meeting customer needs and expectations in the market place
(Clark and Fujimoto, 1991; Clark & Wheelwright, 1993; Cordell, 1997). It is also
reflected in the product success in the marketplace (Slater and Narver, 1995), its
creation of value to customers in terms of highly perceived product quality (Clark
and Wheelwright, 1992), customer’'s perceived value in terms of uniqueness
(Zirger and Maidique, 1990), and the key commonalties in what customers value
(Kim and Mauborgne, 1997). Value to customers is enhanced through shared

knowledge of customers (Koen and Kohli, 1998).

2.2.4.7. Product Performance
Product performance is the extent of the product's technical function and

system integrity. Itis measured by the overall performance rating, the level of
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technical and system performance and perceived improvement of the
performance (Hayes, Wheelwright and Clark, 1989; Clark and Fujimoto, 1991;
lansiti, 1992, 1993; Clark and Wheelwright, 1993; Cohen, 1996). Product
performance would be enhanced if team members have a shared understanding
of internal capabilities, products, and customers. This also has to do with the

clarity of project targets that identifies key outcomes of the project.

23. HYPOTHESES

The nature of relationships among components of knowledge integration
and their outcomes is described in terms of a hypothesis. This study does not
examine the detailed relationship of each variable (e.g., shared knowledge of
customer and teamwork). These hypotheses examine the relationships among
partially aggregated models. Figure 2.3. shows how three components of
knowledge integration (i.e., role changes, team vision and shared knowledge) are
related. It also depicts how these components affect product development

performances.

2.3.1. Development of Hypothesis 1

Role changes are related to the organizational culture, structure and
leadership arrangement. Depending on the culture of an organization, role
definition or changes are relatively stable. In the Toyota Company, the Chief
Engineer's role is quite consistent throughout projects and this leadership is

critical in IPD performance. As Toyota defines itself as primarily a manufacturing



54

firm, the manufacturing engineers’ roles are noticeably more prominent than that
of design engineers. On the other hand, in Chrysler's case, the role of design
engineers is much greater and even more prestigious than that of manufacturing
engineers (Sobek, 1997).

At the organizational level, it is people that provide vision. It is not an
impersonal vision and mission that brings new leaders. Rather, new leaders
personify the direction for the future and bring their vision into an organization.
At a project level, this is much more obvious. It is not vision that brings new
leaders; rather those who assume leadership introduce new vision for a project's
success. In typical firms, numerous teams work on different product development
projects. Role definition or changes across teams tend to be fairly stable. it is
people that determine project targets. Therefore, it is assumed that role changes
of engineers occur prior to determining team vision and goals. In that sense, role
changes are regarded as antecedents to team vision.

Hypothesis 1: The greater the extent of the role changes of engineers,
the greater the extent of the team vision.
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Figure 2.3: Hypotheses of Key Relationships
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2.3.2. Development of Hypothesis 2

According to Davenport, De Long and Beers (1998), “ Knowledge is fuzzy
and closely linked to the people who hold it. Building an organizational
infrastructure for knowledge management means establishing a set of roles and
organizational groups whose members have the skills to see resources for
individual projects.” Shared knowledge (i.e., the extent of sharing knowledge
among a cross-functional team) requires collaboration and cooperation among its
team members. The positive role of collaborator and coordinator would enhance
the extent of shared knowledge among team members.

The role changes of engineers among IPD teams represent the enhanced
collaborative and coordinative influence of engineers among team members. The
increased role changes of engineers show their respectful position in IPD teams
with increased power and influence and better training and qualification. In
addition, the increased role changes of engineers suggest their usage of
behavioral skills to better collaborate and coordinate knowledge sharing among
team members. Therefore, it is assumed that the more the role changes of
engineers occurs, the more likely it is that the extent of shared knowledge will
increase among [PD members.

Hypothesis 2: The greater the extent of the role changes, the greater
the extent of the shared knowledge.
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2.3.3. Development of Hypothesis 3

Role changes of design and manufacturing engineers signify the nature of
knowledge leadership in IPD teams. The more the engineers’ qualifications (both
technical and behavioral), power and influence, job characteristics and level of
satisfaction change, the better the outcome of product development
performance. Knowledge leadership by engineers would not only move them
beyond the traditional role of technical specialists but also improve overall
performances that are affected so much by the quality of knowledge utilized by
the team members.

Hypothesis 3: The greater the extent of role changes, the greater the
extent of product development performances

2.3.4. Development of Hypothesis 4

Lynn (1998) studied a progression of new product projects, which included
Apple Il, lle, lll, Lisa, Mac, and Mac+, the Hewlett-Packard 85, 125, 150, Vectra,
and the IBM DataMaster, PC, and PCjr. This is his conclusion about these
teams: “Having a clear vision and having that vision shared and agreed to by
others on the team were reoccurring themes for successful innovation.
Successful teams were totally committed to the vision of the project and had a
crystal-clear understanding of the goals and objectives of the project. This
commitment and understanding helped motivate teams members to work

extremely long hours to accomplish the goal.” A clear, shared team purpose and



mission facilitate teamwork. The degree of strategic fit may ailso enhance team
work and development productivity because perception about the stragegic fit of
a project provides the necessary motivation and will for team members to work
hard. In many firms, projects that are strategically in line have good chances to
get quick approval. The development effort of such projects may be more
productive and less time consuming.

The degree of clarity of project targets indicates the extent of defining,
understanding and communicating project goals among team members. Such
clear understanding of project goals may enable manufacturing and process
engineers to get involved in the early design stages to better determine
manufacturability. Therefore, teams with high levels of team vision may achieve
higher levels of process or product outcomes.

Hypothesis 4: The greater the extent of team vision, the greater the

extent of product development performance outcomes.

2.3.5. Development of Hypothesis 5

It is critical to integrate shared knowledge and team vision. Khurana and
Rosenthal (1997) concluded after studying 11 different projects in three different
countries as follows: “ The failure to integrate a product strategy, a well-planned
portfolio, and a facilitating organizational structure with clearly identified customer
needs, a well-defined product concept, and a project plan can severely hamper
product development. Improving the entire product development process

depends on improving the effectiveness of the front-end process.” They primarily
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pointed out the needs of integration of the knowledge of customer and team
vision and goals (e.g., a product strategy, a well-planned portfolio, a facilitating
organizational structure, a well-defined product concept, and a project plan).
Such has to be done in the frontend of the product development.

Two extreme cases would make shared knowiedge ineffective and the
degree of shared team vision low, although the absolute amount of information
shared may be great. One example is knowledge sharing without any focus or
direction. People may just come and share about their experiences. In the
corporate context, such practices may not go on too long. At some point, team
members need to clarify why they meet and why they share. If the underlying
purpose is not clarified, then the extent of shared knowledge would be quite
negatively affected. Another extreme is when a particular individual with specific
functional orientation primarily determines the team vision. For example, team
members may have shared understanding of customers' current needs and their
changing future needs because a marketing manager is a quite dominant
member of the team. However, if other engineers are passive members, then
the extent of shared knowledge as a whole would not be great. Therefore, in
determining the effective level of shared knowledge, goal integration among team
members is quite critical.

A shared vision embodies the common goais and aspirations of the team
members. With a shared purpose and vision among team members, they can
avoid possible misunderstandings in their communications and have more

opportunities to exchange their ideas and/or resources freely. Furthermore, the



common goals they share help them to see the potential value of their resource
exchanges and benefits of cooperation. As a result, team members who share a
vision will be more likely to share or exchange their critical knowledge resources
(Orton & Weick, 1990; Tsai and Ghoshal, 1998). Therefore, teams with a greater
level of team vision will achieve higher levels of shared knowledge. In that sense,
there is a positive relationship between team vision practices and shared
knowledge.

Hypothesis 5: the greater the extent of the team vision, the greater the
extent of the shared knowledge.

2.3.6. Development of Hypothesis 6

Zaltman, Duncan and Holbeck (1973) offer an explanation of how
openness in communication across functions facilitates responsiveness in
creating customer value. In a meta-analysis with a sample of 782 studies,
Damanpour (1991) reports a positive association between cross-functional
communication coordination and organizational innovativeness. Coordinated
effort of cross-functional teams not only increases the level of market intelligence
but also increases the firm's responsiveness to customers’ needs (Kohli and
Jaworski, 1990; Kohli, and Jumar, 1993; Jaworski and Kohli, 1993).

Shared knowledge among cross-functional team members is indicative of
a coordinated effort among various functions. The level of shared knowledge in a
team indicates its ability to translate critical knowledge about customers,

products, suppliers, competitors and their own process capabilities into
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successful products (Prahalad and Hamel, 1990; Rumelt, Schendel and Teece,
1991). The hypothesis, taken at the project level, is also consistent with the
findings of Moorman and Miner (1997) at the organizational level--the greater the
dispersion of organizational memory for a new product domain, the greater the
new product short-term performance. Therefore, teams with higher levels of
shared knowledge will achieve higher levels of process (e.g., teamwork and
development productivity) and product outcomes (e.g., value to customer and
manufacturing cost).
Hypothesis 6: The greater the shared knowiedge, the greater the

product dvelopment outcomes.

2.3.7. Development of Hypothesis 7

The final objective of any project is success in market performance.
Market performance is not based on any single performance criteria. For
example, faster cycle time (i.e., product development time) alone is not
associated with overall market success (ittner and Larcker, 1997). Rather,
market performance is based on muitiple outcomes (Clark and Fujimoto, 1991;
Clark and Wheelwright, 1993). Market performance may improve if a final
product displays increased product development outcome measures in terms of
time, cost, quality, value to customer and product performance.

The product development outcomes in this research model are
multidimensional (e.g., process outcome, manufacturing outcomes and customer

performance outcomes). If a new product demonstrates higher process
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effectiveness evidenced by early introduction to the market, greater teamwork
and development productivity, there may be a greater chance for market success
of the product. If a new product displays higher value to customer and product
performance, it is more likely that the product may be successful in the market.
With better process and product outcomes, the chances of market performance
of the project would be greater. Therefore, hypothesis 7 is that the higher these
multiple product development performance outcomes, the more likely the product
will experience successful market performance.
Hypothesis 7: The greater the extent of the product development

outcomes, the greater the extent of market performance.

2.4. SUMMARY OF THE MODEL

Table 2.7. summarizes the underlying considerations of this research
model in light of the above diverse literature streams and research objectives. In
chapter three, the research methodology will be presented on how this research

model is empirically tested through a pilot study and a large survey.
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Summary of the Research Model

Key Constructs

Key Assumptions/Processes

1. Qualification /Training requirements;
Role Changes 2. Power/ Influence;
3. Technical /Behavioral skilis: i
4. Job characteristics (i.e., complexity, enlargement. !
enrichment and satisfaction). i
1. Team vision enhances the extent of knowiedge |
; exploitation; |
i 2. The extent of team vision indicates control i
‘ mechanism (i.e., goal integration) of the team: i
i Team Vision 3. Projectis related to organizational purpose /vision/ I
! mission, strategic fit. clarity of project targets ensure |
! | knowledge exploitation. E
! i '
; 1. Shared knowiedge enhances the extent knowledge .
exploration among IPD members; :
i 2. The extent of shared knowledge indicates the |
! Shared Knowledge nature/extent of trust/sharing among IPD teams; |
E 3. Key knowledge components in IPD are both internal
F (i.e.. knowledge of products and internal capabilities)
: and external (i.e., knowledge of customers, suppliers !
| and competitors) entities. i
' i 1. Time element (i.e., time to market); ;
Process Performance | 2. Team effectiveness (i.e., teamwork);
of IPD I 3. Process effectiveness (i.e., development
! productivity).
- |
Manufacturing Performance | 1. Ease of manufacturing (i.e., manufacturabiiity): ;
of IPD 2. Cost of producing product (i.e.. manufacturing i
! cost). |
| !
Customer Performance | 1. Performance of products (i.e., product performance):; :
of IPD 2. Customer responses (i.e., value to customer). '

Market Performance of the
Project

Final performance of the project completed in terms |

of the degree of success in the market.




Chapter Three

Research Methodology and Pilot Study

One of the primary goals of this study is to develop valid and reliable
scales to measure "Role Changes"” (RC), Team Vision (TV), Shared Knowledge
(SK), Product Development Performance (PDP) and Market Performance (MP).
These valid and reliable measures (i.e., instruments) are useful for benchmarking
knowledge integration practices against competitors. These instruments develop
quick feedback mechanisms for intervening in organizations to improve product
development performance. In addition, empirical studies based on good
instruments will improve the quality of research in integrated product
development.

These effective instruments are useful only when they contain several
measurement characteristics: construct validity, convergent validity, discriminant
validity, predictive validity and reliability. Construct validity refers to an effective
instrument that covers the content domain of each construct (Nunnally, 1978).
Convergent validity is concerned with the extent to which multiple measures of

the same construct agree with each other (Campbell and Fisk, 1959). Predictive



validity refers to the extent to which scores of one construct are empiricaily
related to scores of other conceptually related constructs (Bagozzi, et al. 1992).
Discriminant validity is evident if items underlying each dimension ioad as
different factors (i.e., discriminate with measures of the other constructs) (Pitt et
al. 1995). Each construct should have a reliability of 0.80 (Cronbach’'s aipha) or
more (Nunnally, 1978), and the instrument should be short and easy to use. To
increase the usefuiness of this instrument for basic research, it should be
generalizable across industries and firms of varing sizes (Koufteros et al. 1998).
To achieve these goals, the process of developing measures is based on
commonily accepted methods for developing standardized instruments
(Nunnally, 1978; Churchill, 1979). An extensive literature review ensures that a
research model is grounded in theory. In addition, case studies and structured
interviews with product development executives helped to define the domain of
the constructs and facilitated item generation. A pre-test was completed to
enhance content validity. A pilot study was conducted utilizing respondents
similar to the target respondents. These steps were taken to insure the above-

mentioned desirable measurement characteristics.

3.1. ITEM GENERATION

The unit of analysis is the project team since all items pertain to the
practices for the product development team. The following steps were taken to
insure the content validity of each variable. First, possible items were adapted

from articles published in major journals in the fields of marketing, product
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development, strategy, teamwork, organizational leaming, knowledge and quality
management. Questions were then developed to measure a particular variable
(e.g., Shared Knowledge of Customers) of an individual construct (e.g., Shared
Knowiedge).

The goal of the literature review in chapter 2 is to generate a
comprehensive list of items to match the domain of "Role Changes" (identical
items for design and manufacturing engineers), Team Vision (four variabies),
Shared Knowledge (five variables), Process Outcomes (three variables) and
Product Outcomes (four variables) identified in the research framework. A five-
point Likert scale was used where 1=strongly disagree, 2=disagree, 3=neutral,
4=agree, 5=strongly agree.

To provide additional support for content validity, the items were grouped
according to their theoretical construct and presented to ten product development
managers during structural interviews. For each construct, the managers were
asked to discuss knowledge integration practices and compare them with these
constructs and items. The key questions were: (1) what did they think about the
importance of shared knowledge in product development; (2) what aspects of
knowledge were critical from their standpoint; (3) whether they could answer all
the questions based on their experiences. Their qualitative comments from the
structured interviews were compared with the responses to items measuring
each of the four components. This was done to verify that they understood the

questions. Based on suggestions by these managers, items were added,
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changed, or deleted for a revised instrument and these items were grouped into
18 variables. Market Performance has only one item question.
3.2. PRETEST

In assessing the extent of shared knowiedge in teams, it was important to
get a broad section of responses. Twelve individuals (three were CEO's, four
were design engineers, one was a consultant, and the other four were design or
manufacturing engineers) were all selected as key informants for the pretest.

The first criterion was position. The participants were all involved in the
cross-functional product development project. They identified their project. Their
responses were based on the particular project they experienced with the other
team members. Tne key question was, “Was the informant in a position
knowledgeable to answer regarding the extent of shared knowledge in the
team?” (Seidler, 1974). All the individuals in the positions mentioned above were
active participants in project development work so that they were able to share
their perceptions about the level of the shared knowiedge of their teams.

Next, a knowiegeability test assessed the content of inquiry (Kumar, Stern
and Anderson, 1993). The potential informants were asked about how
knowledgeable they were about the content of inquiry after answering the
questionnaire. On a scale of five (1=not very knowledgeable, 2=a little
knowledgeable, 3=somewhat knowledgeable 4=moderately knowledgeable 5=
very knowledgeable), the mean response was 4.25 (std. dev. = 0.71). The mean
was greater than 4, thus showing evidence of knowledge ability. This ensures

that the respondents with appropriste positions and knowledge answered the
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questionnaire. The very first page of the survey clearly stated as follows: “This
guestionnaire should be answered by those (e.g., project leaders, product
development managers, vice presidents and CEOs) who have recently
participated in a cross-functional product development team.”

The next procedure to promote content validity involved presenting the
entire list of potential items to the seven academic experts from business and
engineering who were given the opportunity to keep, modify, and/or drop items.
They were also encouraged to provide suggestions for additional items if they
perceived them in order to cover the intended domain of the variable.
Representatives from business and engineering were included because some of
the factors, including internal capabilities and product development performances
(e.g., Manufacturability, Product Performance), involved both disciplines. The
academic experts and managers suggested a modification to 17 items. Where
any expert suggested that the domain of a construct should be more adequately
covered, additional items were generated to capture the domain of each

construct. The total number of items after the expert evaluation and revision for

the pilot study was 128.

3.3. PILOT STUDY

The pilot questionnaire was compiled after a number of modifications were
suggested by the industry and academic experts. Upon completion, it was sent
in the form of a questionnaire to 500 various managers from manufacturing firms.

The Society of Automotive Engineers (SAE) provided names and addresses of
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500 managers randomly selected from their membership with parameters such
as: product development managers, position titles, geographical areas, and four
industries (i.e., fabricated metal products, industrial machinery/equipment,
electronic/other electrical equipment, and automotive parts and suppliers). These
industries are under the standard industrial classification (SIC) codes 34, 35, 36,
and 37 respectively. They were primarily drawn from the Midwest (i.e., Ohio,
Indiana, lllinois, Michigan and Pennsylvania). The pilot study responses were
later excluded in the large-scale study, and the companies selected to participate
in the pilot study were excluded from the large-scale mailing. A cover letter
signed by an executive from SAE encouraging its members to respond to the
survey was mailed along with a cover letter on a University of Toledo letterhead
and the questionnaire.

The items were grouped together according to the constructs. The first
group is Shared Knowledge (i.e., Knowledge of Customers, internal Capabilities.
Suppliers, Products, and Competitors). The second group is Team Vision (i.e..
Mission, Strategic Fit, Clarity, Tradeoff of Project Targets). The third group is
Process Outcomes (i.e., Time to Market, Teamwork., and Development
Productivity) and Product Outcomes (i.e., Manufacturability, Value to Customers,
Product Performance, and Manufacturing Cost). The final group is Role
Changes of Design and Manufacturing Engineers.

The demographic and respondent questions were about specific
information about the type of industry, the size of the firm, knowledge intensity of

product development, OEM or Suppliers, the position in the supplier chain,
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product/process complexity, rate of market change, and the rate of technological
change.

As described by Churchill (1979), the instrument was purified by
examining the corrected-item total correlations (CITCs: each item's correlation
with the sum of the other items in its category) of the items with respect to a
particular variable (e.g., Shared Knowledge of Suppliers) of a specific construct
(e.g., Shared Knowledge). The item inter-correlation matrices provided by
SPSS9.0 were utilized to drop items if they did not strongly contribute to
Cronbach's alpha for the variable under consideration (Flynn, Schroeder &
Sakakibara, 1995; Tracey, Vonderembse, and Lim, 1999). Some items that did
not show high CITCs (less than 0.60), but whose content was considered
important to the research, were selected for further modification.

Exploratory factory analysis was used to assess the internal consistency
(i.e, the dimensionality) of the remaining items of each variable (e.g.. Shared
Knowledge of Customers) and, where appropriate, was used to eliminate items
that were not factorially pure (Koufteros, Vonderembse and Doll, 1998). Principal
components and oblimin were used as the means of extraction and method of
rotation, respectively. Items, which load below 0.60, were generally eliminated at
this stage. Not all items, however, were indiscrimately eliminated based on its
factor loading alone. Rather, an item’'s importance to the research objective was
carefully considered as well (Dillon & Goldstein, 1985). Some items (e.g.,
Shared Knowledge of Customers), which showed weaker loadings, were

modified instead of being eliminated. To streamline the factor interpretation
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process, loadings below 0.40 were not reported. Reliability (internal consistency)
of the remaining items comprising each variable was evaluated using Cronbach’s
alpha. Iitems were eliminated if Cronbach’'s alpha was at least 0.80 and the
content of the scale was not significantly altered. In addition, each variable was
expected to have a simple factor structure and factor loadings (one clear factor
with high loadings with a minimum of 0.75).

The external consistency of each construct (e.g., Shared Knowiedge,
Team Vision) was appraised by submitting the items remaining for the entire
construct (e.g., all five Shared Knowledge variables, all four Team Vision
variables) to exploratory factor analysis to uncover significant cross-loadings.
Again principal components and oblimin were used as the means of extraction
and method of rotation, respectively. Loadings below 0.30 were not reported.
The Kaiser-Meyer-Olkin (KMO) measure lists KMO measures: in the 0.90’s as
outstanding, in the 0.80’s as very good, in the 0.70’s as average, in the 0.60’s as
tolerable, in the 0.50’s as miserable, and below 0.50 as unacceptable. Before
the large-sample administration, the variables were examined with respect to the
research objectives and the overall pilot study results. Modification or addition of
items was necessary for the variables, which showed reliabilities near the
minimum standard of 0.80, (e.g., Shared Knowledge of Customers, with alpha,

0.83).
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3.4. PILOT STUDY RESULTS

Thirty responses were received. This was a large enough sample to
perform some initial statistical analysis. In this way the pilot test provided a
means for assessing the preliminary reliability, convergent validity and
discriminant validity in developing the instrument. Reliability was assessed by
calculating Cronbach’'s alpha, convergent validity was assessed by a simpie
factor structure and high factor loading (>0.75), discriminant validity was
assessed by using the Muiltitrait-Muitimethod (MTMM) approach. In this section,
the four components of knowledge integration (i.e., Role Changes of Engineers,
Team Vision, Shared Knowledge, and Product Development Performances) were

examined one by one.

3.4.1. Role Change of Engineers

The Role Changes (RC) construct represents two variables: role changes
for design engineers (RCDE) and role changes for manufacturing engineers
(RCME). Each variable has 10 items. Table 3.1. and Table 3.2. display the factor
loadings and corrected item total correlations (CITCs) generated for each item
related to RCDE and RCME. RCDE shows initially two factors but RCME shows
only one factor. Both scales show high reiiability (0.91 and 0.94). Role changes
seem to occur as companies adopt the integrated product development. Both
design engineers and manufacturing engineers are affected by these changes
(average mean, 3.525 and 3.493). An interesting difference is that design

engineers tend to negatively view the increasing complexity and enlargement of
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their job responsibilities due to IPD, while manufacturing engineers regard these
changes as positive.

Table 3.1. Design Engineers--items, Descriptions, Initial Factor Loadings,
Corrected Item Total Correlations (CITC) (Pilot Study)

Role Changes (Design Engineers) |
Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.807 |
Factor
items Descriptions Loadings |CITC| Avg.
RC1 (Qualifications required for design engineers have been 0.53 065! 3.32
upgraded. ' ;
RC2 [Training required for design engineers has been more 0.74 ; 063 ] 3.25!
extensive. ; j :
RC3 |Power of design engineers in product development team 0.89 | 062 3.28 |
has increased. i
RC4 linfluence of design engineers in product development 0.63 0.59 | 3.60
team has increased.
RCS5 [Technicatl skills required for design engineers have been 0.70 0.75 | 3.68
imore rigorous.
RC6 |Behavioral skills (e.g.. teamwork, inter-communication) 0.88 0.69 | 3.89
required for design engineers have been more important. :
RC7 [Design engineers’ jobs have become more complex. x 0.91 068! 3.75
RC8 [Design engineers’ jobs have been enlarged. x 094061371}
RC9 |Design engineers’ jobs have been enriched. 0.58 :0.3310.74i3.39|
RC10 |Overall. design engineers feel more satisfied with their 0.76 | } 0.70 | 3.36 !
i work. | | |
Cronbach’s Alpha !
0.91 ;

For design engineers, the items that show high average (>3.60) are
influence, technical skills, behavioral skilis requirement and job enlargement. It
seems that their job task characteristics become more demanding and their
influence grows; but their qualification, training, rewards and power remain the
same. As a result, the overall job satisfaction is somewhat low (3.36).

For manufacturing engineers, the items showing high averages (>3.60)
are behavioral skills requirement, job complexity, and job enlargement. it seems
that as manufacturing engineers’' jobs become more complex and enlarged, their

influence is not necessarily enhanced. Their job satisfaction measure is slightly
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Table 3.2. Manufacturing Engineers—items, Descriptions, Initial Factor
Loadings, Corrected item Total Correlations (CITC) (Pilot Study)

Role Changes (Manufacturing Engineers)
Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.847
Factor ! i !
items Descriptions Loadings | CITC| Avg. .
RC11 Qualifications required for manufacturing engineers have 0.83 0.78 | 3.2
been upgraded.
RC12 {Training required for manufacturing engineers has been 0.72 066 | 3.27
more extensive.
RC13 [Power of manufacturing engineers in product 0.82 0.78 | 3.47
development team has increased. !
RC14 [Influence of manufacturing engineers in product 0.84 0.79 | 3.53 |
development team has increased. : ‘
RC15 [Technical skills required for manufacturing engineers havej 0.79 10.74 343
been more rigorous. i ; :
RC16 [Behavioral skills (e.g.. teamwork, inter-communication) 0.85 £ 0.8113.77
required for manufacturing engineers have been more
important. i
RC17 Manufacturing engineers’ jobs have become more 0.85 l 0.81 ] 3.70
complex. i
RC18 Manufacturing engineers’ jobs have been enlarged. 0.80 10751 3.67 !
RC19 ’Manufacturing engineers’ jobs have been enriched. 0.84 ' 0.80 ' 3.37
RC20 Overall, manufacturing engineers feel more satisfied with 0.82 £ 0.77  3.43
their work. ; |
Cronbach’s Alpha
0.94

higher than that of design engineers (3.43). Some items of RCDE (e.g., RC4,
RC8) were somewhat low but CITCs of all other items were all sufficiently high.
On the other hand, all RCME items were high (Cronbach's alpha>0.65). Since all
items of RCDE and RCME are the same, to further examine these differences, all

ten items were retained for the large survey.

3.4.2. Team Vision
For the pilot study, the Team Vision (TV) construct was conceptualized as
having three variables (i.e., Mission, Strategic Fit, and Project Targets). Each

variable has 6-11 items. Tables 3.3. and 3.4. show the initial factor loadings and
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Table 3.3. Mission and Strategic Fit-- Items, Descriptions, Initial
Factor Loadings, Corrected Item Total Correlations
(CITC), Retained Items Factor Loadings (Pilot Study)

Mission
! Retained
Initial Factor | Factor
items Descriptions Loadings | CITC Loading |
TV1 [This product deveiopment team had a good work plan. 0.88 i 0.82 | 0.89
TV2 [This product development team had a well-focused mission. 090 | 085 | 091
TV3 [This product development team had a well-communicated 0.93 087 . 0.95
mission. .
TV4 [This product deveiopment team had a clear product concept. 0.79 071 . 0.83
TV5 This product development team had a clear plan of action. 0.62 051 X
TV6 Overall, this product development team had a shared 3 :
understanding of the project mission. 0.94 ©0.90 ’ 0.94
. , i
| 0.92 | Alpha | 0.4
]
Strategic Fit
i ! Retained
Initial Factor | " Factor
items Descriptions Loadings ' CITC ! Loading |
TV7 Our firm's overall product strategy guided the design of this 0.80 0.73 i 0.81
product. : ,
TV8 Our firm’'s overall technology strategy guided the design of this 0.78 ‘ 0.72 | 0.79
product. ! '
. TV9 Project targets were consistent with our firm's business strategy. 0.86 ' 0.78 | 0.90
TV10 IProject priorities were consistent with our firm’'s business 0.86 0.78 !r 0.89
strategy. i
TV11:Our senior management provided overall strategic direction. 0.82 o 0.66 x
{ TV12,0ur senior management provided an integrated set of project 076 « 0.70 X
; prionties. ‘ |
TV13 Overall. this product development team had a shared 0.80 . 071 b 4
understanding of how well this project fit within the firm’s !
business strategy. : 1
0.91 | Alpha | 0.89
I

corrected item total correlations (CITCs) generated for each item related to a
particular variable of TV. It also gives the initial Cronbach’'s alpha for each scale
and Cronbach’s alpha for those items retained after dropping a few items. Items
which showed poor CITCs (< 0.60) were dropped (e.g.. TV5's CITC=0.51). So

TV 5 it was first dropped out. Although TV5 “This product development team had
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a clear plan of action” is about a plan of action, the respondents seem to identify
more with ciarity and accordingly showed poor factor loading. Factor loadings of
individual constructs were mostly in the range 0.71 to 0.80. Four items (TV1,
TV2, TV3, TV4, TV6) were retained for Mission.

All the strategic fit variable show relatively high CITC (>0.60). However,
four items (TV7, 8, 9, and 10) are related to the characteristics of project targets
while three items (TV11, 12 and 13) are related to senior managers’ involvement
in project teams. In this project level research, knowledge leadership is defined
among team members rather than through senior management directives.
Therefore, items related to senior management involvement were all dropped.

The Role Changes construct deals with a leadership issue for integration
of product design and manufacturing process design. Team vision is affected or
directed by team leaders more than by senior managers. Strategic fit of project
targets is not merely based on what senior managers say but on the teams’
understanding of project targets in relation to overall business, product and
technoiogy strategy. Project targets are more about team members’ perceptions
of their mission, congruence between strategy and project targets, and clarity
and tradeoff of project targets. The focus of inquiry was how much project team
leaders exercise leadership in setting the mission of a project, its strategic fit,
clarity and tradeoff. Therefore, items about senior managers’ influence were
dropped. For the pilot analysis purpose, only four items (TV7, TV8, TVS, and

TV10) were retained.
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In Table 3.4, Project Targets showed initially three different factors
(Clarity, Consistency and Tradeoff of Project Targets). items (TV19 and TV22)
were dropped because of their low CITC. TV24 was also dropped because it
describes the general characteristics of project targets. Afterwards, project
targets were identified as two factors: Clarity of Project Targets (TV14,15, 21,
and 23) and Consistency of Project Targets (TV 16, 17, 18, and 20).

After the initial analysis, four variables (Mission, Strategic Fit, Clarity, and
Consistency of Project Targets) were derived. With the retained items (a total of
16 items), exploratory factor analysis was conducted (Table 3.5). The factor
structure is unstable. Mission is cross-loaded with Clarity. Violations of
discriminant validity occur between Mission and Clarity (Table 3.6.). Two
possible explanations are: (1) 30 responses are not enough to provide stable
structure for 16 items; (2) Mission and Clarity of Project Targets may have a
causal relationship. If scales of Mission are high, overall shared understanding of

Mission would result in setting up clear project targets.



Table 3.4. Project Targets-- items, Descriptions, Initial Factor Loadings,
Corrected Item Total Correlations (CITC), Retained Items Factor

Loadings (Pilot Study)

Project Targets
: ; i Retained
I Initial Factor | Factor
items| Descriptions Loadings ICITC Loadings
TV14 Our project targets were clear. Q.75 | : 1 0.80 | O.93 ;
TV15 Our project largets were based on realistic customer 0.72 | 10.71] 088
requirements. ' ;
TV16 Our project targets reflected the competitive situation. 0.71 . - 0.67 | 0.80
gTV17 iOur project targets were consistent with our manufacturing ; 0.95 1 0.60 : 0.83
‘capabilities. i | !
1 TV18 Our project targets were consistent with our suppliers’ i 0.73 | | 0.67 0.84
capabilities. ; i I
TV19 Our project targets were consistent with our resources. ; 0.63 \ 1051 x X
TV20 Technical risks were considered in setting project targets. '0.57 . 0.47 ' 0.60 ! 0.76
TV21 The relative priority of each project target was clear. 0.82. 10.83 | 0.91
TV22 Tradeoffs (e.g., time vs. cost) were considered to determine ; + 0.89 | 0.35 l x X
priorities. | : { .
{ TV23 A single integrated set of project targets (objectives) was 1.01: 10.75 | O.N
f defined. [ :
;TV24 Overall, this product development team had a shared 0.88 : 066, x X
H understanding of the project targets. i : |
| |
0.90 A B

A — Retained items (Clarity) Alpha 0.93
B - Retained items (Consistency) Aipha 0.82
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Table 3.5. Factor Analysis for all Team Vision Constructs
(Retained Items)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy=0.788

Factor 1 Factor 2 Factor 3

0.460
i Mission

Strategic
Fit

0.865
0.993 Clarity
0.629
0.748

Consist-

ency

%
of
Variance

Cumulative
%
of
Variance




Table 3.6.
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item Correlation Matrix, Descriptive Statistics, and
Discriminant Validity Test for Team Vision

r
TVI TV2 TV3 TV6 TV7 TVv8 TVv9 TV10 Tvi4a Tvis TV2t Tv23l TVvié Tvi7? Tvie

V1 1.00

TV2 0.69 1.00

TVv3 0.72 0.89 1.00

TV6 0.84 0.77 0.86 1.00

TV7? 0.49 0.66 0.69 0.65 1.00

Tv8 0.44 0.84 0.50 0.35 0.48 1.00

TV9 0.73 0.68 0.61 0.63 0.62 0.71 1.00

TV10 065 0.61 064 0.54 0.59 0.65 091 1.00

TVi4 0.50 0.82 069 0.57 0.55 0.62 052 047 100

TVi5 0.33 0.74 062 045 050 056 043 040 086 1.00

TV21 0.56 0.77 0.71 0.57 0.3 061 053 052 076 055 1.00

TV23 062 0.78 0.75 0.69 0.51 055 054 053 071 070 085 1.00

TV16 0.40 0.47 0.31 0.33 0.22 043 045 031 046 0.39 051 0.33 1.00

TV17 0.31 0.38 0.3¢ 0.37 0.12 0.18 021 009 056 044 044 022 062 1.00

TV18 0.45 053 0.39 042 0.15 961 044 031 059 (048 0.57 047 049 0.61 1.00
Vlol:l'lons 3 1 0 6 7 3 3 1 1 2 2 1 4] 4
Mean 3.97 410 3.86 3.79 3.52 366 321 3.72 386 3.66 SE 382 358 366 3.4
StdDev 0.91 088 125098 124 108 145 103 109 104 130 138 0.95 0.97 1.0¢

3.4.3. Shared Knowledge
For the pilot study, the Shared Knowledge (SK) construct was represented

by five variables (i.e.,

Shared Knowledge of: Knowledge of Customers.

Competitors, Internal Capabilities, Suppliers, and Products). For the pilot study,

Shared Knowledge was assessed in two ways: (1) by individual member (Table

3.7. and 3.8.); (2) by the team as a whole (Table 3.9. and 3.10.). The

assessment by an individual member was not about his/her expert knowledge

but rather about adequate knowledge of an area, which may not necessarily fall

within his/her functional speciaity. For example, the items that measured the

degree of Shared Knowledge of Customers included the design engineers’
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understanding of the changing needs of customers. Design engineers, compared
to marketing managers, may not be so knowledgeable about the changing needs
of customers. If design engineers, who are mostly concerned about the technical
aspects of design, have an adequate understanding of customers’ needs, it may
indicate an overall high level of shared knowledge of customers among team
members. In the same token, marketing managers may not be so knowledgeable
about internal capabilities.  Therefore, the marketing managers’ level of
understanding of internal manufacturing capabilities might be an indicator of the
extent of shared knowledge of the internal capabilities of the team.

Another way to assess the extent of shared knowledge of a team is to
learn about the perception of how much the team as a whole knows about a
particular aspect of shared knowiedge. The respondents were mostly product
managers or project leaders who managed product development projects. They
probably had fairly good perception about how much their team members
understood about certain aspects of shared knowledge.

Tables 3.7., 3.8., 3.9, and 3.10. show the initial factor loadings of all
items, corrected item total correlations (CITCs) of each item, and Cronbach's
alpha for each variable. Overall, Cronbach's alpha of Shared Knowledge by
individual members is lower than that of the product team as a whole. For
example, the range of Cronbach's alpha for individual members is 0.58-0.90,
while the counterpart for the entire team as a whole is 0.82-0.94. The items for
the entire team appear to better measure the variables of shared knowledge.

Therefore, the Shared Knowledge by individual members was dropped and



instead, only the Shared Knowledge by team members was adopted for further
analysis.

In Table 3.9., Shared Knowledge of Competitors (SKCOMP) shows good
CITC and high factor loadings, except OC10. Cronbach’s alpha for retained
items is 0.91. Shared Knowiedge of Suppliers (SKSUPPL) shows both a very
high CITC and factor loadings. So all three items were kept. A few more items
were added for the final survey (i.e., “Our suppliers’ capabilities to meet time
requirements”, “Our suppliers capabilities to meet quality requirements,” and “Our
suppliers’ capabilities to volume and mix changes”).

In each table, all items marked with an x were dropped. For exampile, in
Table 3.7. and 3.8. all items are marked with an x. This means that none of these
items were used for the large survey. This is because all Shared Knowledge

items by individual members were lower than the counterparts by teams.



Table 3.7. Shared Knowledge of Customers,
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Competitors and

Internal

Capabilities: Iitems for individual Members--Descriptions, Initial Factor
Loadings, Corrected Iitem Total Correlations (CITC), Retained items

Factor Loadings (Pilot Study)

Shared Knowledge of Customers (Individual Members)

Initial Factor JRetained Factor]
items Descriptions Loadings CITC Loadings
Our product design engineers had an adequate 0.81 0.60
TC1 knowiedge of the changing needs of customers. X
Our process engineers had an adequate knowiedge of 0.90 0.76
TC2 how customers use our products. b ¢
Our manufacturing experts had an adequate knowledge 0.88 0.69
TC3 of customer satisfaction ratings. X
Cronbach Alpha | 0.83
|
Shared Knowledge of Competitors (Individual Members)
l Initial Factor "~ |Retained Factor]
Items ! Descriptions Loadings citc Loadings
Our marketing people had an adequate knowiedge of 0.58 0.37
TC4 lour competitors' technoiogy. x
ur product design engineers had an adequate 0.82 0.63
TCS5 knowledge of our competitors’ strengths in marketing
nd distribution. X
TC6 |Our process engineers had an adequate knowiedge of 0.78 0.54 |
our competitors’ products. ' X
)Our manufacturing peopie had an adequate knowledge 0.79 0.56 i
TC7 of our competitive opportunities. | b 4
Cronbach Alpha | 0.73
l
Shared Knowledge of Internal Capabilities (Individual Members)
" . Initial Factor Retained Factor|
Items Descriptions Loadings CITC i Loadings
IOur product design engineers had an adequate !
TP1 knowledge of our firm's internal manufacturing 0.88 0.79 X
capabilities.
Our marketing people had an adequate knowledge of
TP2 our engineering design capabilities. 0.82 0.69 X
Qur product design engineers had an adequate
TP3 knowledge of our manufacturing capabilities. 092 0.84 x
IOur manufacturing people had an adequate knowledge !
P4 fof our engineering design capabilities. 0.87 075 ! N
Cronbach Alpha 0.90
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Table 3.8. Shared Knowledge of Suppliers and of Products : items for Individual
Members—-Descriptions, Initial Factor Loadings, Corrected item Total
Correlations (CITC), Retained Items Factor Loadings (Pilot Study)

Shared Knowledge of Suppliers (Individual Members)

i Retained
L Initial Factor ! Factor
ftems Descriptions Loadings CITC | Loadings
. |Our product design engineers had an adequate 0.93 0.83 |
TP5 knowledge of our suppliers’ manufacturing capabilities ! X
IOur marketing people had an adequate knowiedge of 0.70 0.51 i
TP6 jour suppliers’ design capabilities. | X
lOur product design engineers had an adequate 0.78 0.58
TP7 knowledge of our suppliers’' capabilities to make
component parts. b ¢
iOur manufacturing people had an adequate knowledge 0.77 0.59 }
TP8 lof our suppliers’ desig_;n capabilities. ; X

Cronbach Alpha 0.81

Shared Knowledge of Products (Individual Members)

i Retained
| Initial Factor Factor

items| Descriptions Loadings CITC Loadings
pur marketing people had an adequate knowiedge of 0.71 : 0.36

TP9 the major components of our product. ' ' b ¢

)Our manufacturing people had an adequate knowiedge 0.74 ! 0.39

TP10 jof the product history. X
Our design engineers accurately estimated the product 0.75 0.40

TP11 cost. X

Cronbach Alpha 0.58

All Shared Knowledge variables, except Shared Knowledge of Customers,
showed a single factor structure. In Table 3.9. all other items are about
customers’ characteristics, while OC3 and OCS5 are about customer
characteristics in relation to products. Iltem OC4 (“How the product created
customer value”) and OC6 (“How well we were doing on customer satisfaction
ratings”) show low factor loading. By dropping these two items, Shared
Knowledge of Customers (SKCUST) has a simple factor structure with high
factor loading. Shared Knowledge of Products (SKPROD) shows high CITC and

good factor loading, except for OP3 and OP6. These two items were dropped.
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Finally, Shared Knowiedge of Internal Capabilities (SKINTCP) shows all high

CITC and factor loading. So all items were retained.

Table 3.9. Shared Knowledge of Customers and Competitors: Items for
Product Development Team as a Whole—Descriptions, Initial Factor
Loadings, Corrected Item Total Correlations (CITC), Retained Items Factor

Loadings (Pilot Study)

Shared Knowledge of Customers (Team)
| N i | Retained
! initial Factor | ! Factor
iteams| Descriptions Loadings | CITC | Loadings |
This product development team has shared knowiledge of :
OC1 How customer needs were changing. 0.71 1-0.361 0.80 0.88
OC2 important value to customer attributes. 0.77 | | 066 i 0.84
OC3 How customers used our products. 093 {0.34: 040 ! X
OC4 How the product created customer value. 0.63 | ! 05 | 0.75
OCSs iHow satisfied our customers were with our products. 1-0.97 052 ¢ X
OC6 How well we were doing on customer satisfaction 081, 065 | 074
ratings. ; ‘
083 | Cmach 70.82
| j
Shared Knowledge of Competitors (Team)
| Retained
, initial Factor | ! Factor
Items Descriptions Loadings CITC Loadings

This product development team has shared knowledge of :

{0C10:Competitive opportunities that our firm anticipated. | 0.69 . 0.62 X
OC11.Competitive threats that our firm faced. 0.75 ] 0.69 0.74
OC12:Advantages of our competitors. 0.88 . 083 ! 089
OC13Disadvantages of our competitors. 0.89 0.84 . 0.9

:0C14.Strengths of our competitors. 0.89 0.86 0.90

jOC15Weaknesses of our competitors. 0.78 069 ¢ 077

§OC1 6Competitors’ products. 0.77 0.70 , 0.78

10C17:Competitors’ product technologies. 0.87 083 : 088

0.93 Cronbach 1 0.91

Shared Knowledge of Products shows a simple factor structure and the CITC are

generally high. OP3 and OP6 are relatively low compared to other items, so

these items were dropped for purification.
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Table 3.10. Shared Knowledge of internal Capabilities, Products and

Suppliers:

items for Product Development Team as a Whole-

Descriptions, Initial Factor Loadings, Corrected item Total Correlations
(CITC), Retained items Factor Loadings (Pilot Study)

Shared Knowledge of Iinternal Capabilities (Team)

! Retained
initial Factor i Factor
items Descriptions Loadings | CITC | Loadings|
This product development team has Shared Knowiedge of :
OP 8 The capabilities of our process technologies used. 0.87 ; 082 | 087
OP 9 [The strengths of our engineering design capabilities. 0.91 ¢ 080 | 0091
OP10{The weaknesses of engineering design capabilities. 0.91 0.87 ! 0.91
OP11The strengths of our manufacturing faciiities. 0.87 078 . 0.87
OP12 The weaknesses of our manufacturing faciiities. 0.87 L 0.80 i 0.87
]
093 “ana | 093
Shared Knowledge of Products (Team)
Initial | | Retained
Factor Factor
Items Descriptions Loadings CITC Loadings
This product development team has shared knowledge of :
OP1 Our product's history. 0.78 C 071 079
OP2 The strengths of our product. 0.85 | 0.78 ! 086
OP3*The weaknesses of our product. 0.70 | 0.60 | X
OP4 The advantages of our product. 0.88 ! 082 | 0.87
OP5 The disadvantages of our product. 0.90 086 | 086
OP6*The design problems of our product. 0.72 065 | X
OP7 iThe product technologies we used. 080 ; 072 | 0.81
0.91 | Camech T 0.89
Shared Knowledge of Suppliers(Team)
‘ Initiat Retained
l I~ Factor ! Factor
items ! Descriptions Loadings | CITC ' Loadings
{This product development team has shared knowledge of: T
i OC7 Our suppliers’ process capabilities. [ 0.95 0.89 0.95
1 OC8 Our suppliers’ design capabilities. 0.93 0.85 0.93
{ OC9 :Our suppliers manufacturing capabilities. 095 | 0.89 0.95
0.94 ! Cronbach 0.94

Aipha




Table 3.11. Factor Analysis for ail Shared Knowiedge of Retained Items

internal
Capabilities Competitors

Factor 1 Factor 2

Competitors

internal Capabilities

Suppliers

Products

l/.
of
Variance

Cumula-
tive
%
of
Variance
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Table 3.11. shows the factor analysis of all the retained items of Shared
Knowiedge. Again maximum likelihood extraction with direct oblimin rotation was
utilized. The factor structure is somewhat unstable (Kaiser-Meyer-Olkin Measure
of Sampling Adequacy = 0.62). Specifically OC4, OP1, and OP2 are loaded with
other variables. It might be because the small sample size (30) is not large
enough to provide a stable factor structure for 24 items. For the large survey,
these items (e.g., Shared Knowledge of Customers, Internal Capabilities, and
Suppliers) were modified and added.

Table 3.12. shows a test of discriminant validity by the Multitrait-
Multimethod (MTMM) approach. The disciminant validity is not quite evident in
the following items: Shared Knowledge of Customers (OC1, OC4), Products
(OP7, 8), Internal Capabilities (OP11), and Competitors (OC10).

3.4.4. Process Outcome

The Process Outcome (PRO) construct was represented by three
variables (i.e., Teamwork, Development Productivity, and Time to Market). Each
variable has 4-7 items. In Tabie 3.13., the initial factor loadings and corrected
item total correlations (CITCs) are generated for each item related to a particular
variable of TV. It also gives the Cronbach's aipha for initial items and for the
retained items.

In Table 3.13, Teamwork shows two sub-factors. First, SO8 is dropped
because it has the lowest CITC among all items. Next, SO13 (identified
manufacturing problems early) and SO14 (identified design-problems early) are

dropped because these two items seemed to be more associated with SO6
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(resolved conflicts quickly). The final retained items are based on high CITC's,
good model fit according to the LISREL measurement model. (Note: For all the
variables of each construct, LISREL analysis was conducted to test the model fit.
The items that provide the best model fit are mostly similar to those that show
high CITC. The resulits of this LISREL analysis are not reported here).
Table 3.12. item Correlation Matrix, Descriptive Statistics
and Discriminant Validity Test for Shared Knowledge

SKCUST SKSUPPL

SKCOMP SKPROD SKINTCP

OC1 0OC20C40C60C7 OC80C9 OC100C11 OC140C1SOP1 OP4 OPS OP7 OP8 OP9 OP10 OP11

ocC1 1.00

oc2 0.68 1.00

0oC4 0.56 0.48 1.00

o ]o3 0.53 0.49 0.39 1.00

oc7 0.62 0.35 0.56 0.29 1.00

oCs 0.610.200.590.24 0.82 1.00

0C9 0.520.27 0.580.170.87 0.82 1.00

oc10 0.390.380.590.330.42 0.37 042 1.00

OC11 0.14 0.36 0.480.250.28 0.05 0.36 0.57 1.00
0ocC14 0.120.210.37 0.230.34 0.14 0.32 048 0.60 1.00
0C15 0.160.220.250.360.27 0.15 023 0.52 0.35 0.61 1.00

oP1 0.370.310450.220.50 0.52 0.48 0.50 043 0.56 035 1.00

oP4 0.450.150.54 0.530.52 0.48 0.36 0.28 0.16 0.236 0.38 0.5% 1.00

OP5 0.52 0.20 0.57 0.450.61 0.63 049 0.37 0.18 054 0.37 0.63 0.82 100

OoP7 0.410.230.76 0.280.45 0.52 0.53 0.46 0.33 Q.19 0.22 0.52 0.5¢ 0.57 1.00

oP8 0.610.20054 024060 062 0.55 0.32 0.18 0.17 0.25 0.39 0.57 0.53 051 1.00

oP9 0.58 0.29 0.63 0.26 0.46 0.50 0.42 0.43 0.15 0.18 031 028 058 057 065 0.81 1.00

oP10 0.46 0.27 0.650.210.57 0.59 0.55 0.33 0.23 0.11 0.20 0.38 041 052 053 0.69 071 100
oP11 0.510.390.700.310.67 067 060 045 036 0.18 0.24 0.41 045 051 052 0.68 054 087 100

o e  — _ ___________ ________|

#
of
Viola-
tions 5 0o 13 2 0 0 0 1 5 2 3 2 5
4.

Mean 3.793833.763.663.38 345 324 3.8 348 341 352 4.03

2 4 0 1 g 3
3.93 390 383 3.86 3.52 352

T

Std
Dev 0.900.930.951.110.98 1.02 102 083 112 112 099 078 0.71 088 090 097 0.83 0.78 095
B e~
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Table 3.13. Process Outcomes: items, Descriptions, Initial Factor Loadings,
Corrected item Total Correlations (CITC), Retained Items Factor Loadings (Pilot

Study)

Teamwork
i i ' Retained
Initial Factor Factor
Items Descriptions Loadings CITC !Loadings|
This product development team: i j i
SO 6 Resolved conflicts quickly. } 0.84 © 072 | 0.79
SO 7 impiemented decisions effectively. 0.80 070 ; 0.79
SO 8 Solved problems creatively. 0.66 i 062 | X
SO 9 |[Communicated effectively. 0.76 i 0.80 0.89
SO 10 Coordinated activities weit. 0.55 : . 072 0.85
SO 11 Worked weill together. 0.88 | . 072 : 085
SO 12 Resolved conflicts constructively. 0.99 | I 0.66 b4
SO 13 !Identified manufacturing problems early. i 0.94 @ 077 x
SO 14 l|dentified design-manufacturing problems early. | 0.92 0.66 | X
091 | A®ra . 0.89
| |
Development Productivity
? - Retained
! Initial Factor ‘ . Factor
i Items Descriptions Loadings | CITC Loadings
This product development team: | :
SO15 Was productive. 0.82 ' 070 1+ 0.82
SO16 Used product engineering hours effectively. 0.74 . 061 | 0.74
SO17 ‘Allocated personnel realistically. 0.86 ¢ 077 . 0.86
! 8018 Used financial resources sensibly. 0.79 . 066 . 0.79
l S019 Used all product development resources rationalily. 0.82 070 ; 0.82
092  Aema 092
i Time to Market
; | Retained
, Initial Factor E : Factor
Items ' Descriptions Loadings ; CITC 'Loadings
This product development team: ; :
¢ SO 1 Introduced products to market ahead of competitors. 097 © 018 X
502 Developed products on schedule. 0.92 . 087 | 0.87
SO 3 Met its deadline for market introduction. 0.86 083 : 091
SO 4 Reduced the product development time. 0.83 | . 0.65 0.81
§ SO 5 Met the target date for our project. 0.86 | ¢ 0.81 0.90
0.82 | Alpha 0.90
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For all the retained items of Process Outcomes, exploratory factor
analysis was done. Again maximum likelihood extraction with direct oblimin
rotation was utilized. Because of the causal relationship between Teamwork and
Development Productivity, Development Prouctivity was done separately. Tabie

3.14. shows the result.

Table 3.14. Factor Analysis for all Process Outcomes
(Retained Items; Pilot Study)

|
HTeamwork _ Timeto
Productivity . Market
082 | 066
0.74 " i 0.84
0.86 3 099
0.79 1 0.73
082 ; " 0.76

Eigen i ‘ Eigen
Vaiue . } Value

% of ! % of
Variance Variance

Cumulative
% of ! % of
Variance ; Variance

Kaiser-Meyer-Olkin | Kaiser-Meyer-Olkin Measure of
Measure of Sampling Sampling Adequacy
Adequacy




Table 3.15. shows discriminant validity for all the retained items of Process

Qutcomes.

Violations occur mostly

in Development Productivity. Further

examination seems to indicate that Teamwork and Development Productivity

might have a causal relationship. It is quite probable that the higher the level of

Teamwork, the higher the level of Development Productivity.

Table 3.15. Process Outcomes--item Correlation Matrix, Descriptive
Statistics, and Discriminant Validity

Time to Market Teamwork Deveiopment Productivig
S02 SO3 S04 SO5 SO6 SO7 SO9 SO10 SO11 SO15 SO16 SO17 SO18 SO19

S02 1.00

SO3 0.91 1.00

S04 0.62 0.69 1.00

SO5 0.88 093 0.75 1.00

SO6 0.25 025 0.16 0.38 1.00

SO7 041 0.28 0.20 043 0.76 1.00

S0O9 063 053 045 0.69 0.70 0.77 1.00

SO10 045 041 0.38 0.61 065 065 0.86 1.00

SO11 050 0.50 041 0.58 0.66 0.61 067 0.72 1.00

SO15 041 040 0.36 0.51 064 0589 065 0.61 0.68 1.00

SO16 039 041 0.38 048 054 035 047 046 0.57 0.76 1.00

SO17 045 0.38 042 047 061 059 0.61 0.53 0.67 060 065 1.00

SO18 044 0.36 056 040 041 033 050 0.33 0.38 046 053 070 1.00

S019 024 0.19 0.36 0.35 049 048 0.61 0.61 0.74 060 056 0.7t 055 1.00

S02 SO3 S04 SO5 SO6 SO7 SO9 S$010 SO11 SO15 SO16 SO17 SO18 SO19

# of
Violations 1 0 0 0 0 0 ¢} 0 2 6 2 3 2 3
Mean 3.71 375 342 383 375 342 342 363 358 388 342 350 358 333
StdDev 108 111 110 109 085 118 114 101 097 0.90 072 093 093 105

3.4.5. Product Outcomes—Manufacturing and Customer Outcomes

The Product Outcomes construct is represented by four variables (i.e.,

Manufacturability,

Manufacturing Cost,

Value

to Customer, and Product
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Performance) and each variable has 4-6 items. All these variables reflect the
characteristics of products in terms of manufacturing and customer performance
elements. Tables 3.16. and 3.17. display that all items show high CITC and
therefore, no items are dropped. Each variable demonstrates simpie factor
structure with high reliability.

Table 3.16. Product Outcomes (Manufacturing Outcomes-Iitems,

Descriptions, Initial Factor Loadings, Corrected Item Total
Correlations (CITC), Retained items Factor Loadings (Pilot Study)

Manufacturability
Initial | { Retained
: Factor ! | Factor
ltems | Descriptions Loadings ' CITC iLoadings
TO1 [This product design was simplified. 0.91 : 0.83 : 0.91
TO2 The number of parts was reduced. 084 | 072 :@ 084
' TO3 The product is easy to assemble. 0.85 + 072 . 0.85
. TO4 Manufacturing problems were minimized. 087 . 076 : 0.87

0.89 . Aemna : 089

Manufacturing Cost
Initial | Retained
Factor ! . Factor
items Descriptions Loadings | CITC iLoadings
; The material cost of this product is considerably iower 0.91 ., 082 | 091
! TO14 ‘than the industry average. i
The labor cost of this product is considerably lower than 0.e3 . 085 : 093
TO15 the industry average. |
: The overhead cost of this product was considerably 094 ¢ 086 ; 094
© TO16 lower than the industry average. } :
The overall Manufacturing Cost of this product is quite 0.74 r 061 . 0.74

TO17 competitive in the market.

0.90 | Aena 090
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Table 3.17. Product Outcomes (Customer Outcomes: items, Descriptions,
Initial Factor Loadings, Corrected item Total Correlations (CITC), Retained
Items Factor Loadings (Pilot Study)

Value to Customer
: Initial Retained
| Factor : Factor
items | Descriptions Loadings | CITC |Loadings:
TOS (This product had a high quality. 088 : 081 : 088
TO6 [This product was successful in the market place. 086 ! 0.78 0.86
TO7 iCustomers highly valued this product. 083 . 090 0.93
! TO8 This product created a high customer vaiue. 0.92 i 0.87 0.92
; TO9 This product exceeded customer expectations. 083 | 088 0.93
0.94 = Aeha | 0.94
Product Performance
Initial i Retained
; Factor Factor
ltems Descriptions Loadings : CITC Loadings |
TO10 The overall performance of this product was excellent. 0.96 092 : 096
TO11 The technicai performance of this product was excellent. 092 ' 086 ; 092
TO12 The components worked well together. 094 | 089 ' 094
i TO13 The system performance of this product was excellent. 0.95 - 080 ' 095
0.96 Alpha .96

The external consistency of Product Outcomes construct was appraised
by submitting all the retained items to exploratory factor analysis to uncover
significant cross-loadings. Again maximum likelihood extraction with direct
oblimin rotation was utilized. Loadings below 0.30 were not reported. The items
for Value to Customer and Product Performance were loaded together as one
factor. This was understandable in that Vaiue to Customer and Product
Performance have some causal relationships. A product with high fevel of Value
to Customer has high level of Product Performance, so for the factor analysis,

Value to Customer was separated from the other three variables.



95

Table 3.18. Factor Analysis for Product Outcomes
(Manufacturing and Customer Outcomes:
Pilot Study)

Manufacturing

Eigen
Vaiue

% of
Variance

Cumulative
% tive %
of of

Variance Variance

Kaiser-Meyer-Olkin Kaiser-Meyer-Olkin
Measure of Sampling Measure of Sampling
Adequacy Adequacy

0.87 0.80

The result shows in Table 3.18. Value to Customer shows high factor
loadings (all >0.86) and the variance explained is 81.77%. The other three
variables show external consistency. The Kaiser-Meyer-Olkin (KMO) measure of

sampling adequacy for the three variables (i.e., Product Performance,
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Manufacturability, and Manufacturing Cost) is sufficient (0.80). Cumulative
variance explained is 82.95%.

According to Table 3.19, item correlation matrix, most violations for
Discriminant Validity occur with Manufacturability and Value to Customer,
especialy item TO 4 (“Manufacturing problems were minimized”), TO 5 (“This
product had a high quality”), and TO9 (“This product exceeded customer
expectations”).

Table 3.19. Product Outcomes -- item Correlation Matrix,
Descriptive Statistics, and Discriminant Validity

Manufacturability Value to Customer Product Performance  Manufacturing Cost
TO1 TO2 TO3 TO4 TOS TO6 TO7 TO8 TO9 TO10 TO11 TO12 TO13 TO14 TO15 TO16 TO17

TO1 100

TO2 o8t 100

TO3 074 0.58 100

TO4 074 069 073 100

TOS5 064 050 052 081 100

TO6 047 037 031 052 070 100

TO7 046 043 035 062 076 081 100

TO8 C434 C424 042 065 075 075 095 10C

TO9 044 051 045 072 079 066 085 083 100

TO10 059 043 058 074 080 066 076 072 079 100

TO11 052 042 059 059 065 044 056 056 063 083 100

TO12 061 043 056 073 079 062 069 065 072 09 082 100

TO13 055 042 058 066 072 057 066 062 076 094 085 093 100

TO14 035 044 056 044 039 011 021 033 040 035 047 039 036 100

TO15 046 051 060 056 051 014 028 034 045 050 057 055 052 082 100

TO16 025 045 037 041 039 002 02t ©C29 047 031 038 035 036 069 088 100

TO17 010 027 023 040 036 021 036 043 046 036 027 045 033 067 062 072 100
Manufacturability Value to Customer Product Performance  Manufacturing Cost

TO1 TO2 TO3 TO4 TO5 TO6 TO7 TO8 TO9 TO10 TO11 TO12 TO13 TO14 TO15 TO16 TO17

Mean 350 3.46 342 342 413 354 375 3.75371 392 392 382 3.79 3.29 3.33 3.25 363
Std Dev 098 1.02 1.14 114 108 128 126 133 1.27 097 102 088 093 095 0.87 1.07 113

#
of

Violations O 0 2 4 3 0 0 0 5 0 0 0 0 0 0 o 0
P e e e ______]
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3.5. MODIFICATION AFTER PILOT STUDY

After the pilot study, the overall model remains unchanged as presented in
Figure 2.3. in chapter two. However, items of some variables (e.g., shared
knowledge of customers and most of the team vision varaibles) were modified or
new items were added. All other variables were retained items from the pilot
study.

Before the large-sample administration, the variables were examined with
respect to the research objectives and the overall pilot study results. Special
attention was focused on the variables that had one or more of the following
characteristics--a poor factory loading, low reliability and/or weak disriminant
validity. Accordingly, shared knowledge of customers and team vision variables,
especially project targets and teamwork needed to be modified.

A few items were added to shared knowledge of customers and team
vision variables. Based on the findings of the pilot study, shared knowledge of
customers was modified. These items were added:(1) “customer requirements”
(Cooper, 1984, 1987, 1991; Cooper and Kleinschmidt, 1993); (2)*"How customers
make purchase decisions” (Holak and Lehmann, 1990; Cordell et ai., 1996);
(3)'Which features were most valued by target customers”™; (4)‘Which customer
groups we were targeting”; (5)"Our target customers” (Slater and Naver, 1994b);
(6)‘Current customer needs” and (7)‘What our customers want” (Slater and
Naver, 1994a; Slater and Narver, 1998, 1999). A few more items were added to
shared knowledge of suppliers such as: (1)‘Our suppliers’ capabilities to meet

cost targets” (Hahn, Watts, Kim, 1990); (2)*Our suppliers’ capabilities to meet
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time requirements” (Davis, 1993); (3)*Our suppliers’ capabilities to meet quality
requirements” (Dyer, Cho and Chu, 1998); (4) “Our suppliers’ capabilities to
respond to volume and mix changes” (Davis, 1993; McDuffle and Helper, 1998).
For knowledge of internal capabilities, the following items were added: (1) The
capabilities of our engineering staff (Clark and Wheelwright, 1993; Numata,
1996); (2) The capabilities of our manufacturing staff (Adler, Mandelbaum,
Ngyyen and Schwerer, 1996); (3) Our manufacturing capabilities (White, 1996).
items for team vision construct were also modified with theoretical
considerations. In the pilot study, the focus was on types of plan, mission,
concept and action. So in the pilot questionnaire, the items were expressed as
follows: This product development team had “a good work plan®, “well-focused
mission”, “well-communicated mission”. In the final survey it is expressed in
somewhat different ways. The focus now is on the extent of shared
understanding of team members in regard to the project purpose, mission and
goals. The critical question is, “Were project purpose, mission, and goals well
defined, communicated and understood by team members?” The key is not the
plans, mission and goals they had; but rather, how they were presented,
accepted and utilized by the team members. The extent of team members’
understanding became the focus (Rosenthal and March, 1986, Jarke, 1986
Hackman, 1990; Ancona and Caldwell, 1992). Iin addition, to further probe the
specific nature of project targets, the items that describe the nature of projects in
terms of clarity, consistency and tradeoffs are all included as part of project

targets in the final survey instruments. A few more items that describe the nature
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of trade-off of the project targets were added as well. The new items added
were: (1) “Project targets clearly specified tradeoffs between quality and cost” ;

(2) “Project targets clearly specified tradeoffs between performance and cost".

3.6. SURVEY METHODS AND SAMPLE CHARACTERISTICS

Four industries with SIC Code numbers 34, 35, 36, and 37 were selected
to test the model. The sampling frame was obtained from Society of Automotive
Engineers (SAE). The initial mailing started with 2,500, and then two more follow-
up letters were sent out. For the actual mailing, only 2,262 were used because
35 simply declined to receive the questionnaire, 25 questionnaires were returned
undelivered, 15 were returned with no answers, 10 had incomplete answers, 3
had unusable responses, and the system did not process the addresses of an
additional 150 because it did not meet the predefined parameters. From the
remaining pool, 205 usable responses were received, which resulted in the

effective response rate of 9.1%. [205 /(2500-35-25-15-13-150) = 0.091]

3.6.1. Sample Characteristics
The usable responses are from Fabricated Metal Products (22.93%),

industrial and Commercial Machinery (7.32%), Electronic and Electrical
Equipment and Machinery (17.56%), Transportation Equipment (30.12%), and
Miscellaneous (16.32%).

The respondents’ positions are: CEO/Presidents (2.44%), Senior

Managers (36.10%), Project Managers (32.68%), and Others (28.29%). More
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than 70% of respondents have actual experiences in leading and managing
cross-functional project teams.

The size of the respondents’ is: less than 500 (40.00%), 500-599
(15.12%), 1,000-4,999 (22.44%), 5.000-9,.999 (8.78%) and over 10,000
(12.20%). Firms that have more than 1,000 employees account for 43.42% of
the sample. These sample characteristics are not significantly different from the
corresponding population parameters of the original sample that the Society of
Automotive Engineers provided. This implies little difference in characteristics
between respondents and non-respondents.

There were telephone follow-ups for a random sample of ten out of 205
respondents, These individuals all had different positions (CEO, Product
Development Manager, Design or Manufacturing Engineers). These individuals
stated that based on their experiences they were quite comfortable to answer all
the questions. The majority of respondents (more than 70%) were senior
managers who have had experience in managing product development. in view
of the respondents’ positions in cross-functional product development work, the
vast majority of respondents were assumed to be fairly competent to answer
these questions. Those who were not able to answer certain questions did not
answer. For example, quite a few design engineers did not answer questions on
role changes of manufacturing engineers. When projects were completed very
recently, many did not write down either product or market performance. Based
on the above findings, it is assumed that the level of respondents’ knowledge

was sufficient.
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The project period is: 1997 (12.20%), 1998 (32.68%), 1999 (38.05%).
More than 82% of respondents answered the survey questions based on their
project experiences within the last two years.

On the first page of the questionnaire, it stated, “This questionnaire should
be answered by those (e.g., design or manufacturing engineers, product
development managers, vice-presidents, and CEOs,) who have been recently
involved in a cross-functional product development team.” It was also clearly
stated that all the responses should be based on the particular project they
identified on the very first page. This was done so that the answers were to be
consistent on the particular project experience they had. Each was also asked to
identify a particular project they were involved in and to rate the market
performance of the project (1=Very disappointing, 2=Somewhat disappointing,

3=Average, 4=Moderate success, 5=A great success).

3.6.2. Missing Data and Outliers

Some respondents were eliminated for further analysis. Ten respondents
were eliminated because they had not responded to at least one whole section of
the questionnaire. Three respondents were eliminated as outliers because all
their scores were marked as 3 (neutral) with no variation. An overall total of 13
respondents were eliminated in a useful sample of 218 for hypothesis testing,

so 205 responses were used for the final analysis.
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Table 3.20. T-TEST OF THE LARGE SURVEY ( Team Vision)

- Test by Type of Test by Mailing |
Respondent Medium Sequence

Mail internet 1% l 2™
Variables Response | Response | mailing | mailing

(n=167) ( n =38) (n=116) i {(n=8§1)

Shared Team Purpose and 19.04 18.79 | . . 18.98
Mission . 4.17 4.14 ‘ ; ;. 3.80
[BA1, BC1, BM1, BP1, BZ1] (5) | 0.60 0.60 . . 027

Strategic Fit of Project ; [ 1786 = 1758 § 1772 . 18.16
Targets—Environment . 3.56 3.00 . . 3.3
[BD1, BJ1, BL1, BQ1, BY1] (5) ==t 05— 7

Ciarity of Project Targets 1838 | 1842 | 1848 | 1876
[BE1, BG1, BK1, BN1, BX1] (5) 5§ 428 2 | = 315
S 0.22 ) 082 o082

Tradeoff of Project Targets 13.00 | ] ‘ ] 12.73
[BB1, BR1, BT1, BV1] (4) ; . ‘ ‘ : . . 2.46

(1) Mean
(2) Standard Deviation
(3) T-test (Equal variance is assumed): Significance (Two-tailed)

3.6.3. Respondents’ Differences
The respondents’ differences were tested through T-test. Tables 3.20.,

3.21., 2.22., and 3.23. show T-test resuits on Team Vision, Shared Knowiedge,
Process and Product Outcomes. The total composite value of each variable was
calculated by adding the value of all the retained items of each variable. T-test
was done for two different groups. The first group was done by the type of
response medium. Most respondents responded by mail. A website was also
developed so that managers had an option to respond via the Intemet. A total of

167 respondents responded by mail and 38 responses were made via the
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Internet. In Table 4.1., mean and standard deviation of all 6 variables show no

statistically substantial difference.

Table 3.21. T-TEST OF THE LARGE SURVEY (Shared Knowledge)

Test by of J Testby Mailing
Respondent Medium Sequence

Mail I internet !
Variables Response | Response | mailing | mailing |}

i

(n=167) | (n=38) Q(n=116) ' (n=51)

Shared Knowledge of 19.60 7953 [ 1967 | 19.73
Customers - } 334 | 4.18 333 | 340
[A1D, A1H, A2D, A2K, A3D] (5) 080 ; 0380 068 . 0.68

Shared Knowledge of 683 | 1605 f 1703 1639
Competitors . 4.01 ; 3.62 3.98 4.07
. 5 :
[A1B. A2A, A2L. A3B. A3K] () 023 | 023 091 0.1

Shared Knowledge of internai ¢ 1898 | 19.00 1894 : 19.09
Capabilities - y 316 | 3.30 y 3.18 ¢ 3.15
[A1F, A11, A3C, A3E,A3H] (5) ' 0.80 ! 0.80 066 "~ 0.66

Shared Knowledge of Suppliers 12.56 11.74 12.58 12.49
[A1G, A1K, A2C.A2J] (4) . 3.16 ; 3.16 3.13 3.28

: 085 . 085 | 0.26 0.26

Shared Knowledge of Products | 15.08 15692 JE 15.02 | 1524
[A1E. A28, A2H, A3F, A3G] (5) . 1 2.51 P 2.24 265 | 2.19

0.21 1 0.21 i 0.08 ~ 0.08

(1) Mean
(2) Standard Deviation
(3) T-test (Equal variance is assumed): Significance (Two-tailed)

Second, early respondses and late respondses were compared
(Armstrong and Overton, 1977). The first 116 responses were classified as early
responses (1% questionnaire with follow-up reminders). The last 51 responses

were considered late responses and were deemed representative of firms that
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ultimately responded to the survey after receiving the 2" mailing. T-test (means,
s.d. and p value) were conducted for all 16 variables and also shows littie or no

real difference in these two different groups of responses.

Table 3.22. T-TEST OF THE LARGE SURVEY (Outcomes)
§  TestoyTypeof || Testby Mailing
| Respondent Medium Sequence

Mail internet | 1% Lo2m
Variables | Response : Response | mailing , mailing

f(n=167) | (n=38) [ (n=116) | (n=51)

Teamwork | Mean 1423 | 14.05 14.24  14.20
[C1C,C1F,C1H,CIM,C1IN](5) | SD J 285 3.25 2.89 2.80
! Test of 0.89 0.89 0.89

Variance B
Development Productivity 1 Mean « I 14.05 1424 | 14.20
[C1A, C1D, C1G, C1J,C1L])(5) i SD 325 § 289 2.80

Testol | 0.89 0.89 0.89

| Variance
Time to Market - Mean i 1463 § 14.13 14.02
[ C1B, C1E, C1l, C1K] (4) . SD 380 g 388 ! 4.18

,_Testof 038 § 076 0.76
i Vanance :

Manufacturability ~ Mean 1379 1347 1339
[C2B, C2F,C2J,C2N](4) SO 3.03 2.77 338

Testof § : 0.63 0.11 i 0.11
; Vanance :

Manufacturing Cost Mean i 12.18 11.28 ' 1169
[C2E, C2G, C2l, C20] (4) . SD ¥ P 3.7 313 | 295
[ Testof " 043 033 ' 033

i Vanance
Value-to-Customer { Mean 14.71 15.30 15.14
[C2A, C2C, C2K,C2M,C2P] (5) | SO . 4.09 363 . 334
. Testof 0.40 033 | 0.33

. Vanance ‘

Product Performance i Mean 15.92 15.69 15.33
[C2D, C2H, C2L, C2Q] (4) | SD 3.35 3.27 3.20
I Test of 0.75 I 091 | 0.91

Variance

(4) Mean
(5) Standard Deviation
(6) T-test (Equal variance is assumed): Significance (Two-tailed)



All the observed means and standard deviations in the two samples are
fairly similar. The null hypothesis is that in each group the two samples come
from popuiations with the same variances using the Levene test. If the observed
significance level for the Levene test is small, the null hypothesis is rejected. But
if the significance level for the Levene test is large, then the nuil hypothesis is not
rejected. For both groups, the observed significance levels are all large. There is
no significant difference between these groups (the smallest is 0.09; the majority
is 0.50 and higher). So the null hypothesis that the two population variances are
equal is not rejected. Accordingly, it is assumed that non-response bias does not
appear to be a significant problem. All samples are combined for analysis

assuming that the samples are not significantly different.

3.7. LARGE-SCALE RESEARCH METHODS: MEASUREMENT MODEL

To develop good measures of three knowledge integration components
and product development outcomes, it was necessary to purify items, perform
exploratory factor analysis, check reliability, test for convergent and discriminant
validity, and assess predictive validity. Different from the pilot study, the large-
survey questionnaire was randomly placed according to five groups: Role
Changes, Shared Knowledge, Team Vision, Process Outcomes, and Product

Qutcomes.

3.7.1. Purification
Items were purified, as recommended by Churchill (1979). Items were

eliminated before further large sample analysis if their corrected item correlation
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was below 0.60 (Koufteros et al., 1998). Items with low factor loadings of each
variable were carefully examined before elimination. The minimum Cronbach’s
alpha for the retained items after purification was to be at least 0.80. In addition,
LISREL analysis was conducted to examine model fit of each variable. items that

contributed a poor model fit were eliminated step by step.

3.7.2. Factor Analysis

To examine construct validity, an exploratory factor analysis was
conducted by each construct (i.e., Team Vision with four variables, Shared
Knowledge with five variables, Process Outcomes with three variabies and
Product Outcomes with four variables). Items with factor loadings below 0.60 or
with cross-loadings above 0.30 were eliminated. The number of factors
extracted in this study was based on Kaiser's eigenvalues greater than 1
(Nunnally, 1978, 1995). This rule suggests that only factors that explain more
variance than the average amount explained by one of the original items should
be retained.

To achieve a stable factor structure, Tinsley and Tinsley (1987) suggest
that the ratio of respondent to items should be at least 5 or 10 to 1. Comrey
(1988) states that a same size of 200 is normally adequate for factor analysis

involving fewer than 40 items.
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3.7.3. Convergent and Discriminant Validity

In addition to factor analysis, discimninant validity was assessed at the
item-level using a single method, multiple-trait approach (Campell and Fiske,
1959). The lowest correlation for a particular item and any other item within the
factor was compared to correlation of that item and ali items outside of the factor.
If the former correlation was less than the latter, then a violation occurred (i.e., a
violation occurred when the within factor correlation was less than the between
factor correlation).

In addition, linear structural equation modeling (LISREL) methodology
(Bagozzi and Philips, 1982) was used to test discriminant validity between pairs
of variables. These tests were run with the correlation between the latent

variables fixed at 1.0 and with correlation between the latent variables freed to

assume any value. Large 2 differences between the fixed and freed solution

provide evidence of discriminant validity.

Discriminant validity was also tested by comparing the average variance
extracted with the squared correlation between variables (e.g., Shared
Knowledge of Customers and Shared Knowledge of Internal Capabilities).
Fornell and Larcker (1981) suggest that discriminant validity exists if the items
share more common variance with their respective variable than any variance
that variable shares with other variables. Therefore, the average variance
extracted for a construct should be substantially higher than the squared

correlation between that variable and all the other variables.
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3.7.4. Reliability

The reliability of all scales was examined using Cronbach’s alpha and the
average variance extracted. The average variance extracted (Fornell and
Larcker, 1981) measures the amount of variance for specified items that is
accounted for by latent construct. The average variance extracted is a
complementary measure of the construct reliability value. Bagozzi and Yi (1988)
suggest that the average variance extracted for construct should exceed 0.50.

It is in general desirable to develop variables that are reliable across
groups of respondents. Such instruments may be useful in different contexts. In
this study, Cronbach’'s alpha was calculated for each variable (e.g., Shared
Knowledge Of Suppliers, Clarity Of Project Targets, Teamwork) below the
constructs (e.g., shared knowledge, team vision, process outcomes), and was
calculated across four industries (sample sizes from other target industries were
not adequate for reliability evaluations). In general, reliabilities across industries

above 0.80 would indicate that scales perform well (Nunnalily, 1978).

3.7.5. Predictive Validity

To assess predictive validity, the two role change variables, the four team
vision variables, and the five shared knowledge variables were correlated with
the seven product development performance variables. Literature on product
development performance identifies seven key product development

performance outcomes (Tables 2.5. and 2.6. have details).
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Product development outcomes were assessed using 5-point Likert
scales. The scales are: 1=strongly disagree, 2=disagree, 3=neutral, 4=agree,
5=strongly agree. The reliabilities (alpha) of each variable are: Teamwork (0.90),
Development Productivity (0.82), Time to Market (0.88), Manufacturability (0.76),
Manufacturing Cost (0.87), Value to Customer (0.91) and Product Performance
(0.91). Because market performance was a single item scale, reliability cannot
be calculated. Standardizing the scales and summing them obtained a composite
measure of these seven product development performance variables. This 29-

item composite measure had a reliability of 0.87.

3.8. LARGE-SCALE RESEARCH METHODS: STRUCTURAL MODEL
LISREL (Joreskog and Sorbom, 1999) was used to test the structural
relationship identified in Figure 2.3. In LISREL, Role Changes of Engineers was
treated as an exogenous variable and the other constructs (i.e., Team Vision,
Shared Knowledge, Product Development Performances) were endogenous.
This is consistent with the ideas of Paashuis (1998) and Sobek (1997); that the
roles of engineers are quite stable in their organizational characteristics and such
changes gradually occur over a long period of time. Role changes of engineers
do not occur on a project-by-project basis. Therefore, Role Changes of
Engineers are regarded as an antecedent to other knowledge integration

components (i.e., Team Vision and Shared Knowledge).
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To assess the overall fit of the model to the data, ¥2, degree of freedom,

the comparative fit index (CFl), Bonnet non-normed fit index (NNFI), and the
expected cross-validation index (ECVI) were used (Bentler, 1990, Koufteros,
1999). These indices range from 0.0 (no fit) to 1.0 (perfect fit). Values between
0.80 and 0.89 represented a good fit while values of 0.90 or better represented a
very good fit. If the model fits the data adequately, the magnitude of the gamma
coefficients (from exogenous to endogenous) and beta coefficients (from
endogenous to endogenous) could then be examined for statistical significance.
The test for significance compared the estimated parameter to its standard error
and had a t-distribution (Marsch and Hocebar, 1985). A t-statistic greater than

1.96 was significant at P <0.05 and greater than 2.33 was significant at P <0.01.



Chapter Four

Instrument Development Results

The method of presentation in this chapter is to show the instrument
development results in terms of unidimensionality, convergent validity,
discriminant validity, reliability and predictive power of each independent
variable. The process of purification is similar to that of the pilot study. However,
to make this presentation simple and clear, the detailed processes of how the
items were chosen are not presented here. In choosing retained items, in
addition to CITC, unidimensionality and model fit indices were examined.
Ultimately, the items were retained for their theoretical significance.

This large survey data set enables the reexamination of reliability and the
assessment of factorial validity with a large sample. The corrected-item
correlation (CITCs) for all 53 items for the three knowledge integration
components (i.e., Role Changes, Team Vision and Shared Knowledge) after
purification is shown in Tables 4.1.1., 4.1.2., and 4.1.3. Items with CITC below
0.60, with a few exceptions, were eliminated. Overall, 28 items were eliminated.

The corrected-item correlation (CITCs) for 29 items of product development
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development performance outcomes after purification (i.e., process and product

outcomes) is shown in Table 4.1.4.

Table 4.1.1. Role Changes (Retained Items)
Corrected-item total correlations for knowledge integration
components of product development in large-scale survey (n =205)

items Corrected-item
total correlation .
ROLE CHANGES (RC) |
(1) Role Changes of Design Engineers (RCDE) i
" D1A  Qualifications required for design engineers have been upgraded. | 0.68 :
D1D influence of design engineers in product development team has increased. | 0.76 i
{ Technical skills required for manufacturing engineers have become more 0.69 }
D1E | rigorous. !
D1F ' Behavioral skills (e.g., team wark, inter-communication) required 053 :
for manufacturing engineers have become more important. :
D1H : Manufacturing engineers’ jobs have been enlarged. 0.69
(2) Role Changes of Manufacturing Engineers (RCME) |
D2A  Qualifications required for manufacturing engineers have been upgraded. . 0.66
influence of manufacturing engineers in product development team has 064
D2D increased. !
. Technical skills required for manufacturing engineers have become more i 0.73
D2E rigorous. '
D2F  Behaviorai skills (e.g., team work. inter-communication) required i 0.55

for manufacturing engineers have become more important.

D2H Manufacturning engineers’ jobs have been enlarged. 0.69




Table 4.1.2. Team Vision (Retained Items)

Corrected-item total correlations for knowledge integration
components of product development in large-scale survey (n =205)

| Items

Corrected-item

total correlation

TEAM VISION (TV)

(1) Shared Team Purpose and Mission (STMPRM)

B8A1 ' The project purpose was well understood by the entire team. 0.71
B8C1 The project Missicn was weil communicated to all team members. 0.82
BM1 The project Mission was well defined for ail team members. i 0.85
' BP1 ! This product development team had a well defined Mission. ; 0.79 :
821 | The project Mission was well understood by the entire team. ' 0.85 '
" (2) Strategic Fit —Environment (STFENV) | !
© BD1 | Our firm's overall technology strategy guided the setting of project targets. i 0.57 f
BJ1  Project targets were consistent with our firm’s overall business strategy. ! 0.61 B
i BQ1 | Project targets reflected the competitive situation. i 0.49 i
1 BY1 Our firm’'s overall product strategy guided the setting of project targets. i 0.62
- (3) Clarity of Project Targets (CLARITY) g
BE1 | A clear set of project targets guided devetopment efforts. ! 0.77 i
B8G1 1 Project targets were clearty understood by all team members. 0.76 B
BK1 ' Project targets were clearly communicated to all team members. 0.78 i
BN1 | Project targets were clear. ; 0.81 '
(4) Tradeoff of Project Targets (TRADEOFF) :
BB1 Project targets clearty specified tradeoffs between performance ana cost. ! 0.65
BR1 The relative priority of each project target was clear. i 0.69 ‘
BT1 Project targets clearly specified tradeoffs between time and cost. ! 0.66 ;
BV1 ' Project :argets clearly specified trageoffs between quality and cost. ', 0.53 B
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Table 4.1.3. Shared Knowiedge (Retained Items)

Corrected-item total correlations for knowledge integration
components of product development in large-scale survey (n =205)

. ltems

Corrected-item |

total
correlation

SHARED KNOWLEDGE (SK)

(1) Shared Knowledge of Customers (SKCUST)

A1D Customer requirements. 0.56
A1H | How well we were doing on customer satisfaction ratings. 0.63
A2D Which features were most valued by target customers. 0.71 !
A2K Current customer needs. 0.74 !
, A3D ' What our customers want. 077 !
. (2) Shared Knowiedge of Competitors (SKCOMP)
4 A2A ._Advantages of our competitors. 0.74 i
A2L | Strengths of our compefitors. 0.79 \
A3B i Competitors' product technoiogies. 0.61
A3K " Competitors’ products. 0.77
A3L Weaknesses of our compettors. 0.80 E
. (3) Shared Knowiedge of internal Capabilities (SKINTCP) |
A1F . The capabilities of our engineering staff. 0.60 B
A1l ! The strengths of our engineering design capabilities. 0.55 )
A3C ! Our manufactunng capabilities. 0.75 !
A3E ! The strengths of our manufacturing facilities. 0.80 '
A3H . The capabilities of the process technologies we usec. 0.60
(4) Shared Knowiedge of Suppliers (SKSUPPL) |
A1G ' Qur suppliers’ process capabilities. 0.73 :
A1K ! Our suppliers’ capabilities to meet cost targets. 0.71 :
A2C | Our suppliers’ design capabilities. 0.65 ;i
A2J Qur suppliers’ capabilities to meet time requirements. 0.70 ;
A3A Our suppliers’ capabilities to meet quality requirements. 0.70
(5) Shared Knowledge of Products (SKPROD)
AlE i The advantages of our product. 0.42
A2B The disadvantages of our product. 045
A2H The product technoiogies we used. 042
A3F Our product's history. 0.51
A3G Strengths of our product. 0.60
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Table 4.1.4. Outcomes (Retained items)

Corrected-item total correlations for knowiedge integration
components of product development in large-scale survey (n =205)

" items Corrected-item
E total correlation |
; Teamwork ;
c1iC Worked well together. 0.80 i
CiH Coordinated activities well. 0.77 !
CiM impiemented decisions effectively. 0.79 )
. __CiIN Communicated clearly. 0.79 |
. Development Productivity i
‘ C1D " Was productive. 0.60 !
Ci1G i Used financial resources sensibly. 0.56 !
c1J Used all product development resources rationally. 0.66
Ci1L Used product engineering hours efficiently. 0.67
' Time to Market i
' c1B8 Met its deadline for market introduction. 0.63
C1E Developed products on schedule. 0.55 i
C1i i Reduced the product development time. 0.52 :
C1K Met the target date for our project. 0.52
Manufacturability
c2B . The manufacturing processes were simplified. 0.65
C2F i Manufacturing probiems were minimized. 0.70
caJ * The number of parts was reduced. 0.72
C2N ' The product is easy to assembie. 0.72
Manufacturing Cost ;
C2E The material cost of this product is considerably lower than the 0.84 i
industry average. ?
Cc2G . The overhead cost of this product is considerably lower than the 0.85 j
| industry average. ;
c2l The labor cost of this product is considerably lower than the 0.85 :
industry average. !
The overall Manufacturing Cost of this product is fower than the 0.79
Cc20 industry average.
Vaiue to Customer ;
C2A This product had a high quality. 0.91 ‘
czacC - This product exceeded customer expectations. 0.89
C2K ¢ This product created a high customer vaiue. 0.89
cz2M . This product was successful in the marketplace. 0.89 ‘
Product Performance
c2D T The components worked well together. 0.91 ;
C2H ' The system performance of this product was excellent. 0.88 5
C2L . The technical performance of this product was excellent. 0.88 ;
0.87

C2Q " The overall performance of this product was excellent.
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4.1. UNIDIMENSIONALITY AND CONVERGENT VALIDITY
Unidimensionality has been defined as the existence of one latent trait of

construct underlying a set of measures (Anderson et al., 1987). Based on an
evaluation of the fit of a one-dimensional model for each variable, iterative
modifications were undertaken in the spirit of a specification search (Joreskog
and Sorbom, 1989; Sethi and King, 1994). Modifications were made to improve
the model fit as well as to derive parameters that have real significance and
substantive meaning. As recommended, only one parameter was changed at
every step (Joreskog and Sorbom, 1989). Model medification was continued
untii all parameter estimates and overall fit measures were judged to be
statistically and substantially satisfactory.

The exact modification procedure that was undertaken to derive a set of
relatively parsimonious and “pure” indicator is detailed in Tables 4.2.1., 4.2.2.,
423.,424.,425..426.,42.7.,428.,4.29. Forsimplicity, Tables 4.2.1. and
4.2.2. show the procedures of selecting the best model fit. Tables 4.2.3. - 42.9.

show the summary of the results of each variable.
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4.2. FACTOR ANALYSIS

An exploratory factor analysis was conducted on three constructs (i.e.,
Role Changes, Team Vision and Shared Knowledge) and Product Development
Performances. An exploratory factor analysis was conducted on the items of
each construct proposed after the pilot using principal components as the means
of extraction and direct oblimin as the method of rotation. The ratio of
respondents to items was 20.05 (Role Changes), 17.08 (Team Vision), 8.2
(Shared Knowledge), 25.63 (Process Outcomes), 17.08 (Product Outcomes) and
meets the general guidelines.

For each exploratory factor analysis, the number of factors was not
specified. Only factors with eigenvalues greater than 1 were shown. For
simplicity, all tables show only factor loadings above 0.30. All items were loaded
on their respective factors and there were no items with cross loadings greater
than 0.30. In general, it was desirable to have all items with loadings greater
than 0.60. According to Comrey (1988), when item groupings are identified prior
to factoring, a result that is consistent with these grouping provides evidence of
factorial validity.

In Table 4.3, a factor analysis of Role Changes (RC) was done separately
because the same items were used to assess role changes of design engineers
(RCDE) and role changes of manufacturing engineers (RCME). Each showed a
single factor that explained 57.38 and 57.81% of the variance. Factor loadings of

each item were all above 0.70, with Cronbach’s alpha being 0.86 and 0.87 and
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Kaiser-Meyer-Oikin Measure of Sampling Adequacy being 0.83 and 0.82
respectively.

Table 4.3. Role Changes—-Design and Manufacturing Engineers

Alpha=0.87
ROLE CHANGES ROLE CHANGES

DESIGN ENGINEERS MANUFACTURING

ENGINEERS

aria NCe
Cumulative

% of
Variance

Kaiser-Meyer-Olkin Kaiser-Meyer-Olkin
Measure of Sampling Measure of Sampling
Adequacy Adequacy
0.83 0.82

Table 4.4. shows that the Team Vision construct has four variables
(shared team purpose and mission, clarity of project targets, tradeoff of project
targets, and strategic fit,). Shared team purpose and mission (STMPRM) was

separated from the other three variabies because it has a causal relationship with



the other three variables. It shows high factor loadings (>0.75) for each variable,
except strategic fit of environment (BD1=0.63) and tradeoff of project targets
(BR1=0.62).

Table 4.4. Exploratory Factor Analysis for Team Vision

0.89

6.33

ari M N
| Cumulative .

%of 1 8330, B % 4900 57.15 63.48

Variance Variance

Kaiser-Meyer-Oikin Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Measure of Sampling
Adequacy

0.95
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In Table 4.5., Shared Knowledge shows five factors as expected and the
cumulative variance extracted by the five factors is 63.72%. Kaiser-Meyer-Olkin
Measure of Sampling Adequacy is 0.86. Cronbach’'s alpha for each variable is

larger than 0.80, except 0.76 for Shared Knowledge of Products.

Table 4.5. Exploratory Factor Analysis for Shared Knowledge

ITEM | SKCUST SKSUPPL | SKCOMP | SKINTCP

A1F 0.76
A1l 0.70
A3C 0.77

: 0.76
i 0.71

Eigen Value

% of Variance

Cumulative % of 29.73 40.86 51.26 58.04

Kaiser-Meyer-Olkin Measure of Sampling Adequacy
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Among the five variables, SKPROD is regarded the weakest in terms of
reliabilities and overall factor loadings. The number of factors was not specified.
yet, the result of the factor anlaysis displays five factors.

in Table 4.6., Process Outcomes shows two dimensions. Teamwork
(TEAMWK) seems to affect Development Productivity (DEVPRD) and Time to
Market (TIMEMKT). Because of the causal relationship, TEAMWK was
separated from DEVPROD and TIMEMKT. The results show clean factor
structure and high factor loadings (>0.75), except C1l (0.69) and C1D(0.67).

Table 4.6. Exploratory Factor Analysis for Process Outcomes

DEVPROD  TIMEMKT
0.95
0.83
0.69
0.97

Eigen
Value

Eigen
Value

% of
Variance

% of

Variance

Cumulative
% of
Variance

Cumulative

% of 5318 |

Variance :

Kaiser-Meyer-Oikin
Measure of
Sampling

Adequacy=0.886

Kaiser-Meyer-Olkin
Measure of
Sampling
Adequacy=0.842
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The cumulative variance extracted by teamwork, development productivity and
time to market is 73.26% and 68.52% respectively. The Kaiser-Meyer-Olkin
Measure of Sampling Adequacy is 0.89 and 0.84 respectively. Cronbach’s alpha
for each variable is all 0.80.

Table 4.7. Exploratory Factor Analysis for Product Outcomes

o T o Lo Lo _on ]

Mfg. Cost Prod Perf. I Manufact-
Item . | urability
cas ‘ 0.91

C2F 0.60
caJ 0.78
C2N 0.62
C2E
Cc2G
cal
c20
c2D

C2H

caL
c2Q

Eigen
Value 297
% of

Variance 74.21
Cumulative
% of
Variance
Kaiser-Meyer-Olkin

Measure of Sampling
Adequacy

Eigen

Value 504 . 214 128
Vo of

Variance | 4203 : 17.82 10.66

Cumulative { ‘
% of 4203 | 5985 & 7051
Variance i i
Kaiser-Meyer-Olkin
Measure of Sampling
Adequacy

0.80
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in Table 4.7., product outcomes shows two dimensions. Value to
Customer (VALCUST) and Product Performance (PRODPERF) seem to have a
causal relationship. Products that have a high Value to Customer will perform
well. In other words, products that perform well have a high value to customer.
Because of the causal relationship, VALCUST was separated from the other
three variables. The results show clean factor structure, high factor loadings
( >70), except C2F and C2N. Cronbach’'s alpha for the four variables are all

larger than 0.80 except 0.76 for manufacturability.

4.3. CONVERGENT AND DISCRIMINANT VALIDITY BY MTMM METHOD.
Test for convergent validity and discriminant validity were conducted at the
item-level using single method, multiple trait. Item Correlation Matrix, Descriptive
Statistics (i.e., mean and standard deviation), and # of violations are denoted in
Table 4.8. (Team Vision), Table 4.9. (Shared Knowledge), 4.10. (Process
Outcomes), And Table 4.11. (Product Outcomes). Since Role Changes Of
Design and Manufacturing Engineers are using the same items, a separate table

was not prepared.

4.3.1. Team Vision

The correlation matrix in Table 4.11 reveals a total of 13 violations out of
289 total comparisons. For Shared Knowledge (SK), most violations occur in
relation to items of Shared Knowledge of Products (SKPROD). For Team Vision

(TV), most violations occur between Shared Team Mission (STMPRM; BA1,
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BC1, BM1, BP1, BZ1) and Clarity of Project Targets (CLARITY; BE1, BJ1, BQ1,
BY1). The primary reason is that STMPRP and CLARITY seem to have a causal
relationship. Some STMPRP items are highly correlated with CLARITY items.
For example, three STMPRM items, BA1 (“The project purpose was well
understood by the entire team”), BC1 (“The project Mission was well
communicated to all team members”), BZ1 (“Project Mission was well understood
by the entire team”) are highly correlated with three CLARITY items, BE1 (A
clear set of project targets guided development efforts”), BG1 (“Project targets
were clearly understood by all team members) and BK1 (“Project targets were
clearly communicated to all team members”).

The Shared Team Purpose and Mission (STPRPM) has to do with the
overall meaning and direction of the project, while Clarity and Tradeoff of Project
Targets (CLARITY and TRADEOFF) has to do with task specific goals. When the
overall mission is well defined, understood and communicated, the next level of
project specific targets seems to be well defined, understood and communicated.
Other than that, all other variables converge and discriminate well in that item
correlation within a variable is high but inter-item correlation outside of each

variable is low.

4.3.2. Shared Knowledge
The correlation matrix in Table 4.9 reveals a total of 12 violations out of
529 total comparisons. Most violations occur in relation to items of Shared

Knowledge of Products. Among five variables, the items of this particular variable
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show weak item correlation (the lowest 0.28 and the highest 0.64). All items
converge within each variable) but discriminate with items outside of the variable.
Therefore, all variables of Shared Knowledge construct, except Shared
Knowledge of Products, demonstrate a high level of convergent and discriminant

validity.
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4.3.3. Process Outcomes

In Table 4.10., most violations occur between Teamwork and
Development Productivity for Process Outcomes and Value to Customer and
Product Performance. Because of causal relationships, some items of
Teamwork are highly correlated with the items of Development Productivity. For
example, C1D (“This product development team was productive’) was highly
correlated with all items of Teamwork (C1C, C1H, CIM, and C1M). Other than

that, the variables show sufficient discriminant validity among them.

Table 4.10. Process Outcomes -- item Correlation Matrix, Descriptive Statistics,

and Discriminant Validity
Time to Market Team work

Development Productivity
ciC | 4D |

1.00 |

]

1 0.70 | 1.00

0.40 | 0.34

i 0.59 | 0.59 -
. . . P 0. 0.46 | 0.46 . i X
0.44 | 047 . - 0.43 | 0.47 . . 1.00 !

i 0.55 1 0.44 . . 2 0.58 | 0.54 . - 060 | 1.00

360 ! 3.28 X - 3.56 | 3.52 . 332 1332

P11t ] 113 . 0.95 | 0.97 . - 1 098 , 095

ViolationsiO'O'O 0 0 ! 0|O

4.3.4. Product Outcomes
in Table 4.11., Value to Customer and Product Performance are
correlated. The item C2A (“This product had a high quality”) is correlated with all

the items of Product Performance (C2D, C2H, C2L, C2Q).
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In addition, all other variables show discriminant validity indicated by their
high correlation within the variable and low correlation with items of other
variables. In summary, all the variables show convergent validity and
discriminant validity except for two variables in team vision (i.e., shared team
purpose and mission and clarity of project targets), process outcomes (teamwork
and development productivity), and product outcomes (value to customer and
product performance). However, these variables are still separately treated
because the LISREL indices show enough discriminant validity between these
variables. In addition, stepwise regression results show that these variables

behave differently. This issue will be further discussed in the next section.

4.4. DISCIMINANT VALIDITY BY USING LISREL

LISREL methodology was employed to test for discriminant validity
between pairs of scales of the four constructs (i.e., Team Vision, Shared
Knowledge, Process and Product Outcomes). Table 4.12, Table 4.13. Table
4.14, and Table 4.15 show the results.

A total of sixteen modeis showing pairs of latent variables and their
observable variables were run: (1) with the correlation between the latent
variables fixed at 1.0, and (2) with the correlation between the latent variables
free to assume any vaiue. The difference in Chi-square values for the fixed and
free solutions indicate whether a unidimensional model would be sufficient to
account for the inter-correlations among the observed variables in each pair.
For 16 comparisons, the Chi-square value for any pair must be greater than or

equal to approximately 7.88 for significance at the p<0.05 (Cohen and Cohen,
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1983). All pairs are significant at p<0.01 and every single pair shows that the
Chi-square difference is much greater than 26.09 even in the case of Clarity of
Project Targets and Shared Purpose and Mission, indicating discriminant validity
to all variables of each construct.

Table 4.12. Team Vision
Descriptive Statistics, Reliability, Average Variance Extracted, and
Discriminant Validity Tests for Team Vision

Shared

Team
0.93(a)

Purpose and (0.78)(b)

Mission

(1

Strategic
Fit—

Environment |

0.74(a)
[0.50](b)
(2)
Clarity of
Project

0.90(a)

Targets 0.72](5)

3
Tradeoff of

Project
0.68"" 0.81(a)

Targets : ' ’ t ‘ 56.23°  [0.64] (b)
(4) ; : : f !

(a) Reliability alphas for retained items are in parentheses.
(b) Average Variance extracted for retained items are on the diagonal brackets.
** Correlation significant at 0.01
* Chi-square differences (%2).
Difference in ¥ 2 for 1 degree of freedom is significant at 0.05.
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An inspection of the alpha coefficient reveals that, among the thirteen
alpha coefficients, all are either equal to or greater than 0.70, which indicates
reliability (Nunnally, 1978). The alpha coefficient for Shared Knowledge of
Products (0.72), Strategic Fit (0.79), and Manufacturability (0.72) are somewhat
smaller but higher than a satisfactory level of 0.70.

The reliability of all the variables was examined using Cronbach’s alpha
along with computations of average variance extracted. Average variance
extracted (Fornell and Larcker, 1981) is similar to the LISREL measure of
composite reliability, but differs in that the standardized loadings are squared
before summing them. It measures the amount of variance for the specified
indicators accounted for by the latent construct. Higher variance extracted
measure is a complementary measure to the construct reliability value.
Guidelines suggest that the variance extracted value exceed 0.50 for a construct
(Bagozzi and Yi, 1988). In Tables 4.12.- 4.15. the variance extracted value each
exceeded 0.50, indicating discriminant validity and construct reliability value for
all sixteen variables out of nineteem variables in the model. Two variables of
Role Changes were excluded because they used the same items for design
engineers and manufacturing engineers. "Market Performance” was excluded

because it had only one item question.
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Table 4.13. Shared Knowledge
Descriptive Statistics, Reliability, Average Variance Extracted, and Discriminant

Validity Tests for Shared Knowledge

Shared Knowledge

of 0.86(a)
Customers ; 3.92 0.68 [0.58)(b) i
8} ! |
Shared Knowledge l 5
§ I
of ! 0.7 0.34= | 087(a) .
Competitors | 3-32 : 400.12" | [0.66}(b)
@) ! ; !
- - i ‘
s ! l i
Shared Knowledge 0.18™ | 0.26"" i [
: ' i
of i 3.10 I 0.80 295.15" | 272.61° i vi
Suppliers i : ! I
(3) a | ' :
i : ! E
Shared Knowledge i . l ;
of , i 063 0.45" | 040" | 0.72(a) -
i 14
Products e E 90.46" | 107.46" ! (0.52](b) |
@) ; ' | i
Shared Knowledge ; : ?
of 0.45™ 0.20* . 0.49*" : 0.85(a)
internal Capabilities | 3.79 0.64 . - :
! 383.97 482.08° | 80.64* ' [0.61](b)

(5)

(a) Reliability alphas for retained items are in parentheses.

(b) Average Variance extracted for retained items are on the diagonal brackets.

** Correlation significant at 0.01
*  Chi-square differences.

Difference in Chi-Square for 1 degree of freedom is significant at 0.05.

.
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Table 4.14. Process Outcomes
Descriptive Statistics, Reliability, Average Variance
Extracted, and Discriminant Validity Tests for Process Outcomes

Scales .D. (1)

Time to 0.88(a)
Market . . (0.75}(b)
(1)

Teamwork . . 0.62** | 0.90(a)
(2) ‘ 335.46° | [0.77)(b)

i |
Development 0.62° 0.97° 0.80(a)
Productivity X ) 107.06" 13.66° [0.63](b)

(3)

(a) Reliability alphas for retained items are in parentheses.
(b) Average Variance extracted for retained items are on the diagonal brackets.
*« Correlation significant at 0.01
* Chi-square differences
Difference in Chi-Square for 1 degree of freedom is significant at 0.05.

In summary, the above results in Table 4.12., Table 4.13., Table 4.14,
and Table 4.15. suggest that all the variables display the substantial degree of
discriminant validity. Even variables like Shared Team Purpose and Mission
(STMPRM), Clarity Of Project Targets (CLARITY), Teamwork (TEAMWK),
Development Productivity (DEVPROD), Value To Customer (VALCUST) and

Product Performance (PRODPERF) all show sufficient degree of discriminant

validity.
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Table 4.15. Product Outcomes
Descriptive Statistics, Reliability, Average Variance Extracted, and Discriminant
Validity Tests for Product Outcomes

Scales .D. 1)

Manufacturability i ) 0.76(a)
1) [0.58](b)

0.43" 0.91(a)
114.76° | (0.741(b)

Value to

Customer

(2)

Product | 0.42° | 0.91(a)
’ 120.93° ! L [0.79](b)

Performance

(3)

0.38 . 0.87(a)
311.16° | - {0.72] (b)

Manufacturing
Cost

(4)

(a) Reliability alphas for retained items are in parentheses.
(b) Average Variance extracted for retained items are on the diagonal brackets.
** Correlation significant at 0.01
e Chi-square differences are indicated with numbers with
Difference in Chi-Square for 1 degree of freedom is significant at 0.05.
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4.5. PREDICTIVE POWER : STEPWISE REGRESSION

Regression analysis was conducted to examine predictive power of eleven
variables of three constructs (i.e., Role Changes, Team Vision and Shared
Knowledge) on seven product development performance outcomes. The results
are summarized in Tables 4.19. and 4.20. (Note: Predictive validity in the
construct level is examined in the following chapter as the causal modeis are
explained and hypotheses are tested.)

As observed in Tables 4.8., - 4.11. (pp. 138-141) all the scales that
showed violations according to the MTMM approach [i.e., Team Vision (Shared
Team Purpose and Mission vs. Clarity of Project Targets), Process Outcomes
(Teamwork and Development Productivity) and Product Outcomes (Value to
Customer and Product Performance)], all behave differently in their predictive
power. Shared Team Pupose/Mission does not behave in the same way as
Clarity of Project Targets in influencing process and product outcomes. For
example, Shared Team Purpose and Mission shows impact on Time to Market
(P<0.01), but Clarity of Project Targets affects Teamwork and Development
Productivity. This is true with Process outcomes and Product Outcomes. Only
Teamwork and Value to Customer affects Market Performance at P<0.01. In
brief., all the scales are substantially different from each other in terms of
discriminant validity and their predictive power. The following section shows

details of the predictive power of each scale on Process and Product Outcomes.
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4.5.1. Process Outcomes
Table 4.16. shows that time to market is associated with shared

knowledge of internal capabilities (b=0.26, p <0.01) and shared team purpose
and mission (b=0.31, p<0.01). Team work |s positively associated with Shared
Knowledge of Customers (b=0.25, p <0.01) and Shared Knowledge of Internal
Capabilities (b=0.20, p<0.00), Clarity of Project Targets( b=0.24, P<0.01), and
Tradeoff of Project Targets (b=0.18, P<0.01). Development Productivity is
positively associated with Shared Knowledge of Suppliers (b=0.20. p<0.01),
Internal Capabilities (b=0.19, P=0.00), Clarity of Project Targets (b=0.34,

p<0.01), and Tradeoff of Project Targets (b=0.13, p<0.05)

4.5.2. Product Outcomes
Table 4.16. also shows that manufacturability Is positively associated with

Shared Knowledge of Suppliers (b=0.25, p<0.01), Shared Knowledge of
Products (b=0.26 p<0.01) and Role Changes of Design Engineers (b=0.15,
p<0.05). Manufacturing Cost Is positively associated with Shared Knowledge of
Suppliers (b=0.27, p<0.01), Shared Knowledge of Products (b=0.31, p<0.01),
and yet is negatively associated with Shared Knowledge of Competitors (b= -
0.19, p<0.01).

Value to Customers is positively associated with Shared Knowledge of
Customers (b=0.24, t=3.25, p <0.01), Shared Knowledge of Internal Capabilities
(b= 0.18, p <0.01), Clarity (b=0.38, p<0.01), and Srategic Fit--Environment
(b=0.30, p<0.01). Product Performance is positively associated with Shared

Knowledge of Customers (b=0.19, P<0.01), Internal Capabilities (b=0.19, p
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<0.05), Clarity and Strategic Fit-Environment (b=0.30, p<0.01), and Role

Changes of Design Engineers (b=0.13, P<0.05).

4.5.3. Market Performance
Table 4.17. shows that "Market Performance” is positively associated with

Shared Knowledge of Customers (b=0.28, p <0.01), Strategic Fit of Project
Targets (b=0.34, P<0.01), and Role Changes of Design Engineers (b=0.14,
P<0.05) The stepwise regression indicates that Shared Team Purpose and
Mission and Clarity interact differently with performance outcomes. For example,
Shared Team Purpose and Mission is a key determining factor for time to market,
while Clarity of Project Targets impacts Teamwork and Development
Productivity.

In a similar way, although Teamwork and Development Productivity are
highly correlated and are expressed as one aggregate factor, each interacts
differently with other performance outcomes. For example, Teamwork seems to
be an important variable that influences Market Performance. while Development
Productivity is not. Therefore, although Teamwork and Development Productivity
are highly related, they interact differently with Market Performance. In light of the
different predictive power of these variables, it is justified to regard these (Shared
Team Purpose and Mission, Clarity of Project Targets, Teamwork and
Development Productivity) as separate variables.

In summary, all the 2™ order constructs of the three knowledge integration

constructs ("Role Changes”, "Team Vision", and "Shared Knowiedge") in one
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way or another have predictive power which is statistically substantial and

significant.
Table 4.16.
Stepwise Regression | (Shared Knowledge, Team Vision and
Role Changes)
Bty — _‘_”_ﬁ_]‘
Develop- Manu ‘
ment fac- Valueto Product Manufac—
Timeto Team- Produc- tur- Custo- Perfor- turing 1
Scale Market work  tivity  ability  mers mance Cost
R-Square 0.24 0.48 044 0.22 0.46 0.37 0.16 |
Shared ;
Knowledge
0.25 0.21 0.19 l
Customers (0.00) (0.00  (0.01) |
-0.19
ompetitors (0.01)
0.20 0.25 0.27
uppliers (0.01) (0.00) {0.00)
0.26 0.31
Products (0.00) (0.00)
internal 0.26 0.20 0.19 0.18 0.19
apabilities (0.00) (0.00) (0.00) (0.01) (0.03)
Team Vision
Shared Team
Purpose 0.31
nd Mission (0.00)
trategic Fit -- 0.30 0.27
Environment (0.00) (C.00)
Clarity of Project 0.24 0.34 0.38
argets (0.01) (0.01) (0.00
radeoff of Project 0.18 0.13
argets (0.01) (0.04)
Role Changes
0.15 0.13
Design Engineers (0.04) (0.04)
Manufacturing
Engineers
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Table 4.17. Stepwise Regression il
(Process and Product Outcomes)

Market Performance

R-Square

Process Outcomes

Time to Market
Teamwork 0.13. (0.04)
Development Productivity

Product Outcomes

Manufacturability
Value to Customers 0.67. (0.00)
Product Performance
Manufacturing Cost

4.6. GENERALIZABILITY OF THE SCALES

Table 4.18. displays that the internal consistency of each scale holds up
well over the various industry classifications and firm sizes. With a little
modification, similar analysis could test the generalizability of the instrument in
regard to different types of industries such as information technologies and even
services firms. Confirmatory factor analysis could be utilized in the future to
substantiate the appropriateness of the instrument. For scales to achieve wide
spread application, they must be generalizable across different groups of
respondents. This is an attractive feature because researchers may use such

scales in different contexts.
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Reliability (Cronbach’s aipha) was calculated for the four industries that
had an adequate number of responses. The purpose was to assess the
generalizablity of the scales across industries. With two exceptions (Shared
Knowledge of Products and Strategic Fit of Project Targets), all other scales had
alphas above 0.80. in addition, reliability was assessed by firm size. For small
firms and larger firms, the reliabilities were all above 0.80 except Shared
Knowledge of Products, Strategic Fit of Project Targets and Manufacturability.
This can be attributed to the application of sound methodology that is followed by
other disciplines (e.g., psychology and marketing) with a rich tradition in empirical
research. These reliabilities provide preliminary evidence that the scales can be

used across industries and across firm sizes.



Table 4.18. Reliabilities by Industry and Firm Size for Knowledge
iltegration Scales

SIC35 | SIC 36  Large firms | S

| mall irms |}
47 15 36 97 10 (Employees ! (Employees B

cases cases cases cases cases > 1.000) < 1.000)
89 cases i 113 cases

Role Changes
(Design Eng.)

Rote Changes
(Mfg. Eng.)
Shared Team

Purpose and

Mission

Strategic Fit of

Prcj. Targets
Clanty of Proj.
Targets

Tradeoff of Pro;.

Targets

Sharea Knowtecge

of Customers
Shared Knowledge
of

Competitors

Shared Knowieage

of Suppliers

Sharec Knowleage

of Proaucts

Shared Knowiedge

of Internal
Capabilities

Time to Marke!

Teamwork

Development

Productvity

Manufacturabiiity

Manufactuning

Cost

Value 0

Customer

Product

Performance



4.7. SUMMARY OF MEASUREMENT ANALYSIS
Table 4.19 contains a summary of measurement analysis (Flynn,
Schroeder & Sakakibara, 1994) regarding the reliability and construct validity of
the items/measures resulting from the instrument development described in
chapter four.
Table 4.19. Summary of Measurement Analysis

. KMO Value [

o

Scales/Factor

7 esign ngineers
Manufacturing Engineers

Shared Team Mission
Strategic Fit--Environment
Ciarity of Project Targets
Tradeoff of Project Targets

b bW

: Customers
hared Knowledge | Competitors

Suppliers
Products
Internal Capabilities
Process Outcomes Time to Market
' Teamwork
Development Productivity

Product Qutcomes Manufacturability
Value to Customer

Product Performance

Manufacturing Cost

Market Performance of the
Performance : Project

L bbbl AaILOEOGWM

-h

The final alpha value, Kaiser-Meyer-Olkin (KMO) measures of sampling
adequacy, and eigenvalue for each of the scales is displayed. In each case the
KMO indicates that factor analysis is appropriate (Kaiser, 1970). The concluding

within-scale factor analysis shows that the eigenvalue for each of the scales
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exceeds the minimum acceptable eigenvaiues of 1.00 (Ghiselli, Campbell. &
Zedek, 1981).

Table 4.20 displays the results of submitting composite measures of the
independent variables to SPSS9.0 to determine the Pearson product-moment
correlations. The composite measures were calculated by summing the individual
scores for each of the items of a dimension and then dividing by the number of

items. For example, the retained items of Shared Knowledge of Customers

(A1D, A1H, A2D, A2K, A3D) were summed. The mean score (1) and their

standard deviation (G ) are given in the first two columns.

Table 4.21 shows the results of submitting composite measures of the
dependent variabies to SPSS8.0 to determine the Pearson product-moment
correlations. The composite measures were calculated by summing the individual
scores for each of the items of a dimension and then dividing by the number of

items. For example, the retained items of Time to Market (C1B, C1E, C1l, C1K)

were summed. The mean score (L) and their standard deviation (G ) are given

in the first two columns.
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Table 4.20. Correlations Between the Composite Measures of the
Independent Variables

RCME
(5)
STM
(5)
STFENV
(4)
CLARITY
(4)
TRADE-
OFF
4)

SKCUST
(5

SKCOMP - 0.17 ¢ 0.14
(5) :

0.34 | 037 | _ L 0. 1.00

025 0.23 ! ! 0.50 ! : i . 044 ' 1.00

0.37 | 0.32 | 0. 52 ' o. . 047 | 051 ° 048 | 1.00

This analysis was performed to conduct a concluding discriminant validity
to check for the items retained on the final instrument. Both independent
variables (Table 4.20.) and dependent variables (Tables 4.21.) show the high
correlation within a construct and yet the absence of strong correlations outside
of the construct. This indicates that the items fairly measure what they were
intended to measure and accordingly display discriminant validity (Hair, et al..

1995).



Table 4.21. Correlations Between the Composite Measures of the Dependent

Variables

Scales Std. l i { i .
(# of Mean Dev. | ! . !
Rems) ITIMEMKT [TEAMWK bEVPROD IMANUFAC VALCUST PRODPERF hFGCOST ROLEDE hOLEME
@) 14.27 | 3.88 1.00 i | | i
TEAMWK ! ? .
(5) 18.03 | 4.12 | 062 1.00 : | 3 :
DEVPROD i | ; ;
(s) 17.30 | 3.55] 062 0.97 1.00 | E ; :
MANUFAC T ? ! i

(4) 13.55 | 2.94 0.35 0.43 0.41 1.00 | : g
VALCUST f : ' :
@) 15.09 { 3.69 | 046 0.62 0.62 0.43 1.00 : i ;
PROD- i # f :
PERF : ! |

(@) 15.60 | 3.28 0.47 0.55 0.54 | 041 083 | 1.00 ' .
MFGCOST i t | ' i . R
@ 1157 1 3.13 | 0.34 036 | 033 | 048 | 039 | 031 | 1.00 |



Chapter Five

Causal Model and Hypotheses Testing

5.1. THE CAUSAL MODEL
Linear structural equation modeling (LISREL) was used to explore the

relationships between Role Changes, Team Vision, Shared Knowledge and
Product Development Performances, In structural modeling, it is preferable to
have several indicators of a construct as opposed to a single indicator (Hair et
al., 1995) In this case, composite measures were used as indicators for each
construct.

First, composite measures (Role Changes, Team Vision, and Shared
Knowledge) were created by summing the individual scores of each item of a
scale. Second, these composite measures were used as observabie indicators
of the exogenous latent construct (Role Changes) and the endogenous latent
constructs (Team Vision and Shared Knowledge, Product Development
Performance). Figure 5.1. illustrates the causal model, with composite measures

as observable indicators of the endogenous latent constructs.

156
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Role Changes has two variables (RCDE—Role Changes of Design
Engineers and RCME—Role Changes of Manufacturing Engineers), "Team
Vision" has five variables (STMPRP—Shared Team Purpose and Mission, Clarity
of Project Targets, TRADEOFF of Project Targets, and Strategic Fit of Project
Targets), Shared Knowledge has five variables (SKCUST—Shared Knowledge of
Customers, SKCOMP—Shared Knowledge of Competitors, SKSUPPL—Shared
Knowledge of Suppliers, SKPROD—Shared Knowiedge of Products, SKINTCP—
Shared Knowledge of Internal Capabilities)) and Product Development
Performances has seven variables with three groups. The first group is Process
Outcomes of Product Development, which has three variables (TIMEMKT—Time
to Market, TEAMWK—Teamwork, DEVPROD—Development Productivity). The
second group is regarded as Manufacturing Outcomes of Product Development
that has two variables (MANUFAC—Manufacturability, MFGCOST—
Manufacturing Cost). The last group is Customer Outcomes of Product
Development, which has two variables (VALCUST—Value to Customers and
PRODPERF—Product Performance).

The first LISREL analysis was done based on one product development
performance in which all three groups of product development performances are
grouped together (See Figure 5.2.). The second LISREL analysis was done
based on three groups of product development performances and market
performance (See Figure 5.3.). The last LISREL analysis was done based on all
the constructs with three groups of product development performances and

market performance (See Figure 5.4.).
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5.2. RESULTS OF TESTING THE CAUSAL MODEL

Linear structural relationship (LISREL) provides a vigorous method for
testing causal models as it is capable of simultaneously evaluating both the
measurement and causal components of complex models (Dillion and Goldstein,
1984). Standardized coefficients and t-values of the causal relationship between
constructs were used to test the hypothesis stated in chapter two. Factor
loadings can be viewed as regression coefficients in the regression of observed
variables on latent variables. The larger the factor loadings or coefficients, as
compared with their standard errors and expressed by the corresponding t-
values. the stronger the evidence that the measured factors represent the
underlying constructs (Bollen, 1989). In general, if t-values are greater than
1.645 or 2.326 then they are considered significant at the 0.05 level and 0.01
level, respectively,

It is essential that more than one fit index is used to assure that
meaningful conclusions can be reached in regard to model fit (Bagozzi and Yi,
1991, Bollen and Long, 1993). x2and the degree of freedom , root mean square
error of approximation (RMSEA), expected cross-validation index (ECVI), non-
normed fit index (NNF1), and comparative fit index (CFl) were used to evaluate
the appropriateness of the overall casual model being tested.

RMSEA is an average of the residuals between observed and estimated

input matrices. Value ranging from 0.05 to 0.08 is deemed acceptable (Hair et

al., 1995). The ratio of y2and the degree of freedom provides information on

the relative efficiency of competing models in accounting for the data.
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Researchers have recommended using ratios of less than five to indicate a
reasonable fit (Marsch and Hocevar, 1985). Comparative fit index (CFl) is a non-
statistical measure ranging in value from O (poor fit) to 1.0 (perfect fit). Models
exhibiting CF1 and NNFI indices greater than 0.90 have adequate fit. These
critical values indicate that one expects any model that adequately explains the
variances and covariances in the observed data to reflect at least a 90%

improvement overthe null model (Koufteros, 1999).

5.3. LISREL ANALYSIS WITH SEVEN OUTCOMES AGGREGATED

202 responses were utilized in carrying out LISREL analysis. Figure 5.2.
shows a partially aggregated model. Here, within each construct, variables are
partially aggregated. For example, Team Vision construct has four variables
(Shared Team Purpose and Mission, Strategic Fit, Clarity, and Tradeoff of
Project Targets). Each variable has four or five items.

Here, causal relationships between construct were examined. Figure 5.2.
shows that all seven outcome variables are grouped together as one construct.
Table 5.1. summarizes the results. The standardized coefficient and t-values are
shown in Table 5.2. They are all above the minimum acceptable t-value of 1.645
(at «=0.10 for the two tailed test, df=x). Chi-square=514.12, df=129 and the ratio
is 514.12/129=3.985 which is within acceptable range. However. the CFl was

0.84, while RMSEA=0.12 and NNFI=0.82.
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Figure 5.2. A Knowledge Integration Model with Seven Performance
Outcomes Aggregated

p=0.73 t=9.41

=038, t=4.12

r=0.30, t= 3.76 -I

/ $=0.21. t=-1.32
| >

C
Eng. Role
Changes

Shared

Knowledge
Product

Dev. Perf.

=0.05. t= 0.48

p=0.51 t=2.48

Chi-square=514.12,
df=129,
p-value=0.000,
ECVI=2.98,
RMSEA=0.122,
CFI1=0.84,
NNFI=0.82
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Table 5.1. Summary of LISREL Generated Data for Indicators
(Seven Performance Outcomes Aggregated)

Exogenous Standardized t- Endogenous Standardized t-values |
Construct Factor values Construct Factor t
Indicators Loadings Indicators | Loadings i
Role Changes
REDE 0.77 -
REME 0.72 5.84
Team Vision
STMPRP 0.91 -
CLARITY | 084 | 2211~
TRADEOFF | 0.74 [ 13.47
STFENV 073 13.10"
Sha;ed Knowledge
! SKCUST 0.75 ; -
5 SKCOMP 0.49 648~
SKSUPPL 0.46 6.13""
SKPROD ; 0.73 i 9.78"
SKINTCP 0561 EEE
Product Dévelopment Outcomes
‘ TIMEMKT ' 0.63 . -
;' TEAMWK 0.99 11.35"
: DEVPROD 0.98 —T126-
MANUFAC 0.44 5887
MFGCOST 037 396~
VALUCUST . 064 — 818"
‘ PRODPERF | 057 743"

Note: **Significant at o <0,01 (Two-tailed test, df = )

Figure 5.2. and Table 5.1. display a summary of the data generated by
LISREL related to the testing of the relationships between constructs. This is
based on one product development performance in which all seven variables

(Teamwork, Development Productivity, Time-To-Market, Manufacturability,
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Manufacturing Cost, Value To Customer and Product Performance) are all

lumped together.

5.4. EXAMINATION OF PRODUCT DEVELOPMENT PERFORMANCE

OUTCOMES

In order to improve the overall model, LISREL analysis was done to
examine the relationship between performance outcomes and market
performance of projects. Market Performance has only one item. It asks the
respondents to identify the extent of market performance with the Likert scale
(1=very disappointing, 2=somewhat disappointing, 3=average, 4=moderate
success, 5=a great success). For LISREL analysis, t-value of market
performance was fixed.

When product development performance outcomes are further classified
into three outcomes (Process, Manufacturing, and Customer Outcomes) and
they are related to Market Performance, it shows an excellent model fit
(RMSEA=0.049, CF1=0.99, NNFI=0.99). Both Process Outcomes and Customer
Outcomes are statistically significant (p <0.01).

Product development outcomes are comprehensive and relate to each
other. Process Outcomes (i.e., Teamwork, Development Productivity, and Time
to Market) indicate the overall effectiveness of the product development
processes. Manufacturing Outcomes (i.e., Manufacturability and Manufacturing
Cost) suggest the efficiency aspect of manufacturing processes. Finally,
Customer Outcomes (i.e., Value to Customer and Product Performance) are

determined by the customers’ assessment of the products. Because of these
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distinct differences and their underlying causal relationships, LISREL analysis is
conducted with these three performance outcomes separately.

Figure 5.3. summarizes the relationships between the three performance
outcomes. The standardized coefficients of Process Outcomes, Manufacturing
Outcomes and Customer Qutcomes on Market Performance of projects is 0.16,
-0.13, and 0.73 respectively. Among the three outcomes, the causal
relationships are manifested as well. The standardized coefficients of Process
Outcomes on Manufacturing Outcomes and Customer Outcomes are 0.54 and
0.47. There seems to be sequence of causal relationships among these
outcome measures. Process Outcomes affect Manufacturing Outcomes and
Customer Outcomes. Manufacturing Outcomes influence Customer Outcomes.
It is Customer Outcomes that determine Market Performance. Therefore, it is
meaningful to present the whole model with three separate product development
performance measures (i.e., Process, Manufacturing and Customer Outcomes)
and Market performance.

Table 5.2. displays a summary of the data generated by LISREL related to
the testing of the relationships between three product development outcomes
and market performance. The size of coefficients and corresponding t-value
suggests that the causal relationships among variables are statistically

significant.
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Table 5.2. Summary of LISREL Generated Data for Indicators

(Performance Outcomes and Market Performance)

~ Exogenous ’Standardized t- Endogenous | Standardized | t- |
Construct | Factor values Construct Factor | values |
Indicators | Loadings Indicators Loadings |
Process Outcomes
TIMEMKT | 0.63 .-
TEAMWORK | 099 | 11.19
DEVPROD | 0.98 | 11.18
Manufacturing Outcomes
MANUFAC ! 0.77 l -
: MFGCOST 0.62 ' 5.93
Customer Performancé
| VALUCUST 0.99 @ -
’ PRODPERF 0.84 '+ 17.49

Market Performance
MKTPERM ! 1.00 3 -
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5.5. LISREL ANALYSIS BASED ON THREE GROUPS OF PRODUCT

DEVELOPMENT PERFORMANCE OUTCOMES

Figure 5.4., Table 5.3., and 5.4. display a summary of the data generated
by LISREL related to the testing of the relationships between constructs. The
model has three separate groups of performance outcomes (Process,
Manufacturing and Customer) and Market Performance. It shows a good model
fit (RMSEA=0.075, CFI=0.94, NNF1=0.92)

Among the seven hypotheses proposed in chapter two, hypotheses 1, 2
and 5 are fully supported; however, hypotheses 6 and 7 are partially supported.
Hypotheses 3 and 4 were not supported. The resuits confirm the original model
and support most of the hypotheses. Role Changes affects Team Vision. Team
Vision affects Shared Knowledge. Both Role Changes and Team Vision do not
directly affect Product Development Performances; however, both Team Vision
and Role Changes indirectly influence product development performances.
Shared Knowledge affects Product Development Performances. Product
Development Performances affect Market Performances.

The results of data analysis suggest that IPD involves complex processes
and the outcomes are affected by hierarchical relationships. Shared Knowledge
is the centerpiece of the three knowledge integration components. The effects of
Role Changes and Team Vision are channeled through Shared Knowledge to
make impacts on Product Development Performances, but not directly on
Product Development Performances. The effects of Shared Knowledge are

realized through Process Outcomes, but not directly to other performance
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outcomes. Market Performance is primarily affected by Customer Outcomes, but
not directly through Shared Knowledge. It appears that each building biock of
IPD needs to be carefully built before their effects are felt in the subsequent
processes.

To further assess the various relationships between constructs.
coefficients of direct, indirect and total effects were examined through LISREL.
Coefficients of indirect effect were calculated by multiplying coefficient of direct
effects that lie along the indirect path. When multipie indirect paths exists
between two constructs, the sum of all possible coefficients of indirect effects is
calculated to represent the indirect effect between the two constructs. Coefficient
of total effects is the sum of coefficients of direct and indirect effects. The resuits
are shown in Table 5.5.

As an example of how the coefficient of indirect effect is calculated.
consider the two constructs. Team Vision (TV) and Process Outcomes (PO).
Besides the direct path between the two, which has the coefficient 0.21, they also
have an indirect path, which goes from (1) Team Vision (TV), Shared Knowledge
(SK) to Process Outcomes (PO) (Figure 5.4.). The coefficient of indirect path is

calculated by multiplying the coefficient of direct effect between TV, SK and PO

(0.73 x 0.53=0.39) (See| A_| inTable 5.5.)

All relationships turned out to be significant in total effects, including those
relationships that have not been significant when only direct effects were
considered. For example, Role Changes and all performance outcomes were

non-significant when only direct effects were considered. But the total effects of
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Role Changes on Process Outcomes, Manufacturing Outcomes and Customer
Outcomes and Market Performance were all significant with t >3.91. This is true
with Team Vision and all performance outcomes. The direct effects of Team
Vision on performance outcomes were non-significant. But including indirect
effects, the total effects of Team Vision on performance outcomes were ali
significant with t >2.75. This indicates that even though there may be no direct
causal relationships from Role Changes to performance outcomes and Team
Vision to performance outcomes, there are positive, significant indirect

relationships between them, resuiting in significant total effects in both

relationships.
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Table 5.3. Summary of LISREL Generated Data for Indicators
(Three Groups of Performance Outcomes)

Exogenous | Standardized t- Endogenous Standardized | t-values
Construct Factor values Construct Factor l
indicators | Loadings Indicators Loadings |
Role Changes
REDE g 0.79 -
REME | 0.69 587+
| Team Vision
STMPRP ; 0.91 ; -
CLARTY | 0.94 2225~
TRADEOFF | 0.74 . 13.40"
STFENV 073 1320~
Shared Knowledge
' SKCUST ; 0.73 5 -
SKCOMP | 0.46 , 6.18"
SKSUPPL 0.47 . 6.29"
SKPROD ; 0.72 . 9.69<
SKINTCP ! 0.62 . 8.32"
Process Outcomes
; TIMEMKT : 0.63 3 -
! TEAMWK 0.99 1119~
DEVPROD ‘ 0.98 BREEL
Manufacturing Outcomes
MANUFAC | 0.77 -
MFGCOST 0.62 —.22%
Customer Outcomes
VALUCUST | 0.98 g -
PRODPERF | 0.84 —18.01~
Market Performance
MKTPERF 1.00 _

Note: *"Significant at « <0,01 (Two-tailed test, df = x)
Based on three product development performances (See Figure 5.4.)
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Table 5.4. Summary of LISREL Generated Data for Hypotheses Testing

r Relationship Standardized | t.value | Significant? Hypotheses Testing
1 Coefficient
rRole Changes Yes
: — Team Vision 0.39 421 (« <0.01) P1: Supported
; Role Changes Yes
’ —% Shared Knowledge 0.30 3.65 (> <0.01) . P2: Supported
| Role Changes
F —— Process Outcomes 0.01 -0.06 No
——p Manufacturi a >0.10) ; P3: Not Supported
> onuctuieg 013 | 0g2 | 47010 "
- —» Customer Outcomes -0.02 -0.17 1
' Team Vision
1 p Process Outcomes 0.21 1.29 :
- —% Manufacturing No . P4: Not Supported
Outcome: -0.30 -1.41 (¢ >0.10) } PP
- —p Customer Outcomes 0.10 -0.65 {
- Team Vision Yes ;
» Shared Knowledge (2) 0.73 9.22 (* <0.01) : P5: Supported
Shared Knowiedge I Yes
—® Pprocess Outcomes 0.53 255 | (*<0.01) ‘ P6:
’ '\oﬁa?ufaﬂuﬁﬂg i 0.49 164 No - Partially supported
wicomes 027 | 129 (®>0.10)
—p Customer Qutcomes i
Process Outcomes 0.14 2.06 Yes . P7: Supported
Market Performance (0’ <0-05)
Manufacturing Outcomes -0.12 -1.40 No I P7: Not Supported
——p Market Performance :
Customer Outcomes 074 8.86 Yes [ P7. Supported

. — % Market Performance

(@ <0.01)

|
i
I
!
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Table 5.5. Decomposition of Effects (Standardized Coefficient and T-values)

i Relationship Total Effects : Direct Effect 1 indirect Effect
i
! Role Changes 0.39 (4.21)"" 0.39 (4.21)" - ;
! -— Team Vision §
| —» Shared Knowledge 0.58 (5.14)~ 0.30 (3.65)~ 0.29 (4.09)" |
: —p Process Outcomes 0.39 (4.06)" 0.01(-0.06) 0.38 (3.75)" i
| __» Manufacturing 0.39(3.91)~ |  0.13(-0.92) 0.26 291)~
l Outcomes ; ﬁ 5
i | 7 |
; — Customer Outcomes | 0.58(4.37)" -0.02 (-0.17) | 0.61 (4.29) :
i l l
. ——p Market Performance 0.14 (4.08)" - ? 0.14 (4.08)"
; , ! |
! | | !
. Team Vision i : : 3
. — Shared Knowiedge 0.73 (9.22)" | 0.73 (9.22)° ' - f
| i ' :
i ——p Process Qutcomes ; 0.59 (7.04)*° l 0.21(1.29) : 0.39 (2.52)"——';——4
. [ ! | ‘
| —_3p Manufacturing Outcomes | 0.26 (2.75) |  -0.30 (-1.41)" { 0.56 (2.77)
. |
: Customer Qutcomes ' !
> | 0s2(7.44) | o0.10(065  0.42(295)
. ——p Market Performance I I
: o 0.44 (7.27) - : 0.44 (7.27)
Shared Knowledge | ;
, i : 1
——9p Process Outcomes i 0.53 (2.55)* : 0.53 (2.55)"" ' -
H ! t
—_» Manufacturing Outcomes | 0.67 (2.27)" = 0.48(1.64) | 0.18 (2.16)
] i i B
——p Customer Outcomes i 0.60 (2.71) I 0.27 (1.29) 0.32(2.63) :
i : ,
> Market Performance . 0.44 (2.60) - : 0.44 (2.60) j
i : ' ;
; | :
Process Outcomes | i '
—p ! | i
Market Performance L 0.37(4.41)" | 0.14 (2.06)" 0.22 (3.22) i
t
Manufacturing Outcomes |

—» Market Performance -~ 0.09(0.94) -0.11 (-1.36) 0.20 (2.55) 1

Customer Qutcomes ; j i
Market Performance . 0.74(8.86)" ‘ 0.74 (8.86)*" -

Note: ™~ Significant at (¢ <0.01) * Significant at ((¢ <0.09)
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The results with the three product development performance outcomes on
market performance (Tabie 5.5.) show different patterns. The impacts of
Customer Outcomes (i.e., Value To Customers and Product Performance) and
Process Outcomes (i.e., Time To Market, Teamwork and Development
Productivity) are substantial and statistically significant (t>4.41). Manufacturing
Outcomes show negative values (both standardized coefficient and t-value). It
appears that the higher the Manufacturing Outcomes (i.e., the higher either or
both of Manufacturability and Manufacturing Cost), the less likely Market
Performance is affected. This does not seem to make sense. However, fewer
than 15% of respondents identified cost as the primary competitive factor for their
products. Most of the respondents answered that the competitive battleground is
in all fronts—cost, quality, innovativeness and timely delivery. It appears that the
maijority of firms feel that cost alone is not the primary competitive advantage.
Rather, process outcomes (i.e., Time To Market, Teamwork and Development
Productivity) and Customer Outcomes (Value To Customer and Product
Performance) are critical factors for successful market performance.

In brief, both of the above structural models show that there are overall
positive relationships between knowledge integration constructs (Role Changes,
Team Vision and Shared Knowledge) and product performance outcomes and
market performance. The empirical data supports most of the hypotheses made
in chapter two. Therefore, the LISREL analysis according to this data affirms the
theoretical assertion that IPD teams engaging in knowledge integration

experience positive product development performance outcomes.



Chapter Six
Summary, Recommendations and Conclusion

6.1. SUMMARY

This section will be divided into two parts: (1) a brief summary of the
contribution and value of this research; (2) a presentation of recommendations
and implications for future research. Product development researchers argue
that integration is a key for effective product development outcomes across
industries (Clark and Fujimoto, 1991; lansiti, 1995; Henderson and Clark, 1990:
Henderson. 1992). They further propose that knowledge integration would yield
desirable resuits in product development. The importance of knowledge as an
organizational resource has been emphasized and increasingly the literature on
this important area is rapidly accumulating. Many conceptual and case study
papers have been published. As a recent example, shared knowledge IS
regarded as a resource underlying product development capability (Hoopes and
Postrel , 1999). Still, empirical studies in the area of knowledge integration in
IPD are rare. This research fills the gap and contributes to the understanding of

knowledge integration in IPD in a number of ways.



176

First, a theoretical knowledge integration framework is provided that
identifies Role Changes of Design and Manufacturing Engineers, Team Vision,
Shared Knowledge, three Product Development Outcomes (Process,
Manufacturing and Customer Outcomes) and Market Performance of Projects.
According to Sobek (1998), “many companies have tried to look for a ‘work-
process-cookbook’, a step-by-step method that, if properly executed, produces a
high-quality product quickly and efficiently. But teams seeking to reengineer
development processes are often frustrated because rearranging the steps does
not necessarily offer much improvement.” For effective IPD implementation,
integration has to occur primarily at the conceptual level because product
development is knowledge intensive work. The key to success is the
implementation of ideas and the integration of knowledge that is imbedded in
people, processes and products. Efforts to implement a few ideas or some
scattered knowledge fail because the system is tightly integrated. Yet, much
more has to be iearned about effective knowledge integration mechanisms. The
framework of this study forms a foundation for further research in knowledge
integration by identifying some of the most important dimensions of knowledge
integration. Use of these constructs allows researchers to formulate and test
numerous hypotheses. Other constructs may be added or modified to further
examine more detailed hypotheses.

Second, a major contribution of this research has been the development

of a reliable instrument that supports future research in the areas of knowledge
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integration in integrated product development (i.e., Role Chances, Team Vision,
Shared Knowledge, and Product Development Outcomes). Nineteen Variables
(two for Role Changes, four for Team Vision, five for Shared Knowledge, three
for Process Outcomes, four for Product Outcomes and one for Market
Performance) have been developed to measure knowledge integration
constructs and relationships between these constructs have been explored. This
enables research in knowledge integration in IPD, which has been receiving
increasing attention, but was in need of more empirical research.

Third, this study also provides valuable benchmarking tools for product
development executives to assess the extent of their knowledge integration in
muitiple teams. The interest for this research is high among practitioners in
product development. The responses to the presentation of the results of this
research in Product Development Management Association (PDMA) and Project
Managers Association (PMA) have been quite good. The Society of Automotive
Engineers (SAE) is committed to publishing this study and will make this book
available to the general public.

Fourth, this study provides a better understanding of what types of role
changes among design and manufacturing engineers occur as the resuit of
implementing IPD teams. Cross-functional teams are regarded as a positive
factor for product development performances. Exactly who plays knowledge
leadership roles in IPD teams has not been well explored. This study provides
better understanding about the nature of role changes of design and

manufacturing engineers in IPD, the interrelationships with team vision and
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shared knowledge, and their impact on product development performances. In
order to examine the relationships, the items of role changes of design engineers
and manufacturing engineers may need further investigation. The data seems to
suggest a couple of interesting issues: (1) with the impiementation of IPD,
engineers seem to experience increasing workloads. With additional
responsibilities, necessary training, and proper support, the reward systems may
not currently be sufficient; (2) the patterns of responding to IPD implementation
are somewhat different between design engineers and manufacturing engineers.
Still, more work is needed to experience a mature level of cooperation and
collaboration between design and manufacturing engineers; (3) behavioral
characteristics are becoming important in IPD but many engineers feel
unprepared for these challenges. Studies of role changes of engineers would
also give a better understanding of how other functional experts cope with these
changes related to knowledge integration mechanisms.

Fifth, this study provides supporting evidence of previously untested
statements regarding knowledge integration constructs. A clear vision, sense of
purpose, specific project targets and focus are all regarded as important factors
for successful product development performance. The extent of shared
knowledge among team members has been regarded as an important dimension
for improving product development performances, but both of these assertions
have not been tested in the IPD context. This study also shows the types of
relationships between team vision and shared knowledge. Team vision effects

product development performance through shared knowiedge. The results of this
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study lend support to the hypothesis that the higher the shared knowledge, the
more likely |IPD performances would improve.

Finally, this research is an empirical research of IPD practices in four
different industries. The data was drawn from 205 cross-functional product
development teams and the focus of the research was the knowledge integration
aspects of manufacturing firms. As of now (June, 2000), this researcher is not
aware of any research in IPD which focuses on cross industries of manufacturing
firms. This research adopted a sound methodology, which resulted in more
precise measurement of underlying constructs of knowledge integration and
examined their inter-relationships that affect the product development outcomes,

including market performance.

6.2. RECOMMENDATIONS FOR FUTURE RESEARCH

Recommendation 1: Improve and validate the scales using firms
from the same referent population and other industries. Overall, all the
eighteen scales show high reliabilities (Cronbach’'s o > 0.80) across industries
and regardless of the size of the firms, except the scales of Shared Knowledge
of Products, Strategic Fit of Project Targets and Manufacturability. After
improving these scales, this instrument may be revalidated in the same and other
industries.

The research cycle for developing hypothesized instruments has two
steps: (1) exploratory studies that develop hypothesized measurement models

based on the analysis of empirical data from a referent population; and
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(2) confirmatory studies that test hypothesized measurement models against new
data gathered from the same referent population. Confirmatory factor analysis is
needed to provide a more rigorous and systematic test of alternative factor
structures.

Recommendation 2: Engage in case studies to further probe the
nature of Role Changes, Team Vision and Shared Knowledge from the
referent population and other industries. The relationships depicted in Figure
2.3. in chapter two have been validated by LISREL. Consequently, we now have
a better idea about interrelationships between Role Changes, Team Vision, and
Shared Knowledge. Associations, which have been previously suggested by the
literature (see chapter two) have been empirically tested and verified. It has
been shown that on the project level, the extent of shared knowledge affects
product development performance outcomes. While this is a significant
contribution, more detailed information is needed to make these findings even
more meaningful to the managers of integrated product development. To
uncover the nature of knowledge integration, additional follow-up case studies
might be beneficial.

Figure 6.1. shows our proposed IPD research cycle. The common
approach of the product development research cycle is to engage in initial case
studies, develop a theoretical framework afterward, and identify the best
practices. The problem of this approach might be that there are no valid
benchmarking tools to assess the best practices and provide timely feedback.

Assessment is usually conducted when the project is already completed;
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therefore, early intervention is not possible. Many firms engage in multiple
projects and they have very limited means to compare and assess how each
project is being done. Comparison of industry-wide performance is much more

difficult.

Figure 6.1. AN IPD Research Cycle

Develop

Case

Studies Benchmark

Benchmark
Studies in Firms

A new approach of the IPD research cycle might be considered. Through
initial interviews, and extensive literature review, the best practices of knowledge
integration have been identified. As a result of this study, benchmarking
measures in regard to various aspects of knowiedge integration (i.e., Role
Changes. Team Vision and Shared Knowledge) have been developed. These
measures have a high level of reliability, discriminant validy, and predictive
validity.

A future researcher may propose to do benchmark studies of firms, which

apply the instruments (with some modifications) to assess and improve actual
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IPD performances of participating firms. In-depth benchmark studies are helpful
to test the usefuiness of these benchmark tools and to assist these firms in
improving their knowledge integration mechanisms. These benchmark and case
studies further explore how IPD teams actually give timely feedback on
continuous projects and make early intervention more effective in multiple team

projects.

Recommendation 3: Engage in research on drivers (antecedents) of

Role Changes, Team Vision and Shared Knowledge. What are the immediate

process drivers of Team Vision and Shared Knowledge? According to this study,
Role Changes and Team Vision affect Shared Knowledge. The organizational
contexts that drive Shared Knowledge may also be further explored. in the
course of exploring the drivers of Shared Knowledge, the future researcher would
examine the relationships between knowledge exploration and exploitation. The
respondents of this study’'s sample population are mostly manufacturing firms
that are pressured to develop products in a timely manner. Very few firms seem
to engage in basic research when the fruit of the research would come much
later. According to the particular data collected, most innovation seems to occur
when project development teams work on particular projects with a well-defined
strategic focus and with disciplined problem solving mechanisms through sharing
knowledge. But it deserves further studies of exploring exactly what internal and
external factors affect the desirable level of Role Changes, Team Vision and

Shared Knowledge in IPD.
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Recommendation 4: Synthesize work and knowledge integration.
One practical area of further inquiry is in regard to work and knowledge
integration.  IPD is knowledge intensive work. Shared knowledge helps team
members understand and adapt to their environment and provides a common
interpretive framework for their experiences (Gundry & Rousseau, 1994; Stohl,
1986) When IPD team members are conceptually connected, subsequent work
integration might be easier to accomplish. in that sense, it is worth exploring the
relationship between work integration and knowledge integration. For example,
Koufteros (1996) developed instruments that measure the extent of work
integration in product development. The instruments developed in this study and
his instruments might be combined to assess the extent of both work and
knowledge integration in IPD firms. Learning about the relationships between
work integration and knowledge integration scales may be helpful to the quality of
knowledge and work involved in IPD teams. For example, early supplier
involvement is one work integration scale. Aithough firms may invoive their
suppliers in the early stages of their product development, it may not be clear
what firms really know about suppliers and to what extent they actually utilize
their knowledge of suppliers to improve their product development work.

Recommendation 5: Engage in organizational level research of
knowledge integration. This study is project level research. The focus was on
role changes of design and manufacturing engineers. On a project team level,
one which has to carry out actual product development projects, the roles of

engineers and their leadership may be quite critical. But on an organizational or
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program level, it might be somewhat different. How is knowledge integration on
an organizational level different from that on a team or project level? How is
organization-wide shared knowledge different from a team level of shared
knowledge? More interesting studies will be possible as these questions are

pursued.

Recommendation 6: Further test a more detailed level of the
hypotheses, examine structural relationships, and adopt a longitudinal
approach to study alleged structural relationships between Role Changes,

Team Vision and Shared Knowledge. This study examined the general

relationship between components of knowledge integration (i.e., Role Changes.
Team Vision, and Shared Knowledge) and product development performance
outcomes (i.e., Process, Manufacturing, Customer Outcomes and Market
Performance). With a new data set, the more detailed relationships between
each scale of knowledge components and product development performance
outcomes may be further explored. For example, for products with a different
level of knowledge intensity and competitive environments, how does Shared
Knowledge of Products, Shared Knowledge of Customers, or Shared Knowledge
of Internal Capabilities determine the project's innovativeness or the quality of
products? To what extent do Role Changes of Design Engineers effect
Manufacturability, Time to Market or Product Performance? Trying to find
answers to more detailed questions will further refine the research content and

provide contributions for product development executives.
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Finally, the topics that have been covered in this study (Role Changes,
Team Vision, Shared Knowledge, and Product Development Performances)
contain a wide range of possibilities. In our knowledge economy, the roles of
functional, professional experts change. These changes need to be dealt with in
relation to the issues of knowledge integration. As businesses continue to tend
to find new markets, new product development will remain as an essential and
important aspect of business. Ultimately, people will do the work. The quality of
their integrated, knowledge intensive work matters. If this study was useful for a

better understanding of this important topic, it was worth the time and effort.
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APPENDIX A: PILOT STUDY QUESTIONNAIRE

A Survey of Shared Knowledge
In Integrated Product Development

New product development is a knowledge intensive process. Sharing knowledge is
important for successful product development. This survey focuses on key shared
knowledge practices.

The following questions ask to what extent members of your product development team
have shared understanding of various knowledge components of product development
(e.g.. competitive realities, customers, internal capabilities, suppliers. and team vision).

This questionnaire should be answered by those who have recently managed cross-
functional product development teams (e.g.. product development managers. vice-
presidents. CEO's),

Your response to this questionnaire should be based on a particular project in which you
were involved. regardless of its success or disappointing result in the market.

Please supply us with information on a particular product development project that you
have been involved with:

Name of the project:

Market Introduction Date:

Market performance 1 2 3 4 5
of this project was : "Very A A
Disappointing  Disappointing Average Moderate Great
Success Success

Please mail/fax this completed questionnaire to:
Paul Hong
The University of Toledo
College of Business Administration
Department of Information Systems and Operations Management
Toledo. Ohio 43606

phone: (419) 530-3163 (voice mail)

fax :  (419)530-7744

e-mail : phong@pop3.utoledo.edu
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1. Shared Knowledge of Functional Representatives on Customers, Competitors, and Suppliers.
The following statements describe what specific functional representatives know about customers.
competitors and suppliers.
For each statement please circle the number which best describes your experience in the project you

identified on the first page.
The 5 point scale is as follows:

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree
Customers i

a. Our product design engineers had an adequate knowledge of the changing

needs of customers.

i
H

(%)

b. Our process engineers had an adequate knowledge of how customers use | | 2 3
our products. |

¢. Our manufacturing experts had an adequate knowledge of customer 1 2 3
satisfaction ratings. f

Competitors

d. Our marketing people had an adequate knowledge of our competitors’ cod 2 3
technology. f

e. Our product design engineers had an adequate knowledge of our bl 2 3
competitors’ strengths in marketing and distribution. I

f. Our process engineers had an adequate knowledge of our competitors’ Pl 2 3

<

products.
Our manufacturing people had an adequate knowledge of our competitive

opportunities.

Suppliers

h.

Our product design engineers had an adequate knowledge of our
suppliers’ manufacturing capabilities.

Our marketing people had an adequate knowledge of our suppliers’
design capabilities.

design capabilities.

(VY]

(V¥ )

(VP

j.  Our product design engineers had an adequate knowledge of our ! 2 3
suppliers’ capabilities to make component parts.
k. Our manufacturing people had an adequate knowledge of our suppliers’ ! 2 3

i

w

(V]

W

W
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2 Shared Knowledge of Functional Representatives on Products and Internal Capabilities.
The following statements describe what specific functional representatives know about products and

internal capabilities.
For each statement please circle the number which best describes vour experience in the project vou

identified on the first page.
The § point scale is as follows:

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree
Products ,
a. Our marketing people had an adequate knowledge of the major , 1 2 3

C.

components of our product.

Our manufacturing people had an adequate knowledge of the product
history.

Our design engineers accurately estimated the product cost.

Internal Capabilities

tJ

(8]

(PP

W)

d. Our product design engineers had an adequate knowledge of our firm's 1 2 3
internal manufacturing capabilities.
e.  Our marketing people had an adequate knowledge of our engineering ] 2 3

(!Q

design capabilities.
Our product design engineers had an adequate knowledge of our

manufacturing capabilities.
Our manufacturing people had an adequate knowledge of our

engineering design capabilities.

1)

1J

(V%]

I

W

(W 1

(W]}

N

(W]

()]
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3. Shared Knowledge of Overall Team on Customers, Suppliers, and Competitors.
The foliowing statements describe the level of the overall team knowledge about customers.
competitors and suppliers.
For each statement please circle the number which best describes your experience in the project you

identified on the first page.
The 5 point scale is as follows:

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree
Customers §

This product development team shared knowledge of : ;
a. How customer needs were changing.
b. Important customer value attributes. i
c. How customers used our products.
d
e
t

How satisfied our customers were with our products.
How well we were doing on customer satisfaction ratings.

—— e
WL L) L L L
O S R ol

1291912021210

|

How the product created customer value. ;
|

)

Suppliers

This product development team shared knowledge of :

g.  Our suppliers’ process capabilities. T
h. Our suppliers' design capabilities. ]
i.  Our suppliers’ manufacturing facilities. ]

131919
t Lo L
4

Competitors i

Thxs product development team shared knowledge of :
Competitive opportunities that our firm anticipated.
Competitive threats that our firm faced.

Advantages of our competitors.

Disadvantages of our competitors.

Strengths of our competitors.

Weaknesses of our competitors.

Competitors' products.

Competitors’ product technologies.

b b

— et 4 e e e r—s
121212121019 1019 19
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Shared Knowledge of Overall Team on Products and Internal Capabilities.
The following statements describe the level of the overall team knowledge about products and internal
capabilities.
For each statement please circle the number which best describes vour experience in the project you
identified on the first page.

The 5 point scale is as follows:

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree

Products

This product development team shared knowledge of :

a. Our product’s history. . 2 3 4
b. The strengths of our product. o1 2 3 4
c. The weaknesses of our product. Lol 2 3 4
d. The advantages of our product. Loy 2 3 4
e. The disadvantages of our product. |1 2 3 4
f. The design problems of our product. bl 2 3 4
g. The product technologies we used. 1 2 3 4
Internal Capabilities

This product development team shared knowledge of : .

h. The capabilities of the process technologies we used. i1 2 3 4
i. The strengths of our engineering design capabilities. 1 2 3 4
j. The weaknesses of our manufacturing facilities. 1 2 3 4
k. The strengths of our engineering design capabilities. | 2 5 4
. The weaknesses of our manufacturing facilities. I 2 3 4

W th th

thHhown

h th

VIR W IRV RV ]}
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5. Team Vision
The following statements describe the team’s Mission, Strategic Fit and Project Targets.
For each statement please circle the number which best describes your experience
in the project you identified on the first page.
The § point scale is as follows:
1 2 3 4 5

Strongly Strongly
Disagree Disagree Neutral Agree Agree

Mission |
This product development team had a good work plan. ‘
This product development team had a well-focused mission.

This product development team had a well-communicated mission.
This product development team had a clear product concept.

This product development team had a clear plan of action.

Overall. this product development team had a shared understanding
of the project mission.

me a0 o
—

1912191213109

- Strategic Fit

noT o

= = &

h. Our firm's overall technology strategy guided the design of this product.

i Project targets were consistent with our firm's business strategy. i
Project priorities were consistent with our firm's business strategy. ‘
Our senior management provided overall strategic direction.

Our senior management provided an integrated set of project priorities.
Overall. this product development team had a shared understanding of
how well this project fit within the firm’s business strategy.

¢. Our firm's overall product strategy guided the design of this product.

— bt peet et et

121211919191

g —Fe

Project Targets
Our project targets were clear.
Our project targets were based on realistic customer requirements.
Our project targets reflected the competitive situation.
Our project targets were consistent with our manufacturing capabilities.
Our project targets were consistent with our suppliers’ capabilities.
Our project targets were consistent with our resources.
Technical risks were considered in setting project targets.
The relative priority of each project target was clear.
TradeotTs (e.g.. time vs cost) were considered to determine priorities.
w. A single integrated set of targets (objectives) was defined.
x. Overall. this product development team had a shared

understanding of the project targets.

g -ow
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Process Qutcomes

For each statement please circle the number which best describes the project you identified on

the first page.

The 5 point scale is as follows:

1 2 3 4 5
Strongiy Strongly
Disagree Disagree Neutrai Agree Agree

Time to Market

This product development team :

oao oe

Introduced products to market ahead of competitors.

Developed products on schedule.
Met its deadline for market introduction.
Reduced the product development time.
Met the target date for our project.

Teamwork

: This product development team :

3 g T oo

Resolved conflicts quickly.

Implemented decisions effectively.

Solved problems creatively.

Communicated effectively.

Coordinated activities well.

Worked well together.

Resolved conflicts constructively.

Identified manufacturing problems eariy.
Identified design-manufacturing problems early.

. Development Productivity

" This product development team :
- 0.

P
q.
" T.
S

Was productive.

Used product engineering hours effectively.
Allocated personnel realistically.

Used financial resources sensibly.

Used all product development resources rationally.

— et pame e et et —t —t e

112191212121 91919 1219121910

91219101010

[PY IR VY I Y B VY RN UY BN VYRR DY RR VS SR VY ) [PYRRVS IR VS S VSRR U )

LI L) LI L)W

P DU DU Sa S

(WIS VIS ]

LV ]

N

h

N

W Wy W W

N

U W

I W




193

7. Product Outcomes

vou identified on the first page.

The § point scale is as follows:

For each statement please circle the number which best describes your experience in the project

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree
: Manufacturability i

This product’s design was simplified.
The number of parts was reduced.

This product is easy to assemble.
Manufacturing problems were minimized.

a0 ow

i Value-to-Customer

This product had a high quality.

This product was successful in the marketplace.
Customers highly valued this product.

This product created a high customer value.
This product exceeded customer expectations.

=l CR N

" Product Performance

j.  The overall performance of this product was excellent.
k. The technical performance of this product was excellent.
I.  The components worked well together.

m. The system performance of this product was excellent.

Manufacturing Cost

"n. The material cost of this product is considerably lower than
the industry average.
o. The labor cost of this product is considerably lower than the
industry average.
p. The overhead cost of this product is considerably lower than the
% industry average.
- q. The overall manufacturing cost of this product is quite competitive in
; the market.

1219 19 19

1919 19 1919

12109 19 19
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Role Changes
Cross-functional product development often creates changes in job responsibilities, nature of work .
and work relationships. For each statement please circle the number which best describes
vour perception about changes that have taken place in your firm over the past 3 vears.

The S point scale is as follows:

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree

-0 o0 o

= s

.

[ O I =]

Qualifications required for design engineers have been upgraded. ! 1 2 3 34 53
Training required for design engineers has been more extensive. 5 1 2 3 4 5
Power of design engineers in the product development team has increased 12 3 3 3
Iinfluence of design engineers in the product development team has increased. 12 3 4 03
Technical skills required for design engineers have been more rigorous. 1 2 3 4 3
Behavioral skills (e.g.. team work. inter-communication) required I 2 3 3 3
for design engineers have been more important.
Design engineers' jobs have become more complex. 12 3 4 5
Design engineers' jobs have been enlarged. f 1 2 3 4 5
Design engineers’ jobs have been enriched. ‘12 3 403
Overall. design engineers feel more satisfied with their work. I 2 3 4 3
Qualifications required for manufacturing engineers have been upgraded. I 2 3 4 3
Training required for manufacturing engineers has been more extensive. 1 2 3 4 3
Power of manufacturing engineers in the product development team 2 3 403
has increased. f

Influence of manufacturing engineers in the product development team has 12 3 4 3

increased. :

Technical skills required for manufacturing engineers have become more : 1 2 3 4 5
rngorous. ‘

t

I

4
Pl

Behavioral skills (e.g.. team work. inter-communication) required o
for manufacturing engineers have been more important.
Manufacturing engineers' jobs have become more complex.
Manufacturing engineers' jobs have been enlarged.
Manufacturing engineers' jobs have been enriched.

Overall. design engineers feel more satisfied with their work.
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Thank you for your assistance in this project. Please give us the following information Jor
statistical purposse.

1. Your Title: CEO/President Vice-President
Director Senior Manager
Other: (please indicate)
34 Fabricated Metal Products

35 Industrial & Commercial Machinery

36 Electronic, Electrical Equipment and Machinery
37 Transportation Equipment and Miscellaneous

(']
H

SIC Code

T

3. Number of up to 499 500 to 999
Employvees 1.000 to 4.999 5.000 10 9.999
Over 10.000
4. How would vour firm be classified within the automotive industry structure?
OEMs (e.g.. Chrysler. GM, Ford )
First Tier Supplier owned by an OEM
Independent First Tier Supplier
Second Tier Supplier
Third Tier Supplier
Other: (please describe):
5. Knowledge intensity of your product development process is:
1 2 3 4 5
very low low moderate high very high
6. Your firm's product complexity is:
1 2 3 4 5
very low low moderate high very high
7. Your firm's process complexity is:
1 2 3 4 5
very low low moderate high very high
8. The rate of technology change that vour firm currently experiences is:
1 2 3 4 5
very slow slow moderate rapid very rapid
9. The intensity of competition that your firm currently experiences is:
1 2 3 4 5
very low low moderate high very high
10. The nature of competitive environment is:

Primarily on low cost

Primarnily on innovativeness

Primarily on timely delivery of quality products
All of the above
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APPENDIX B: LARGE SURVEY QUESTIONNAIRE

A Survey of Shared Knowledge
In Integrated Product Development

New product development is a knowledge intensive process. Sharing knowledge is
important for successful product development.  This survey focuses on key shared
knowledge practices.

The following questions ask to what extent members of your product development team
have shared understanding of various knowledge components of product development
(e.g.. compelitive realities. customers. internal capabilities. suppliers and team vision).

This questionnaire should be answered by those who have recently managed a cross-

tunctional product development team (e.g.. product development managers. vice-
presidents. CEO's) .

Your response to this questionnaji auld befbaged:on a articular project in which vou
were involved. regardless of e g dlsa pémtmg @sult mthe market.

Please supply us with mf on pmdg; de\ elopment project that vou
have been involved with: 'y ,.d* £ ot L

| - 1»?"c***'ﬁ """. %
Name of the project: Ly . :’-— t
: — o —
1 ‘- E . C
Market Introduction Date: !-‘— ol —_ !
Market performance ¢ 1 - Db -3 a4 T4 5
of” this project was : Veg Ny Some\q,bat AV erage A Moderate A Great
Dlsappoulmng Ihxsappomtmg, v . Su’ccess Success

r'_'J‘.,“ﬂ

Please mall/fa\gr respond via Ihternet htt;L/phong kllle org
Paul Hong - Jf-i'
The u.oﬂlioled’é'-'
College of Business Administration
Department of Information Systems and Operations Management
Toledo. Ohio 43606

phone: (419) 530-3163 (voice mail)
fax : (419) 530-7744
e-mail : phong@pop3.utoledo.edu
Internet: http://phong kille.org

Copyright, 1999 by Paul Hong & William Doll
All rights reserved
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The following statements describe the level of the overall team Shared Knowledge about Customers,
Competitors, Suppliers, Products, and Internal Capabilities. They are randomly grouped together.
For each statement please circle the number which best describes your experience in the project you
identified on the first page. The S point scale is as follows:

1 2 3 4 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree

1.
a
b
c
d.
e.
f.
Jod
h
1.
]
k

(&)

o p

bl S = ol (- o N ¢ B = i ]

SRS DR Mo A0 oR W

This product development team shared knowledge of :
How customer needs were changing. |
Competitive threats that our firm faced. i
Our suppliers’ manufacturing facilities.

Customer requirements.

The advantages of our product.

The capabilities of our engineering staff.

Our suppliers' process capabilities.

How well we were doing on customer satisfaction ratings.
The strengths of our engineering design capabilities.

How customers make purchase decisions.

Our suppliers’ capabilities to meet cost targets.

[N NI O Iy O Iy N6 oy O Ty D B o (6 0 g o9 ]
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This product development team shared knowledge of : l
Advantages of our competitors.

The disadvantages of our product.

Our suppliers' design capabilities.

Which features were most valued by target customers.
The weaknesses of our manufacturing facilities. ‘
Disadvantages of our competitors.

Which customer groups we were targeting.

The product technologies we used.

The capabilities of our manufacturing staff.

Our suppliers™ capabilities to meet time requirements.
Current customer needs.

Strengths of our competitors.

e
NIV IVIVIYV VDN
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This product development team shared knowledge of :
Our suppliers” capabilities to meet quality requirements.
Competitors' product technologies.

Our manufacturing capabilities.

What our customers want.

The strengths of our manufacturing facilities.

Our product's history.

Strengths of our products.

The capabilities of the process technologies we used.

Our suppliers’ capabilities to respond to volume and mix changes.
Qur target customers.

Competitors' products.

Weaknesses of our competitors.
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B. The following statements describe Mission which consists of Shared Team Purpose, Strategic Fit
of Project Targets, and Clarity of Project Targets. They are randomly grouped together.
For each statement please circle the number which best describes your experience in the project
you identified on the first page.
The 5 point scale is as follows:
1 2 3 4 §
Strongly Strongly
Disagree Disagree Neutral Agree Agree
a :
a. The project purpose was well understood by the entire team. 1 23 4 5
b. Project targets clearly specified tradeoffs between performance and 123 48
| cost. ;
i ¢. The project mission was well communicated to all team members. 123 4003
. d. Our firm’s overall technology strategy guided the setting of project ‘123 4 3
', targets. | .
' e. A clear set of project targets guided development efforts. 123 3 5.
-~ f.  Project targets were consistent with our supplier’s capabilities. i1 23 4 5
g Project targets were clearly understood by all team members. tr 23 4 5
! h. The project goals were well understood by the entire team. 123 4 5
| i. An integrated set of project targets was clearly defined. ' 123 4 5|
| 1
~j. Project targets were consistent with our firm’s overall business 123 4 5
: strategy. | 1
k. Project targets were clearly communicated to all team members. 123 4 5
1. Technical risks were considered in setting project targets. 123 45
- m. The project mission was well defined for all team members. P23 45
. n. Project targets were clear. P23 4 50
. 0. Project targets were based on customer requirements. ! 123 4 35
! p. This product development team had a well defined mission. (123 4 3
i q. Project targets reflected the competitive situation. I 23 4 5
‘ ] :
r. The relative priority of each project target was clear. (123 4 5
s. Project targets were consistent with our manufacturing capabilities. 123 403 !
- 1. Project targets clearly specified tradeoffs between time and cost. i1 23 4 3 !
! u. The project work plan was well understood by the entire team. I 123 4 3,
' v. Project targets clearly specified tradeoffs between quality and cost. 123 4 5
i w. The product concept was well understood by the entire team. 123 4 5
‘[ x. Project targets clearly defined customer requirements. t12 3 405,
' y. Our firm’s overall product strategy guided the setting of project targets. PE23 405
' z. The project mission was well understood by the entire team. (123 4 3

e
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C. The following statements describe Process Outcomes (i.e. Time to Market, Teamwork, Development
Productivity) and Product Outcomes (ie., Manufacturability, Value to Customer, Product Performance,
and Manufacturing Cost) of Shared Knowledge. They are randomly grouped together.

For each statement please circle the number which best describes the project you identilied

on the first page.
The 5 point scale is as follows:

1 2 3 4 -]
Strongly Strongly
Disagree Disagree Neutral Agree Agree
i 1. This product development team :
|
. a. Allocated personnel realistically. 1223 3 s
i b.  Met its deadline for market introduction. 12 3 3 s
. c.  Worked well together. 12 3 4 3
~d. Was productive. 123 4 5
. E  Developed products on schedule. 123 4 5
' f. Resolved conflicts quickly. tr2 3 4 5
i g.  Used financial resources sensibly. 123 4 S
- h. Coordinated activities well. 12 3 4 5
' 1. Reduced the product development time. 23 4 5.
.j.  Used all product development resources rationally. 23 4 3
k. Met the target date for our project. ] 12 3 4 3
' I.  Used product engineering hours efficiently. 112 3 4 )
~m. Implemented decisions effectively. P23 4 5
n. Communicated clearly. 12 3 4 3
- 2. Product Outcomes
a. This product had a high quality. 12 3 45
' b. The manufacturing processes were simplified. 12 5 4 50
~¢. This product exceeded customer expectations. t1 203 4 s
d. The components worked well together. 23 4 5
e. The material cost of this product is considerably lower than P23 4 3
the industry average. '
f.  Manufacturing problems were minimized. 123 4 5,
g.  The overhead cost of this product is considerably lower than the i1 2 3 4 5
industry average. 123 4 3
" h. The system performance of this product was excellent. 12 3 4 5
i. The labor cost of this product is considerably lower than the 12 3 4 504
'i industry average. !
j.  The number of parts was reduced. 23 4 5
| k. This product created a high customer value. 23 4 5
. L. The technical performance of this product was excellent. P23 4 5y
- m. This product was successful in the marketplace. 12 E 4005
| n. The product is easy to assemble. 23 4 S
l o. The overall manufacturing cost of this product is lower than the b2 3 4 5
‘ industry average. o
| p. Customers highly valued this product. r2 3 4 5
' q. The overall performance of this product was excellent. 12 3 4 5




D. Role Changes
Cross-functional product development often creates changes in job responsibilities. nature of work
and work relationships. For each statement, please circle the number which best describes your
perception about changes that have taken place in your firm over the past 3 vears.
The 5 point scale is as follows:
1 2 3 1 5
Strongly Strongly
Disagree Disagree Neutral Agree Agree
a. Qualifications required for design engineers have been upgraded. Ll 2 3 4 3
' b. Training required for design engineers has been more extensive. Dol 2 3 4 3
. c. Power of design engineers in product development team has increased. | I 2 3 4 3
.d. Influence of design engineers in product development team has Pl 2 5 0403
: increased. 12 3 4 s
- e. Technical skills required for design engineers have been more rigorous. o 2 3 4 5
. f. Behavioral skills (e.g.. team work. inter-communication) required ﬁ
j for design engineers have been more important. ; 1 2 3 4 3
- g. Design engineers' jobs have become more complex. S 2 3 4 3
i h. Design engineers’ jobs have been enlarged. | 2 3 4 3
. i.  Design engineers' jobs have been enriched ] 2 3 4 3
'j.  Overall. design engineers feel more satisfied with their work.
k. Qualifications required for manufacturing engineers have been Lol 2 3 4 5
upgraded. 1 2 3043
I.  Training required for manufacturing engineers has been more extensive. o 2 3 4 5
m. Power of manufacturing engineers in product development team
has increased. ! 2 3 4 3
" n. Influence of manufacturing engineers in product development team has
increased. P 2 3 4 5
' 0. Technical skills required for manufacturing engineers have become more ;
rigorous. Pl 253 43
p. Behavioral skills (e.g.. team work. inter-communication) required ;
for manufacturing engineers have been more important. o 2 3 4 3
q. Manufacturing engineers’ jobs have become more complex. 1 2 3 4 3
r. Manufacturing engineers' jobs have been enlarged. 1 2 3 4 3
s. Manufacturing engineers' jobs have been enriched I 2 3 4 3
1. Overall. design engineers feel more satisfied with their work.
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This section is for statistical purpose. For items 1 through 8 and 14, please check the
appropriate response. For items 9 through 13, please circle the appropriate response.

1. Yourtitle: a CEO/President b Director /Senior Manager of Product Deveiopment
c Project Manager d Other: (please indicate)
2. Do you work in the area of engineering? a Yes b No

3. If ves. what is your primary area?
a.__ Design Engineering b___ Manufacturing Engineering c. ___ Other: (please indicate

4. How desirable would it be to further enlarge the design engineer’s job at your firm?
a b c d e
very undesirable somewhat undesirable neutral somewhat desirable very desirabie

5. How desirable would it be to further enlarge the manufacturing engineer’s job at your firm?

a b c d e
very undesirable somewhat undesirable neutral somewhat desirable very desirable
6. SIC Code a Fabricated Metal Products (34)
b Industrial & Commercial Machinery (35)
c Electronic. Electrical Equipment and Machinery (36)
d Transportation Equipment and Miscellaneous (37)
7. Number of a up to 499 b 500 - 999
Employees ¢ 1.000 to 4.999 d 5.000-9.999
e Over 10.000
8. How would vour firm be classified within the automotive industry structure?
a OEMs (e.g.. Chrysler. GM. Ford) b First Tier Supplier owned by an OEM
c Independent First Tier Supplier d Second Tier Supplier
e Third Tier Suppher f other: (please describe)
9. Your firm's product complexity is:
a b c d e
very low low moderate high very high
10. Knowledge intensity of your product development process is:
a b c d e
very low low moderate high very high
11 Your firm's process complexity is:
a b c d e
very low low moderate high very high
12. The rate of technology change that vour firm currently experiences is:
a b c d e
very slow slow moderate rapid very rapid
13. The intensity of competition that your firm currently experiences is:
a b c d e
very low low moderate high very high
14. The nature of competitive environment is:
a__ Primarily on low cost b Primarily on innovativeness

¢ __ Primarily on timely delivery of quality products d ___All of the above



202

REFERENCES

Abrahamson, E. (1991), Managerial Fads and Fashions: the Diffusion and
Rejection of Innovations, Academy of Management Review, 16, 586-612.

Abrahamson, E. and C. Fombrun (1994), Macrocuitures: Determinants and
Consequences, Academy of Management Review, 19, 728-755.

Adler, P. S. (1990), Shared Learning, Management Science, 36(8), 938-957.

Adler, P. S. (1995), From Project to Process Management: an Empirically Based
Framework for Analyzing Product Development Time, Management
Science, 41(3), 458-484.

Adler, P. S., A. Mandelbaum, V. Ngyyen and E. Schwerer (1996), Getting the
Most Out of Your Product Development Process, Harvard Business
Review, 134-152.

Adler, P. S., H. E. Riggs and S. C. Wheelwright (1989), Product Development
Know-How: Trading Tactics for Strategy, Sloan Management Review,
31(1), 7-17.

Ali, Abdui, Robert Krapfel, Jr. and Douglas LaBahn (1995), Product
Innovativeness and Entry Strategy: Impact on Cycle Time and Break-
Even Time, Journal of Product Innovation Management, 12(1), 54-69.

Ancona, D. G. and D. F. Caldwell (1990), Beyond Boundary Spanning: Managing
External Dependence in Product Development Teams, Journal of High-
Technology Management Research, 1(2), 119-135.

Ancona, D. G. and D. F. Caldwell (1990), Information Technology and Work
Groups: The Case of New Product Teams, in J. Galegher, R. E. Kraut
and Egido (eds.), Intellectural Teamwork: Social and Technological
Foundations of Cooperative Work, Lawrence, Erlbaum Associates,
Hilisdale, NJ, 173-190.

Ancona, D. G. and D. F. Caldwell (1992), Bridging the Boundary: External
Process and Performance in Organizational Teams, Administrative
Science Quarterly, 37, 634-665.

Anderson, J. C. and D. W. Gerbing (1988), Structural Equation Modeling in
Practice: A Review and Recommended Two-Step Approach,
Psychological Bulletin, 103, 411-423.



203

Andreu, R. and C. Ciborra (1996), Core Capabilities and information Technology:
an Organizational Learning Approach, in Moingeon, B. and A. Edmondson
(eds.), Organizational Learning and Competitive Advantage, Sage
Publications, London, 121-138.

Andrews, K. Z. (1995), Cross-Functional Teams, Harvard Business Review,
73(6), November-December, 12-13.

Anzai, Y. and H. A. Simon (1970), The Theory of Learning by Doing,
Psychological Review, 86(2), 124-140.

Archer, N. P. and F. Ghasemzadeh (1999), An Integrated Framework for Project
Portfolio Selection, Intemational Journal of Project Maangement, 17(4),
207-216.

Argote, L., S. L. Beckman and D. E. Epple (1990), The Persistence and Transfer
of Learning in Industrial Settings, Management Science, 36(2),140-154.

Argyris, C. and D. Schon (1974), Theory in Practice: Increasing Professional
Effectiveness, Jossey-Bass, San Francisco, CA.

Argyris, C. (1996), Organizational Learning Il: Theory, Method, and Practice,
Addison-Wesley, Reading, MA.

Armstrong, J. S. and T. S. Overton (1977), Estimating Nonresponse Bias in Mail
Surveys, Journal of Marketing Research, 16, 396-400.

Arrow, K. J. (1974), The Limits Of Organization, Norton, New York.

Attewell, P. (1992), Technology Diffusion and Organizational Learning: the Case
of Business Computing, Organization Science, 3, 1-19.

Bacon, G., S. Beckman, D. Mowery and E. Wiison (1994), Managing Product
Definition in High-Technology Industries: A Pilot Study, California
Management Review, 36, 32-56.

Bagozzi, R. P, Y. Yi and L. W. Phillips (1991), Assessing Construct Validity in
Organizational Research, Administrative Science Quarterly, 36,
September, 421-458.

Bagozzi, R. P. and Y. Yi (1991), Multitrait-Multimethod Matrices in Consumer
Research, Journal of Consumer Research, 17, March, 426-439.

Baba, Y. and K. Nobeoka (1998), Towards Knowiedge-Based Product
Development: The 3-D CAD Model of Knowledge Creation, Research
Policy, 26, 643-659.



204

Babu, A. J. G. and N. Suresh (1996), Project Management with Time, Cost and
Quality Considerations, Journal of Operational Research, 88, 320-327.

Bagozzi, R. P. and Y. Yi (1982), Representing and Testing Organizational
Theories: A Holistic Construal, Administrative Science Quarterly, 27, 459-
489.

Bagozzi, R. P., F. D. Davis and P. R. Warshaw (1992), Development and Test of
a Theory of Technological Learning and Usage, Human Relations 45(7),
659-686.

Bailey, C. D. (1989), Forgetting and the Learning Curve: A Laboratory Study,
Management Science , 35(3), 340-352.

Baldwin, Carliss Y. (1997), Managing in An Age Of Modularity, Harvard Business
Review, 75(5), September-October, 84-93.

Banbury, C. and V. Mitchell (1995), The Effect of introducing Important
Incremental Innovations on Market Share and Business Survival,
Strategic Management Journal, 16, 161-182.

Barki, H. and J. Hartwick (1994), Measuring User Participation, User
Involvement, and User Attitude, MIS Quarterly, March, 59-82.

Barclay, D. W. (1991), Interdepartmental Conflict in Organization Buying: The
Impact of the Organizational Context, Journal of Marketing Research, 28,
May, 145-159.

Bartlett, C. A. and S. Ghoshal (1994), Changing The Role of Top Management:
Beyond Strategy to Purpose. Harvard Business Review, 72(6), 79-88.

Bearden, W. O., S. Sharma and J. E. Teel (1982), Sample Size Effects of Chi-
Square and Other Statistics Used in Evaluating Causal Models, Journal of
Marketing Research, 14, August, 396-402.

Bentler, P. M. (1989), EQS Structural Equations Program Manual, BMDP
Statistical Software, Los Angeles.

Bentler, P. M. (1990), Fit Indexes, Largange Multipliers, Constraint Changes, and
Incomplete Data in Structural Models, Multivariate Behavioral Research,
25, 163-172.

Birous, L. M. and S. E. Fawcett (1994), Supplier Iinvolvement in Integrated
Product Development: A Comparison of US and European Practices,
International Journal of Physical Distribution and Logistics Management,
24(5), 4-14.



205

Black, J. S. (1988), Work Role Transitions: A Study of American Expatriate
Managers in Japan, Journal of International Business Studies, Summer, 1,
277-294.

Blau, J. R. and R. D. Alba (1982), Empowering Nets of Participation,
Administrative Science Quarterly, 27, 363-379.

Blackburn, J. (eds.) (1991), Time-Based Competition, Business One Irwin,
Homewood, IL.

Blackler, F. (1995), Knowledge, Knowledge Work and Organizations: An
Overview and Interpretation, Organizational Studies, 16(6), 1021-1046.

Bollen, K. A. (1989), Structural Equations with Latent Variables, John Wiley and
Sons, New York.

Bolien, K. A. and J. S. Long (1993), Testing Structural Equation Models, Sage,
Newbury Park, CA.

Bolot, J. C. (1996), Cost-Quality Tradeoffs in the Internet, Compute Networks
and ISDN Systems, 28, 645-651.

Bonaccorsi, A. and A. Lipparini (1994), Strategic Partnerships in New Product
Development: An ltalian Case Study, Journal of Production Innovation
Management, 11(2), 134-145.

Bostrom, R. P. (1989, 00), Successful Application of Communication Techniques
to Improve the Systems Development Process, Information and
Management, 16, 279-295.

Bourgeois, L. J. and K. Eisenhardt (1988), Strategic Decision Processes in High
Velocity Environments: Four Cases in the Microcomputer I[ndustry,
Management Science, 34(7), 816-835.

Bowen, H. K., K. B. Clark, C. H. Hoiloway and S. C. Wheelwright (1994),
Development Projects: The Engine of Renewal, Harvard Business
Review, 72(5), 110-120.

Brooks, Ann K. (1994), Power and the Production of Knowledge: Collective Team
Learning in Work Organizations, Human Resource Development
Quarterly, 5(3), Fall, 213-235.

Brown, W. and K. M. Eisenhardt (1995), Product Development: Past Research,
Present Findings, and Future Directions, Academy of Management
Review, 20, 343-378.



206

Brown, W. and N. Karagozogiu (1993), Leading The Way To Faster New Project
Development, Academy of Management Executive, 7(1), 36-47.

Browne, M. W. and R. Cudeck (1992), Alternative Ways of Assessing Model Fit,
Sociological Methods and Research, 16, February, 64-73.

Burr, W. R. (1972), Role Transitions: A Reformulation of Theory, Journal of
Marriage and the Family, 34, 407-416.

Calantone, R. J. and R. G. Cooper (1981), New Product Scenarios: Prospects for
Success, Journal of Marketing, 45, Spring, 48-60.

Calantone, R. J., J. Schmidt and X. M. Song (1996), Controllable Factors of New
Product Success: A Cross National Comparison, Marketing Science,
15(4), 341-358.

Calantone, R. J., S. K. Vickery and C. Droge (1995), Business Performance and
Strategic New Product Development Activities: An Empirical investigation,
Journal of Product Innovation Management, 12(3), 214-223.

Camp, R.C. (1989), Benchmarking: The Search for Industry Best Practices That
Lead to Superior Performance, ASQC Quality Press, Milwaukee, WiI.

Campbell, D. T. and D. W. Fiske (1959), Convergent and Discriminant Validation
by the Multitrait-Multimethod Matrix, Psychological Bulletin, 56, March, 81-
105.

Carmel, E. (1994), Cycle Time in Packaged Software Firms, Journal of Product
Innovation Management, 12(1), 1-14.

Cater, D. E. and B. S. Baker (1992), Concurrent Engineering: The Product
Development Environment of the 1990's. Addision-Wesley Publishing,
Reading, Mass.

Cavusgil, S. T. and S. Zou (1994), Marketing Strategy—Performance
Relationship: An Investigation of the Empirical Link in Export Market
Ventures, Journal of Marketing, 58, January, 1-21.

Charney (1991), Time to Market, Reducing Product Lead Time, Society of
Manufacturing Engineers, Dearborn, Ml.

Chesney, A. A. and E. A. Locke (1994), Relationships Among Goal Difficulty,
Business Strategies, and Performance on a Complex Management
Simulation Task, Academy of Management Journal, 34(2), 400-424.



207

Churchill, G. A. (1979), A Paradigm for Developing Better Measures of Marketing
Constructs, Journal of Marketing Research, 16, 64-73.

Cialdini, R. B., R. J. Bator and R. E. Guadagno (1999), Normative Influences in
Organizations, in Thompson, L. L., J. M. Levine and D. M. Messick,
Shared Cognition in Organizations: The Management of Knowledge,
Lawrence Erlbaum Associates, Publishers, Mahwah, NJ., 195-212.

Ciccantelli, S. and J. Magidson (1993), Customer I|dealized Design: Involving
Consumers in the Product Development Process, Journal of Product
Innovation Management, 10(4), 341-347.

Clark, K. B. (1989), Project Scope and Performance: The Effect of Parts Strategy
and Supplier Invoivement on Product Development, Management
Science, 35(10), 1247-1263.

Clark, K. B. and Fujimoto (1990), The Power of Product Integrity, Harvard
Business Review, 68, November/December, 107-118.

Clark, K. B. and Fujimoto (1991), Product Development Performance: Strategy,
Organization, and Management in the World Auto Industry, Harvard
Business School, Boston, MA.

Clark, K. B. and S. C. Wheelwright (1993), Managing New Product and Process
Development: Text and Cases, The Free Press, New York, NY.

Clark, K. B. and S. C. Wheelwright (1995), Leading Product Development. The
Free Press, New York, NY.

Cohen, J. and P. Cohen (1983), Applied Multiple Regression/Correlation Analysis
of the Behavior Sciences, 2" Edition, Lawrence, Erlbaum Association,
Hillsdale, NJ.

Cohen, W. M. and D. A. Levinthal (1990), Absorptive Capacity: A New
Perspective on Learning and innovation, Administrative Science Quarterly,
35, 128-152.

Cohen, M. A. (1996), New Product Development: The Performance and Time to
Market Tradeoff, Management Science, 42(12), 1753-1755.

Comrey, A. L. (1988), Factor Analytic Methods of Scale Development in
Personality and Clinical Psychology, Journal of Consulting and Clinical
Psychology, 56, 754-761.

Comstock, G. L. and D. E. Sjolseth (1999), Aligning and Prioritizing Corporate R
and D, Research Technology Management, May-June, 19-25.



208

Conway, R. and A. Schultz (1959), The Manufacturing Process Function,
Journal of Industrial Engineering, 10(1), 39-53.

Cooper, R. G. (1983),The Impact of New Product Strategies, Industrial Marketing
Management, 12(4), October, 243-256.

Cooper, R. G. (1984), New Product Strategies: What Distinguishes the Top
Performers?, Journal of Product Innovation Management, 1(2), 151-164.

Cooper, R. G. (1985), Industrial Firms' New Product Strategies, Journal of
Business Research , 13, 107-121.

Cooper, R. G. and E. J. Kleinschmidt (1987), New Products: What Separates
Winners from Losers, Journal of Product Innovation Management, 4, 169-
187.

Cooper, R. G. (1991), The New Product System: The Iindustry Experience,
Journal of Product Innovation Management, 9(2), 113-127.

Cooper, R. G. and E. J. Kleinschmidt (1993), Major New Products: What
Distinguishes the Winners in the Chemical Industry, Journal of Product
Innovation Management, 2, 90-111.

Cooper, R. G. (1994), Third-Generation New Product Processes, Journal of
Product Innovation Management, 11, January, 3-14.

Cooper, R. G. (1994), New Products: The Factors that Drive Success,
International Marketing Review, 11(1), 60-76.

Cooper, R. G. and E. J. Kleinschmidt, Benchmarking The Firm's Critical Success
Factors In New Product Development, Journal of Product Innovation
Management, 12, 374-391.

Cooper, R. G. (1996), Overhauling The New Product Process, Industrial
Marketing Management, 25, 465-482.

Cooper, R. G. (1998a), Benchmarking New Product Performance: Results of the
Best Practices Study, European Management Journal, 16(1), 1-17.

Cooper, R. G., S. J. Edgett and E. J. Kleischmidt (1998b), Portfolio Management
for New Products, Addison-Wesley, Reading, MA.

Cooper, R. G. (1999), The Invisible Success Factors in Product Innovation,
Journal of Product Innovation Management, 16, 115-133.



209

Cooper, R. and R. Slagmulder (1999), Develop Profitable New Products with
Target Costing, Sloan Management Review, Summer, 23-33.

Cordell, V. V. (1997), Consumer Knowledge Measures as Predictors in Product
Evaluation, Psychology and Marketing, 14(3), May, 241-260.

Corderey, J. L., W. S. Mueller and L. M. Smith (1991), Attitudinal and Behavioral
Effects of Autonomous Group Working: A Longitudinal Field Study,
Academy of Management Journal, 34, 464-476.

Cordero, R., G. F. Farris and N. DiTomaso (1998), Technical Professionais in
Cross-Functional Teams: Their Quality of Work Life, Journal of Product
Innovation Management, 15, 550-563.

Cranny, C. H., P. Smith and E. F. Stone (1992), Job Satisfaction: How People
Feel About Their Jobs and How it Affects Their Performance, Lexington
Books, New York.

Crawford, C. M. (1991), New Products Management, 3 Edition, Irwin,
Homewood, lllinois.

Crawford, C. M. (1992), The Hidden Costs of Accelerated Product Development,
Journal of Product Innovation Management, 9(3), September, 188-199.

Crossan, M. M. and T. Guatto (1996), Organizational Learning Research Profile,
Journal of Organizational Change Management, 1(9) 107-112.

Crossan, M. M., H. W. Lane and R. E. White (1999), An Organizational Learning
Framework: From Intuition to Institution, Academy of Management
Review, 24(3), 522-537.

Cudeck, R. and M. W. Browne (1983), Cross-Validation of Covariance
Structures, Multivariate Behavioral Research, 18, 147-167.

Cusumano, M. A. and K. Nobeoka (1992), Strategy, Structure and Performance
in Product Development: Observations from the Automobile Industry,
Research Policy, 21, 265-295.

Cusumano, M. A. and A. Takeishi (1991), Supplier Relations and Management:
A Survey of Japanese, Japanese-Transplant, and U.S. Auto Plants,
Strategic Management Journal , 12(8), 563-588.

Cyert, R. M. and J. G. March (1963), A Behavioral Theory of the Firm, Prentice-
Hall, Englewood Cliffs, NJ.



210

Dabholkar, P. A. (1994), Incorporating Choice into an Attitudinal Framework:
Analyzing Models of Mental Comparison Processes, Journal of Consumer
Research, 21, June, 100-118.

Daft, R. L. and K. E. Weick (1984), Toward a Model of Organizations as
Interpretative System, Academy of Management Review, 9(2), 284-295.

Daft, R. L. and R. L. Lengel (1986), Organizational Information Requirements,
Media Richness and Structural Design, Management Science, 32(5), 554-
571.

Daft, R. L. (1989), Organizational Theory and Design, Third, Edition, West
Publishing Company, St. Paul.

Damanpour, F. (1988), Innovation Type, Radicalness, and the Adoption Process,
Communication Research, 15, 545-567.

Damanpour, F. (1991), Organizational Innovation: A Meta-Analysis of Effects of
Determinants and Moderatos, Academy of Management Journal, 34, 555-
590.

Das, T. K. and B. S. Teng (1998), Between Trust and Control: Developing
Confidence in Partner Cooperation in Alliances, Academy of Management
Review, 23(3), 491-512.

Datar, S., S. Rajib and K. Srinivasan (1997), New Product Development
Structures and Time to Market, Management Science, 43(4), April, 452-
464.

Davenport, T. H. and N. Nohria (1994), Case Management and Integration of
Labor, Sloan Management Review, 35(2), 11-23.

Davenport, T., S. Jarvenpaa and M. Beers (1996), Improving Knowledge Work
Processes, Sloan Management Review, 37, Summer, 53-66.

Davenport, T., D. W. De Long and M. C. Beers (1998), Successful Knowledge
Management Projects, Sloan Management Review, Winter, 43-57.

Davis, R. V. and L. H. Lofquist (1984), A Psychological Theory of Work
Adjustment, University of Minnesota Press, Minneapolis, MN.

Day, G. S. (1990), Market Driven Strategy, Processes for Creating Value, The
Free Press, New York, NY.

Day, G. S. (1994a), Continuous Learning About Markets, California Managemerit
Review, 36, Summer, 98-31.



211

Day, G. S. (1994), The Capabilities of Market-Driven Organizations, Journal of
Marketing, 58, 37-52.

Day, G. S. and N. Prakash (1994), Managerial Representations of Competitive
Advantage, Journal of Marketing, 58, April, 31-44.

Day, G. S. and R. Wensiey (1988), Assessing Advantage: a Framework for
Diagnosing Competitive Superiority, Journal of Marketing, 52, 1-20.

De Geus, A. P. (1988), Planning As Learning, Harvard Business Review, 66(2).
70-74.

Decker, P. J. and B. R. Nathan (1985), Behavior Modeling Training: Principles
and Applications, Praeger, New York, NY.

Denison, D., S. Hart and J. Kahan (1996), From Chimneys to Cross-Functional
Teams: Developing and Validating a Diagnostic Model, Academy of
Management Journal, 39, 1005-1023.

Deshpande, R. and J. U. Farley (1996), Understanding Market Orientation: A
Perceptively Designed Meta-Analysis of Three Market Orientation Scales,
Marketing Science Institute Working Paper, Marketing Science Institute,
Cambridge, MA, 96-125.

Deshpande, R. and F. E. Webster, Jr. (1993), Corporate Culture, Customer
Orientation, and Innovativeness in Japanese Firms: A Quadrad Analysis,
Journal of Marketing, 57, January, 23-27.

Dess, G. G. (1987), Consensus on Strategy Formulation and Organizational
Performance: Competitors in a Fragmented Industry, Strategic
Management Journal, 8, May/June, 259-277.

Dess, G. G. and N. K. Origer (1987), Environment, Structure, and Consensus in
Strategy Formulation: A Conceptual integration, Academy of Management
Review, 12, April, 313-330.

Devillis, R. F. (1991), Scale Development: Theory and Applications, Sage
Publications, Inc., Newbury Park, CA.

Dewey, J. (1916), Democracy and Education, MacMillan, Toronto, Ontario.

Dickson, P. R. (1992), Toward a General Theory of Competitive Rationality,
Journal of Marketing, 56, January, 69-83.

Dillion, W. R. and M. Goldstein (1984), Multivariate Analysis: Methods and
Applications, John Wiley and Sons, New York, NY.



212

Department of Defense (DoD) (1998), Integrated Product and Process
Development Handbook, Office of the Under Secretary of Defense
(Acquisition and Technology), August.

Dolan, R. (1993), Managing the New Product Development Process: Cases and
Notes, Prentice Hall.

Doli, W. J. and M. A. Vonderembse (1991), The Evolution of Manufacturing
Systems: Towards the Post-Industrial Enterprise, Omega: International
Journal of Management Science , 19(5), 401-411.

Dougherty, D. (1992), Interpretative Barriers to Successful Product Innovation in
Large Firms, Organizational Science, 3, 179-202.

Dougherty, D. (1990), Understanding New Markets for New Products, Strategic
Management Journal, 11, 59-78.

Dougherty, D. and T. Heller (1994), The lllegitimacy of Successful Product
Innovation in Established Firms, Organization Science, 5, 200-218.

Dougherty, D. and C. Hardy (1996), Sustained Product Innovation in Large,
Mature Organizations: Overcoming innovation-to-Organization Problems,
The Academy of Management Journal, 39(5), 1120-1153.

Doz, Y. L. (1996), The Evolution of Cooperation in Strategic Alliances: Initial
Conditions or Learning Processes?, Strategic Management Journal. 17,
Summer, 55-83.

Drucker, P. F. (1991), The New Productivity Challenge, Harvard Business
Review, 69, November-December, 69-76.

Drucker, P. F. (1998), The Discipline of Innovation, November-December,
Harvard Business Review, 149-157.

Duarte, D. and N. Snyder (1997), From Experience: Facilitating Global
Organizational Learning in Product Development at Whiripool Corporation,
Journal of Product Innovation Management, 14, 48-55.

Dutton, J. M. and A. Thomas (1984), Treating Progress Functions as a
Managerial Opportunity, Academy of Management Review, 9(2), 235-247.

Durvasula, S., J. C. Andrews, S. Lysonski and R. G. Netemeyer (1993),
Assessing the Cross-National Applicability of Consumer Behavior Models:
A Model of Attitude Toward Advertising in General, Journal of Consumer
Research, 19, March, 626-636.



213

Dyer, B., A. K. Gupta and D. Wilemon (1999), What First-to-Market Companies
Do Differently, Research Technology Management, March-Aprif, 15-21.

Dyer, J. H., D. S. Cho and W. Chu (1998), Strategic Supplier Segmentation: The
Next "Best Practice” in Supply Chain Management, California
Management Review, 40(2), 57-77.

Dwyer, L. and R. Mellor (1991), Organizational Environment, New Product
Process Activities and Project Outcomes, Journal of Product Innovation
Management, 8, March, 39-48.

Edgett, S., D. Shipley and G. Forbes (1992), Japanese and British Companies
Compared Contributing Factors to Success and Failure in NPD, Journal of
Product Innovation Management, 9(1), 3-10.

Edmondson, A. and B. Moingeon (1996), When to Learn How and When to
Learn Why: Appropriate Organizational Learning Process as a Source of
Competitive Advantage, in Moingeon, B and A. Edmondson, (eds.).
Organizational Leaming and Competitive Advantage, Sage Publications,
London, 17-37.

Eisenhardt, K. (1989), Making Fast Strategic Decisions in High-Velocity
Environments, Academy of Management Journal, 32, September, 543-
576.

Eisenhardt, K. and B. Tabrizi (1995), Accelerating Adaptive Processes: Product
innovation in the Global Computer Industry, Administrative Science
Quarterly, 40, 84-110.

Elangovan, A. R. and J. L. Xie (1999), Effects of Perceived Power of Supervisor
on Subordinates Stress and Motivation: The Moderating Role of
Subordinate Characteristics, Journal of Organizational Behavior, 20, 359-
373.

Englund, R. L. and R. J. Graham (1999), From Experience: Linking Projects to
Strategy, Journal of Product Innovation Management, 16, 52-64.

Espejo, R., W. Schuhmann, M. Schwaninger and B. Bilello (1996).
Organizational Transformation and Learning: A Cybernetic Approach to
Management, John Wiley and Sons.

Ettlie, J. E. (1995), Product-Process Development Integration in Manufacturing,
Management Science, 41(7), 1224-1237.

Ettlie, J. E. and E. Reza (1992), Organizational Integration and Process
Innovation, Academy of Management Journal, 35, 795-827.



214

Ettlie, J. E. and H. W. Stoll (1994), Managing the Design-Manufacturing Process,
McGraw Hill, Inc., New York, NY.

Evans, J. R. and W. L. Lindsay (1993), The Management and Control of Quality,
West Publishing Company, New York, NY.

Falcione, R. L., L. E. Sussman and R. P. Herden (1987), Communication Climate
in Organizations in Handbook of Organizational Communication: An
Interdisciplinary Perspective, in Jablin, F. M. et al., (eds.), Sage
Publications, Beverly Hills, CA.

Fiol, C. M. (1996), Squeezing Harder Doesn’t Always Work: Continuing the
Search For Consistency in Innovative Research, Academy of
Management Review, 21(4), 1012-1021.

Fiol, C. M. (1994), Consensus, Diversity, and Learning Organizations,
Organizational Science, 5, 403-420.

Fiol, C. M. and M. A. Lyles (1985), Organizational Learning, Academy of
Management Review, 10, 803-813.

Fisher, R. J., E. Maltz and B. J. Jaworski (1997), Enhancing Communication
Between Marketing and Engineering: The Moderating Role of Relative
Functional Identification, Journal of Marketing, 61, July, 54-70.

Fisher, M. L. (1997), What Is the Right Supply Chain for Your Product?, Harvard
Business Review, March-April, 105-116.

Flameholtz, E. D., T. K. Das and A. S. Tsui (1985), Toward an Integrative
Framework of Organizational Control, Accounting, Organizations Society,
10, 35-50.

Flynn, B. B., R. G. Schroeder and S. Sakakibara (1994), A Framework for Quality
Management Research and an Associated Measurement Instrument,
Journal of Operations Management, 11, 339-366.

Ford, R. C. and W. A. Randolph (1992), Cross-Functional Structures: A Review
and Integration of Matrix Organization and Project Management, Journal
of Management, 18(2), 267-294.

Fornell, C. and D. F. Larcker (1981), Evaluations Structural Equations Models
with Unobservable Variables and Measurement Error, Journal of
Marketing Research, 18, 39-50.



215

Frame, J. D. (1997), The New Product Management: Tools for an Age of Rapid
Change, Corporate Reengineering, and Other Business Realities, Jossey-
Bass Publishers, San Francisco.

Gale, B. (1994), Managing Customer Value, The Free Press, New York, NY.

Ganzach, Y. (1998), Intelligence and Job Satisfaction, Academy of Management
Journal, 41( 5), 526-539.

Garvin, D. A. (1993), Building a Leaming Organization, Harvard Business
Review, 71(4), July/August, 78-91.

Gatignon, H. and J. M. Xuereb (1997), Strategic Orientation of the Firm and New
Product Performance, Journal of Marketing Research, 34, February, 77-
90.

Gatignon, H. and T. S. Robertson (1991), Innovative Decision Process,
Handbook of Consumer Behavior, T. S. Robertson and H. H. Kassarijian,
(eds.), Prentice-Hall, Englewood Cliffs, NJ, 316-348.

Gatignon, H. and T. S. Robertson (1993), The Impact of Risk and Competition
on Choice of Innovations, Marketing Letters, 4, July, 191-204.

Gatignon, H., B. A. Weitz and P. Bansai (1990), Brand Introduction Strategies
and Competitive Environment, Journal of Marketing Research, 27,
November, 390-401.

Genhani, Ray (1995), Time-Based Management of Technology: A Taxonomic
Integration of Tactical and Strategic Roles, International Journal of
Operations and Production Management, 15(2), 19-35.

Gerbing, D. W. and J. C. Anderson (1988). An Updated Paradigm for Scale
Development Incorporating Unidimensionality and Assessment, Journal of
Marketing Research, 25, May, 186-192.

Gersick, C. G. (1988), Time and Transition in Work Teams: Toward a New Model
of Group Development, Academy of Management Journal, 31(1), 9-41.

Gersick, C. G. and J. R. Hackman (1988), Habitual Routines in Task-Performing
Groups, Organizational Behavior and Human Decision Processes, 47(1),
65-97.

Gerwin, D. (1993), Manufacturing Flexibility: A Strategic Perspective,
Management Science, 39(4), 395-410.



216

Ghiselli, E. E., J. P. Campbell and S. Zedeck (1981), Measurement Theory for
the Behavioral Sciences, W. H. Freeman, San Francisco.

Glynn, M. A. (1996), Innovative Genius: a Framework for Relating Individual and
Organizational Intelligence to Innovation, Academy of Management
Review, 21(4), 1081-1111.

Gluck, F. W. and R. N. Foster (1975), Managing Technological Change: A Box of
Cigars for Brad, Harvard Business Review, 53(5), 139-150.

Gold, B. (1987), Approaches to Accelerating Product and Process Development,
Journal of Product Innovation Management, 4, 81-88.

Goodman, P. S., R. Devadas and T. L. Hughson (1988), Groups and
Productivity: Analyzing the Effectiveness of Self-Managing Teams, in J. P.
Campbell, R. J. Campbell and Associates (eds.), Productivity in
Organizations, Jossey-Bass, San Francisco, CA, 295-327.

Goodman, P. S., M. Fichman, F. J. Lerch and P. R. Snyder (1995), Customer-
Firm Relationships, Involvement, and Customer Satisfaction, Academy of
Management Journal, 38(5), 1310-1324.

Ghoshal, S. and C. A. Bartlett (1994), Linking Organizational Context and
Managerial Action: The Dimensions of Quality of Management, Strategic
Management Journal, 15, 91-113.

Graham, R. J. and R. L. Englund (1997), Creating an Environment for Successful
Projects: The Quest to Manage Project Management, Jossey-Bass
Publishers, San Francisco, CA.

Grant, R. M. (1996), Prospering in Dynamically Competitive Environments:
Organizational Capability as Knowledge Integration, Organizational
Science, 7(4), July/August, 375-387.

Greenley, G. R. (1995), Market Orientation and Company Performance:
Empirical Evidence from UK Companies, British Journal of Management,
6, March, 1-13.

Griffin, A. and J. R. Hauser (1991), The Voice of the Customer, Working Paper,
Sloan School of Management.

Griffin, A. and J. Hauser (1992), Patterns of Communication Between Marketing,
Engineering and Manufacturing - A Comparison Between Two New
Product Teams, Management Science, 38(3), March, 360-373.



217

Griffin, A. (1993), Metrics for Measuring Product Development Cycle Time,
Joumnal of Product Innovation Management, 10, 112-125.

Grimm, L. G. and P. R. Yamold (1995), Reading and Understanding Multivariate
Statistics, American Psychological Association, Washington, D.C.

Gupta, A. K. and B. Klau (1992), Making Trade-offs in the New Product
Development Process: A German/US Comparison, The Journal of Product
Innovation Management, 9(1), March

Gupta, A. K. and V. Govindarajan (1991), Knowledge Flows and the Structure of
Control Within Multinational Corporations, Academy of Management
Review, 16(4), 768-792.

Gupta, A. K., S. P. Raj and D. L. Wilemon (1986), A Model for Studying R and D
Marketing Interface in the Product Development Process, Journal of
Marketing, 50, April, 7-17.

Gupta, A. K., and D. L. Wilemon, Accelerating the Development of Technology-
Based New Products, California Management Review, 22, 24-44.

Gustafson, K. (1994), New Development in Team Building, I/ndustrial and
Commercial Training, 26(9), 17-22.

Guzzo, R. A. and M. W. Dickson (1996), Teams in Organizations: Recent
Research on Performance and Effectiveness, Annual Review of
Psychology, 47, 307-338.

Ha, A. Y. and E. L. Porteus (1995), Optimal Timing of Reviews in Concurrent
Design for Manufacturability, Management Science, 41(9), Sept, 1431-
1447.

Hackman, J. R. and G. R. Oldman (1980), Work Redesign, Addison-Wesley
Reading, MA.

Hackman, J. R. (1986), The Psychology of Self-Management in Organizations,
in M. S. Pollack and R. O. Perloff (eds.), Psychology and Work:
Productivity, Change and Employment, American Psychological
Association, Washington, D. C., 85-136.

Haddad, Carol J. (1996), Operationalizing the Concept of Concurrent
Engineering: A Case Study from the U.S. Auto Industry, /EEE
Transactions on Engineering Management, 43(2), May, 124-32.



218

Hagedoorn, M., N. W. V. Yperen, E. V. D. Vliert and B. P. Buunk (1999),
Employees’ Reaction to Problematic Events: A Circumplex Structure of
Five Categories of Responses, and the Role of Job Satisfaction, Journal
of Organizational Behavior, 20, 309-321.

Hahn, C. K, C. A. Watts and K. Y. Kim (1990), The Supplier Development
Program: A Conceptual Model, Journal of Purchasing and Materials
Management, 26(2), 2-7.

Hair, J. F., R. E. Anderson, R. L. Tatham and W. C. Black (1995), Mutftivariate
Data Analysis, Fourth Edition, Prentice Hall, Englewood Cliffs, New
Jersey.

Hambrick, D. C. (1980), Operationalizing the Concept of Business-Level Strategy
in Research, Academy of Management Review, 5, 567-575.

Hamel, G. and C. K. Prahalad (1994), Competing for the Future, Harvard
Business School Press, Boston, MA.

Hammer, M. and J. Champy (1993), Reengineering the Corporation, Harper
Business, New York, NY.

Han, J. K., N. Kim and R. K. Srivastava (1998), Market Orientation and
Organizational Performance: Is innovation a Missing Link, Journal of
Marketing, 62, October, 30-45.

Handfield, R. B. and R. T. Pannesi (1995), An Empirical Study of Delivery Speed
and Reliability, International Journal of Operations and Production
Management, 12(6), 60-74.

Handfield, R. B. (1994), Effect of Concurrent Engineering on Make-To-Order
Products, /IEEE Transaction on Engineering Management, 41(4), 384-393.

Hartley, J. R. (1990), Concurrent Engineering: Shortening Lead Times, Raising
Quality and Lowering Costs, Productivity Press.

Hartley, Janet L. (1997), Managing the Buyer-Supplier Interface for On-Time
Performance in Product Development, Journal of Operations
Management, 15(1), 57-70.

Hauptman, O. and K. K. Hirju (1999), Managing Integration and Coordination in
Cross-Functional Teams: An International Study of Concurrent
Engineering Product Development, R and D Management, 29(2), April,
179-191.



219

Hauser, J. R., D. Simester and B. Wemnerfelt (1994), Customer Satisfaction
Incentives, Marketing Science, 13, Fall, 327-350.

Hayes, R. H. and K. B. Clark (1985), Exploring the Sources of Productivity
Differences at the Factory Level, Wiley, New York.

Hayes, R. H., S. C. Wheelwright and K. B. Clark (1988), Dynamic Manufacturing:
Creating the Leaming Organization, The Free Press, New York, NY.

Heany, D. F. (1989), Cutthroat Teammates: Achieving Effective Teamwork
Among Professionals, Dow-Jones-lrwin, Homewood, IL.

Henderson, R. (1004), The Evolution of Integrative Capability: Innovation in
Cardiovascular Drug Discovery, Industrial and Corporate Change, 3, 607-
630.

Henderson, R. and K. Clark (1990), Architectural Innovation: The Reconfiguration
of Existing Product Technologies and the Failure of Established Firms,
Administrative Science Quarterly, 35, 9-30.

Hendricks, K. B. and V. R. Singhal (1997), Delays in New Product Development
introductions and the Market Value of the Firm: The Consequence of
Being Late to the Market, Management Science, 43(4), April 422-436.

Herriot, S. R., D. Levinthal and J. G. March (1982), Learning from Experience in
Organization, American Economic Review, 75(2), 298-302.

Hirschhorn, L. (1981), The Post-Industrial Labor Process, New Political Science,
11-32.

Hirschhorn, L. (1991), Managing in the New Team Environment, Addison-
Wesley, Reading, MA.

Hirschhorn, L. (1984), Beyond Mechanization;, Work and Technology in a
Postindustrial Age, MIT Press, Cambridge, MA.

Hoerem, Throvald, Georg Von Krogh and Johan Roos (1996). Knowledge-
Based Strategic Change, edited by, Managing Knowledge: Perspectives
on Cooperation and Competition, Sage Publications, London, 116-136.

Holak, S. L. and D. R. Lehmann (1990), Purchase Intentions and the Dimensions
of Innovation: An Exploratory Model, Journal of Product Innovation
Management, 7(1), 59-73.

Hoopes, D. G. and S. Postrel (1999), Shared Knowledge, “Glitches”, and Product
Development Performance, Strategic Management Journal, 20, 837-865.



220

Houston, J. P. (1976), Fundamentals of Learning, Academic Press, New York,
NY.

Huber, G. P. (1991), Organizational Leaming: The Contributing Processes and
the Literatures, Organizational Science, 2, 88-115.

Huber G. P. (1996), Organizational Learning: A Guide for Executives in
Technology-Critical Organizations, International Journal of Technology
Management, 11(7, 8), 821-832.

Huber, G. P. (1984), The Nature and Design of Post-Industrial Organizations,
Management Science, 30(8), 928-951.

Hunt, S. D. and R. M. Morgan (1995), The Comparative Advantage Theory of
Competition, Journal of Marketing, 59, April, 1-15.

Hunt, V. D. (1993), Reengineering: Leveraging the Power of Integrated Product
Development, Omneo, Oliver Wright Publications, Inc.

Huseman, R. C. and J. P. Goodman (1999), Leading with Knowledge: The
Nature of Competition in the 21th Century, Sage Publications, London.

Hutchinson, E. and T. Klausen (1996), Distributed Cognition in an Airline Cockpit,
Cognition and Communication at Work, in Yrjo Engestrom and David
Middleton, (eds.), Cambridge, Cambridge, UK,15-34.

lansiti, M. and A. MacCormack (1997), Developing Products on Internet Time,
Harvard Business Review, September-October, 108-17.

lansiti, M. (1997), From Technological Potential to Product Performance: An
Empirical Analysis, Research Policy, 26, 345-365.

Imai, K., N. lkujiro and H. Takeuchi (1985), Managing the New Product
Development Process: How Japanese Companies Learn and Unlearn, in
R. H. Hayes, K. B. Clark and C. Lorenz (eds.), The Uneasy Alliance:
Managing the Productivity-Technology Dilemma, Harvard Business
School Press, Boston, MA, 337-375.

Inman, R. A. (1990), Quality Certification of Suppliers in JIT Manufacturing Firms,
Production and Inventory Management, 31(2), 18-61.

ittner, C. D. and J. P. Macduffie (1995), Explaining Plant-Level Differences in
Manufacturing Overhead: Structural and Executional Cost Drivers in the
World Auto Industry, Production and Operation Management, 4(4), 312-
334.



221

ittner, C. D. and D. F. Larcker (1997), Product Development Cycle Time and
Organizational Performance, Journal of Marketing Research, 34,
February, 13-23.

lzuchukwu, J. I. (1996), Process and Technology Perspective on Integrated
Product Development, Joumal of Manufacturing Science and
Engineering, 118, August, 455-457.

Jaikumar, R. (1086), Postindustrial Manufacturing, Harvard Business Review,
November/December, 69-76.

Janis, |. L. (1082), Groupthink, Houghton Mifflin, Boston.

Jarke, M. (1986), Knowledge Sharing and Negotiation Support in Muitiperson
Decision Support Systems, Decision Support Systems, 2(1), March, 93-
102.

Jassawalla, A. R. and H. C. Sashittal (1999), Building Collaborative Cross-
Functional New Product Teams, Academy of Management Executives,
13(3).

Jaworski, B. J. and A. K. Kohli (1993), Market Orientation: Antecedents and
Consequences, Journal of Marketing, 57, July, 53-70.

Johannessen, J. A., B. Olsen and J. Olaisen (1999), Aspects of innovation
Theory Based on Knowledge Management, Intemational Journal of
Information Management, 19, 121-139.

Johne, F. A. and P. A. Sneison (1989), Product Development Approaches in
Established Firms, Industrial Marketing Management, 18(2), 13-124.

Johnson-Laird, P. N. (1983), Mental Models, Cambridge University Press,
Cambridge, UK.

Joreskog, K. G. and D. Sorbom (1986), LISREL Analysis of Linear Structural
Relationships by Method of Maximum Likelihood, Scientific Software, Inc..
Chicago, IL.

Joreskog, K. G. and D. Sorbom (1989), LISREL 7: A Guide to the Program and
Applications, 2" Edition, SPSS, Inc., Chicago, IL.

Kaiser, H. F. (1970), A Second-Generation Little Jiffy, Pshchometrika, 35, 401-
415.

Kaiser, H. F. (1974), Little Jiffy, Mark |V, Educational and Psychology
Measurement, 34, 111-117.



222

Kalyanaram, G. and V. Krishnan (1997), Deliberate Product Definition:
Customizing the Product Definition Process, Journal of Marketing
Research, 34(2), May, 276-285.

Kamath, R. R. and J. K. Liker (1994), A Second Look at Japanese Product
Development, Harvard Business Review, 72, November-December, 154-
173.

Kanter, R. M. (1994), Collaborative Advantage: the Art of Alliances, Harvard
Business Review, 72(4), 96-108.

Karlsson, C. and P. Ahistrom (1999), Technological Level and Product
Development Time, Journal of Product Innovation Management, 16, 352-
362.

Karasek, R. (1979), Job Demands, Job Decision Latitude, and Mental Strain:
Implications for Job Redesign, Administrative Science Quarterly, 2, 215-
308.

Kasul, R. A. and J. G. Motwani (1995), Performance Measurements In World-
Class Operations--A Strategic Model, Benchmarking for Quality
Management and Technology, 2(2), 20-36.

Kessler, E. H. and A. K. Chakrabarti (1996), innovation Speed: A Conceptual
Model Of Context, Antecedents, and Outcomes, Academy of Management
Review, 21(4), 1143-1191.

Kezsbom, Deborah S. (1994), Team-Based Organizations and the Changing
Role of the Project Manager, American Association of Cost Engineers
Transactions, HF1.1 - HF 1.5.

Khurana, A. and S. Rosenthal (1997), Integrating the Fuzzy Front End of New
Product Development, Sloan Management Review, Winter, 103-120.

Khurana, A. and S. Rosenthal (1998), Towards Holistic “Front Ends” In New
Product Development, Journal of Product Innovation Management, 15,
57-74.

Killing, J. P. (1988), Understanding Alliances: The Role of Task and
Organizational Complexity, in Contractor, F. J. and P. Lorange (eds.),
Cooperative Strategies in International Business, Lexington Books,
Lexington, MA, 55-68.

Kimble, G. A. (1967), Foundations of Conditioning and Learning, Appleton, New
York, NY.



223

Kim, W. C. and R. Mauborgne (1997), Value Innovation: The Strategic Logic of
High Growth, Harvard Business Review, January-February, 89-104.

Kim, D. (1993), The Link Between Individual and Organizational Learning, Sloan
Management Review, Fall, 37-50.

King, M. G. (1996), Tool Vehicle Development with DFM, Mechanical
Engineering, 118, May, 72-74.

Kirsch, L. J. (1996), The Management Of Compiex Tasks in Organizations:
Controlling the Systems Development Process, Organizational Science, 7,
1-21.

Kleischmidt, E. J. (1994), A Comparative Analysis of New Product Programmers:
European Versus North  American Companies, European Journal of
Marketing, 28(7), 5-29.

Klimoski, R. and S. Mohammed (1994), Team Mental Model: Construct or
Metaphor?, Journal of Management, 20(2), 403-437.

Kloppenborg, T. and S. J. Mantel, Jr. (1990), Tradeoffs on Projects: They May
Not Be What You Think, Project Management Journal, 21(1), March, 13-
20.

Koen, P. A. and P. Kohli (1998), Idea Generation: Who Has the Most Profitable
Ideas, Engineering Management Journal, 10(4), December, 35-40.

Kogut, B. and U. Zander (1992), Knowledge of the Firm, Combinative
Capabilities, and the Replication of Technology, Organization Science, 3,
383-397.

Kohli, A. K. and B. J. Jaworski (1990), Market Orientation: The Construct,
Research Hypothesis, and Managerial Implications, Journal of Marketing.
54, April, 1-18.

Kohli, A. K. and A. Kumar (1993), MARKOR: A Measure of Market Orientation,
Journal of Marketing Research, 30, November, 467-477.

Kolb, D. (1984), Experiential Learning: Experience as the Source of Learning and
Development. Prentice-Hall, Englewood Cliffs, NJ.

Kotler, P. (1999), Principles of Marketing, Prentice-Hall, Englewood Cliffs, NJ.
Koufteros, X. (1996), Time-Based Competition: Developing a Nomological

Network of Constructs and Instrument Development, Unpublished Ph.D.
Dissertation, Toledo, OH, The University of Toledo.



224

Koufteros, X., M. A. Vonderembse and W. J. Doll (1998), Developing Measures
of Time-Based Manufacturing, Journal of Operations Management, 16,
21-41.

Koufteros, X. (1999), Testing a Model of Puii Production: a Paradigm for
Manufacturing Research Using Structural Equation Modeling, Journal of
Operations Management, 17, 467-488.

Krogh, G. and Johan Roos (1996), Managing Knowledge: Perspectives on
Cooperation and Competition, Sage Publication.

Kuczmanski, T. D. (1988), Managing New Products, Prentice Hall, Englewood
Cliffs, NJ.

Kumar, N., L. W. Stem and J. G. Anderson (1994), Conducting
Interorganizational Research Using Key Informants, Academy of
Management Journal, 36(6), 1633-1651.

Kumpe, T. and P. T. Boldwijn (1994), Toward the Innovative Firm—Challenge for
R and D Management, Research Technology Management, January-
February, 38-44.

Lambert, D. M. and M. C. Cooper (2000), Issues in Supply Chain Management,
Industrial Marketing Management, 29, 65-83.

Lant, T. K. and D. B. Montgomery (1987), Learning from Strategic Success and
Failure, Journal of Business Research, 15, 503-518.

Latham, G. P., R. R. Mitchell and D. L. Dossert (1978), Importance of
Participative Goal Setting and Anticipated Rewards on Goal Difficulty and
Job Performance, Journal of Applied Psychology, 63, 163-171.

Latham, G. P. and G. A. Yukl (1975), A Review of Research on the Application of
Goal Setting in Organizations, Academy of Management Journal, 18,
824-845.

Lawrence, P. R. and L. W. Lorsch (1986), Organization and Environment:
Differentiation and Integration, Harvard University Press, Boston, MA.

Leonard-Barton, D. (1992), Core Capabilities and Core Rigidities: A Paradox in
Managing New Product Development, Strategic Management Journal, 13,
111-125.

Leonard-Barton, D. (1992), The Factory as a Learning Laboratory, Sloan
Management Review, 34(1), 23-38.



225

Leonard-Barton, D. (1993), Developer-User Interaction and User Satisfaction in
Internal Technology Transfer, Academy of Management Journal, 36,
1125-1139.

Leonard-Barton, D. (1995), Wellspring of Knowledge: Building and Sustaining the
Sources of Innovation, Harvard Business School Press, Boston, MA.

Leonard-Barton, D.,, H. K. Bowen, K. B. Clark. C. A. Holloway and S. C.
Wheelwright (1994), How to Integrate Work and Deepen Expertise,
Harvard Business Review, 72(5), September-October.

Leonard, R. K. (1998), Integrated Product Development—The Transformation,
SAE in Manufacturing, Society of Automotive Engineers, Inc.

Levianthal, D. A. and J. G. March (1993), The Myopia of Learning, Strategic
Management Journal, 14, 95-112.

Levitt, B. and J. G. March (1988), Organizational Learning, Annual Review of
Sociology, 14, 319-340.

Li, T. and R. J. Calantone (1998), The Impact of Market Knowledge Competence
on New Product Advantage: Conceptualization and Empirical
Examination, Journal of Marketing, 62, October, 13-29.

Lieberman, M. B. and D. B. Montgomery (1988), First Move Advantages,
Strategic Management Journal, 9, 41-58.

Liberatore, M. and A. Stylianou (1995), Expert Support Systems for New Product
Development Decision Making: A Modeling Framework and
Applications.,Management Science, 41, 1296-1315.

Lilien, Gary L. (1989), Determining of New Industrial Product Performance: A
Strategic Reexamination of the Empirical Literature, IEEE
Transactions on Engineering Management, 36(1), February, 3-10.

Lilien, G. and A. Rangaswamy (1999), New Product and Brand Management:
Marketing Engineering Applications, 1/e., Prentice Hall.

Loch, C. and C. Terwiesch (1999), Product Development and Concurrent
Engineering, Working Paper.

Locke, E. (1976), The Nature and Causes of Job Satisfaction, in Dunnette, M.
(eds.), Handbook of Industrial and Organizational Psychology, Rand
McNally, Chicago, 1297-1349.



226

Locke, E. A. and G. P. Latham (1990), A Theory of Goal Setting and Task
Performance, Englewood Cliffs, Prentice Hall, NJ.

Locke, E. A., K. N. Shaw, L. M. Saari and G. P. Latham (1981), Goal Setting and
Task Performance: 1969-1980, Psychological Bulletin, 90, 125-151.

Lyles, M. A. and C. R. Schwenk (1992), Top Management, Strategy. and
Organizational Knowledge Structures, Joumal of Management Studies,
29(2), 155-74.

Lynn, G. S. (1998), New Product Team Learning: Developing and Profiting from
Your Knowledge Capital, California Management Review, 40(4), Summer,
74-93.

Maas, R. A. (1988), Supplier Certification—-A Positive Response to Just-in-Time,
Quality Progress, 21(9), September, 75-80.

MacCrimmon, K. and C. Wagner (1994), Stimulating ideas Through Creativity
Software, Management Science, 40, 1514-1532.

Malone, T. W. (1997), Is Empowerment Just a Fad? Control, Decision Making,
and IT, Sloan Management Review, Winter, 23-35.

Mabert, V. A., J. F. Muth and R. W. Schmenner (1992), Collapsing New Product
Development Times: Six Case Studies, Journal of Product Innovation
Management, 9(3), September, 200-212.

Madhavan, R. and R. Grover (1998), From Embedded Knowiedge to Embodied
Knowledge: New Product Development as Knowledge Management.
Journal of Marketing, October, 62, 1-12.

Madique, M. and R. Hayes (1984), The Art of High-Technology Management,
Sloan Mangement Review, 25(2), Winter.

Magrab, E. B. (1997), Integrated Product and Process Design and Development:
The Product Realization Process, Energy Engineering Series, John Wiley
and Sons.

March, J. G. and J. P. Olsen (1975), The Uncertainty of the Past: Organizational
Learning Under Ambiguity, European Journal of Policy Review, 3(2), 147-
171.

March, J. G. (1991), Exploration and Exploitation in Organizational Learning,
Organization Science, 2(1), 71-87.



227

Marquardt, M. and A. Reynolds (1996), Global Learning Organization: Gaining
Competitive Advantage Through Continuous Learning, Irwin, Burr Ridge,
iL.

Marsch, H. W. and D. Hocevar (1985), D. Application of Confirmatory Factor
Analysis of the Study of Self-Concept: First and Higher Order Factor
Models and Their Invariance Across Groups, Psychological Bulletin, S7(3),
562-582.

Marsch, H. W. and D. Hocevar (1991), Students’ Evaluation of Teaching
Effectiveness: The Stability of Mean Ratings of the Same Teachers Over a
13-Year Period, Teaching and Teacher Education, 7(4), 303-314.

Matusik, S. F. and C. W. Hill (1998), The Utilization of Contingent Work,
Knowledge Creation and Competitive Advantage, Academy of
Management Review, 23(4), 680-697.

Marucheck, A. S. and M. K. McClelland (1986), Strategic Issues In Make-
to-Order Manufacturing, Production and Inventory Management, Second
Quarter, 83-95.

McCoby, M. (1999), Building Cross-Functional Capability: What it Really Takes,
Research Technology Management, /Industrial Research Institute, 56-38.

McComb, S. A., S. G. Green and W. D. Compton (1999), Project Goals, Team
Performance. and Shared Understanding, Engineering Management
Journal, 11(3), September 7-12.

McDermott, R. (1999), Why Information Technology Inspired But Cannot Deliver
Knowledge Management, California Management Review, 41(4),
Summer, 103-117.

McDonough, E. F. (1993), Faster New Product Development: Investigating the
Effects of Technology and Characteristics of the Project Leader and
Team, Journal of Product Innovation Management, 10, 24 1-250.

McDonough, E. F., and F. C. Spital (1984), Quick Response New Product
Development, Harvard Business Review, September-October, 52-58.

McDuffle, J. P. and S. Helper (1998), Creating Lean Suppliers: Diffusing Lean
Production Through the Supply Chain, California Management Review,
40(2), Winter, 78-97.

McGill, M. E., J. W. Slocum and D. Lei (1994), Management Practices in
Learning Organizations, Organizational Dynamics, 21(1), 5-17.



228

McGinnis, M. A. (1999), Purchasing and Supplier Involvement: Issues and
Insights Regarding New Product Success, The Journal of Supply Chain
Management, Summer, 4-15.

McGrath, M. E., M. T. Anthony and A. R. Shapiro (1992), Product Development
Success Through Product and Cycle Time Excellence, Butterworth
Hienemann, Boston.

McGrath, M. E. (1995), Product Strategy for High-Technology Companies, Irwin,
Burr Ridge, lllinois.

McKee, D. (1992), An Organizational Learning Approach to Product Innovation,
Journal of Product Innovation Management, S, 232-245.

McNair, C. |. and K. Leibfried (1992), Benchmarking: A Tool for Continuous
Improvement, Omneo, Essex Junction, Texas.

McNamara, P. and C. Baden-Fuller (1999), Lessons from the CellTech Case:
Balancing Knowledge Exploration and Exploitation in Organizational
Renewal, British Journal of Management, 10(4), December, 291-307.

McKenna, R. (1991), Marketing Is Everything, Harvard Business Review, 69(1),
65-79.

Mento, A. J., R. P. Steel and R. J. Karren (1987), A Meta-Analytic Study of the
Effects of Goal Setting on Task Performance: 1966-1984, Organizational
Behavior and Human Decision Processes, 39, 52-83.

Methe, D. T.., R. Toyama and J. Miyabe (1997), Product Development Strategy
and Organizational Learning: A Tale of Two PC Makers, Journal of
Product Innovation Management, 14, 323-336.

Meyer, M. H. and R. Seliger (1998), Product Platforms in Software Development,
Sloan Management Review, Fall, 61-74.

Meyers, P. W. and G. Athaide (1991), Strategic Mutual Learning Between
Producing and Buying Firms During Product Innovation, Journal of
Product Innovation Management, 8, 155-169.

Meyers, P. W. and D. Wilemon (1989), Learning in New Product Development
Teams, Journal of Product Innovation and Management, 79-88.

Millenson, J. R. and J. C. Leslie (1979), Principles of Behavioral Analysis,
Macmillan, New York, NY.



229

Milligan, B. (1999), Manufacturing Costs: American Auto Makers Close the Gap,
Purchasing, 127( 2), August, 121-123.

Moder, J. J., C. R. Phillips and E. W. Davis (1983), Project Management with
CPM, PERT and Precedence Diagramming, Van Nostrand Reinhold, New
York.

Moffat, L. K. (1998), Tools and Teams: Competing Models of Integrated Product
Development Project Performance, Journal of Engineering Technology
Management, 15, 55-85.

Moingeon, B and A. Edmondson (1996), Organizational Learning and
Competitive Advantage, Sage Publications, London, 17-37.

Montaya-Weiss, M. M. and R. Calantone (1994), Determinants of New Product
Performance: A Review and Meta-Analysis, Joumal of Product
Innovation Management, 11, 397-417.

Moorman, C. and A. S. Miner (1997), The Impact of Organizational Memory on
New Product Performance and Creativity, Journal of Marketing Research,
34, February, 91-106.

Murmann, P. A. (1994), Expected Development Time Reductions in the German
Mechanical Engineering Industry, Journal of Product Innovation
Management, 11, September, 136-152.

Murray, A. A., R. A. Zimmermann and D. J. Flaherty (1997), Can Benchmarking
Give You a Competitive Edge? Management Accounting, August, 46-50.

Myers, S. and D. G. Marquis (1969), Successful Industrial Innovations. National
Science Foundation, NSF, Washington DC, 69-17.

Naumann, E. and K. Giel (1995), Customer Satisfaction Measurement and
Management: A Practitioner's Guide, Thomson Executive Press,
Cincinnati, OH.

Narver, J. C. and S. F. Slater (1990), The Effect of a Market Orientation on
Business Profitability, Journal of Marketing, 54, October, 20-35.

Nelson, R. R. and S. G. Winter (1977), In Search of a Useful Theory of
Innovation, Research Policy, 6, 36-76.

Nevis D., D. Edwin, J. Anthony and J. M. Gould (1995), Understanding
Organizations as Learning Systems, Sloan Management Review, 36(2),
73-85.



230

Nicholson, N. (1984), A Theory of Work Role Transitions, Administrative Science
Quarterly, 29(2), June, 172-191.

Norusis, M. J. (1999), SPSS 9.0 Guide to Data Analysis, Prentice Hall, Upper
Saddle River, NJ.

Nutt, P. C. (1986), Tactics of Implementation, Academy of Management Journal,
29, 230-261.

Nonaka, |. (1994), A Dynamic Theory Of Organizational Knowledge Creation,
Organizational Science, 5, 14-37.

Nonaka, |. and H. Takeuchi (1995), The Knowledge-Creating Company, Oxford
University Press, New York, NY.

Norrgren, F. and J. Schaller (1999), Leadership Style: its Impact on Cross-
Fucntional Product Development, The Journal of Product Innvoation
Management, 16(4), July.

Numata, J. and T. Toshiharu (1996), A Case Study: A Network System for
Knowledge Amplification in the Product Development Process, /EEE
Transactions on Engineering Management, 43(4), November, 356-367.

Nunnally, J. C. (1978), Psychometric Theory, McGraw-Hill Book Company, New
York.

Nunnally, J. C. (1995), Psychometric Theory, 3" Edition, McGraw-Hill Book
Company, New York.

Ong. N. S. (1995), Manufacturing Cost Estimation for PCB Assembly: An Activity-
Based Approach, International Journal of Production Economics, 38(2),
March, 159-172.

Orton, J. D. and K. E. Weick (1990), Loosely Coupled Systems: A
Reconceptualization, Academy of Management Review. 15, 203-223.

Owen, J. V. (1995), Benchmarking World-Class Manufacturing, Manufacturing
Engineering, 108(3), 25-32.

Olivera, F. and L. Argote (1999), Organizational Learning and New Product
Development: Core Processes, in Thompson, L. L., J. M. Levine and D. M.
Messick, Shared Cognition in Organizations: The Management of
Knowledge, Lawrence Erlbaum Associates, Publishers, Mahwah, NJ, 297-
325.



231

O'Reilly, C. A. and J. Chatman (1996), Culture as Social Controi: Corporations,
Cults and Commitment, Research in Organizational Behavior, 18, JAI
Press, Ltd., Greenwich, CT.

Paashuis, V. (1998), The Organization of Integrated Product Development,
Springer-Verlag London Limited.

Page, A. L. (1993), Assessing New Product Development Practices and
Performance: Establishing Crucial Norms, Journal of Product Innovation
Management, 10, 273-290.

Parker, G. M. (1994), Cross-Functional Teams: Working with Allies, Enemies,
and Other Strangers, Jossey-Bass, San Francisco, CA.

Parsons, A. J. (1991), Building Innovativeness in Large U.S. Corporations, The
Journal of Services Marketing, 5, (Fall), 5-20.

Patterson, M. (1993), Accelerating Innovation-Improving the Process of Product
Development, Van Nostrand Reinhold.

Pawar, K. S. and J. C. Riedel (1994), Achieving Integration Through Managing
Concurrent Engineering, International Journal of Production Economics,
34, 329-345.

Pennings, J. M., H. Barkema and S. Douma (1994), Organizational Learning and
Diversification, Academy of Management Journal, 37(3), 608-640.

Peter, J. P. (1979), Reliability: A Review of Psychometric Basics and Recent
Marketing Practices, Journal of Marketing Research, 16, February, 6-17.

Peter, J. P. (1981), Construct Validity: A Review of Basic Issues and Marketing
Practices, Journal of Marketing Research, 18, May, 133-145.

Pfeffer, J. (1998), Seven Practices of Successful Organizations, California
Management Review, 40(2), 96-123.

Phillips, S., Jr. (1996), Project Management Duration/Resource Tradeoff
Analysis: An Application of the Cut Search Approach, The Journal of the
Operational Research Society, 47, May, 697-701.

Pine, B. J., Il and J. H. Gilmore (1999), The Experience Economy, Harvard
Business School.

Pinto, M. B., J. K. Pinto and J.E. Prescott (1993), Antecedents and
Consequences of Project Team Cross-Functional Cooperation,
Management Science, 39(10),1281-1297.



232

Pisano, G. P. (1994), Knowiedge, Integration, and the Locus of Learning: An
Empirical Analysis of Process Development, Strategic Management
Journal, 15, 85-100.

Poole, M. S., and A. H. Van de Ven (1989), Toward a General Theory of
Innovation Processes, in A. H. Van de Ven, H. L. Angle and M. S. Poole
(eds.), Research on the Management of Innovation: The Minnesota
Studies, 637-662, Harper and Row, New York:.

Porter, M. E. (1985), Competitive Advantage, The Free Press, New York, NY.

Porter, M. E. (1990), The Competitive Advantage of Nations. Harvard Business
Review, 68, March/April, 73-93.

Porter, M. E. (1998), On Competition. A Harvard Business Review Book.

Prabuddha, De, E. J. Dunne, J. B. Ghosh and C. E. Wells (1997), Complexity of
the Discrete Time-Cost Tradeoff Problem for Project Networks,
Operational Research, 45(2), March/April, 302-306.

Prahalad, C. K. and G. Hamel (1990), The Core Competence of the Corporation,
Harvard Business Review, 68(3), 79-91.

Prasad, B. (1996), Concurrent Engineering Fundamentals: Integrating Product
Development, Prentice Hall International Series in Industrial and Systems
Engineering, 2.

Price, L. L., E. J. Arnould and P. Tierney (1995), Going to Extremes: Managing
Service Encounters and Assessing Provider Performance, Journal of
Marketing, 59, April, 83-97.

Prytz, K. (1995), Modeling in Manufacturing Enterprises in Performance
Management: A Business Process Benchmarking Approach, edited by
Rolstadas A., Chapman and Hall, 137-168.

Quinn, J. B., P. Anderson and S. Finkelstein (1996), Leveraging intellect,
Academy of Management Executive, 10(3), 7-27.

Ragatz, G. L., R. B. Handfield and T. V. Scannell (1997), Success Factors for
Integrating Suppliers into New Product Development, Journal of Product
Innovation Management, 14, 190-202.

Redmond, M. R., M. D. Mumford and R. Teach (1993), Putting Creativity to
Work: Effects of Leaders Behavior on Subordinate Creativity,
Organizational Behavior and Human Decisions Process, 55, 120-151.



233

Rizzo, J. R., R. J. House and S. |. Lirzman (1970), Role Conflict and Ambiguity in
Complex Organizations, Administrative Science Quarterly, 2, 150-163.

Robie, C., A. M. Ryan, R. Schmieder, L. F. Parra and P. C. Smith (1998), The
Relation Between Job Level and Job Satisfaction, Group and Organization
Management, 23(4), December, 470-495.

Robinson, D. R. (1975), A Dynamic Programming Solution to Cost-Time Tradeoff
for CPM, Management Science, 22, 158-166.

Romano, C. (1990), Identifying Factors Which Influence Product Innovation: A
Case Study Approach, Journal of Management Studies, 27, 75-95.

Rosenau, Milton D., Jr. (1989), Schedule Emphasis of New Product
Development Personnel, Journal of Product Innovation Management, 6(4),
December, 282-288.

Rosenthal, S. R. (1992), Effective Product Design and Development, Business
One Irwin, Homewood, IL.

Rosenthal, S. R. and M. Tatikonda (1992), Competitive Advantage Through
Design Tools and Practices. Integrating Design for Manufacturing for
Competitive Advantage, Oxford University Press, NY, NY, 15-35.

Rosenthal, S. R. and M. Tatikonda (1993), Time Management Iin New Product
Development: Case Study Findings, Engineering Management Review,
21(3), 13-20.

Rumelt, R. P., D. Schendel and D. J. Teece (1991), Strategic Management and
Economics, Strategic Management Journal, 12, 5-29.

Sanchez, R. (1995), Strategic Flexibility in Product Competition, Strategic
Management Journal, 16, 135-159.

Sarbin, T. R. and V. L. Alien (1968), Role Theory, in G. Lindzey and A. Aronson,
(eds.), Handbook of Social Psychology. Addison-Wesley, Reading, MA,
488-567.

Schein, E. H. (1996), Three Cultures of Management: The Key to Organizational
Learning, Sloan Management Review, Fall, 9-20.

Schein, E. H. (1985), Organizational Culture and Leadership, Jossey-Bass, San
Francisco, CA.



234

Schoonhoven, C., K. Eisenhardt and K. Lyman (1990), Speeding Products to
Market: Waiting Time to First Product Introduction in New Firms,
Administrative Science Quarterly, 35, 177-207.

Scott, S. G. and R. A. Bruce (1994), Determinants of Innovative Behavior: A Path
Model of Individual Innovation in the Workplace, Academy of
Management Journal, 37, 580-607.

Seely-Brown, I. and P. Duguid (1991), Organizational Learning and Communities
Of Practice: Toward a Unified View of Working, Learning and Innovation,
Organization Science, 2, 40-57.

Seidler, J. (1974), On Using Informants: A Technique for Collecting Quantitative
Data and Controlling for Measurement Errors in Organizational Analysis,
American Sociological Review, 39, 816-31.

Senge, P. M. (1990), The Fifth Discipline: The Art and Practice of the Learning
Organization, Doubleday Currency, New York, NY.

Senker, J. (1995), Tacit Knowledge and Models of Innovation, Industrial and
Corporate Change, 4, 425-447.

Shan, V., G. Walker and B. Kogut (1992), Interfirm Cooperation and Startup
Innovation in the Biotechnology Projects: An information Uncertainty
Model, Journal of Management Studies, 29, 485-512.

Shrivastava, P. (1983), A Typology of Organizational Learning Systems, Journal
of Management Studies, 20(1), 7-28.

Sicotte, H. and A. Langley (2000), Integration Mechanisms and R and D Project
Performance, Journal of Engineering Technology Management, 17, 1-37.

Simonin, B. L. (1997), “The Importance of Collaborative Know-How: An Empirical
Test of the Learning Organization”, Academy of Management Journal,
40(5), 1150-1174.

Singh, N., S. Ding, Jagirdar and E. A. Basil (1997), A Knowledge Engineering
Framework for Rapid Design, Computers Industrial Engineering, 33(1-2),
345-348.

Sinkula, J. M. (1994), Market Information Processing and Organizational
Learning, Journal of Marketing, 58, January, 35-45.

Slade, B. N. (1993), Compressing the Product Development Cycle: From
Research to Marketplace, American Management Association.



235

Slater, S. F. and J. C. Narver (1994), Does Competitive Environment Moderate
the Market-Orientation-Performance Relationship?, Journal of Marketing,
58, January, 46-57.

Slater, S. F. and J. C. Narver (1994), Market Orientation, Customer, Value, and
Superior Performance, Business Horizons, 37, March/April, 22-28.

Slater, S. F. and J. C. Narver (1995), Market Orientation and the Learning
Organization, Journal of Marketing, 59(3), 63-74.

Slater, S. F. and J. C. Narver (1998), Customer-Led and Market-Oriented: Let's
Not Confuse the Two, Strategic Management Journal, 19, 1001-1006.

Slater, S. F., and J. C. Narver (1999), Market-Oriented is More Than Being
Customer-Led, Strategic Management Journal, 20, 1165-1168.

Slater, S. F., and J. C. Narver (2000), intelligence Generation and Superior
Customer Value, Journal of the Academy of Marketing Science, 28(1),
120-127.

Smith, P. G., and D. G. Reinertsen (1991), Developing Products in Half the Time.
Van Nostrand Reinhold, New York, NY.

Sobek, D. K., Il (1997), Principles that Shape Product Development Systems: A
Toyota-Chrysler Comparison, Unpublished Doctoral Dissertation, The
University of Michigan.

Sobek, D. K., II, J. K. Liker and A. C. Ward (1998), Another Look at How Toyota
integrates Product Development, Harvard Business Review, July-August,
36-49.

Sobek, D. K., Il, A. C. Ward and J. K. Liker (1999), Toyota's Principles of Set
Based Concurrent Engineering, Sloan Management Review, Winter, 67-
83.

Soderberg, L. G. (1989), Facing Up to the Engineering Gap, The McKinsey
Quarterly, Spring, 2-18.

Song, X. M. and M. E. Parry (1992), The R & D Marketing Interface in Japanese
High-Technology Firms, Journal of Product Innovation Management, 9(2),
91-112.

Song, X. M. and M. E. Parry (1993), R & D Marketing Interface in Japanese
High-Technology Firms: Hypotheses and Empirical Evidence, Academy of
Marketing Science, 21(2), 125-133.



236

Song, X. M. and M. E. Parry (1996), What Separates Japanese New Product
Winners from Losers, Journal of Product Innovation Management, 3(5),
422-439.

Song, X. M., M. M. Montaya-Weiss and J. B. Schmidt (1997), Antecedents and
Consequences of Cross-Functional Cooperation: A Comparison of R and
D, Manufacturing, and Marketing Perspectives, Journal of Product
Innovation Management, 14, 35-47.

Soulder, W. and R. Moenhart (1992), Integrating Marketing and R and D Project
Personnel Within Innovation Projects: An Information Uncertainty Model,
Journal of Management Studies, 29, 485-512.

Spector, P. E. (1997), Job Satisfaction: Application, Assessment, Causes, and
Consequences, Sage Publications, Thousand Oaks, CA.

Spendolini, M. (1992), The Benchmarking Book, American Management
Association, AMACOM, New York, NY.

Spreitzer, G. M. (1996), Social Structural Characteristics of Psychological
Empowerment, Academy of Management Journal, 39(2), 483-504.

Spreitzer, G. M., A. C. De Janasz and R. E. Quinn (1999), Empowered to Lead:
the Role of Psychological Empowerment in Leadership, Journal of
Organizational Behavior, 20, 511-526.

Stalk, G., Jr. and T. M. Hout (1990), Competing Against Time, The Free Press,
New York, NY.

Stalk, G. and A. W. Webber (1993), Japan's Dark Side of Time, Harvard
Business Review, 71(4), 93-102.

Starbuck, V. H. (1976), Organizations and Their Environments, Handbook of
Industrial and Organizational Psychology, M. D. Dunnette, (eds.), Rand
McNally, New York, NY, 1069-1123.

Starbuck, V. H. (1992), Learning by Knowledge-Intensive Firms, Journal of
Management Studies, 29, November, 713-740.

Stata, R. (1989), Organizational Learning: The Key To Management Innovation,
Sloan Management Review, 30(3), 63-74.

Stevens, J. (1986), Applied Multivariate Statistics for the Social
Science Lawrence Erilbaum Associates, Publishers, Hillsdale, NJ.



237

Stewart, T. A. (1997), Intellectual Capital: The Wealth of Nations.
Doubleday/Currency, New York, NY.

Stohl, C. (1986), The Role of Memorable Messages in the Process of
Organizational Socialization, Communication Quarterly, 34, 231-249.

Straub, D. W. (1989), Validating Instruments in MIS Research, MIS Quarterly,
13(2), June, 147-169.

Susman, G. |. and J. W. Dean, Jr. (1992), Development of a Model for Predicting
Design for Manufacturability Effectiveness, Integrating Design and
Manufacturing for Competitive Advantage, Susman, G. I., (eds.), Oxford
University Press, New York, NY, 207-227.

Sutton, R. I. and A. Hagardon, Brainstorming Groups in Context; Effectiveness in
a Product Design Firm, Administrative Science Quarterly, 41, 685-718.

Swanson, E. (1994), Information Systems Innovation Among Organizations,
Management Science, 40, 1069-1092.

Swink, M. (1999), Threats to New Product Manufacturability and the Effects of
Development Team Integration Processes, Joumal of Operations
Mangement, 17(6).

Szulanski, G. (1995), Appropriating Rents from Existing Knowledge: Intra-Firm
Transfer of Best Practice, Doctoral Dissertation, INSEAD, Fontainebleau,
France.

Takeuchi, H. and |. Nonaka (1986), The New Product Development Game,
Harvard Business Review, 64(1), January/February,137-146.

Tatikonda, M. V. (1994), Design for Assembly: A Critical Methodology for Product
Reengineering and New Product Development, Production  and
|nventory Management Journal, 35(1), 31-38.

Taylor, F. W. (1911), The Principles of Scientific Management, W. W. Norton,
New York, NY.

Terwiesch, C. and C. H. Loch (1999), Measuring the Effectiveness of
Overlapping Development Activities, Management Science, 45(4), April,
455-465.

Tersine, R. J. and E. A. Hummingbird (1995), Lead-Time Reduction the Search
for Competitive Advantage, International Journal of Operations and
Production Management, 15(2), 8-18.



238

Tetlock, P. E. (1999), Accountability Theory: Mixing Properties of Human Agents
with Properties of Social Systems, in Thompson, L. L., J. M. Levine and D.
M. Messick, Shared Cognition in Organizations: The Management of
Knowledge, Lawrence Erlbaum Associates, Publishers, Mahwah, NJ, 117-
138.

Thomas, K. W. and W. D. Tymon, Jr. (1994), Does Empowerment Always Work:
Understanding the Role of intrinsic Motivation and Personal interpretation,
Journal of Management Systems, 6(3).

Thomas, K. W. and B. A. Velhouse (1990), Cognitive Elements of Empowerment:
An "Interpretive” Model of Intrinsic Task Motivation, Academy of
Management Review, 15, 666-681.

Thompson, L. L., J. M. Levine and D. M. Messick (1999), Shared Cognition in
Organizations: The Management of Knowledge, Lawrence Eribaum
Associates, Publishers, Mahwah, NJ.

Tinsely, H. E. A. and D. J. Tinsley (1987), Uses of Factor Analysis in Counseling
Psychology Research, Journal of Counseling Psychology, 34, 414-424.

Tjosvold, Dean (1989), Iinterdependence and Power Between Managers and
Employees: A Study of the Leader Relationship. Journal of Management.
15(1), March, 49-62.

Tobin, D. R. (1998), The Knowledge-Enabled Organization, AMACOM, New
York, NY.

Toffler, B. L. (1981), Occupational Role Development: The Changing
Determinants of Outcomes for the Individual, Administrative Science
Quarterly, 26, 396-418.

Tracey, M., M. A. Vonderembse and J. S. Lim (1999), Manufacturing Technology
and Strategy Formulation: Keys to Enhancing Competitiveness and
Improving Performance, Journal of Operations Management, 17, 411-428.

Trygg, L. (1993), Concurrent Engineering Practices in Selected Swedish
Companies: A Movement or an Activity of the Few?, Journal of Product
Innovation Management, 10, November, 403-415.

Truran, W. R. (1998), Pathways for Knowledge: How Companies Learn Through
People, Engineering Management Journal, 10(4), December, 15-20.

Tsai, W. and S. Ghoshal (1998), Social Capital and Value Creation: The Role Of
Interfirm Networks, Academy of Management Journal, 41(4), 464-476.



239

Tubbs, M. E. (1986), Goal Setting: A Meta-Analytic Examination of the Empirical
Evidence, Journal of Applied Psychology, 71, 474-483.

Turtle, Q. C. (1994), Implementing Concurrent Project Management, Prentice
Hall, Englewood Cliffs, NJ.

Uhl-Bien, M. and G. B. Graen (1998), Individual Seif-Management Analysis of
Professionals’ Self-Managing Activities in Functional and Cross-Functional
Work Teams, Academy of Management Journal, 41(3), 340-350.

Ulrich, K. T. and S. D. Eppinger (1995), Product Design and Development,
McGraw-Hill, NY.

Urban, G. and J. Hauser (1993), Design and Marketing of New Products, 2"
Edition, Prentice Hall, Englewood Cliffs, NJ.

Urban., G., J. Hauser and N. Donolakia (1993), Essentials of New Product
Management, Prentice-Hall, Englewood Cliffs, NJ.

Usher, J. M., U. Roy and H.R. Parsaei (1998), Integrated Product and Process
Development: Methods, Tools, and Technologies. John Wiley and Sons,
Inc.

Uzumeri, M. V. and C. A. Snyder (1996), Information Technology and
Accelerated Science: The Case of the “Pentium” Flaw, California
Management Review,

38(2), Winter.

Von Hippel, E. (1988), The Sources of Innovation, Oxford University Press, New
York, NY.

Von Hippel, E. (1994), “Sticky Information” and the Locus of the Problem Solving:
Implications for Innovation, Management Science, 40, 429-439.

Van de Ven, A. H. and D. Polley (1992), Learning While Innovating, Organization
Science, 3, 92-116.

Viiert, E. V. D., A. Nauta, E. Giebels and O. Janssen, Constructive Conflict at
Work, Journal of Organizational Behavior, 20, 475-491.

Voss, C., K. Blackmon, P. Hanson and T. Claxton (1996), Managing New
Product Design And Development: An Anglo-German Study, Business
Strategy Review, 7(3), 1-15.



240

Wall, T. D., N. J. Kemp, P. R. Jackson and C. W. Blegg, Outcomes of
Autonomous Work Groups: A Long-Term Field Experiment, Academy of
Management Journal, 29, 280-304.

Walton, R. E. (1985), From Control to Commitment in the Workplace, Harvard
Business Review, 63(2), 76-84.

Walleigh, Richard (1989), Product Design For Low-Cost Manufacturing, Journal
of Business Strategy, 10(4), July/August, 37-41.

Walsh, J. P. and G. R. Ungson (1991), Organizational Memory, Academy of
Management Review, 16(1), 57-91.

Ward, A, J. K. Liker, J. J. Cristiano and D. K. Sobek, Il (1995), The Second
Toyota Paradox: How Deiaying Decisions Can Make Better Cars Faster,
Sloan Management Review, Spring, 43-61.

Watkins, K. E. and W. J. Marsick (1993), Sculpting the Learning Organization,
Jossey-Bass, San Francisco CA.

Watson, G. H. (1994), A Perspective on Benchmarking, Benchmarking for
Quality Management and Technology, 1(1), 5-10.

Webster, F. E., Jr. (1992), The Changing Role of Marketing in the Corporation,
Journal of Marketing, 56, October, 1-17.

Webster, F. E., Jr. (1994), Executing the New Marketing Concept, Marketing
Management, 3(1), 9-16.

Weiss, D. J. (1970), Factor Analysis in Counseling Research, Journal of
Counseling Psychology, 17, 477-485.

West, M. A., N. Nicholson and A. Rees (1987), Transitions into Newly Created
Jobs, Journal of Occupational Psychology, 60(2), June, 97-113.

Westney, D. E. and K. Sakakibara (1986), Designing the Designers: Computer R
and D in the United States and Japan, Technology Review, 89(3), April,
14-31.

Wheelwright, S. and K. B. Clark (1992), Revolutionizing Product Development -
Quantum Leaps in Speed, Efficiency and Quality, The Free Press, New
York, NY.

Wheelwright, S. and K. B. Clark (1992), Creating Project Plan to Focus Product
Development, Harvard Business Review, March-April, 70-82.



241

Wheelwright, S. and K. B. Clark (1992), Competing Through Development
Capability in a Manufacturing-Based Organization, Business Horizon,
July-August, 29-43.

Wheelwright, S. C. and K. B. Bowen (1996), The Challenge of Manufacturing
Advantage, Production and Operations Management, Spring, 59-77.

White, G. P. (1996), A Meta-Analysis Model of Manufacturing Capabilities,
Journal of Operations Management, 14, 315-331.

Willaert, S. A., R. Graaf and S. Minderhoud (1998), Collaborative Engineering: A
Case Study of Concurrent Engineering in a Wider Context, Journal of
Engineering Technology Management, 15, 87-109.

Wilton, P. C. and J. G. Meyers (1986), Task, Expectancy, and Information
Assessment Effects in Information Utilization Processes, Journal of
Consumer Research, 12, March, 469-486.

Winter, S. G. (1987), Knowledge and Competence as Strategic Assets, in D. J.
Teece (eds.), The Competitive Challenge, Ballinger, Cambridge, MA, 159-
184.

Wolfe, B. (1994), Organizational Innovation: Review, Critique and Suggested
Research Directions, Journal Of Management Studies, 31, 405-31.

Womack, J. P., D. T. Jones and D. Roos (1990), The Machine that Changed the
World: The Story of Lean Production, Harper Collins Publishers, New
York:, NY.

Wood, R. E. and A. Bandura (1989), Social Cognitive Theory of Organizational
Management, Academy of Management Review, 14, 361-384.

Wood, R. E. and E. A. Locke (1990), Goal Setting and Strategy Effects on
Complex Tasks. In B. M. Staw and L. L. Cummings (eds.), Research in
Organizational Behavior, JA|l Press, Greenwich, CT, 12, 73-109.

Wood, R. E., A. J. Mento and E. A. Locke (1987), Task Complexity as a
Moderator of Goal Effects: A Meta-Analysis, Journal of Applied
Psychology, 72, 416-425.

Woodman, R. W., J. E. Sawyer and R. W. Griffin (1993), Toward a Theory of
Organizational Creativity, Academy of Management Review, 18(2), 293-
321.



242

Young, S. C. and C. P. Parker (1999), Predicting Collective Climates: Assessing
the Role of Shared Work Values, Needs, Employee Interaction and Work
Group Membership, Journal of Organizational Behavior, 20, 1199-1218.

Youssef, Mohamed A. (1995), Design for Manufacturability and Time to Market:
Some Empirical Evidence, International Journal of Operations and
Production Management, 15(1), 6-23.

Wyner, G. A. (1996), Which Customers Will Be Valuable in the Future?.
Marketing Research, Fall, 8(3), 44-46.

Zack, M. H. (1999), Managing Codified Knowledge, Sloan Management Review,
Summer, 45-58.

Zaltman, G., R. Duncan and J. Holbeck (1973), Innovations and Organizations,
John Wiley and Sons, New York, NY.

Zairi, M. (1994), Benchmarking: The Best Tool for Measuring Competitiveness,
Benchmarking for Quality Management and Technology, 1, 11-24.

Zander, U. and B. Kogut (1995), Knowledge and the Speed of the Transfer and
Imitation of Organizational Capabilities: An Empirical Test, Organizational
Science, 6, 76-91.

Zirger, B. Z. and M. A. Maidique (1990), A Model of New Product Development:
An Empirical Test, Management Science, 36(7), 867-883.

Zuboff, S. (1984), In the Age of the Smart Machine: The Future of Work and
Power, Basic Books, New York, NY.



