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An Abstract of

INTERNATIONAL BENCHMARKING OF INTEGRATED PRODUCT
DEVELOPMENT PRACTICES IN THE AUTO INDUSTRY SUPPLY CHAIN:
A MULTIGROUP INVARIANCE ANALYSIS

Ahmad Syamil

Submitted as partial fulfillment of the requirements for the
Doctor of Philosophy Degree in

Manufacturing Management

The University of Toledo

December 2000

The purpose of this study is to examine the relationship between
integrated product development (IPD) practices and product development
performance in two groups of companies in the auto industry supply chain, i.e.,
auto manufacturers and auto parts suppliers, in two major auto producing
countries, i.e., the U.S. and Germany. An extensive literature review finds six IPD
practices and eleven performance variables. To develop a survey instrument, this
literature review was followed by in depth interviews with practitioners and
academicians and then pre testing with 8 product development professionals to

gain brevity as well as to establish face and content validity. A pilot study was



later conducted with 33 U.S. respondents to achieve several objectives:
purification, reliability, convergent and discriminant validity, as well predictive
validity. Survey items were deleted, modified, and added as necessary.

A large-scale survey was then conducted in the U.S. and Germany. Using
both mail and web responses. a total of 267 usable U.S. responses and 139
usable German response was received. The survey instrument later underwent a
rigorous mutigroup invariance analysis using Linear Structural Relationship
(LISREL) to develop measuring items that have equivalent true scores across
groups to reduce type | and type |l errors. After the invariant instrument was
developed. the instrument was then tested for refiability as well as discriminant,
convergent, and predictive validity.

A series of stepwise regression analyses later finds that each IPD practice
affects a certain set of performance variables. Two-way factorial analyses of
variance (ANOVA) uncovers the differences between the U.S. and Germany as
well as between auto manufacturers and auto suppliers in IPD practices and
performance. The differences in performance can be explained by the difference
in IPD practices. Moreover. the results suggest that the industry has not been
successful in integrating product development across the supply chain, i.e., from
auto manufacturers to auto suppliers.

Recommendations for further study include exploring the structural
relationship among possible variables, conducting a longitudinal study, studying

antecedents of IPD, studying Tier 2 auto suppliers better, and validating the



invariant instrument through studying companies in different industries and

different countries.
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CHAPTER 1

INTRODUCTION

The auto industry is entering a new paradigm. Three forces have shaped
the auto industry. The first force is fierce international competition (Birou and
Fawcett, 1994, Cusumano and Nobeoka, 1996; Abdalla, 1899). As a result,
many companies will not exist with current ownership status (Kobe, 1994; Kerwin
and Viasic, 1996). Companies in the auto industry have to deal with merger,
acquisition, and strategic alliance to survive and grow in this turbulent change
(Pilkington. 1999; Alford, Sackett. and Nelder, 2000).

The second force is the development of supply chain management, i.e.,
an integrated approach to procuring, designing, producing, and delivering
products from suppliers, manufacturers, and customers (Harland. 1996: Liker et
al., 1996; Sako and Helper, 1998; Droge et al.,, 2000). Rather than an arm'’s
length relationship with auto suppliers, auto manufacturers/original equipment
manufactures/OEMs have led the trend in developing a closer relationship with
selected suppliers (Cusumano and Takeishi, 1991; Taylor, 1994; Curkovic et al.,
2000). These trends have forced both auto manufacturers and auto suppliers to
undergo radical changes in the way they do business, including how these two

levels of supply chain develop vehicles together.



The third force is integrated product development (IPD). IPD is a process
that systematically employs cross-functional disciplines to integrate product
development activities across the value chain from suppliers, OEMs, and
customers (Fleming and Koppleman. 1997. Ettlie, 1997. Usher, Roy., and
Parsaei. 1998; Moffat, 1998: Paashuis, 1998; Rezayat, 2000a). Customers have
become more discerning, sophisticated, and demanding (Clark and Fujimoto.
1991. Gilmore and Pine, 2000).

Accordingly. the development of world-class products is imperative to the
survival and growth of companies in the auto industry. Not only is product
development becoming more central to meeting the increasingly specialized
demands of customers, but also it can have a powerful impact on manufacturing
productivity and quality. For example, the machine setup time is determined not
only by process design, but also by product design. The same is true for product
quality. Poor product design causes many defects on the production floor (van
Dierdonck, 1990). Product designs drives 70-80% of the final product cost and
70% of the total product life cycle cost. A recent J.D. Power Initial Quality Survey
of new vehicles indicates that two-third of quality problems come from design and
engineering faults, not simply assembly piant mistakes (White, 2000). Thus, the
ability to reduce cost and improve quality on the factory floor is not enough in
today's competitive environment. Many auto firms realize that excellence in
manufacturing is useful only if firms are able to develop superior products

(Gersbach et al., 1994, Corso, Muffatto, and Verganti, 1999).



Unfortunately, developing new products in the auto industry is not an easy
task. The development of a new car involves thousands of auto components
(e.g.. up to 20.000 components), hundreds of design engineers. and absorbs
enormous amounts of money (Monden, 1993; Muffato, 1999). For example, the
development of the Ford Escort in the 1980s and the Dodge Neon in 1990s is
reported to have cost their companies $5 billion and $1.3 billion respectively.
Auto companies also face huge risks from the lengthy product development
process, i.e. auto companies must be able to predict customer demand for the
next 3 to 5 years.

Consequently, involving dominant parties in the supply chain is necessary
to IPD. For instance, bringing suppliers early in the product development
process leads to dramatic reduction in product development cost (Jacobs and
Herbig. 1998) and in product development time (Clark, 1989; Droge, Jayaram,
and Vickery, 1999). Another example is that the early involvement of the
customer in product development adds to the understanding of product usage
and characteristics representative of the target market (Pitta and Franzak, 1996;
Fynch, 1999). By bringing supplier and customer into the product development,
auto companies can expect to better meet the challenges of the global auto
industry.

Although the auto industry is becoming global, the national environment in
which the industry is born and grow can determine the competitive advantage of
the industry. For example, Porter (1990) argues that one determinant is related

and supporting industries such as world-class suppliers. Some aiso argue that



cultural differences may make a difference in certain practices. For instance,
European nations appear to have better multi-functional cooperation than do
North American nations (Gerpott and Domsch, 1985; Edgett. Shipley, and
Forbes. 1992: Song and Parry, 1996). This difference in turn makes the
difference in practices that require cross-functional cooperation such as
concurrent engineering.

Although international studies are abundant, only some of them
specifically deal with product development in U.S. and German auto industries.
The most prominent international product development studies in the auto
industry published in the late 1980s or early 1990s were primarily conducted
during the later 1980s by researchers at Harvard University (e.g., Clark and
Fujimoto. 1991) and Massachusetts Institute of Technology’'s International Motor
Vehicle Programs (e.g., Womack, Jones, and Ross, 1990) in the U.S., Europe,
and Japan. There is a need for follow-up because a decade has passed since
these researches were conducted. Additionally, the researches used only a
small sample (i.e., 29) and were conducted at OEM (auto manufacturer) facilities.
Suppliers have been researched mainly from the auto manufacturer's point of
view.

Current trends in the auto industry call for a new and integrated approach
to studying product development. Unfortunately, very little is known about the
transferability of product development practices from OEMs to supplier firms and

how the practices relate with performance.



This dissertation focuses on product development practices and
performance, i.e., a practice framework. The study was conducted at two
dominant players in the auto industry of supply chains, i.e., auto manufacturers
or Original Equipment Manufacturers (OEMs) and auto parts suppliers, in two
major car-producing countries, i.e., U.S. and Germany. Unlike previous MIT and
Harvard's studies that use objective measures such as product development time
in months, this dissertation used subjective measures collected from survey to
collect data.

A review of international product development studies that compares the
U.S. and Germany using subjective survey measures indicates that many
researchers lack the rigor in developing measures. For instance, only some of
them (e.g.. Balachandra. 1996) use forward and backward translation. In
another instance, only few researchers (e.g., Hegarty and Hoffman, 1990) report
the results of reliability analysis. Moreover, none of the studies use discriminant
analysis for developing measuring instrument. Furthermore, none of them use a
multi-country invariance analysis when developing measures. Without an
invariant measure, no researcher can determine if the mean differences found in
the groups (e.g., U.S. vs. Germany) are caused by substantive differences

among the groups or by measurement artifacts.

1.1. Problem Identification

From an initial literature review, several major problems are identified:



a. Previous prominent international product development studies in the auto
industry studies need to be updated because they are more than a decade
old. The auto industry has been shaped in the last decade. Do differences in
integrated product development practices and performance still exist between
U.S. and German auto industries? The lack of answer and update may be
due to the difficulty in collecting international data because international study
is time consuming and costly.

b. The previous prominent studies focused on an OEM perspective. Except for
aspects of supplier involvement, product development in the auto suppliers
has not been studied extensively. Aithough OEMs have pushed auto
suppliers to do more design work, with limited supplier resources are IPD
practices transferable from OEMs to suppliers? Large-scale study that
compares product development in OEM with that of auto suppliers is
practically non-existent.

c. International product development in the auto industry that uses muiti-group
invariance analysis has not been found. Without an invariance instrument,
the assurance that respondents of different group associate survey items with

similar constructs cannot be made.

1.2. Research Questions

Since the late 1980s, firms in the auto industry world wide have made

substantial efforts to implement integrated product development practices in their



own firms and across their supply chain. This dissertation answered the

following four major research questions:

1. What is the relationship between integrated product development (IPD)
practices (independent variables) and product development performance
(dependent) variables?

2. Are there differences between U.S. and Germany in IPD practices? Are there
differences in product development performance between these two
countries?

3. Are there differences between OEMs and suppliers in IPD practices? Are
there differences in product development performance between these stages
in the supply chain?

4. Are the differences in product development performance between countries

and between stages of the supply chain due to differences in IPD practices?

1.3. Research Contributions

Realizing the importance of an invariant instrument in international study
and subgroup analysis, this dissertation gives two methodological contributions:
a. Developing a step-by-step invariance analysis that can be replicated.

b. Developing a universal product development instrument that can be used by
other researchers.

Moreover, this dissertation provides two substantive contributions:



a. Updating previous studies related with the differences between U.S. and
German auto industries.

b. Giving the progress of transferring product development practices from auto
manufacturers to auto suppliers.

The next few chapters of this dissertation are organized as follows. A
product development literature review, research framework, and hypotheses are
provided in Chapter 2. The research methodology for generating an invariant
instrument appears in Chapter 3. This methodology includes interview, pilot
study, and large-scale study. Chapter 4 answers the research questions.
Chapter 5 provides summary, discussion, and recommendation. Finally, a

conclusion is provided in Chapter 6.



CHAPTER 2

LITERATURE REVIEW AND HYPOTHESES

Companies in the auto industry have been blessed by the contributions of
forward thinking individuals. One such individual was Henry Ford. He combined
product standardization with the quasi-assembly lines found in the meatpacking
and mail order industries. The result was a revolutionary assembly line to mass-
produce vehicles at a much lower cost than its competitors (Heizer and Render,
1999).

Another individual was Alfred P. Sloan of General Motors. Among other
things. he structured the sprawling and disorganized GM's product lines into five
divisions, i.e., Chevrolet, Pontiac, Oldsmobile, Buick, and Cadillac. Each division
serves a different price and market category. This strategy propelled GM to
become the world’'s largest auto company (Sloan, 1963; Thompson and
Strickland, 1992).

The third notable individual was Taiichi Ohno, who was the Vice President
of Toyota Corporation. Borrowing from the reorder-point system commonly found
in the U.S. supermarkets’ inventory management, he invented Just-in-Time
Production System. He defined JIT as a production of necessary product at
necessary quantity and necessary time (Suzaki, 1985; Monden, 1993; Russell

and Taylor, 2000). His JIT invention then metamorphosed into several new
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management principles such as time-based competition (Stalk, 1988; Stalk and
Hout. 1990: Blackburn. 1991), lean manufacturing (Krafcik, 1988; Womack et al.,
1990), and, most recently, agile manufacturing (Gunasekaran, 1999).

These individuals not only shaped the way their companies do business
but they also shaped the whole auto industry as competitors scramble to copy
their invention or try to find a better invention. In the last decade, however, three
much-larger-than-individual driving forces have shaped the world’s auto industry.

The first force is the increased competition resulting from fierce
international competition (Birou and Fawcett, 1994; Cusumano and Nobeoka,
1996; Abdalla, 1999). Until the 1950s only a handful of auto companies could sell
their products globally. Today, more than 30 companies compete on a global
scale. Few and strong regional companies have been replaced by many
companies that compete globally. Direct rivalry among products from different
countries of origin is observed more frequently (Clark and Fujimoto, 1991). Many
companies cannot survive with previous ownership status (Kobe, 1994;: Kerwin
and Vlasic. 1996). Merger, acquisition, and strategic ailiance are ways to survive
and grow in this turbulent change (Pilkington, 1999; Alford, Sackett, and Neider,
2000).

The second force is the development of supply chain management, i.e.,
an integrated approach to procuring, designing, producing, and delivering
products from suppliers, manufacturers, and customers (Harland, 1996; Liker et
al.. 1996; Sako and Helper, 1998; Drége et al., 2000). Previously, the

relationship between auto manufacturers and auto suppliers was characterized
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by an arm-length relationship and mutual suspicion. Since a decade ago. auto
manufacturers have led the trend to develop a closer relationship with selected
suppliers (Cusumano and Takeishi. 1991), to reduce the number of suppliers
they deal directly with (Kobe, 1994: Kerwin and Vlasic, 1996), and to order more
modules/sub assemblies than individual parts (Taylor, 1994). Also. suppliers
have been invited to play an increasing role as product designers (Kamath and
Liker, 1994). These trends have forced both auto manufacturers and auto
suppliers to undergo radical changes in the way they do business, including how
these companies collaborate in developing new vehicles (Cusumano and
Nobeoka, 1996; Curkovic, Vickery, and Drége, 2000).

The third force is integrated product development. The competitive
battleground for auto firms has shifted from a narrow focus on the factory floor
and internal product development activities without involving external parties to
the broader integrated product development (IPD) (Fleming and Koppleman,
1997; Ettlie, 1997; Usher, Roy, and Parsaei, 1998; Moffat, 1998; Paashuis, 1998;
Rezayat, 2000a). IPD is a process that systematically employs cross-functional
disciplines to integrate product development activities across the value chain
from suppliers, OEMs, and customers. By bringing supplier and customer in
product development, auto companies can expect to better meet the challenges
of the global auto industry.

In spite of the fact that the auto industry is becoming global, the national
environment in which the firm is born and grows still play a significant role in

determining the competitive advantage of the firm. Porter (1990) offers a
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“National Diamond” that consists of six determinants of a nation's industry
competitiveness. The first determinant is the factor conditions of a nation such as
skilled labor. Demand conditions such as demanding customers that do not
accept inferior or outmoded products are the second determinant. The third
determinant comes from related and supporting industries such as world-class
suppliers. Evidence in the auto industry clearly supports his argument. The fourth
determinant is firm strategy, structure, and rivalry. Porter also argues that
government, the fifth determinant, should play a role as a catalyst and
challenger. Chance that cannot be planned for but creates an atmosphere for
competitive advantage is the sixth determinant. Those six determinants create a
specific combination that can explain why a nation achieves success in a
particular industry.

Although Porter does not mention that culture is a determinant of a
nation’s competitiveness, many scholars argue that culture is still relevant in
international studies. For example, some experts suggest that the high degree of
supplier involvement in the Japanese auto industry is cultural. They argue that
Japanese auto manufacturers have a particular way of treating their suppliers as
children that does not exist in other cultures. Governance by trust is also more
prevalent in Japan because of the existence of a suppliers association
(kyoryokukai). The association enhances communication among suppliers and
prohibits automakers’ opportunism. The association creates business norms that

are determined by cultural values (Sako, 1996; Sako and Helper, 1998).
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In another example, Souder and Jenssen (1999) argue that the
differences between U.S. and Scandinavian product development practices are
due to cultural differences. For instance, they find that U.S. companies have a
higher level of project manager competency than do Scandinavian companies.
They argue that Scandinavians value project managers less because in
Scandinavia collaboration among individuals is more spontaneous, informal, and
internally motivated. Scandinavian national culture rate “feminine” values higher.
This includes work humanization and mutual assistance among individuals. A
high degree of project manager competency such as authority is simply not
needed in Scandinavia. In contrast, U.S. national culture stresses “masculine”
values such as assertiveness, results, and competition that support the need for
a higher degree of project manager competency. Cultural differences have also
proven invaluable in explaining supply chain relationship differences in U.K. and
Spain (Harland. 1996). managerial practices and attitudes (Peterson and Smith,
1997), consumer purchase patterns (Jarvenpaa, Tractinsky, Saarinen, and
Vitale, 1999) and various factors that can affect the practices and performance of
a nation’'s companies and industries.

The three driving forces that were mentioned earlier (i.e., global
competition, supply chain management, and integrated product development)
and the fact that a national culture can make a difference are what motivated this
international product development dissertation. A review of literature in product

development follows.
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2.1. Literature Review in Product Development

Product development is a process by which an organization transforms
data on market opportunities and technical possibilities into information assets for
commercial production (Clark and Fujimoto, 1991). Brown and Eisenhardt
(1995) classify the empirical research on product development into three main
streams: rational pian, communication web, and disciplined problem solving.
Compared with the two other product development research streams, the
disciplined problem-solving stream has a deeper focus on the actual product
development such as concurrent engineering and the activities of product
development managers. Although this dissertation is build primarily upon the
disciplined problem-solving stream, the two other steams will also be discussed
in brief.

Myers and Marquis (1969) and SHAPPO studies (Rothwell, 1972;
Rothwell et al., 1974) build the foundation of the rational stream of product
development literature. The rational stream suggests that rational and proper
planning leads to financial performance (e.g., profits, sales, and market share) of
the product. Most rational plan research uses explanatory methods. This stream
of research concludes that careful planning, well-coordinated execution and top
management support are the keys to successful product development.

Allen (1971, 1977) at MIT starts the communication stream. The
communication researchers work on the basis that the more effective the

communication among product development team members and between team
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members and outsiders, the better the product development performance.
Strong theoretical foundation and more sophisticated statistical methodology
compared with the rational stream are the characteristics of the communication
stream.

The disciplined problem-solving stream of product development research
begins with case studies in Japanese companies (e.g., Imai et al., 1985; Quinn,
1985; Takeuchi and Nonaka, 1986). Among other things, they find that a
problem-solving strategy using concurrent engineering (CE) that involves cross-
functional development teams increase product development performance,
particularly the speed of product development.

Several researchers (e.g.. Fleming and Koppleman, 1995; Moffat, 1998)
argue that integrated product development is no more than concurrent
engineering. The researcher disagrees with this opinion. Concurrent engineering
focuses on integrating internal product and process activities within a company
(Ponticel. 1996; Izuchukwu, 1996). In contrast to CE, IPD encompasses not only
internal integration but also external integration across a supply chain that
includes suppliers and customers. In today's competitive environment, it is
important to use suppliers' capability in product development and to incorporate
the inputs of customers (Karlsson, Nallore, and Soderquist, 1998; Giimore and
Pine. 2000). For example, the involvement of suppliers that have very high-
technical skills in a specialized area reduce product development time
significantly (Clark and Fujimoto, 1989; Clark, 1989; Clark and Fujimoto, 1991).

Regarding customer involvement, Durgee, O'Connor, and Veryzer (1998) and
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LaBahn and Krapfel (1999) find that in many organizations. integrated product
development relies on not only the creativity of the product development team,
but also the ability to study what customers want. Therefore, involving customers
earlier and more deeply help the product development teams to understand the
customer needs and wants better.

Other researchers also find additional practices. For example, Muffato
(1999), Tatikonda (1999), and Sundgren (1999) find that the work of most
product development teams and suppliers are organized around platform
products that facilitate incremental product innovation. lower product cost, and
learning spillover among all parties involved in integrated product development.
Furthermore, Balakhrisnan, Kumara, and Sudaresan (1999) and Huang and Mak
(1999) argue that information technology is a key enabler in integrated product
development by reducing barriers to collaboration, compressing product
development time, and enriching the quality of problem solving.

Some researchers from the disciplined problem-solving stream focus
specifically on the product development projects in the auto industry. They
include some researchers from MIT's International Motor Vehicle Program (e.g..
Womack et al., 1990) and Harvard University (e.g.. Clark and Fujimoto, 1991).
They measure the performance of the product development process using three
dimensions: total product quality, lead-time, and productivity. They find that
Japanese auto companies perform better than their counterparts in the U.S. and
Europe because of the extensive use of supplier involvement, concurrent

engineering, and heavyweight product development managers. Heavyweight
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product development managers are powerful managers who are highly effective

in obtaining resources such as personnei and budget for product development

teams.
An initial review of the disciplined problem-solving literature mentioned
above identify six practices that focus on integrated product development:

a. Concurrent engineering: The practice of using cross-functional product
development teams to simultaneously plan product and process activities.

b. Customer involvement: The practice of developing on-going interaction with
customers to better understand their needs and wants in product
development.

c. Supplier involvement: The practice of developing on-going interaction with
suppliers to enhance their participation in product development efforts.

d. Heavyweight product development managers: The practice of using senior
executives with substantial expertise and decision making authority to
champion and direct product development efforts.

e. Platform products: The practice of planning multiple generations of products
based on a core product and process design.

f. Information technology utilization: The practice of employing computer and
communication technologies to plan and coordinate product development
activities.

These six IPD practices have been postulated by many researchers (e.g..

Meyer and Lehnerd, 1997; Schmidt, 1997; Moffat, 1998; Huang and Mak, 1999)

to have a positive relationship with product development performance. Therefore,
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it is theoretically sound to justify relevant product development performance
variables that will be used in this dissertation.

Two characteristics of IPD are the use of the cross-functional product
development team (Browning, 1998; Hauptman and Hirji, 1999) and product
development activities across the value chain from suppliers, original equipment
manufacturers (OEMSs), and customers (Asanuma, 1989; Liker et al., 1996: Neale
and Corkindaie, 1998; Droge, Jayaram, and Vickery, 2000). Therefore, it is
important to develop measures on teamwork performance, customer satisfaction,
and supplier performance especially time. cost, and quality performance. These
three supplier performance criteria were not chosen arbitrarily. A recent multiple-
response survey indicates that 76% OEM engineers consider suppliers’ quality
performance as the most desired performance (Fitzgerald, 1997).  Suppliers'
cost performance finished at a distant second. at 28%. The OEM engineers were
also asked about their dissatisfaction with suppliers. They indicated that
suppliers’ on-time performance is their number one concern in product
development. Similar findings from Birou and Fawcett (1994) indicate that
suppliers’ quality, time, and product cost performances are the three most
important criteria for supplier selection in both the U.S. and Germany.
Surprisingly, the order of importance, i.e., quality, time, and cost is the same in
both countries.

Many parties within and outside the organization develop products
together. Therefore it is important to measure the integrity of the resultant

products. On the other hand, speed and productivity traditionally measure
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product development performance (Wheelwright and Clark, 1995; Bowen, et al.,

1994: Cusumano and Nobeoka. 1996: Terwiesch and Loch, 1999). In this

dissertation, speed was measured in two ways. i.e., engineering change time that

measures the effectiveness and efficiency of engineering activities (Balakrishnan

and Chakravarty, 1996: Loch and Terwiesch, 1999) and overall product

development time from start to finish (Karagozogiu and Brown, 1993; Abdalla,

1999). Furthermore, to remain competitive, firms in the auto industry are also

under pressure to reduce product cost and manufacturing cost (Mercer, 1994;

Ittner and MacDuffie: 1995; Milligan. 2000). Following all of the above

considerations, the researcher has decided to develop instruments to measure

product development performance constructs as laid out below.

a. Teamwork performance: The performance of individuals as a group when
working together towards a common goal.

b. Engineering change time: The time required to modify some aspects of an
existing product definition or documentation.

c. Product cost reduction: The success level of the process carried out by the
product development team to reduce product costs.

d. Team productivity: The amount of work that can be done by the product
development team considering the resources used.

e. Manufacturing cost reduction: The success level of the process carried out by
the product development team to reduce manufacturing costs.

f. Product integrity: The consistency among a product's function, its structure,

and its assembled components.
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g. Suppliers’ on-time performance: The success level of the process carried out
by suppliers to reduce the time required to design, manufacture, and deliver
products.

h. Suppliers’ quality performance: The success level of the process carried out
by suppliers to increase the quality of the products they design, manufacture,
and deliver.

i. Supplier's cost performance: The success level of the process carried out by
suppliers to reduce the cost of the products they design, manufacture, and
deliver.

j. Product development time: The time required from product concept to product
introduction.

k. Customer satisfaction: The satisfaction of the customer for the product
designed for a certain target market.

in this international study. the researcher studied the six integrated
product development practices identified above (e.g.. concurrent engineering)
with the eleven product development performances stated earlier. Although
international studies are abundant, only some of them are specifically geared
towards product development the U.S. and German auto industries. Most
prominent international product development studies in the auto industry
published in the late 1980s or early 1990s were primarily conducted during the

later 1980s by researchers at Harvard University (e.g., Clark and Fujimoto, 1991)

and Massachusetts Institute of Technology's International Motor Vehicle

Programs (e.g., Womack, Jones, and Ross, 1990) in the U.S., Europe, and
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Japan. There is a need for follow-up because a decade has passed since these
researches were conducted. Furthermore, they only used a small sampie (i.e.,
29) and were conducted at OEMs' facilities. Suppliers have been researched
mainly from the auto manufacturer's point of view.

Current trends in the auto industry call for a new and integrated approach
to studying product development. Unfortunately, very little is known about the
transferability of product development practices from OEMs to supplier firms and
how the practices relate with performance at different levels of the supply chain
in different countries.

This dissertation focuses on product development practices and
performance in two major car-producing countries, i.e., U.S. and Germany, and
also in two dominant players in the auto industry, i.e., OEMs and auto suppliers.
Unlike previous MIT and Harvard studies that use objective measures such as
product development time in months, this study uses subjective measures
collected from a large-scale survey. From & statistical point of view, the use of a
large sample size resulting from a large-scale survey means increasing the
power and validity of the statistical analysis. Thus, a large sample size increases
the probability of rejecting the null hypothesis when it is false or, in the other
words, increases the probability of making a correct decision (Stevens, 1996). A
large sample size also allows the researchers to test the generalizability of the
findings, e.g., are the results peculiar to one or two OEM firms or countries or are

they generalized across countries and supply chain levels?
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Because this dissertation uses subjective or perceptual measures such as
the level of concurrent engineering from 1 (not at all) to 5 (a great deal), it is
prudent to review existing literature on product development comparisons
between the U.S. and Germany that uses subjective measures. One of the
contributions of this dissertation is related with the rigor of developing measuring
instruments. Thus, for each article reviewed. the researcher recorded whether or
not the article reported the use of forward and backward translation, reliability
analysis, discriminant analysis, or invariance analysis when developing
instruments. A summary of the literature is given in Table 1 and a detailed
discussion follows.

Bergen, Miyajima, and McLaughlin (1988) study the relationship between
R&D and commercial performance of 54 scientific instrument-manufacturing
companies in the U.K., West Germany, the U.S., and Japan. They find that in the
U K. and Germany there is a strong correlation between expenditure per R&D
person and productivity. However, this correlation is not significant in the U.S.
and Japan. Additionally, U.S. productivity is lower than that of Japan but higher
than that of U.K. and Germany. Germany has the lowest productivity and is the
slowest performance in product development time because of many
subcontracted R&D activities. In addition, they suggest that U.S. companies
should increase senior management and manufacturing involvement in
innovation as well as increasing R&D personnel to improve innovation

performance (e.g., productivity). In regards to research methods, the authors do
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not report anything related to forward and backward translation, reliability
analysis, discriminant analysis, nor invariance analysis.

Hegarty and Hoffman (1990) analyze top management involvement in
product development, the resuits of which came from a survey of 362 managers
from four cuitures coming from 8 European countries and the U.S. They
approximate cuitures by using clusters of nations. They argue that the U.S. and
U.K. managers belong to the Anglo culture; German and German speaking
managers from Switzerland belong to the Germanic culture; Belgium. France,
and France speaking managers from Switzerland belong to the Latin culture; and
finally Denmark, Sweden, and Norway managers belong to the Nordic culture.
They find that Germanic managers scan social trends and use more long-term
planning procedures than do managers from the three other cultures. Although
they find some other differences among the four cultures, they conclude that
most differences in top management involvement are due to different functional
specialties. For example, marketing and R&D managers have the most
dominant influences in the type of innovation being investigated than any other
functional areas. This pattern is consistent in all cultures. With respect to
research methods, the authors do not report anything related with forward and
backward translation, reliability analysis, discriminant analysis, nor invariance
analysis.

Gupta, Brockhoff, and Weisenfeld (1992) use conjoint analysis to reveal
how R&D, marketing, and manufacturing managers make trade-offs among three

critical measures in new product development: development schedule,
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development cost and product performance. Their respondents consist of 37
U.S. managers and 46 German managers. They find that U.S. managers put the
greatest emphasis on meeting the product development budget and then the
product development performance, whereas German managers give the highest
priority on meeting the product development schedule followed by improving
product performance. R&D managers in both countries appear to have the same
emphasis on development schedule. The authors do not report anything related
with forward and backward translation, reliability analysis, discriminant analysis,
nor invariarice analysis.

Birou and Fawcett (1994) analyze surveys from 133 U.S. product
development managers and 83 European product development managers from
various industries such as auto, electric/electronic, and machinery. Unfortunately,
they do not break down the European data by country. Among other things, they
find that U.S. companies have a higher frequency and intensity of supplier
involvement as well as earlier involvement in product development than do
European companies. They argue that a higher competition in the U.S.,
especially from Japanese companies, force U.S. companies to involve suppliers
so that U.S. companies can develop product innovation faster. In contrast,
European companies enjoyed some degree of protection from global competition
until the early 1990. For example, Japanese cars only represent 2% of the ltalian
car market segment. The European electronic industries also have received

government subsidies. When looking at research methods, the researcher did
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not discover anything related to forward and backward translation, reliability
analysis. discriminant analysis, nor invariance analysis.

Kleinschmidt (1994) reports product development programs from 154
firms from Europe (35 German and 56 Danish firms) and 62 firms from North
America (27 Canadian and 35 U.S. firms). He defines program as the totality of
all product development projects, i.e.. not just a single project. The firms came
from various industries such as chemicals and auto industry. Among other things,
he finds several differences between U.S. and German companies. For example,
he finds that German product development managers use more formal
procedures and systems and plan more because they are more adverse to risk.
German CEOs have more involvement in new product development programs
than their U.S. counterparts. Moreover, U.S. managers look for a shorter pay-off
horizon. He concludes that European firms are more successful in new product
development programs than are North American firms. Regarding research
methods. Kleinschmidt uses forward and backward translation, but he does not
mention any reliability analysis, discriminant analysis, or invariance analysis.

Balachandra and Brockhoff (1995) conduct a study to determine if R&D
project termination factors are universal. They compare the data from 114
projects from 40 U.S. firms with 156 projects from 80 German firms. They find
that many factors are common to both countries, for examples, deviation in time
schedules and change in availability of experts. A similar study in the U.K.
reveals resembling factors (Brockhoff, 1994). They contribute this to the similarity

of market and technological environment. As for research methods, the authors
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apparently use forward and backward transiation but do not report anything
related to reliability analysis, discriminant analysis, or invariance analysis.

Following Brockhoff (1994) and Balachandra and Brockhoff (1995),
Balachandra, Brockhoff, and Pearson (1996) study the managerial decision
making involved in deciding to continue or terminate R&D projects. They coliect
data from 21 U.S., 27 German and 30 U.K. companies covering 245 projects that
indicate 111 terminated projects and 134 successfully completed projects. Most
of their analysis is in aggregate form, i.e.. they do not divide the analysis by
country. Only some of their analyses are divided in this way. Among other things.
they find that both German and U.K. firms typically involve fewer people to
monitor the R&D projects than do U.S. firms. [n spite of that, U.S. firms employ
more non-R&D people to monitor the projects. Cost control is more important for
German firms than it is for the two other countries. In regard to research
methods. the authors apparently use forward and backward translation but do not
report anything related with reliability analysis, discriminant analysis, or
invariance analysis.

Expanding on the work of Balachandra, Brockhoff, and Pearson (1996),
Balachandra (1996) develops discriminant functions to discriminate between
successful and terminated R&D projects in several countries. In addition to U.S.,
German, and U.K. data collected earlier, he now adds data collected from Japan.
In total, he has data from 114 U.S. projects, 112 German projects, 43 U.K.
projects, and 57 Japanese projects. He finds that almost all factors that make up

the discriminant function in one country also appears in the three other countries,
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although some factors have different signs in different countries. For example,
one factor namely “time for anticipated competition’ has a negative sign in the
U.S. and Japan meaning that if the value is low, the R&D project is most likely to
succeed. However, the sign is positive in German and U.K. He argues that
looming competing products can demoralize German and U.K. R&D staffs
leading to termination of R&D projects. He also finds that a factor namely
"adaptability of project leader” has a positive effect in Germany, U.K. and Japan
but does not appear at all in the U.S. He argues that hierarchical organizations in
the three countries require a higher degree of the adaptability of project leaders
whereas U.S. organizations that promote a freer environment do not value such
ability highly. With respect to instrument development, the author reports the use
of forward and backward translation but nothing related with reliability analysis,
discriminant analysis, or invariance analysis.

To sum up, most large scale survey-based studies that compare U.S. and
German product development have provided excellent insights into the
differences between the two countries. However, none of them are specifically
geared towards the auto industry. Additionally. most of them have been poorly
designed. For instance, some of them use forward and backward translation
(e.g., Balachandra, 1996), only one of them reports the resuits of reliability
analysis (i.e., Hegarty and Hoffman, 1990) and none of the studies use
discriminant analysis when developing measures. Furthermore none of them
use a multi-country invariance analysis. The importance of an invariant

instrument for group analysis is paramount. Without an invariant instrument, no
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researcher can determine if the mean differences found in the groups (e.g.. U.S.
vs. Germany) are caused by substantive differences among the groups or by
measurement artifacts. The lack of an invariant instrument can lead to type | and
Il 'errors. A type | error is the probability of rejecting the null hypothesis when it is
true, e.g., saying two groups differ when in fact they don't. A type Il error is the
probability of accepting the null hypothesis when it is false, e.g., saying two
groups don't differ when they do.

The next section will discuss a research framework that relates integrated
product development practice and product development performance. A
justification of this research framework and how IPD practices and performance

differ in the U.S. and Germany then follow it.

2.2. Research Framework

This study will provide information that will help answer the four research
questions stated in Section 1.2. Figure 1 depicts the overall research framework.
The researcher contends that there is a positive relationship between integrated
product development practices and product development performance.

The relationship between product development practices and some aspect
of product development performance has been widely studied in numerous

research settings. Section 2.3 discusses this relationship in detail.
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2.3 The Relationship between Integrated Product Development Practices

and Product Development Performance

This section discusses the logical rational of the research question no. 1.
i.e.. how each IPD practice leads to a higher product development performance.

A summary of this discussion is given in Table 2.

2.3.1 Concurrent Engineering

A key practice of IPD is concurrent engineering (Ponticel, 1996;
lzuchukwu, 1996). Concurrent engineering focuses on internal integration
among product and process activities within a company. Koufteros (1995) argues
that concurrent engineering consists of three subconstructs, i.e., cross-functional
cooperation, early involvement of constituents, and overlapping development
stages. The next paragraphs discuss each of the three subconstructs one-by-
one.

The cross-functional nature of concurrent engineering improves the
effectiveness of the product development teams when dealing with complex
product development problems that required various different perspectives
(Susman and Dean, 1992; Emmanuelides, 1993; Moffat, 1998). For example,
customer requirements are understood and assimilated better throughout the
product development process because the requirements are not filtered through

gatekeepers in the marketing department, something that happens in sequential
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engineering. This. in turn, leads to potentially higher customer satisfaction (Ettlie,
1997).

Early involvement of constituents such as manufacturing personnel means
manufacturing issues and complexities are brought up early. This can avoid
costly redesign of products or production processes later if they do not fit or
match each other. For instance, Cummins Engine Company develops
manufacturing equipment before product design is finished. The company
justifies the manufacturing investment because the up-front cost is more than
offset by a smoother manufacturing process and lower manufacturing cost. It
also leads to higher product integrity because manufacturing problems are
debugged earlier (Swink, Christopher, and Mabert, 1996).

Numerous studies (e.g., Swink, 1998; Mofatt, 1998; Terwiesch and Loch,
1999; Abdalla, 1999; Hauptman and Hirji, 1999) indicate that the main benefit of
the overlapping of development stages is to reduce product development time.
Handfield (1994) in his study of 31 made-to-order-firms also found that
concurrent engineered products are developed 40% faster than sequentially
engineered products. In the auto industry, Clark and Fujimoto (1991) found that
concurrent engineering increases product development productivity, reduces

engineering change time, and cuts product development time.
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2.3.2. Customer Involvement

Rather than simply delivering products to the customer, the auto industry
has brought the customer closer to upstream process in the vehicle delivery
process, i.e.. product development. Several methods for involving the customer
by capturing their input are available. This includes formal surveys. focus groups.
visiting customers personally, field intelligence through repair technicians, study
complaints, and Quality Function Deployment/QFD (Evans and Lindsay, 1996).

Companies use QFD to translate customer needs into design
requirements. parts characteristics, manufacturing process, and finally quality
plans (Evans and Lindsay, 1996). QFD improves product development in several
ways. For example, the use of QFD can lead to understanding customer
requirements better and prevent design errors, which, in turn, avoid costly late
engineering changes (Schmidt, 1997). American Supplier Institute (1989), which
Is very active in promoting QFD, claims that QFD can reduce engineering
changes up to 50%.

Another example is the fact that translating customer requirements into
design requires cross-functional cooperation between marketing, design
engineers, and manufacturing. Consequently, the use of QFD technique
improves cross-functional communication and has a positive association with
team performance, i.e., decision-making effectiveness (Moffat, 1998). QFD can

also be used to find customer dissatisfaction and benchmark a company's
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products with their competitors. Thus, incorporating customer inputs in product
development can lead to customer satisfaction (Gilmore and Pine, 2000).

The development of the Internet also offers a powerful way to involve
customers in product development. For example, Fynch (1999) monitored the
entire network of usenet groups that discuss a toolmaker’'s products for a full year
and collected 1641 messages. He finds that the messages can be used to
improve existing products and to benchmark customer satisfaction of the
toolmaker's products with its competitor.

The next step in customer involvement is to customize each vehicle for
each individual customer. Some companies in different industries (e.g., bicycle)
have reengineered their entire supply chain to create made-to-order products
whose physical dimensions fit that of each individual customer (Murakoshi,
1994). Not only do the companies satisfy the customer demand better, they also
can charge a higher price for their individualized products (Balakrishnan,

Kumara. and Sundaresan, 1999; Gilmore and Pine, 2000).

2.3.3. Supplier Involvement

An important aspect of supplier involvement in product development is
black box engineering (Karlsson, Nallore, and Soderquist, 1998). In black box
engineering, auto manufacturers give rough product specifications for product
function and performance, cost target, and development time to suppliers. The

suppliers then create a detailed design and deliver the product to the auto
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manufacturers. Fujimoto (1994), in his study of suppler relationship between
Nippondenso and Toyota, argues that the ability of Nippondenso in black box
engineering is an important part of the relationship.

Using data from 122 Japanese auto suppliers, Wasti and Liker (1997)
generalized Fujimoto’s finding that suppliers’ engineering capability is an
antecedent of supplier involvement. They find that suppliers’ engineering
capabilities have a positive association with the extent of supplier involvement.
These engineering capabilities also have a positive relationship with the extent of
supplier’'s influence on design decisions.

Involvement in black box engineering, such as in the case of Toyota and
Nippondenso, should not be viewed as the only form of supplier involvement.
Lesser engineering capabilities may mean a lesser role in product development.
For example, Mazda provides CAD data for the surface of its door panels to
Hirotec. which then designs the internal beams, manufacturers the panels, and
send them to Mazda. However, higher suppliers’ engineering capabilities lead to
a better and more stable relationship between suppliers and auto manufacturers
and a higher level of product development performance (Kamath and Liker.
1994).

Supplier involvement can benefit OEMs by, among other things, shifting
part of the development time to the suppliers. This leads to a reduction of the
total product development time. Most supplier involvement activities also include
intense communication and problem solving activities early on in the product

development activities (Liker et al., 1996). This early involvement leads to the
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early debugging of manufacturing problems, which, in turn, increase product
integrity and reduce manufacturing costs.

Cusumano and Takeishi (1991) find that the ability of the supplier to
reduce product cost correlates with supplier involvement. Product cost reduction
is especially true with Japanese suppliers because they are well trained in value
engineering that focuses on functional specifications in an optimal way. Value
engineering can reduce 15-70% of part costs without sacrificing quality. Heizer
and Render (1999) indicate that for every dollar spent on value engineering, $10

to $25 in savings can be realized.

2.3.4. Heavyweight Product Development Managers

Heavyweight product development managers are senior and powerful
product development managers who can make things happen. Heavyweight
product development managers improve product development performance in
two ways (Wheelwright and Clark, 1995). First, because of their seniority, they
have significant experience and clout to make things happen. In some cases
their seniority often outranks functional managers. They also have enough power
to get the people they need from different functions and to get other resources
such as new equipment and funding. Second, because of their significant
influence on product development teams and stages, they can direct and

supervise working-level people and the entire stages of the product development
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project. They can create stronger identification. ownership, and commitment to
the project.

In contrast to heavyweight product development managers, lightweight
product development managers’ main job is to coordinate product development,
to collect information on the work status, and to help the functional groups solve
their problem. Lightweight product development managers have no direct access
to working-level people and have little power in an organization as a whole.
Lightweight product development managers occur in organizations with strong
functional divisions and coordinate product development activities through
liaisons from each function (Clark and Fujimoto, 1991; Fujimoto. lansiti, and
Clark. 1996).

The benefits of organizing product development with heavyweight product
managers instead of lightweight product development mangers are enormous.
Clark and Fujimoto (1990) find that the key to product integrity is leadership from
heavyweight product development managers who focus on devising processes to
create powerful product concepts, and making sure that the concepts are
translated into design and manufacturing process details. Clark, Chew, and
Fujimoto (1987) indicate that heavyweight product development manager’'s lead
to fewer engineering hours and shorter development lead times. Moreover, Clark
and Fujimoto (1991) found that the two highest design quality auto manufacturers
also have the heaviest product managers. They also found that product
development activities organized by function, i.e., no product manager, tend to

have more engineering hours and longer lead times. Susman and Ray (1996), in
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a study of 45 project teams, report positive contributions from team leader

strength to teamwork performance, i.e., group process effectiveness.

2.3.5. Platform Products

In a narrow definition, a platform in the auto industry is a basic chassis of
a vehicle that inciudes suspensions with axies and underbody such as front floor,
under floor, and engine compartment. A complete chassis includes not only the
basic chassis but also engine, power train, fuel tank and exhaust system
(Muffato, 1998; Muffato, 1999).

The platform or chassis represents a major part of the total car cost.
Gersbach et al. from McKinsey and Company (1994) provide cost data for a
medium size passenger car such as the Ford Taurus and Honda Accord. From
their data, the researcher calculates that a complete chassis can consume 31%
of the total car cost.

The development of a totally new platform also represents a major cost in
the auto industry. The development cost can be anywhere between 60%
(Sundgren, 1999) to 80% (Muffato, 1999) of the total product development cost.
Therefore, sharing a platform among different vehicle models lead to a
substantial reduction in product cost and product development cost. For
example, Ford F-150 trucks share the same platform with the Ford Expedition
and Lincoln Navigator Sport Utility Vehicles (SUVs). Another illustration is that

the Honda Civic sedans share the same platform with the Honda CRV SUVs.
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Sharing a platform among models may result in a 50% reduction in
manufacturing cost especially in welding equipment investments (Muffato. 1999).

Developing different models from common platforms is now a common
practice not only in the auto industry but also in other industries. A recent
interview by the researcher with an IBM chief product developer indicated that
IBM learned from the auto industry how to develop platform products efficiently.
Another case is found in the consumer electronics industry. Sony created almost
250 models of Sony Walkmans from only 4 platforms (Sanderson and Uzumeri,
1995). NCR's ATM (Automated Teller Machine) Division (McDermott and Stock.,
1994) and Black & Decker (Meyer and Lehnerd, 1997) aiso use platform
products. Because of the broad application of piatform products that
encompasses various industries, in this dissertation platform products are
defined broadly as the practice of planning muitiple generations of products
based on a core product and process design (Koufteros, 1995).

In addition to cost benefits described earlier, platform products also offer
several other advantages. By reusing similar platforms, components, and
manufacturing processes instead of completely redesign them all over again,
companies can reduce product development time. In the auto industry, time
reduction can be as high as 30% by using the same chassis for a period of time
and modifying other modules of the vehicles. Thus, product development teams
do not have to deal with much higher complexity when developing new products

based on the same platform because they are already familiar with this platform.
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This improves team productivity (Meyer and Lehnerd, 1997; Muffato, 1999;

Sundgren, 1999).

2.3.6. Information Technology Utilization

There are a wide variety of integration tools to support product
development teams. One important tool is information technology. This includes
Computer Aided Design (CAD). CAM (Computer Aided Manufacturing), CAE
(Computer Aided Design), PDM (Product Data Management), STEP (Standard
for Exchange of Product Data), simulation, and the Internet that increase the
speed of information processing and problem solving (Huang and Mak, 1999:
Giachetti, 1999; Park and Baik, 1999). Some of these information technology
tools will be discussed below.

Moffat (1998) found that the use of simulation software has a positive
association with team decision-making effectiveness and project task
performance. CAE and CAD allow product development teams to cope with late
engineering changes quickly and share data with other parties, which, in turn,
reduces overall product development time and satisfy customer demand better
by producing the product faster (Gupta and Willemon, 1990; Liker et al., 1995;
and Abdalla, 1999). For example, the use of CAD/CAM systems for product
development in the auto industry can reduce the time required for designing and

manufacturing body die up to 25% (Sanderson, 1992).
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The ISO 10303 (STEP) standard allows product data exchange to various
CAD/CAM systems through a neutral file, standard application protocols, and a
common database (Gu and Chan, 1996). From visiting numerous companies, the
researcher finds that STEP is supported by various CAD systems such as EDS
Unigraphics used by General Motors and Delphi Automotive, France's Dassault
Systemes CATIA used by DaimlerChrysler and Honda, and SDRC I-DEAS used
by Ford and Visteon Automotive. The U.S. auto industry advocates STEP
through the Auto industry Action Group (AIAG). The benefits of STEP include the
easier exchange of CAD data among different geographic location within a
company and between OEM and suppliers, regardless of different CAD systems.
Although STEP offers many benefits, it is not finalized yet and needs further
enhancement.

The development of the Internet and the World Wide Web also brings new
opportunities in product development. As an illustration of this, Philips Advanced
Development Center uses the Internet to involve lead users in the development
of its products. The World Wide Web can also be used to gather and analyze
customer requirements. Companies that better analyze their customer inputs and
incorporate them in their product design may expect to better satisfy their

customers (Fynch, 1999).
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2.4. Integrated Product Development Practices: the U.S. vs. Germany

Section 2.4 presents previous studies related with the differences between
the U.S. and Germany in each of the IPD practices (independent variables). A
similar discussion for product development performance (dependent variables) is
given in Section 2.5. A summary of Sections 2.4 and 2.5 is given in Table 3. The
hypotheses presented in Sections 2.4 and 2.5 are the formalization of research

question no. 2 for each of IPD practice and performance variables.

2.4.1. Concurrent Engineering

Concurrent engineering is the practice of involving teams of functional
specialists to simultaneously plan product and process activities. As discussed
earlier. Koufteros (1995) argues that concurrent engineering consists of three
subconstructs. i.e., overlapping development stages, cross-functional
cooperation, and early involvement of constituents. Several researchers
discussed below have studied the difference between U.S. and Germany in each
of those subconstructs with varying resuits.

For example, Clark, Chew, and Fujimoto (1987) find that U.S. companies
have a higher degree of overlapping development stages than their European
counterparts. However, information transfer between the stages is more intense
in Europe. They make this conclusion after studying die development for outer

body paneis in the auto industry.
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Other researchers indicate that European companies appear to have
better multi-functional cooperation than do North American companies (Gerpott
and Domsch. 1985; Edgett, Shipley, and Forbes, 1992: Song and Parry, 1996).
Moreover, product development teams in German firms have good cooperation
across functions and with top management. This cooperation makes the
development output more efficient (Campbell, Sorge, and Warner, 1989).

In respect to the early involvement of constituents, the researcher has not
found any literature that compares U.S. practices with German practices. To
sum up, no conclusion can be drawn to definitely determine which country is
superior in all of the three concurrent engineering subconstructs.

The following hypothesis will be tested:

H.1.a. There is no difference between the mean score of the concurrent

engineering level of U.S. companies and that of German companies.

2.4.2. Customer involvement

Customer involvement is the practice of developing on-going interactions
with customers to better understand their needs and wants. External
communication with outsiders such as customers is important so that the product
development team gains diverse opinions and inputs beyond those of the team
(Katz and Tushman, 1981). In a cross-industry study described earlier,
Kleinschmidts (1994) finds no differences between the degree of customer

involvement between North American and European companies. However, the
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literature below suggests that the degree of customer involvement is lower in the
uU.s.

In an auto industry study, Clark and Fujimoto (1991) find that product
development managers in the U.S. have less involvement in concept
development with customers than their European counterparts. Other studies
also indicate that U.S. product development managers have less intimacy with
customers compared to product development managers from New Zealand
(Souder, Buisson, and Garrett, 1997) and Scandinavia (Souder and Jenssen,
1999).

The following hypothesis will be tested:

H.1.b. There is no difference between the mean score of customer involvement

level of U.S. companies and that of German companies.

2.4.3. Supplier Involvement

Supplier involvement is the practice of developing on-going interactions
with suppliers to enhance their participation in product development activities.
Imai, Nonaka, and Takeuchi (1985) found that extensive supplier involvement is
important for product development. This involvement allows suppliers to acquire
specialized skills necessary to fulfill sudden and unexpected demand quickly and
effectively.

In a study mentioned earlier, Birou and Fawcett (1994) find that U.S.

companies have a higher frequency and intensity of supplier involvement as well
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as earlier involvement in product development than do European companies.
However. one must remember that their respondents are not only from the auto
industry. but also from electronic and machinery industries. In contrast, two
studies in the auto industry described below clearly show that the degree of
supplier involvement is higher in Europe than that of in the U.S. Unfortunately,
the studies below do not analyze European data by country.

Clark and Fujimoto (1991) find that on average, the auto suppliers’ share
of product engineering ratio for U.S. OEMs, Europe volume OEMs (e.g. VW), and
European high-end specialists (e.g.. BMW) are 14%, 36%, and 37% respectively.
In black-box engineering described earlier, European supplier involvement is also
consistently higher than with U.S. suppliers.

In a more recent study, Sako, Lamming, and Helper (1998) conducted a
postal survey in Europe, Japan. and the U.S. in 1993 and 1994. They received
detailed responses from over 1,400 auto suppliers. Among other things, they find
that the proportions of suppliers involved in product development in Europe and
in the U.S are 84% and 67%, respectively.

The following hypothesis will be tested:

H.1.c. There is no difference between the mean score of supplier involvement

level of U.S. companies and that of German companies.
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2.4.4. Heavyweight Product Development Manager

A heavyweight product development manager is a senior executive with
substantial expertise and decision making authority to champion and direct
product development efforts. Evidence in the auto industry at OEM level (Clark
and Fujimoto 1991) suggests that U.S. New Product Development (NPD)
managers have more influence with engineering coordination than their
European counterparts. The heavyweight product development manager, who
centralizes power in the NPD team, contributes to the reduced engineering hours
during product development. Hout (1996) also found that the use of heavyweight
product development managers by Toyota facilitated faster and higher quality
product development. Heavyweight product development managers help
organizations formulate product concepts and implement them coherently across
organization functions such as marketing. engineering, purchasing, and
manufacturing (Fujimoto, lansiti, and Clark, 1996).

The following hypothesis will be tested:

H.1.d. There is no difference between the mean score of heavyweight product
development managers level of U.S. companies and that of German

companies.






