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Summary

A product development project can be regarded as a bundle of problem-
solving cycles by which an organization tries to construct a "cause map" for a
future value-creation (i.e, production-consumption) process.  Effective
patterns of product development, in this context, means a set of organizational
routines that can articulate such a cause map accurately and efficiently, and
thereby enhance the chance of the new product's success. It follows that, to
the extent that typical patterns of value creation processes differ by industry
and product type, effective patterns of product development routines may also
differ between them. Based on this contingency perspective of successful
product development routines, we collected questionnaire-based data from 203
Japanese product development projects, derived some generic and specific
hypotheses from the above framework, and tested them through a simple
correlation analysis between 32 effective routine variables and 20 product-
industry characteristic variables. The statistical results supported most of our
16 specific hypotheses. Although we need further empirical investigation
along this line, the current study is consistent, at least partially, with our
contingency perspective: Effective patterns of product development routines
may differ when the underlying patterns of value creation processes are
different across products, markets and industries.

(Product Development, Problem Solving, Effective Routines, Value Creation

Process, Contingency Perspective)



1. Introduction

What determines the success and failure of product development
projects?  Since the beginning of empirical research in innovation management,
a number of researchers have tried to answer this basic question. Whereas
some of the important works in this subject have been case-based, there'have
also been many empirical studies that relied on systematic data collection and
statistical analyses. The present paper aims at contributing to this stream of
research by introducing a contingency perspective for effective product
development.

The existing statistical-analysis based research on effective innovation
may be classified into two groups: generic studies and industry-specific
studies. Much of the early empirical research in the 1960s and 70s tried to
identify generic patterns of successful innovation that could apply to any
industry. Major contributions in this first category include Myers and Marquis
1969, Project HINDSIGHT (Office of the Director of Defense Research and
Engineering 1969), Langrish et al. 1972, Gibbons and Johnston 1974, Project
SAPPHO (Rothwell et al. 1974), Rubenstein et al. 1976, von Hippel 1976, Allen
1977, and Stanford Innovation Project (Maidique and Zirger 1984, 1985)1. By

IThe study by Myers and Marquis  (1969) surveyed 567 cases of innovation in
railroad companies, railroad suppliers, housing suppliers, computer manufacturers, and
computer suppliers through key informant interviews. This study argued that the majority of
the innovations in the sample were of the demand-pull type as opposed to the technology- push
type. The study focused on the input source of the information which is processed in product
development, emphasizing the importance of outside sources for idea generation, as well as
intra-company informal networks for problem solving information. Langrish et al. (1972)
argued based on 84 innovations mostly from industrial goods (all recipients of the Queen’s
Award for technological innovation), that customer needs tend to initiate innovations more
frequently, although the study denies naive or unilateral demand-pull models. "Project
HINDSIGHT" (Office of the Director of Defense Research and Engineering 1969), conducted by
the US Department of Defense on twenty development projects for weapon systems, also agrees
with the demand-pull hypothesis. Gibbons and Johnston (1974), on the other hand,
emphasize the contribution of scientific information (journals, personal contacts, etc.) based on
an information flow analysis of thirty innovations. Generally speaking, most of the systematic
studies show that the majority of innovations are induced by market needs.

"Project SAPPHO" is presumably one of the most elaborate (Rothwell et al. 1974). It
explored twenty-nine pairs of attempted innovations, each of which consisted of one successful
and one unsuccessful project in chemicals and scientific instruments. A major strength of this
study is that it explicitly introduced an effectiveness indicator (pairing of success and failure).
The results generally agree with the main conclusions of the Myers and Marquis study: the
factors which discriminate success and failure most clearly include understanding of the market,
and communication with outside scientists whose work is closely related to the innovation. In
addition, the study identifies certain managerial factors which discriminate success and failure,
including the power and responsibility of the firm’s innovators and the size of the project team.

Rubenstein et al. (1976) also conducted a wide-ranging study on the source of
successful innovation. Based on 103 projects in six different firms and industries, the authors
examined the correlation between project performance (technical and economic: respondents’
self-evaluation) and a variety of indicators for environment, project, and organization. After
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collecting large sample data from multiple industries in most cases, these
researchers have identified much of the main research agenda to date in this
field. These generic studies however, tended to lack international and
competitive perspectives. Many of them focused only on domestic industries;
the linkage between innovation processes and competitive performance was
not investigated explicitly. Measurement of innovative performance was
rather simple: binary measures of success or failure (e.g., Rothwell et al. 1974,
Allen 1977, Maidique and Zirger 1984, 1985), self-evaluation of "successfulness,”
and so on.

In the late 1980s, reflecting intensifying international competition,
industry-specific empirical studies, with explicit focus on the impact of
innovations on competitive performance, increasingly attracted attention (Clark
and Fujimoto 1991, Cusumano 1991, lansiti 1993, Pisano 1995, Utterback 1994,
Cusumano and Nobeoka 1998, Eisenhardt and Tabrizi 1995). While carrying
over much of the existing research agenda set by the earlier generic studies,
most of this industry-specific research collected project data internationally,
measured specific project performance indicators such as lead times, product
development productivity and design quality, and compared organizational
and process variables across projects in order to identify better practices for
international competitive advantage.

Whereas this stream of research has strengthened linkages between

technology management and competitive analysis in other fields of

finding many correlations in various areas, they concluded that there is "no magic single factor
or single set of factors that govern project success and failure” (18). "The Stanford Innovation
Project” (Maidique and Zirger 1984, 1985), based on data from 158 product development
projects in the electronics industry (pairs of successful and unsuccessful projects by financial
criteria), concluded that the following eight factors are statistically correlated with project
success: understanding of the customers, better cross-functional coordination, higher
contribution margin, utilization of existing technological and marketing strength, proficiency
and resource commitment in marketing, better planning and coordination in the R&D process,
higher level of management support, and early market entry. The results are generally
consistent with those of the earlier studies.

Allen (1977) focused very intensively on patterns of information inputs and communication
networks in R&D organizations. This study also employed the paired case approach as an
indicator of effectiveness. The sample cases were government-sponsored projects and the
research laboratories conducting them, mostly were either in the aerospace or electronics
industry. Major findings of this study include highlighting the importance of inter-project
communication compared with intra-project communication, as well as the importance of
"technological gatekeepers” as centers of the laboratory communication networks. Allen’s study
also examined the impact of formal organizational structures (e.g., functional versus project
organizations) and physical architecture (e.g., nonterritorial offices) on communication. von
Hippel (1976) intensively investigated the nature of the customer-producer linkages in certain
types of products. Based on data from 111 innovations in the scientific instruments industry,



management and applied economics, there is an obvious limit to this type of
study - generalizability. These industry-specific studies themselves, as well as
many other in-depth case studies, have already indicated that effective patterns
of innovation and product development may differ by industry or across
product categories. Thus, based on the body of knowledge accumulated thus
far from both generic and industry-specific studies, one of the next steps in the
agenda of this field seems to be conducting inter-industry analyses that try to
explain why effective patterns of innovation differ across industries by
identifying the key variables involved. There have been relatively few studies
which explicitly focused on such a subject?.

Against this background, the present study, based on data collection
from about 200 product development projects in multiple industries in Japan,
tries to identify certain product or industry characteristics that may affect
successful patterns of product innovation management. In section 2, we
propose a conceptual framework that links effective product development
routines and product-industry characteristics. In section 3 we derive some
hypotheses from this framework. Section 4 discusses empirical research
design and the issue of measurement and validity. Section 5 analyzes the

results of our statistical analyses. Section 6 discusses some implications of our

research.

2. Basic Framework

2.1 The Product Development Project as a Set of Organizational Routines
First of all, we propose a conceptual framework for effective product
development that can give a common background to our hypotheses linking
product-industry characteristics and product development routines. We start
from the stylized fact that modern product innovations are by and large
organizational efforts by firms (Freeman 1982) developing, producing and
selling multiple products, and that the vast majority of product development

activities are more or less repetitive. Even in technology intensive industries

von Hippel concluded that the user-dominated mode of innovation is prevalent in this
industry.

2 Fujimoto (1989) and Clark and Fujimoto (1991) indicated that effective patterns of product
development may differ between high volume products and high-end products.  Eisenhardt
and Tabrizi (1995) investigated a similar research topic in the computer industry.  See also,
Fujimoto (1993) for further discussion of this research direction.
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where products are rapidly evolving, innovating firms tend to evoke a set of
procedures that were used at least partially for past projects. Thus, modern
product development usually relies on a set of organizational routines (Nelson
and Winter 1982). To the extent that product innovation is the production of
information assets (Allen 1977, Freeman 1982, Clark and Fujimoto 1991), the
organizational routines for product development are essentially stable patterns
of information processing and information creation?.

We also know that a firm tends to develop many new products each year,
and that only a fraction of them are recognized as successful. Effective product
development organizations may thus resemble high-performing batters in
baseball -- their “batting averages” are higher than those of the average players,
but they also do fail many times. In this sense, successful (or effective) product
development routines mean those practices which bring about a higher success

ratio over a long period of time and many attempts.

2.2 Product Development as the Construction of a Cause Map

Having defined a product development project as a set of organizational
routines, let's examine the relationships between such routines and product-
industry characteristics.

As traditional contingency theories have suggested, effective
organizational routines may reflect patterns of task environments (Aldrich and
Herker 1977). Task environments for product development organizations may
include relations with scientific communities, government bodies, suppliers,
and customers, but the most direct task environment for a product
development project is the value-creation process that the new product brings
about in the future, or the process by which the product is produced,
distributed, used, interpreted and ultimately generates satisfaction or value for
the customer.

We can conceive of a cause-effect chain for each value creation process
around a given product, which eventually results in actual customer attraction
and satisfaction (Figure 1). Under the assumption of today's mass production
system, the chain starts from a certain production process, which leads to the

replication of an identical physical product structure. The physical product is

3 More recently, the term “knowledge creation” has been used (Nonaka and Takeuchi, 1995),
but we define information more broadly so as to include knowledge as systematic information
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then brought to the consumption space, in which it generates product function
through the usage process, or through its interactions with its context. The
product functions are then translated into customer perception and satisfaction
through the interpretation process of the customers. (Note that there are other

causal paths as Figure 1 indicates.)
Figure 1 around here

However, this cause-effect chain is not directly observable to the product
developers, partly because it has not yet happened when product development
is going on, and partly because it is usually complex, equivocal, and specific to
each individual customer. At best, what the producers can do is create a cause
map (Weick, 1979) and impose it on the target production and consumption
process for the product in question (the sales process has been omitted for
simplicity). In other words, the product developers try to enact the future
value creation process.

In this context, the product development process can be regarded as the
gradual articulation of a cause map for a future product’s value creation process
(Figure 1). It starts with the developer's vision of future customer satisfaction,
or at a product’s concept creation. It then goes backwards through a means-
ends chain to the product's functional design, its structural design, and its
production process design. The causal relations around these elements are also
investigated at each step. These four steps are the major components for
product development processes in general (Clark and Fujimoto, 1991).

In this map-making process, the firm developing a product tries to
predict the most effective and efficient causal path that results in satisfaction for
the targeted customer by tracking the cause-effect chain backward. If the map
turns out to be reasonably accurate judging from the sales performance and
revealed customer satisfaction, the practices used for this map construction may
be retained and reused as organizational routines for similar projects in future.

In this sense, effective product development routines are related to
accurate, fast and efficient construction of a cause map for the future processes
of production-sales-consumption for a given product. To the extent that the

patterns of this value-creation process differ product by product, effective

assets embodied in people’s minds (Fujimoto, 1989; Clark and Fujimoto, 1991).
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patterns of product development may also differ depending on product-
industry characteristics. This, we think, is the basic logic behind a contingency

framework for effective product development.

2.3 Product Development as Problem Solving Cycles

An effective cause map for a future value-creation process is difficult to
construct, however. If the causal relationship linking a product and a state of
customer satisfaction was straightforward and perfectly predictable by
applying existing knowledge, product development would be a simple matter
of taking an inverse function of the predicted causal relation (Y = f (X} ) and
creating designs (X = f' (Y) ) for each step. There would be no simulation
models, no prototypes, no testing, and no design reviews needed in such a
simple mapping process.

In today's product development, however, the above story is far from
reality in virtually all cases. Producers' knowledge about the cause-effect
chains that lead to a state of customer satisfaction is incomplete, as there is a
significant level of uncertainty, equivocality and complexity involved in this
process and its environment.

To the extent that the causal relation is unpredictable for the producers,
there is a need to do search for alternative means and simulation to predict the
consequences of each alternative, as well as analysis and evaluation of such
consequences. In other words, a product developer without complete
knowledge aiming at constructing the cause map needs to evoke a set of
organizational routines including search and simulation. This is nothing other
than what H. Simon described as problem solving  (Simon 1969, Clark and
Fujimoto 1991). It refers to a set of information processing routines in which
goals or problems (i.e., input information) are converted to solutions to the
problems (i.e., output information) under the conditions of uncertainty and
bounded rationality. A generic model of a problem solving cycle with five

steps (goal setting, alternative idea generation, model development, experiment,

and selection) is illustrated in Figure 2.4

Figure 2 around here

4The present problem solving model is a modification of Herbert Simon's original framework (1969). For
further detail of the model, see Clark and Fujimoto (1987).
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As the diagram indicates, a cycle of problem solving is typically initiated
by the recognition of certain problems (i.e., gaps between goals and current
situations). Alternative ideas are then created or retrieved from the repertoire.
As knowledge on the causal relationship between the alternatives and their
consequences is normally imperfect, the cycle typically develops models and
conducts experiments for various possible combinations. ~After the results are
evaluated, an acceptable alternative may be selected, or a new cycle of problem
solving may begin in search of a better solution. Also, the problem solving
cycles may be linked to one another so that solutions in the upstream cycles
become goals for the downstream cycles.

In the detail product engineering stage at an automobile manufacturer,
for example, informational outputs of the product planning stage, including
product specifications, styling, and layout, become the goals of the stage (goal
setting); possible product designs are then searched for (alternative idea
generation); prototypes are constructed according to the designs for subsequent
simulations (model building); the prototypes are simulated or tested in proving
grounds and laboratories (experiment); and the cycles are iterated until a
satisfactory result is achieved, i.e,, when the final engineering drawings are
chosen as a solution (selection). This solution, in turn, becomes an input or an
assumption in the subsequent process engineering stage. The so called
"design-build-test cycle” (Wheelwright and Clark 1992, Thomke 1998)
corresponds to this problem solving framework. According to one of the
Japanese automobile companies, a typical automobile product development
project involves several thousand problems which need to be solved. These
cycles are hierarchically organized and mutually interconnected in and across
projects (Figure 3). In this context, effective product development means

integrated, efficient and early execution of problem solving cycles.
Figure 3 around here

As various researchers pointed out (Abernathy and Rosenbloom 1968
von Hippel 1976, Allen 1977, Clark and Fujimoto 1989, 1991, Thomke 1998),
effective patterns of product development activities can be regarded as a

bundle of problem solving cycles interconnected vertically and horizontally,



Figure 3 Product Development Project as a Bundle of Problem Solving Cycles
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which are usually carried out by a group of people. As such, the degree of
searches, simulations and problem solving as a whole needed for the
development of a product would depend on the prior knowledge levels of the
causal relations in the future value creation process, as well as the nature of the

causal linkages themselves.

2.4 A Contingency Perspective of Effective Product Development

Let's summarize our framework. We think that, in most modern
manufacturing firms, a product development project consists of a set of
organizational routines, the main mission of which is to construct a cause map
for a future value-creation process. To the extent that this map-making
process involves incomplete causal knowledge, the product developing
organization needs to evoke a set of problem-solving routines including search
and simulation. This perspective leads to the following basic contingency

hypotheses of effective product development routines.

BH1: Effective problem solving routines reflect patterns of the value creation

process for the product type in question.

BH2: Patterns of the cause map of the value creation process differ depending

upon the type of product.

BH3: Therefore effective patterns of product development routines are different

by product type and industry reflecting differences in the patterns of the

value creation processes.

Note again that the project members are assumed to match their problem
solving patterns with the causal map, or the perceived value creation process,
as opposed to the objective causal relation, because the latter is not directly
observable to the members in advance. The project members learn that the
map represents reality only indirectly through the success of the project. We
thus predict that a development project will tend to be successful when its
problem solving routines match the cause map of the value creation process in
question and when the map itself turns out to represent the objective causality

reasonably well. Based on this assumption that perceived environments,



objective environments and organizational routines are aligned in successful
projects, we will focus on the correlation between the perceived patterns of
product-industry characteristics and the problem solving routines that a

successful project tends to adopt.
3. Hypotheses

3.1 Generic Hypothesis

Based on the above contingency framework, we now propose a set of
generic and specific hypotheses on the linkages between product-industry
characteristics and effective patterns of product development routines.
Because the empirical analysis which follows potentially involves a number of
testable propositions, we will proceed in this study by proposing a hierarchy of
generic and specific hypotheses.

Our first step in this hypothesis building is to identify appropriate
constructs for describing the product-industry characteristics (i.e., patterns of
the value creation process). After investigating the existing literature and
clinical data, our conclusion was that we can analyze the characteristics
effectively by adopting the very basic concepts of classic organization and
management literature, such as uncertainty (Lawrence and Lorsch 1967,
Galbraith 1973), interdependency (Thompson 1967), analyzability (Perrow,
1967), equivocality (i.e., possibility of multiple interpretations; Weick 1979, Daft
and Lengel 1986), variety (Ashby 1956), and so on, and applying them to the
processes of value creation and product development. Thus, we chose to "put
new wine in old bottles" at this step of hypothesis building.

It should be noted that the above basic concepts themselves tend to be
interrelated. Uncertainty, for example, may be affected by the complexity,
interdependency, and equivocality of the related elements in the process. Also,
certain characteristics of the value creation process in a particular locus are
likely to affect problem solving patterns of effective routines in corresponding
product development steps.

Figure 4 summarizes how these hypotheses are applied in the context of
product development. As in Figure 1, the causal linkage of the target value
creation process is shown in the upper level of the diagram, whereas the

corresponding product development through problem solving process is
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illustrated in the lower level. Complexity in terms of the number of elements
(i.e., element variety and changes) and interdependency are defined for each
step of the process; Equivocality is defined based upon the semantic relation
between a state and its meanings; Cause and effect uncertainty is defined based
upon the causality between the two states, which in turn are affected by

complexity and equivocality.
Figure 4 around here

With this basic logic taken into account, we derived the following four
generic hypotheses linking certain product-industry characteristics and product
development routines.

GH1: For a product with greater equivocality of production process,
product structure, product function or customer satisfaction, the corresponding
product development steps require richer media for information processing (e.g.,
face to face communication, physical prototypes, use of metaphors). This is a
direct application of Weick's proposition that "organizational processes that are
applied to equivocal inputs must themselves be equivocal” (Weick 1979, p-189.
See also, Daft and Lengel 1986).

GH2: For a product with greater cause uncertainty (ie., difficulty in
estimation of causes for a given result event) of production process, product
structure, product function or customer satisfaction, the corresponding product
development steps require a higher degree of search activities. For a product
with greater effect uncertainty (i.e., unpredictability of results for a given cause
event) of production process, product structure, product function or customer
satisfaction, the corresponding product development steps requires a higher
degree of simulation activities. The concept of uncertainties and corresponding
information processing efforts are discussed in the classic contingency theory
works (Lawrence and Lorsch 1967, Galbraith 1973). These notions are also
closely connected to Perrow's task variability and analyzability (Perrow 1967).

Note, however, that the intensity of searches and simulations is affected
by the marginal costs and benefits of knowledge obtained through these
activities (Thomke 1998). This implies that, given a level of uncertainty,
patterns of search and simulation activities may be affected by their speed,

fidelity and cost (Thomke and Fujimoto 1998).
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Figure 4 Basic Logic of the Contingency Perspective
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GH3: For a product with a larger number of distinctive elements (or more
changes) in the production process, product structure, product function or
customer satisfaction, the corresponding product development steps require
more problem solving cycles and organizational units. This is a direct
application of Ashby's "requisite variety” concept (Ashby 1956): the variety
within a product development process must be at least as great as the variety of
the target value creation process.

GH4: For a product with greater interdependency among the elements of
production process, product structure, product function and customer
satisfaction, the corresponding product development steps requires a higher
degree of coordination between problem solving units. This is also a straight-
forward application of Thompson's proposition (Thompson 1967). Note also
that when applied to the context of product development, the notion of
interdependency is closely related to the concept of task partitioning (von
Hippel 1990), as well as modular/integral product architecture (Ulrich and
Eppinger 1994, Ulrich 1995).

3.2 Specific Hypotheses

Based on the above generic hypotheses, let's move on to the specific
propositions that we examine later in this paper. We propose in the following
order a set of hypotheses relating to equivocality, uncertainty, variety and
interdependence. Among numerous possible hypotheses, we paid particular
attention to those propositions that have already been suggested in past
literature, as well as to our own clinical studies.

3.2.1 Hypotheses on Equivocality: Since enactment and equivocality
reduction tends to happen at earlier stages of product development (Nonaka
and Takeuchi 1995), we focused in particular on the concept creation stage and
the role of rich media (Daft and Lengel 1986) such as face-to-face
communication, physical prototypes and metaphorical words.

SH1.1: Successful use of rich communication media (e.g., face-to-face
communication and metaphorical words) in equivocality of concept creation tends to
bring about project success in a product for which equivocality of market needs (e.g.,
sensibility and industrial design intensity) is higher.

SH1.2: Successful use of unequivocal media (e.g., block diagrams, layout

drawings) in concept creation tends to bring about project success in a product when its
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structure, function and customer needs can be articulated in a numerical or geometrical
manner.

SH1.3: Successful use of physical prototypes (i.e., the richest media for
expressing the product itself) in product engineering tends to bring about project
success in a product for which equivocality of market needs (e.g., sensibility and
industrial design intensity) is higher.

SH1.4: Successful use of unequivocal media for expressing product structures
and functions (e.g., computer simulations or CAE) tends to bring about project success
in a product when its structure, function and customer needs can be articulated in a

numerical or geometrical manner.

3.2.2 Hypotheses on Uncertainty: For this aspect, we paid particular
attention to uncertainty caused by technological novelty (SH 2.1, 2.2, 2.3),
system complexity (H2.4, 2.5, 2.6), and customer characteristics (SH 2.7, 2.8).

SH2.1: Successful use of intensive search for new technology (e.g., parallel
technology development) in advanced engineering tends to bring about project success
in a product which involves novel technology, and thus has high cause-effect
uncertainty relating to product structure.

SH2.2: Successful use of intensive simulation for new technology (e.g., intense
coordination between technology and product development) tends to bring about project
sticcess in a product which involves novel technology, and thus has high cause-effect
uncertainty relating to product structure. The above two propositions (SH2.1, 2.2)
are essentially reinterpretations of lansiti's studies on technology integration
and a system-driven approach in technology-intensive industries (Iansiti 1993,
1997). High technological novelty in this case leads to high causal uncertainty
between product structure and function.

SH2.3: Successful use of trial-and-error search {(experimentation) of many
alternatives in product engineering tends to bring about project success in a product
which involves novel technology, and thus has high cause-effect uncertainty relating to
product structure. This proposition seems to be consistent with the experiential
approach that Eisenhardt and Tabrizi (1995) identified in their study of the
computer industry.

SH2.4: Successful use of accurate or realistic simulation tools (test equipment
and methods) in product engineering tends to bring about project success in a product

when its product function and customer needs are complex (i.e., many elements and
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high interdependency) and the corresponding techiology and market uncertainty s
high. In other words, when Y is complex and the effect uncertainty of the
causality X > Y is high, the corresponding simulation (X ->Y) requires fidelity.

SH2.5: Successful use of commercial process equipment or methods at earlier
stages of product development (e.g., product engineering and pilot) tends to bring about
project success in a product when its production processes are complex (i.e., many steps
and high interdependency) and the corresponding uncertainty is high. This relation
is typically predicted for complex process industries, where so-called "scale-up”
problems create causal uncertainty between product and process. Early search
of process equipment and recipe should facilitate subsequent process
simulations.

SH2.6: Successful search of feasible production processes for the product at
earlier stages of its development (e.g., product engineering) tends to bring about project
success in a product when its production processes are complex (i.e., many steps and
high interdependency) and the corresponding uncertainty is high. This relation is
also typically predicted for complex process industries for the same reason as in

SH2.5.
SH2.7: Successful early freeze of product concept tends to bring about project

success in a product when its customer needs are less uncertain.  Thisis related to
lansiti's argument that concept freeze should be late where customer
expectations change very rapidly and are thus highly unpredictable. (lansiti
1997. See also, Cusumano and Selby 1995). Where customer needs are
reasonably predictable, however, early concept freeze tends to facilitate product
integrity (Clark and Fujimoto 1990), as well as faster and more efficient
product development, other things being equal.

SH2.8: Successful use of direct customer inputs (e.g., customers’ instructions
and voices) for product concept creation tends to bring about project success in a
product when its customers possess higher product knowledge. This may typically
be the case in industrial goods (e.g., capital equipment and components). If
the customers have a more complete cause map than the developers, having
accurate information about their expectations would be the key to product
success. To the extent that the customers can articulate their own needs, direct
instruction of product specifications by the customers themselves would be
important. For example, von Hippel's classical study of scientific instruments

(von Hippel, 1976) is quite consistent with this hypothesis.
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3.2.3 Hypothesis on Element Variety: Unlike other areas, it is difficult to
derive specific hypotheses abcut the number of elements. For example, it is
reasonable to predict that development of the automobile (typically a few
thousand functional parts) involves a larger number of engineers and problem
solving cycles than that of cameras (typically a few hundred parts), but this
does not mean that, within each industry, larger projects are associated with
higher project success. Clark and Fujimoto (1991), for example, showed that
smaller project teams in their sample tended to outperform larger ones in
project speed and efficiency. Thus in this paper, we focused only on a
hypothesis about project leadership, which seems to avoid the above problem.

SH3.1: Successful leadership by project managers tends to bring about project
success in a product with a larger number of product and process elements. It
would be appropriate to use a music analogy here: An orchestra, with more
instruments and players, needs an effective conductor integrating their
activities, whereas a chamber music group would not need such a leader --
mutual adjustment would be enough.

3.24 Hypotheses on Interdependence: Here we directly apply
Thompson's proposition that higher task interdependency requires a higher
level of organizational coordination. We also predict that interdependency in
a certain stage of the value-creation process requires coordination at the
corresponding stages of product development. We propose three hypotheses
dealing with the upstream, midstream, and downstream of the development
process respectively.

SH4.1:  Successful coordination between product planning and product
engineering units tends to bring about project success in a product when its functions
or customer needs are interdependent. This refers to the upstream
interdependence of the value creation process in relation to upstream
coordination of problem solving cycles.

SH4.2: Successful coordination within the product engineering group (e.g.,
among the engineering design units; among design, prototyping and testing units)
tends to bring about project success in a product when its structures and functions are
interdependent. This refers to midstream interdependence of the value

creation process in relation to midstream coordination of problem solving

cycles.
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SH4.3: Successful coordination within the production-related group (e.g.,
factories, pilot group, manufacturing engineers) tends to bring about project success in
a product when its production processes are interdependent.  This refers to
downstream interdependence of the value creation process in relation to
downstream coordination of problem solving cycles.

SH4.4:  Successful coordination of project members through rich meda (e.g.,
face-to~face communication, physical prototypes) tends to bring about project success in
a product when its product structures, functions and production processes are
interdependent. This is based on an assumption that face-to-face

communication is the most intense mode of coordination.

We have now identified 17 specific hypotheses derived from our
analytical framework and generic hypotheses. Before testing these hypotheses,

we will explain our research methods and variables in the next section.

4, Research Method

4.1 Basic Direction: A Short-Cut Approach

The research method that we adopted in this paper may be called a
"short cut approach” for inter-industry analysis of effective product
development. In theory, we can design "full scale" research by measuring
performance indicators, routine (activity) variables, and product characteristic
variables. For example, we can estimate coefficients of multiple regressions
either as a generic model or an industry-specific model. Suppose that Yi is the
product development performance for the i-th product (project), Xjj is the level
of j-th product development routine for project i, and Zik is the k-th product
trait for the i-th project for controlling the data for product differences. For
simplicity of discussion, let us assume linear relationships between the
independent and dependent variables. We can then conduct a generic
empirical study by collecting data from various projects in multiple industries (i

=1~ n) and fit the data with the following regression model.

Yi = bio + bij Xj where bij = cio + cik Zik

16



In such a case, we pool all the data across the industries and estimate the
regression coefficients bij, which represent the impact of routine j in the
industry (product type) i. In reality however, it is very difficult to find
appropriate indicators for performance and product content common to all the
industries. For example, it is practically impossible to compare product
development lead time (Yi) for an automobile and that for an ice cream cone
and tell which is shorter after adjusting for product content variables. It is
extremely difficult to find control variables for such inter-industry adjustment.

Alternatively, we may do a series of industry-specific studies based on a
common format and estimate the inter-industry differences of effective routines
by two steps: We divide the data set into industries and estimate the
effectiveness coefficient b separately for each industry, and then regress bij
further by Zik to estimate the impact of the product-industry characteristics on
the effectiveness of the routines. This type of multiple-industry study would
require enormous resources and time, which is beyond our current research
scope.

For the present project, we chose a "short cut" approach. That is, we
skipped the first step of the above "full scale" analysis and directly asked
experienced product development practitioners how successfully each of the
development routines were executed in successful projects that were executed
recently (Sij for i-th project and j-th routines). We also asked the same
respondents their subjective estimation of the product-industry characteristics
(Zix for i-th project and k-th product trait). Then we did a simple correlation
analysis between Sjj and Zik to show how product characteristics affect effective
patterns of product development.

As discussed later, this short-cut method has some potential problems in
measurement and validity. Measuring the variables of both sides of the
equation by subjective Likert scale is also a somewhat risky approach. On the
other hand, according to our framework mentioned earlier, it is valid to
measure perceived (not objective) patterns of the product-industry
characteristics in this way, because the project members are assumed to create
effective problem solving routines based on their cause map (i.e., the perceived
value creation process).

Thus, notwithstanding the significant difficulty of measurement

discussed later in this paper, we believe that, given our limited time and
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resources, this study is a good first step toward more developed inter-industry

studies of effective product development.

4.2 Data Collection

In this study, we combined clinical field studies and statistical data
collection. The former was used for hypothesis building. We visited over 30
product development organizations of manufacturing firms in such industries
as apparel, food, pharmaceutical, toiletry, industrial materials, software,
electronics equipment and components, office equipment, automobile,
mechanical parts, and construction equipment, covering virtually all the
industrial sectors studied in our questionnaire survey. We combined our
knowledge from both our literature survey and field research for developing
the hypotheses, selecting variables and designing the questionnaire. We then
moved on to the questionnaire survey.

We collected data through a questionnaire survey mailed to 700 business
units or research laboratories in July 1997. We received 203 answers
(response ratio of 29%) by October 1997, which we then analyzed for this study.
The unit of analysis is an individual project of product development. Some of
the multi-divisional companies gave us more than one response.

For the purpose of our study, we distributed the questionnaire to many
different industries. As a result, the 203 responses were spread across a
variety of industries: textile and apparel (n=14); food and beverage (n=15);
pharmaceutical and biological (n=10); consumer chemical and toiletry (n=9);
industrial chemical and material (n=35); software and telecommunication
systems (n=11); consumer electronics and appliances (n=23); electronic parts
(n=21); precision machines for offices (n=25); passenger car and motorcycle
(n=7); machinery parts (n=7); industrial machines and equipment (n=26).

Each respondent to the questionnaire was asked to select a relatively
successful project that he or she experienced in recent years, and to answer the

questions consistently about this particular project.

4.3 Variables

Following our framework, we measured two sets of main indicators in

our analysis: effective routines and product-industry characteristics.
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4.3.1 Effective Product Development Routines: We selected 32
routines that may affect project performance based on our understanding of
existing work, case-based field studies that the authors conducted in more than
twenty projects and industries, and the problem solving frainework that we
adopted for this study. That is, we developed about thirty statements, each of
which describes a routine that we thought may potentially be effective for
certain types of products. For each routine, the respondents were asked if that
routine was executed relatively successfully in the successful project that they
chose. More specifically, they were asked how successfully each of the
following routines was executed relative to average projects in the same
product category, using a 5 point Likert scale (5 = very successful; 3 = neutral; 1
= failure).

We also asked the respondents if each of the routines was important for
the success of the project (binary choice). This "importance” indicator was also
used as a supplementary measure for the analysis. As discussed later on, this
measure was not used directly in our main analysis, but was used as a validity
check of the success indicator.

The list and basic statistics of this set of variables is shown in Table 1.
Note that the mean (column 3) for almost all of the routine variables is over 3.0,

which means that these development routines tended to be executed relatively

successfully.

Table 1 around here.

In order to check if there are significant inter-industry differences in
average development practices, ANOVA was applied for these variables. The
results (column 6) show that significant inter-industry differences existed in 13
of these routine variables. Thus our basic hypotheses BH3 was at least

partially supported by our data.

4.3.2 Product-Industry Characteristics: We also selected 20 product-
industry characteristics along the main steps of the value-creation process (i.e.,

market needs, product function, product structure, production process),
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Table 1 Product Development Routines

Yot rank correlation
y n ¢ dev. | respond inter-industrial [ with chacking
category development routine mean | st.dev. :\!s ’| difference assessment of
critical routines
1-1. Product concept was evaiuated by actively using key-word ( hor) or i thod: 3.20 1.08 187 * % ok
. ia f duct . . .
1. Mediafor Pro ) . 1-2. Product conceptwas evaluated by actively usinglayout drawings. 3.42 1.05 182 * % % * ok k
Concept and Engineering
1-3. Product conceptwas evaluated by actively using functional design charts (e.g., diagrams) 3.13 1.02 180 * % % #‘* *
1-4. Coordination was made and problems were shared among project participants through the use of physical 167 i 183 o sk %
prototypes (parts interference checks, etc.).
2-1. Alternative core technologies were compared and analyzed using prototypes in order to realize the products 365 N 188 e
concept and specifications.
2-2. Devel of core logies was carried out in advance separately from product development. 3.75 1.13 187 * k%
i technology d ! : "y I
2. Advanced Engineering 2-3. The period of core gy p was pped with the period of praduct concept/specification 2.79 0.91 190 sk
development.
2-4. Actual development activities started before the product concepts and specifications were approved by senior 3.81 0.89 193 P
management group.
2-5. Effec_u've dination and were made at the stage of advanced development of core 3.50 0.88 186 o
technologies.
3-1, Many alternative designs were prototyped and screened by gial-and-error in order to achieve target 289 0.89 185 * % ok K
p and perf
3-2. Productf ionality and perf were enh d by developing testing i and methods that 344 101 183 %k
would represent user experiences and situations more accurately.
3-3. Product functionality and performance were enhanced by raising measuring accuracy of testing equipment 3.41 0.81 182 ko
and methods.
3-4. Mass (commercial) production equipment was actively used for pilot runs (tests of production equipments 375 112 181 . .k
functionality).
3. Product and Process 3-5. Mass production methods were aimost fixed at the product engineering stage. Mass production quality and 2.80 0.94 187 .k
Engineering productivity was enhanced by refining them.
3-6. Engi ing pr vypes (working pr ypes using repr ive design and materials) were made by using 347 102 182 R P
ial (mass) production faciliti
3-7. Engineering prototypes (working prototypes using representative design and materials) were made by using 3.64 1.04 189 - .
the same production methods (recipes) as commercial production.
3-8. Physical prototypes were actively used for ling manuf ing-related p 381 0.79 190 * % * ok ok
3-9. Exterior models directly liked to CAD (e.g., rapid prototyping) were actively used for revealing manufacturing- 2.92 1.05 170 P ok
related probiems prior ta product design and prototyping.
3-10. inter-departmental coordination mechanisms (e.g., early design reviews involving manufacturing) were 367 1.03 189 [
actively used for revealing manutacturing-related problems prior to product design and prototyping.
4-1. Once app! by senior g t group, the product ptand speci ] were not ch d 351 1.04 191 P
throughout the development period.
. t it cati ifad
4. Target Definition 4-2. The product was ped based on ptand sp concretely by the customers 339 0.96 187 £k * ok ok
themselves.
4-3. ‘Produc( concept and specifications were made following actual voice of the customers and retail stores 4.02 0.88 195 kK
obtained through direct contact with them,
5-1. Product developmentieader demonstrated his/her individual ability of project management and coordination. | 3.88 0.84 190 * kK
5-2. Product development [eader d ated his/her indivi logical ability. 3.81 088 180 * % *x &
§-3. f?voduc( d P leader ated his/her individual ability for creating product concept (market 374 0.88 190 ok
imagination).
5-4. Effective ination and cor ication were made between product planning/ marketing and product 4.04 0.84 197 .
development departments.
5-5. Eﬂe:u’v.e ° dination and \ were made batween product design departments within the 403 0.74 189 .k
product engineering group.
5. Control and - inati i
ol 5-6. Eﬁevcuve ‘ and were made betw een product design departments and 3.91 0.79 180 P
Coordination |prototyping/testing departmants.
5-7. Effective coordination and communication were made betw esn product engil ing (product tschnology) 188 08 194 .k
departments and process engil ing (producti logy) departments.
5-8. Effective coordination and communication were made betw een engineering prototype shops and pilat plants. 3.50 0.89 180 * ¥ * %k
5-9. Effective ination and Y were made betw een pilot plants and commercial (mass) producton 332 0.93 176 -
plants.
5-10. Effective control and ination among particip. were made through their daily contacts. 4.01 0.78 197 * k%

1. Inter-Industrial difterence is tested by ANOVA. "p <0.1;°*p <0.05;***p <0.01.

2. Aboutrank corralation (Kendoll's) with chacking assessment of critica! routines, *p <0.1;**p <0.05; ***p <0.01; blanck, not significantly carrelated.




focusing on uncertainty, variety (i.e., complexity in terms of the number of
distinctive elements), interdependence, equivocality, and so on.

The respondents of the questionnaire were asked if each of the following
descriptions fits a characteristic of the product in question, compared with
other products in general, using a 5 point Likert scale (1 = correct; 3 = neutral; 5
= wrong). Considering the potential problem of having both development
routine indicators and product characteristic indicators reported on the
subjective Likert scale, we asked the latter by reversed scale. The list and basic

statistics of this set of variables is shown in Table 2.

Table 2 here

We applied ANOVA to these variables in order to check if average
characteristics are different across the industries. The result (column 7) shows
that this was the case for the majority of the characteristics variables. The list
of the industries with high average scores (column 6) also seems to make sense

in most cases. Thus, our basic hypothesis BH3 was generally consistent with

our data.

4.4 Issues of Validity: Do the Indicators Reflect the Constructs?

Although the basic logic of the present contingency analysis is relatively
simple, actual data collection and empirical analysis is not easy, partly because
of some difficulties in measuring routine effectiveness and product
characteristics across industries. Thus, we have to check the validity of our
indicators before analyzing the data.

4.4.1 Validity of "Effective Routines" Variables: There is difficulty in
measuring the effectiveness of the routines for each product. For example, one
could query the respondents about the construct directly by asking a question
such as, "Do you think this routine raises the chance of project success, other
things being equal?” Whereas there may be no validity problem in this case,
there is a problem of measurement reliability -- the response, even by
experienced project managers, would involve too many factors of subjective
judgment.

Another popular method is a pair approach: asking the responding firms

to give us a pair of projects, a successful and an unsuccessful one from their
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Table 2

Product Characteristics

cofrefation
with
# of inter objectve
. . N o . . . assessment
category product-industry characteristics mean | si. dov. | respond | high score industries | -ndustial | 0
-onts difference P
industry
character
-istics
1. The products form and structure were difficult to describe by eng 367 118 190 {sotwaras and systams /
consumer chemical and
2. It was difficult to specify required product functions and specifications numerically. 3.06 1.25 194 [toitetry, textis and * /
apparal
textile and apparai,
Equivocality 3. {t was difficult to describe numerically customer needs for this product. 2.90 1.3 196 |customer sisctronics * %k /
and appliances
{customar alactronics
. S N . d appliances.
as | 137 98 | *k ok
4. Customers of this product emphasized its exterior designs. 3 1 passenger cars and /
{motoreycis
passenger cars and
5. This product emphasized the aspect of human sensibility and ergonomics. 295 135 198 |motorcycies, textile and * %k ok /
apparal
slactronic pars,
6. The productincluded completely new technological eiements. 231 13 199 |passenger cars and
motorcycies
" . N . chi s,
7. The basic technologies (technalogical elements) had to be developed for this product. 237 1.29 198 ;a inary parts * % %k
actronic parts
8.1t Zas difficult to develop technology elements that can achieve the products target 2.43 116 197 |stectonic pars /
passsnger cars and
Uncertainty 9. It was difficult to forecast customer needs for this product. 3.47 1.26 197 y L toxtiia ang * /
apparel
. . slactronic parts.
10. Customers of this productrequested an extremely high or advanced levels of 257 1.28 198 |industrial cnemical and . —
performance. material
slectronic parts,
11. Customers possessed a high level of knowledge about this product and its technologies. 2.66 1.08 197  [industrial chemical and * % /
matenal
N N . . 13 g5 |passenger cars and % .
12, The product consisted of many components or ingredients. 2.88 1 1 matorcycles * *
passenger cars and
13. Many functions were required for this product. 2.60 1.13 196 |motorcycies, electronic * % % % % %k
parts
Variet T ; - . [passanger cars and
y 14. There were many pr tion p (pr steps) for this product. 3.15 1.08 193 motorcycles * % * %k
15. More angineering person-hours wese needed for developing the process than developing 3.80 112 187 industrial chemical and - P
the product. . N matarial
softwaras and systems,
16. Customers requested many functions from this product. 278 117 196 |passenger cars and *ok ok
{matoreycles
17. The layout of the productls components or ingredients was severely constrained. 2.59 1.24 191 ‘::2';'::::“'0"‘“ * % % /
electronic parts,
interdependency {18. It was difficult to achieve the productls muitiple functi i ly. 2.51 1.08 183  [industrial chemical and /
material
19. A coherent quality control was needed from the upstream to the d tream |passanger cars ana
’ quality ' ' the up the downstream 247 | 119 | 195 |motorcyclossextio ana | * % %
production process in order to achieve the required product functions and specifications apparst
20. Customers emphasized a certain balance between different functions of this product. 280 1.1 193 Z;::‘:;cn nes for /

1. Inter-industrial ditferences are tested with ANOVA. *p <0.1;**p <0.05; ***p <0.01: blanc, no significant difference.

2. About correlations (Pearson's) with objective assessment of product-industry characleristics, *p <0.1;**p <0.05; ***p <0.01; blanck, not significantly correlated;
Cails filltad with / means not applicable.




point of view, and to evaluate the level of adoption of each routine (Rothwelli,
et al. 1974). If the levels are significantly different between the pairs for a
given routine, we could say that it is an effective routine. In reality however, it
is rather difficult to get questionnaire responses about failed projects from
companies (This is particularly the case in Japan).

Considering the above problems, we decided to let each respondent
select a recent successful project, and to ask if a given routine was executed
more successfully than the average case in the past. Our assumption, based on
our field research, was that experienced project managers would have
reasonably accurate judgment about whether they had better than average
practices. In other words, our approach in this project was a quasi-pair
comparison, which let the respondents compare their actual successful projects
with imaginary "average"' projects. In this way, we tried to measure the
effectiveness of each routine without asking about failed projects.

One problem of this quasi-pair method is that the respondent may
answer "more successful" in the case of unimportant routines that happened to
be better executed than average. In order to check this possibility, we
correlated the "relative success” indicator and the "importance” indicator
mentioned earlier for each routine to see if successful ones tend also to be
important. The result generally showed that relatively successful routines are
also regarded as important: for all the variables that we investigated in this
paper, rank correlation coefficients between the two indicators were positive
and significant (See Table 1, column 7).

To sum up, our approach in measuring relative perceived success of each
routine in a successful project vis-a-vis the average seems to reflect the
construct of "effective development routine"” reasonably well.

4.4.2 Product-Industry Characteristics: Now let's turn to the side of
perceived product-industry characteristics.  Note, again, that what we
measure in this study are the perceived patterns of the value creation process
for the product in question. There is a fundamental trade-off here between
accuracy and comparability of measurement, though.

Suppose, for example, that we want to measure the "complexity of a
product” and compare it across the industries. One straight-forward way to
get such data is to ask directly, "Is your product in question complex?”

However, there is no guarantee that what a software programmer thinks is
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complex can be compared with what an automobile engineer thinks is complex.
Alternatively, to get an answer we can ask a car engineer about the number of
components, a programmer about the number of lines, and a chemist about the
number of process steps or molecular weight. The answer may be more
accurate when we ask such industry-specific questions, but then we cannot
compare these answers directly across industries. Thus, we face a dilemma
between accuracy and comparability of the product characteristics data.

There is no ultimate solution to this fundamental trade-off. ~After trying
various methods, we decided to use the subjective measures as the main
yardsticks and hoped that the respondents would have a broad perspective in
evaluating their products in an unbiased way, and we supplemented the
respondants by giving them some objective measures. Fortunately, the
correlation coefficients between selected pairs of the subjective and objective
measures of product-industry characteristics were generally positive and
significant, which indicates that the former is reasonably unbiased in evaluating
products in a broad context (See Table 2, column 8). With these validity
checks, we will now present our results of the correlation analysis between the

development routine variables and product-industry variables.

5. Results

The results of the correlation analysis are summarized in Table 3. Each
column shows an effective development routine indicator; Each row contains a
product-industry characteristics indicator. ~ The shaded cells are the
combinations related to our hypotheses. The statistical significance of each
correlation coefficient is also indicated in the table. Note that the two variables

are measured in reversed ways, so that negative signs of the coefficients mean

positive correlation.

Table 3 here

Considering the somewhat preliminary nature of this research, we used
the measured indicators directly, rather than summarizing them into
underlying factors (e.g., factor analysis), in order to minimize the risk of ad hoc

interpretation.  Also, for simplicity of analysis, we used Pearson’s correlation
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coefficients, although strictly speaking there may be better tools for this type of

data (e.g., rank correlation).

5.1 Results Relating to Equivocality:

SH1.1: Relative success in evaluating product concept by "key word and
scenario methods" (1-1) was significantly and positively correlated with the
product's emphasis on "sensibility and ergonomics” (5) and the customer's
emphasis on exterior design (4), but it was not significantly correlated with
needs equivocality in terms of numerical expression (3). The hypothesis
between rich concept media and needs equivocality was partially consistent
with the data.

SH1.2: Relative success in evaluating product concept by "layout
drawings" (1-2) was significantly correlated with the product structure's
geometric equivocality (1), product function's numerical equivocality (2), and
customer needs' numerical equivocality (3). Relative success in functional
diagrams (1-3) was also correlated with the same equivocality variables except
the last one. The hypothesis between unequivocal media and product-market
equivocality was partially consistent with the data®.

SH 1.3: Relative success in problem solving through physical prototypes

(1-4) was significantly correlated with the product's emphasis on "sensibility
and ergonomics” (5), customer's emphasis on exterior design (4), and needs
equivocality in terms of numerical expression (3). The hypothesis between

rich media for engineering and needs equivocality was generally consistent
with the data®.

5.2 Results Relating to Uncertainty:

SH2.1: Relative success in advanced engineering of element technologies
(2-2) and parallel development of element technologies by prototypes (2-1)
were significantly correlated with technological novelty (6), requirements for
developing basic element technologies (7), and difficulty of element technology

development (8) in most of the combinations. The hypothesis between

5 We also found that both layout and functional diagram indicators were significantly
correlated with customer knowledge, which may imply that knowledgeable customers are
involved in the articulation of product concepts by using these unequivocal media.

6 As discussed later, effective use of physical prototypes is also correlated with complexity of
the product and process.
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technological uncertainty and technological search ~ (lansiti 1993, 1997) tended
to be consistent with the data.

SH2.2: Relative success in overlapping advanced engineering and
product development (2-3), overlapping product conception and engineering
(2-4), and communication in advanced engineering stage (2-5), were
significantly correlated with technological novelty (6), requirements for
developing basic element technologies (7), and difficulty of element technology
development (8) in most of the combinations. The hypothesis between
technological uncertainty and advanced technological simulation and
coordination (Iansiti 1993, 1997) tended to be consistent with the data’.

SH2.3: Relative success in trial-and-error search and screening of many
alternatives in product engineering (3-1) was significantly correlated with
technological novelty (6), requirements for developing basic element
technologies (7), and difficulty of element technology development (8). The
hypothesis between technological uncertainty and intensity of search was
generally consistent with the data8.

SH2.4: Relative success in enhancing testing representativeness (3-2)
and testing accuracy (3-3) was significantly correlated with technological
novelty-uncertainty (6, 7, 8), number of product elements (12), required product
functions (13), customer needs (16), and process elements (14), as well as trade-
off or interdependency between product’s structural elements (17), functions
(18), customer needs (20), production processes (19) and difficulty in achieving
custorner requirements (10) in most of the combinations. The hypothesis
between complexity of needs and functions and intensity of corresponding
simulations tended to be consistent with the data.

SH2.5: Relative success in using commercial process equipment or
recipes earlier, at the pilot run stage (3-4) or the product engineering stage (3-5,
3-6, 3-7), was significantly correlated with relative process engineering efforts
vis-a-vis product engineering (15) and in most of the combinations
interdependency among process steps (19), but was not significantly correlated

with the number of process steps (14). The hypothesis between process

7 Note that the routines variables in both SH2.1 and 2.2 are significantly correlated with some of
the variety and interdependency variables, which may indicate that a source of such technical
uncertainty is product-process complexity.

8 The prototype indicator is also correlated with product function interdependency and process

interdependency, which may imply that a source of the technical uncertainty is the product-
process complexity.
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complexity and uncertainty and the intensity of early process search was
partially consistent with the data®.

SH 2.6: Relative success in early search for a feasibie production process
through physicai prototypes, rapid prototypes, CAE and design reviews (3-8, 3-
9, 3-10) was significantly correlated with the number of process steps (14) and
in most of the combinations interdependency among process steps (19), but was
not significantly correlated with relative process engineering efforts vis-a-vis
product engineering (15). The hypothesis between process complexity and
uncertainty and early process feasibility of search and simulation was partially
consistent with the data??.

SH2.7: Relative success in earlier freeze of product concept (4-1) was
significantly correlated with unpredictability of customer needs (9, reversed
scale). The hypothesis between market certainty and early concept fix was
basically consistent with the data.

SH2.8: Relative success in following customers' concrete instructions
about product concept and specification (4-2) was significantly correlated with
the level of customer's product knowledge (11) and performance requirements
(10).  This routine variable was also significantly correlated with
unequivocality of customer needs and product structure (1, 3; reversed scale),
which indicates that the customers can themselves articulate the needs and
specifications for this type of product (von Hippel, 1976).

Relative success in utilizing customers' "voice" (4-3) was significantly
correlated with the level of customer's product knowledge (11) , but not with
the level of performance requirements (10). The hypothesis between customer

knowledge and customer inputs tended to be consistent with the data.

5.3 Results Relating to Element Variety:
SH3.1: Relative success in project leadership in coordination,
technological ability, and concept creation (5-1, 5-2, 5-3) was not significantly

correlated with the number of product structural elements (12), product

?The routine variables for early process search tended also to be correlated with difficulty in
achieving customer satisfaction (customers’ expectations of high performance).

10 [n addition to this finding, these routine variables on design for manufacturability tended to
be significantly correlated with different types of product characteristics, apparently reflecting
the nature of the media: traditional physical prototy pes (3-8) with product interdependency,
rapid prototypes (3-9) with design intensity, and early coordination (3-10) with product-market
unequivocality, which were consistent with SH1.1, SH1.2 and SH1.3.
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functional elements (13), production process steps (14), and product structural
interdependency (17), but it was partially correlated with product function
interdependency (18) and process step interdependency (19). Overall, the
hypothesis between project leadership and product-process complexity was not
very consistent with the data.

We also found that the project leadership indicators tended to be
significantly correlated with level of customer knowledge and customer
expectations, to which our present framework could not give appropriate
explanations. Overall, the results relating to project leadership were difficult
to interpret.

Also, generally speaking, the indicator for the number of product
elements (12) was not particularly correlated in a meaningful way with effective
development routines. This may be caused partly by our way of measuring
this construct, but we need to investigate further the reason why product

complexity in terms of element variety does not affect successful development

patterns.

5.4 Results Relating to Interdependence:

SH4.1: Relative success in coordination between product planning and
product engineering units (5-4) was significantly correlated with
interdependency of product functions (18) and customer needs (20). The
hypothesis between upstream interdependence and upstream coordination
was basically consistent with the data. This coordination variable was also
correlated with the number of customer needs (16). Thus, more broadly, the
upstream coordination tended to be correlated with complexity (element
variations and interdependency) of market needs and product functions.

SH4.2: Relative success in coordination within product engineering units
(5-5) was not significantly correlated with interdependency of product
structures (17) and functions (18), but was correlated with process
interdependency (19). Relative success in coordination between engineering
design and prototyping/testing (5-6) was significantly correlated with
interdependency of product structures (17), functions (18), and process steps
(19). The hypothesis between midstream interdependence and midstream

coordination was partially consistent with the data.
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More broadly, the routine variables tended also to be correlated with the
number of product and process elements (12, 13, 14), which implies that
midstream coordination is associated with product-process complexity
(element variations and interdependency)!l.

SH4.3: Relative success in coordination betwéen process engineering and

product engineering (5-7), between pilot plant and prototype plant (5-8), and
between commercial plant and pilot plant (5-9) was significantly correlated
with interdependency of production process steps (19). The hypothesis between
downstream interdependence and downstream coordination was basically
consistent with the datal2.

SH4.4: Relative success in coordination through daily contact (5-10) and
physical prototypes (1-4, 3-1) was significantly correlated with interdependency
of product structures (17) and functions (18), as well as structure-function
relations (21, reversed scale) and manufacturing process (19). The hypothesis
between midstream interdependence and coordination intensity and richness
was basically consistent with the data.

These "intense coordination” variables tended also to be correlated with
the number of product-market-process elements (12, 13, 14, 16). Thus, more
broadly, the degree of rich coordination tended to be correlated with product-
process-market complexity (element variations and interdependency).

To sum up, in a majority of the cases that we investigated, our data were
at least partially consistent with the hypotheses we derived from the analytical
framework.

It should be noted that, as is obvious in Table 3, there are many
combinations of the variables where significant correlation was observed
outside our hypotheses. Many of these correlations can still be explained by
our basic framework reasonably well, which we tried to do in the above
analysis. There are many others that are difficult to interpret from our point of
view, however. Some of the puzzling combinations might be caused by
simple measurement problems (e.g., poor wording of our questions), but they

may also be ascribed to high correlation among some of our routine variables,

11 The midstream variables tended also to be correlated with customer needs complexity (16,
20).

12 Unlike the former two hypotheses, these downstream coordination variables were not
significantly correlated with the number of process elements (14), although the signs of the
coefficients were consistent with our predictions.
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as well as among the product indicators. In such a situation, it is quite
possible that a variable captures some construct that we did not expect. Thus,
for future research we may have to supplement our simplistic analyses with

more sophisticated approaches such as multiple regressions and factor analysis.

6. Implications

The present paper explored a contingency perspective of effective
product development by analyzing data from 203 projects in multiple
industries in Japan. Although we need to further improve the system for
measuring and analyzing inter-industry differences of successful product
development patterns, the hypotheses we derived from our framework were at
least partially supported by our data. First, we identified significant inter-
industry differences in the patterns of the value creation process in most of the
characteristic indicators on the one hand, and the patterns of effective product
development routines on the other hand. Second, many of the predictions
derived from our contingency framework were consistent with our data,
according to our correlation analysis.

The result of our study has some practical and theoretical implications.
To the practitioners of product development, the present study seems to
provide useful insights as to how we learn from successful product
development practices in other industries. =~ Whereas the most useful
information to the practitioner tends to come from competitors within the same
industry, we also know that practices in other industries sometimes give rich
insights on new ways to compete through product development. Without a
reliable framework for inter-industry comparative studies, the practitioner may
end up in one of two polar stances: either to blindly follow other industries’
"best practices” without taking product-market differences into account, or to
overlook potentially useful information from other sectors by simply saying
"we are different.”

A more constructive approach is to know how, why and where the
effective development routines are different and thereby learn more efficiently
from not only direct competitors but also best practices in other sectors. The
present research provides only rough-cut pictures in this regard, but when

combined with in-depth case studies and industry-specific surveys, it may give
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practitioners additional learning opportunities. We hope the present study
will be a first step toward this goal.

There are also some theoretical implications that we can draw from the
present study. While the empirical research on product innovations started
with studies seeking generic prescriptions for effective product-technology
development, which was followed by more industry-specific, international and
competition-oriented research, there have been growing research opportunities
in recent years for inter-industry comparative studies of successful innovations.
Given that researchers have accumulated product-specific case studies and data
analyses in a growing number of industries since the late 1980s, this relative
shift in research agenda seems to be a natural consequence of the research
which has come before. Although there are many difficulties in conducting
this type of research, which we have discussed in this paper, this line of
research seems to deserve further exploration both in content and
methodologies.

The present study seems to indicate the possibility that some theoretical
concepts which many people may regard as outmoded, such as the "problem
solving perspective" and "contingency approach” may still have strong power
to explain quite contemporary issues like competition thorough product
development. In this sense, the present study has been our attempt to make
the best use of classical and proven concepts in new contexts, which we believe
generates rich insights to both researchers and practitioners. The product
development project, to us, is a bundle of interconnected problem solving
cycles, by which the firm tries to construct and articulate a cause map for a
value creation process despite incomplete causal knowledge. Successful
project organizations tend to be able to prepare a set of routines that can build
such cause maps more accurately, speedily and efficiently than their rivals.
How effectively these projects can articulate the map depends partly on the
organizational capabilities of the companies in question, but it also depends
partly upon the nature of the value creation processes of the industries in
question.

In this paper, we tried to take a first step toward inter-industry empirical
analyses of effective product development. This type of study is still at an
exploratory or preliminary stage. We need to improve our measurement

system, and we also need to introduce additional statistical analyses such as
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factor analysis and multiple regressions. We have to derive more testable
hypotheses and thereby strengthen the tie between our conceptual framework
and the empirical data. Furthermore, we need to back up our statistical results
with the clinical data we obtained from the field studies. Again, we are still
taking the initial steps in this research area.

Finally, we also need to make our research more international in the
future, as some of our findings may reflect country-specific patterns of effective
product development. For instance, the fact that routines of cross-functional
coordination are used successfully in more or less any industry (see Table 1,
column 6, variables 5-4 to 5-10) may be a typical pattern that is somewhat
specific to Japan. In other words, what we need for future research in this
direction is not only further inter-industry studies, but also international

collaboration among the researchers of product development and innovations.
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