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ABSTRACT

Large manufacturing companies often have a range of product lines, and
successively introduce new products over time. To adapt to changing customer needs,
they may replace existing products at regular intervals and add new product lines. In
most cases, these new products are not “completely” new for a company, both in terms of
technologies and market concepts. A technology developed for one product may
subsequently be used in a range of products. Knowledge about existing customers can
also serve as a useful basis for interpreting current customer needs and translating them
into technical parameters and physical products. Especially, due to intensive competitive
pressures, a fast product development cycle has also become a critical source of
competitiveness in industries such as automobile manufacturing. Under such
circumstances, retaining and quickly utilizing knowledge across generations of projects,
and learning from past development activities, may become particularly important both
for avoiding redundant problem solving and for finding new solutions to problems in
new product development. Few studies to date, however, have systematically dealt with
this issue of knowledge retention and utilization.

This dissertation addresses the issue of the transfer and retention of knowledge as
an essential element in product improvement. Drawing on examples from the Japanese
automobile industry, this study investigates how companies retain product-related
knowledge across multiple generations of products, and how differences in the ability to
accumulate such knowledge, which we call retention capabilities, affect performance in
developing a stream of new products. First, this dissertation examined relationships
between knowledge types and appropriate knowledge retention mechanisms in Chapter
3. There, we specifically focused on knowledge of the interactions among fragmented
functional domains, which we defined integrative knowledge. Based on descriptions of
knowledge retention practices at Japanese automobile producers, we discussed that
integrative knowledge may tend to be tacit and context-specific, and that its retention
may require direct transfer of individual expericnce and intensive face-to-face
interactions. Simple tests using data on 183 core members of new product development
projects at seven Japanese automobile producers partially supported this. First, we found
that project members responsible for integration _ctivities tended to continue their
positions in successive generations of projects. The second test showed that vehicle
layout engineers tended to rely less on documents, reports, and standards to learn from
past practices than do component engineers. We also found that design information



stored in these archival facilities seemed to be more important to design individuals parts
of component systems than whole component systems. These indicated that, the more
knowledge becomes integrative, the less its retention depends on archival media.

Next, this study examined an impact of knowledge retention capabilities on
performance of new product development. Using data on 83 key component engineers in
25 new product development projects, Chapter 4 explored relationships between
knowledge retention capabilities and performance within well-established component
system development areas, which we defined local performance. We found that retention
of prior knowledge in articulated and generalized forms seems to be of great benefit to
well-defined component system development. Results showed that dependence on
documents and reports for knowledge retention had a positive impact on a range of local
performance indicators; use of computer-stored design information improved product
cost performance; use of computer simulation tools resulted in higher technical
performance. However, organization-based and individual-based mechanisms for
knowledge retention had either no association or n.gative associations with performance
indicators.

Chapter 5 examined relationships between retention capabilities, and overall
project performance or system performance at the project level. Data on 22 new product
development projects at seven Japanese automobile producers suggested that retention of
individual experience bases and face-to-face communication with previous project
members had positive impact on several performance indicators at the entire project
level. This was contrastive to results in Chapter 4. Especially, we found that these
individual-based retention capabilities affected improvement of system performance
derived from the complex interactions among different engineering and finctional
domains. Archival mechanisms for knowledge retention, on the other hand. did not seem
to be critical to improvement of system level performance. However, we also found that
an impact of experience-based retention capabilities on product development
performance was moderated by project task characteristics. Results showed that benefit
of experience-based retention is greater when projects utilize existing platform designs
and introduce new products into a familiar customer base. We further found that
retention of prior experience tends to cause problems when projects have to introduce
new market concepts.

Results of this study imply that explicit management of the knowledge retention
process in a sequence of new product development is important both to retain important
prior experience and disregard unnecessary knowledge. In particular, the study suggests
that different types of retention capabilities may require to improve local and system
performance. While companies may greatly benefit from formalization of knowledge
through documentation and computerization within well-established engineering
domains, retention of individual experience may remain important as long as a new
product is outcome of complex interactions among specialized knowledge domains.
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Introduction

Large manufacturing companies often have a range of product lines, and
successively introduce new products over time. To adapt to changing customer needs, they
may replace existing products at regular intervals and add new product lines. In most
cases, these new products are not "completely" new for a company, both in terms of
technologies and market concepts. A technology developed for one preduct may
subsequently be used in a range of products (Cusumano, 1991; Meyer and Utterback, 1993;
Meyer and Roberts, 1988; Nobeoka, 1993; Nobeoka and Cusumano, 1992, 1994;
Sanderson, 1991; Uzumeri and Sanderson, 1995). Knowledge about existing customers
can also serve as a useful basis for interpreting current customer needs and translating them
into technical parameters and physical products (Christensen and Rosenbloom, 1995).

Successful new product development, therefore, at least partially may depend on the
ability to understand technical and market knowledge embodied in existing products, and
adapt this knowledge to support new product development (Iansiti, 1995; Iansiti and Clark,
1993). For example, new product development has been described as "a dynamic process
of adaptation and transformation of the knowledge of prior experiences in order to
accommodate them to the contingencies of the present.” (Oxman, 1988). In addition, due
to intensive competitive pressures, a fast product development cycle has also become a
critical source of competitiveness in industries such as automobile manufacturing (Clark
and Fujimoto, 1991; Nobeoka, 1993; Nobeoka and Cusumano, 1994; Sheriff, 1988).
Under such circumstances, retaining and quickly utilizing knowledge across generations of
projects, and learning from past development activities, may become particularly imporant

both for avoiding redundant problem solving and for finding new solutions to problems in
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new product development.

Few studies to date, however, have systematically dealt with this issue of knowledge
retention and utilization.] Most existing studies have tended to treat each new project as
independent, and implicitly assume that each new product is the outcome of a self-
contained and distinct problem-solving process (Kofman et. al., 1993). For example,
various researchers have examined a wide range of factors for successful new product
development, such as communication processes (Allen, 1970, 1977; Ancona and Caldwell,
1992), teams' compositional characteristics (Ancona and Caldwell, 1992; Katz and Allen,
1982), team structures and leadership (Clark and Fujimoto, 1991; Henderson ano
Cockburn, 1994; Imai, Nonaka and Takeuchi, 1985; Larson and Gobeli, 1988), and design
of development processes (Clark and Fujimoto, 1991; Eisenhardt and Tabrizi, 1995; Iansiti,
1992). In particular, researchers have paid little attention to organizational and
technological linkages across generations of projects. Although some recent studies
explicitly deal with issues cutting across different projects (e.g., Cusumano, 1991;
Cusumano and Selby, 1995; Iansiti, 1995 a, b; Meyer and Utterback, 1993; Nobeoka, 1993;
Uzumeri and Sanderson, 1995), they are either case-based studies or limited to specific
elements of knowledge transfer, such as particular components and design concepts.
Broad-based empirical investigations exploring the impact of knowledge retention on
organizational performance are rare. Compared to continuous improvement activities at
the plant level (e.g., Kaizen, TQC), improvement of product development process over
time has received less direct attention in academic research. As a result, we have little
systematic understanding of the effects of managing multiple generations of products.

This dissertation addresses the issue of the transfer and retention of knowledge as an

essential element in product improvement. Drawing on examples from the Japanese

1 Exceptions may be lansiti and Khanna (1994) and Iansiti (1995 a, b).
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automobile industry, this study investigates how companies retain product-related
knowledge across multiple generations of products, and how differences in the ability to
accumulate such knowledge, which we call retention capabilities, may affect performance
in developing a stream of new products.

The automobile industry is an especially suitable setting for this study because
automobile manufacturers continuously introduce new families of products while
upgrading existing ones. Nobeoka (1993), for example, showed that, during the period
between 1980 and 1991, 210 new automobile products were introduced worldwide, nearly
70 % of which were intended to replace existing models. Such characteristics of the
automobile industry - successive introduction and replacement of multiple products -
provide us with a favorable setting for this study because improvement of product
performance through learning from past development activities and knowiedge retention
across generations of projects may be crucial to competitive advantage in rapidly changing
markets where multiple new products are repeatedly introduced (Cusumano and Selby,
1995; Iansiti, 1995 b, d; Nobeoka, 1993, Wheelwright and Clark, 1992).

While the focus of this study on Japanese companies makes it difficult to generalize,
it also eliminates the potential bias of a country effect, one of the strong performance
predictors in several existing studies (e.g., Clark and Fujimoto, 1991; lansiti, 1992;
Nobeoka, 1993; Womack et. al., 1990). Brown and Eisenhardt (1995), through their
extensive review of new product development literature, found that one of the
shortcomings of existing studies is their extensive reliance on a Japanese viewpoint. It is
not completely clear, for example, if strong reliance on supplier networks and projects led
by so-called "heavy-weight project managers" (Clark and Fujimoto, 1991) has
generalizable effects on performance, or whether this is simply a Japan effect. By
exploring differences within Japanese projects, this dissertation attempts to extract

explanatory factors independent of the country effect.
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Retention of Integrative Knowledge

Of the several types of knowledge and information embodied in new products, this
study has a particular emphasis on knowledge cutting across different technical and
disciplinary areas, which we call integrative knowledge. As many researchers have pointed
out, the design of new “systems” products (i.e., products that contain numerous
components which must work together) invariably depends upon the complex interaction
between potentially fragmented individual knowledge bases (e.g., Clark and Fujimoto,
1990; Henderson and Clark , 1990; Iansiti, 1995 a, b; von Hippel 1994) For example,
Clark and Fujimoto (1991) suggested that the quality of such product systems is
determined by the coherence between their discrete elements, which they called "product
integrity." We define integrative knowledge as the knowledge that leads to an appropriate
interaction between fragmented knowledge in multiple domains of organizations, so as to
develop a coherent whole.2 This may include knowledge about technical linkages between
physical components (Henderson and Clark, 1990), user/design interfaces (von Hippel,
1994; Christensen and Bower; 1994, Clark and Fujimoto, 1991) and manufacturing/design
interfaces (Sanderson, 1991; Womack et. al., 1990; Whitney, 1988).

Henderson and Clark (1990) identified two types of knowledge required to develop a
new product: "component” and "architectural.” Component knowledge refers to the
knowledge required for each component to achieve its performance, independent of the
other components. For example, the knowhow required to develop an automobile engine
that achieves a certain level of horsepower performance is an aspect of the knowledge of

one component, an engine. On the other hand, architectural knowledge refors to the

2 Jansiti and Khanna (1994) and Iansiti (1992, 1995 a, b) called the essentially same knowledge "system
knowledge." Since, in automobile development, knowledge about the user / design interface is at least as
important as knowledge about technical linkages, we avoided using the term "system," which may have a
more technical connotation.

14



knowledge about the way several components are integrated to obtain high product
performance as a whole. The ability to integrate an engine, suspension system, steering
mechanism, and tires to achieve a stable ride is an example of architectural knowledge.

Knowledge about the user-design interface embodied in a product also characterizes
a particular type of product system, as many studies have recognized (Christensen and
Bower, 1994; Clark, 1985; Fujimoto and Clark, 1991; Henderson, 1991, von Hippel, 1994).
One important activity in the development of a product with a complex user interface, such
as the automobile, is to translate customer needs into an appropriate combination of a
number of performance parameters. As customer needs have become increasingly
sophisticated, the subtle balance between different performance parameters has become
more critical (Fujimoto and Clark, 1991). As a result, companies have had to learn how
customers evaluate different combinations of performance attributes. This is a task not
only for the marketing function. Even if advanced marketing techniques precisely define
future user needs, this knowledge has to be translated into a sophisticated description of
which particular combinations of different performance parameters can satisfy user needs.
Such understanding is essentially cross-functional knowledge.

Knowledge about the interface between manufacturing and design is another kind of
integrative knowledge, related to the implementation of a product design. This problem
has been widely discussed in the context of design for manufacturing (DFM) (e. g.,
Whiteney, 1988).

Several empirical studies of successful new product devei.pment have identified the
importance of integrative knowledge (e. g., Clark and Fujimoto, 1991; Eisenhardt and
Tabrizi, 1995; Imai, et al., 1985; Henderson and Cockburn, 1994). While these studies did
not examine retention and accumulation of such knowledge, they have proposed normative
mechanisms for instantaneous integration, such as cross-functional teams (e.g., Imai,

Nonaka and Takeuchi, 1985) and heavyweight product managers (Clark and Fujimoto,
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1991; Wheelwright and Clark, 1992).

In our view, performance of complex system products can be incrementally
improved at a system level by continuously deepening such integrative knowledge across
different geunerations of product families. It is especially difficult, however, to retain and
transfer integrative knowledge, for two reasons. First, since integrative knowledge is
essentially inter-disciplinary, there is no social support for its accumulation. We have
professional communities, specific languages and educational institutions for disciplinary
knowledge, but not for integrative knowledge. Through organizations, companies have to
invent their own ways to create and accumulate integrative knowledge. Second, integrative
knowledge tends to be context-specific, thus less codifiable and visible than disciplinary
knowledge (Henderson and Clark, 1990; Iansiti, 1995c; Zander and Kogut, 1995; von
Hippel, 1994). Since context-specific knowledge itself may not be applicable under
different contexts, people need to retain information about numerous surrounding
contingency factors in order to accumulate and utilize this knowledge (Oxman, 1990).
Therefore, it may be difficult to transfer integrative knowledge in the form of archival
information such as documents, reports and databases, because it is quite costly, if not
impossible, to articulate all the contingency factors.

Accordingly, some researchers have suggested the transfer of context-specific
knowledge as prototypical forms (Gero, 1987; von Hippel, 1994). Such difficulties imply,
however, that accumulation of integrative knowledge may play a critical role in forming
the firm-specific competencies that contemporary management studies emphasize as
sources of competitive advantages (e.g., Barney, 1991; Teece, 1988; Prahalad and Hamel,
1990; Rumelt, 1991). As a result, we conjecture that variance in the effectiveness of
managing integrative knowledge across generations of projects may contribute
significantly to differences in product development performance. Accordingly, the

underlying theme of this study is that appropriate learning from past development
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activities, especially the effective retention of integrative knowledge, is of fundamental
importance to the improvement of product quality and the efficiency of new product
development over time, and, in turn, to market competitiveness.

In summary, the study focuses on three broad research questions:

1. How do companies retain and transfer knowledge related to product
development across different generations of projects?

2. How does the retention and transfer of product-related knowledge across
product generations influence development performance? Especially, how does
the retention and transfer of integrative knowledge across product generations

influence development performance?

(5]

What mechanisms and what combination of mechanisms for knowledge transfer
are associated with higher product development performance?

17






Chapter 1
The Research

1-1 New Product Development: Perspectives

This study pays particular attention to knowledge retention across generations of
projects in new product development because the retention capability should be critical for
companies that introduce successive series of new products. If so, why are there very few
studies dealing with this issue? This is probably because most researchers of new product
development and product innovation have neglected one aspect of new product
development, the accumulation of integrative knowledge. It is when we focus on
integrative knowledge that the issue of knowledge retention becomes critical, both
theoretically and practically. More narrowly defined functional knowledge can be most
effectively retained and accumulated under traditional functional organizations whose
dysfunction has tended to be discussed in contemporary management studies.

Below, we first discuss what seems to be the existing dominant model of new
product development and how this model ignores the importance of integrative knowledge
retention. Although this description of a dominant model is stylized, this is done to more
clearly highlight the unique assumptions on which many existing studies seem to be based.
We then introduce an alternative perspective. In addition, we discuss why innovation
research also has generally paid little attention to the issue of knowledge retention, despite

its avowed interest in long-term technological evolution.
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Models of New Product Development

Most existing studies of new product development seem to share common
underlying assumptions, namely, that development projects are unique, short-lived, and
oriented to producing a single product, and that their associated activities are more-or-less
independent.3 For example, a standard textbook illustrates a new product development
project as a set of well-defined processes, starting with identification of the market
opportunity, then proceeding to design and engineering, testing and product introduction
(Urban and Hauser, 1993). Each project has its own agenda, and "the project ends when its
specific objectives have been achieved or work is terminated " (Pessemier, 1982, pp.14)
[emphasis added].

While advanced component technologies might be developed continuously and
accumulated in each functional area, each product development project is assumed to
independently integrate these fragmented technologies to make a coherent product system
for particular customers. Although companies periodically develop some derivative
products, these are generally cost-reduction versions, or contain relatively minor
improvements. A new product development project generally represents a novel system
solution (Wheelwright and Clark, 1992), utilizing both internally-stored and externally-

acquirec technologies (Figure 1-1).

3 There are studies dealing with linkages between different generations of products (e.g., Hamel and
Prahalad, 1991; Meyer and Utterback, 1993; Uzumeri and Sanderson, 1995). However, while they discussed
long-term product development strategy, they did not seriously consider organizational linkages between
different generations of projects.
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Figure 1.1: Dominant Conception of New Product Development: Continuous Accumulation of Functional
Knowledge and Periodical Cross-Functional Integration

Accumulation of Functional Knowledge

Technology Development

Marketing

Production

New Products

New Product Development as Periodical Integration

According to this common conception, product integration, as a primary task of a
new product development project, takes place in a discrete way, unlike other functional
activities such as technology development, marketing, and production. Projects are
dependent cn each other only to the extent that they access the same resources, such as
specific sources of pooled technologies (Thompson, 1967). Thus, it is only narrowly
defined technological knowledge that is subject to historical accumulation. Sirce a
traditional functional organization can most effectively retain and transfer knowledge
within narrowly defined technical and disciplinary areas (Allen and Hauptman, 1987),
knowledge retention has not been a serious managerial issue. Rather, if anything, too much
retention is regarded as problematic, preventing projects from introducing novel ideas
(Allen and Marquis, 1964; Dougherty, 1992; Henderson and Clark, 1990; Christensen,
1992). In fact, technological knowledge accumulation and product integration have tended
to be treated as having a trade-off relationship (e.g., Allen and Hauptman, 1987;

Wheelwright and Clark, 1992). Therefore, co-located and autonomous cross-functional
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teams have often been recommended to achieve high product integration, which, in turn,
may decrease the continuity of the knowledge flow (Sanderson, 1991; Meyer and
Utterback, 1993).

However, new product development projects, in many cases, show more
interdependence across generations than implicitly assumed in the traditional model. For
example, Mr. Nakagawa, Toyota's Chief Engineer (project manager) for the Celica / ED /
EXIV/ Carren project, mentioned during our interview:

"When developing the Celica, we usually imagine that we shall also be involved in
the next generation of the Celica project.... Projects are not something that are
formed and disbanded by each generation.... For example, even when we want to

enhance vehicle performance further in the current project, we stay with what we
can do within a limited time, retaining what we cannot do as problems to be

solved in the next project."4

Particularly in organizations that produce successive generations of the same or
similar products, new product development can be regarded as a moment of time flowing
from the past to the future within a sequence of new product development efforts.
Although any project accomplishes its tentative objective with the introduction of a new
product, the end of any project is a milestone which is followed by future project activities.
For example, the introduction of a new product to market provides an opportunity to learn
about user/design relationships which may be useful for product development (Hamel and
Prahalad, 1991). People we interviewed at Japanese automobile companies often
emphasized the importance of strict adherence to existing lead time schedules. While
trying to achieve as much as they can within a limited time, they recognize opportunities

for improvements in successive generations of projects. Mr. Kanazawa, an engineer at

4 Interview with Mr. Nakagawa, chief engineer of Vehicle Development Center II, Toyota Mctor Corp.,
April 6, 1995.
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Mazda, described this issue:

“[D]evelopment has to finish within four years anyway. We cannot do everything.
As a result, some project members are not fully satisfied with several parts of the
current product. In that case, we let such engineers attend in the next model

development, at least the early stages."d

In addition, new product development projects do not necessarily proceed in a
sequential manner, from concept creation, vehicle planning, and detailed engineering to
production. Some key activities often start before the creation of product concepts, based
on experiences in the past generations of projects. For example, Mr. Ishidera, a chief
engineer (project manager) at Toyota responsible for the third and the fourth generations of

the Tercel, pointed out the following:

"Before the CE plan ["Chief Engineer plan," a formal statement of the new vehicle
development plan provided by the project manager] is proposed, body and engine
design engineers start to coordinate witn each other for the next model development.
Since they understand the prior history of the Tercel development, there is a certain
consensus about where the next Tercel should go in terms of technological and
product concepts. Therefore, it's not often the case that decisions made in this early

stage are seriously challenged by a chief engineer later."6

A similar observation was made by Mr. Umemoto, an engine design engineer at

Honda responsible for the first and the second generations of the Acura Legend:

"Based on the previous Legend, a couple of engineers from the engine, body and
chassis engineering departments get together to discuss the direction of the next
generations of the Legend. This discussion starts one to two years before the
formal project starts. The LPL (Large Project Leader: a project manager

5 Interview with Mr. Kanazawa, senior manager in the chassis development department, Mazda Motor Corp.,
May 19, 1994
6 Interview with Mr. Ishidera, chief engineer in Product Planning Div., Toyota Motor Corp., July 29, 1992
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responsible for the entire project) tends to be selected from members of such an
early meeting. The LPL defines the total product concept and vehicle plan, based

on decisions from this early discussion.” 7

These observations enable us to view new product development as a more
continuous activity than assumed in the dominant model. At least in the Japanese
companies studied, current developmeht efforts depend on the knowledge created through
the past product integration experiences. Just as each functional specialty, such as
production, sales, marketing, and finance, is responsible for the accumulation of functional
knowledge, the accumulation of integrative knowledge is one of the crucial tasks of new
product development. In our view, new product development can be a continuous activity
that gradually expiores complex interactions between fragmented functional knowledge
within and outside an organization.

We do not insist that this type of new product development is best in all cases. The
traditional model may be more common when, for example, a firm wants to develop
products for entirely new markets or businesses. The point is not which is better in an
absolute sense, but that different perspectives or strategies magnify different aspects of new
product development. As the traditional conception has shed light on instantaneous cross-
functional integration and has driven researchers to explore mechanisms for more effective
integration, our conception turns our attention to the issues of retention of integrative

knowledge and of learning across generations of projects.

Knowledge Retention and Innovation Studies

While many studies of innovation have tried to explore general patterns of

7 Interview with Mr. Umemoto, chief engineer of the engineering design department No. 1, Honda R&D,
May 23, 1994.
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technological evolution (e.g., Abernathy and Utterback, 1978; Dosi, 1982; Tushman and
Anderson, 1986; Anderson and Tushman, 1990), researchers have not extensively
examined actual knowledge accumulation processes. This is partially because of their
unique conceptualization of product innovation, as described below.

Traditionally, product innovation has been classified into two types according to the
extent of change and departure from existing products: radical and incremental
innovation8 (Dewer and Dutton, 1986, Ettlie, et. al., 1984, Tushman and Anderson, 1986).
Radical innovation is typically defined as being based on a dramatically new science, and
shows a clear departure from existing products. It often involves entirely new product and
market categories or production and delivery systems, and can create great difficulties for
established firms (Henderson, 1995; Henderson and Clark, 1990; Anderson and Tushman,
1990). On the other hand, incremental innovation involves the adaptation, refinement and
enhancement of existing products, production, or distribution systems.9

Studies focusing on a significant change involved in product innovation, that is,
radical change rather than incremental change, tend to emphasize the negative impact of
knowledge retention on the innovation process (Anderson and Tushman, 1950; Leonald-
Barton, 1992; Christensen, 1992; Henderson and Clark, 1990). Emphasizing the routinized
aspect of past knowledge, and the inevitable and automatic nature of knowledge retrieval,
these studies tend to address issues such as how to break the automatic nature of this
process, so as to create new knowledge. In comparison, the process of existing knowledge
retention, application, and transfer has received little attention.

On the other hand, although incremental innovation has also received attention as

8 Some other researchers rather classified innovation along its impact on the existing organizational practices
(see for example, Tushman and Anderson (1986) and Abernathy and Clark (1985)).

9 Radical and incremental distinctions can be made both "1 an economic and an organizational sense (see,
Henderson, 1994). In this section, we emphasize innovation's impact on organizations rather than economic
performance.
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having a significant cumulative impact on competition in the marketplace (Abernathy,
1978; Abernathy and Clark, 1985), it has tended to be treated as performance improvement
derived from refinement within narrowly-defined technological functional areas. For
example, the evolutionary perspective on innovation suggests that, as an industry evolves,
knowledge about the product system is increasingly elaborated (Abernathy and Utterback,
1978; Abernathy, 1978). Especially, it suggests that the emergence of a domirant design
significantly shifts the focus of innovation from the product architecture to the refinement
and improvement of components (Clark, 1985; Henderson and Clark, 1990). Therefore, it
has often been pointed out that the maturity of an industry is associated with the shift
towards more hierarchical functional organizations (Abernathy, 1978; Wheelwright and
Clark, 1992). Since incremental innovation requires a deeper understanding of the
knowledge or technologies embodicd in existing products, effective knowledge retention
should be critical. However, as long as incremental innovation is characterized as derived
from improvement within narrow functional domains, it does not create serious theoretical
problems for academic researchers nor managerial problems for practitioners.

Beyond the traditional radical/incremental dichotomy, Henderson and Clark (1990)
identificd an intermediate category, architectural innovation. For them, since architectural
innovation involves a significant departure from the existing ways in which components
are linked together, it tends to render obsolete existing capabilities of firms. Therefore,
they linked the focus on architectural innovation, similar to the case of radical innovation,
to an argument that encourages the unlearning of existing organizational practices. For
effective adaptation to architectural innovation, too much learning from past practices or
knowledge retention may be avoided. On the other hand, they also conceived incremental
innovation as the improvement of components (without a change in the fundamental
technological approach) within an existing product architecture.

However, incremental improvement of an existing product can occur at an
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architectural Jevel, as well as at the component level.10 Product developers can improve
ways in which compornents (or other elements of a product) are linked together as well as
the component technologies. Figure 1.2 illustrates four attributes associated with product
innovation, by using the architecture/component and radical/incremental dichotomies

discussed above.

Figure 1. 2: Four Types of Product Innovation
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For example, the upper-right cell indicates that product innovation may introduce
changes in the product architecture. Innovation involving such changes without
fundamental change in component technologies corresponds to architectural innovation in
Henderson and Clarks' terms. However, any existing innovation category does not
explicitly relate innovation to an attribute indicated in the lower-right cell, incremental
architectural innovation. This is despite the fact that several studies have indicated the

importance of performance improvement through the elaboration of knowledge about

10 Christensen (1992) defined incremental innovation as either improvements of component performance that
build upon the established technological concept or refinements in system design that involve no significant
changes in the technical relationships among components. However, the difference of these two types of
incremental innovation was not the focus of his study. In this dissertation, I would rather emphasize the point
that these two incremental innovations have quite different managerial implications.
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linkages. For example, in his study of the rigid disk drive industry, Christensen (1992)
found that companies perceive physical performance limits quite differently, so that even if
there is an apparent limit at a component level, further improvement of the system design
in a less mature part of the product system can advance the performance limit of a disk
drive. Engineers at automobile companies also pointed out the importance of focusing on
the product system for performance improvement. For example, Mr. Kuroda, LPL at

Honda responsible for development of the current Accord, noted that:

"Technologies involved in automobile development are becoming mature. For
example, the suspension systrm of the Accord sedan, I think, has reached the
performance level we had beer: auning at.... [because of the maturity of component
technologies]. We now need to compete on the basis of how to package different

technologies." 11

Mr. Kanazawa, an experienced chassis engineer at Mazda, offered a similar opinion:

"It is certainiy the point where different components intersect that frequently causes
repetitive problems... typically, the section between a body and a chassis. In
addition, ...in designing chassis, frequently occurring problems are mostly related to
NVH [noise-vibration- harshness] and safety [for collision] performance because
these [performance] are related to different parts [of a product system]. We call this
'neck-engineering’.... We recently started to spend much more time to significantly

improve design accuracy at sections cutting across diffeient functions.” 12

The reason we emphasize a difference between the notion of incremental innovation
having more focus on improvement within narrowly defined functional areas, and
improvement of linkages between product elements, is that they have quite different

managerial implications. The former requires deepening specialized and disciplinary

1 Interview with Mr. Kuroda, LPL (project manager), Ronda R&D, May 23, 1994.
12 Interview with Mr. Kanazawa, a senior manager in Vehicle Design Department No. 2, Mazda Corp., May
19, 1994.
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knowledge by, for example, hiring specialists, having close ties with universities, and
strengthening organizational specialization. The latter requires the accumulation of
integrative knowledge by linking different generations of product integration efforts and by
facilitating post-project learning.

In this section, we have discussed why knowledge retention has received little
attention in studies of new product development and of innovation by identifying implicit
assumptions involved in dominant perspectives in these areas. In summary, researchers of
new product development tend to conceptualize it as a discretc and temporally-bounded
activity for cross-functional knowledge integration, and to neglect an aspect of integrative
knowledge accumulation which makes knowledge retention a serious managerial and
theoretical problem. On the other hand, innovation researchers tend to conceptualize
incremental innovation as performance improvement within narrow functional areas,
therefore, they often regard knowledge retention as either something to avoid (in the case
of radical change) or take for granted (in the case of incremental innovation). This study,
however, views new product development for complex system products as a historically
continuous activity in which a deeper knowledge about the interaction between fragmenied
elements of product systems can improve product performance through refinement of a

product architecture.
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1-2 Research Framework
Figure 1.3 shows the research framework of this dissertation. The framework

consists of three specific research questions corresponding to Chapters 3, 4, and 5.

Figure 1.3: General Framework
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Although one of our central research interests is the relationship between the degree

of knowledge retention and development performance, it is not an easy task to empirically
measure the amount of retained knowledge, especially because this study emphasizes less

observable integrative knowledge. Instead, we focus on several possible mechanisms for
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knowledge transfer and specify boundary conditions as capabilities to facilitate knowledge

transfer across generations of projects. These are:

1. the transfer of project members

2. communication with people who have substantial experiences in past
development projects

3. the involvement by organizational units that coordinate development
activities ac10ss generations.

4. the use of documents and reports describing past problematic and successful
practices

5. the use of design standards, design tools and standard design/test procedures

6. the use of computerized information systems, such as CAD and CAE

If any of these mechanisms prove to be more appropriate to retain integrative
knowledge than others, we can use a projects’ dependence on such mechanisms as an
indicator of the retention of integrative knowledge. Accordingly, the first research

question, addressed in Chapter 3, is as follows:

Research Question 1

Through which mechanisms is integrative knowledge retained most effectively?

Knowledge Retention Capabilities, Local Performance, and Systemic Performance

The reason we have insisted on the importance of retaining integrative knowledge is
that critical performance attributes of complex system products are often derived from
interactions between different elements of product systems. For example, NVH (noise
-vibration - harshness) is a critical performance attribute for automobiles. While NVH can
be individually ascribed to particular technological elements, such as material technologies

used in tires and bodies, engine systems, body shapes, and suspension systems, it also
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comes from the complex set of interactions among these elements. This study refers to the
portion of overall performance reducible to particular technological elements as local
performance, and that attributed only to interactive effects between them system
performance. 3 Overall performance, then, consists of local and system performance.

The local and system distinction also applies to non-technical performance. For
example, development lead time can be shortened either by compressing the lead time of
technical and functional activities (local performance) or by creating overlaps between
them through appropriate project adjustment (system performance). Since local
performance may depend on effective access to high levels of functional or disciplinary
knowledge, the retention of functional knowledge is critical. On the other hand, we
hypothesize that the effective retention of integrative knowledge is of fundamental
importance to improve system performance. Chapter 4 examines the former hypothesis;

Chapter S deals with the latter.

Research Question 2:

What kind of retention capabilities (knowledge retention mechanisms) are
associated with high local performance?

Research Question 3:

What kind of retention capabilities (knowledge retention mechanisms) are

associated with high system performance?

By separately looking at factors affecting local performance and those affecting

13 ansiti (1995¢) made the same kind of distinction in a more precise way, and distinguished between
fundamental potential and technological yield of the multi-chip module of mainframe computers. According
to him, fundamental potential is the product’s maximum potential performance give its fundamental
technology bases. Technological yield is, on the other hand, the extent to which this potential is translated
into realized system performance. For a related argument, see also Ulrich (1995).
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system performance, we will be able to identify how retention of integrative knowledge

affects product development performance.

Moderating Effects by Technological and Market Newness

Finally, our framework shows moderating effects by technological newness and
market newness on knowledge retention and performance relationships. A negative effect
of knowledge retention on innovation has been widely discussed in several studies (e.g.,
Leonald-Barton, 1992; Dougherty, 1992; Henderson and Clark 1990). A common claim in
these studies is that prior technological knowledge is often not applicable in a novel
situation characterized by innovation, and that it becomes an obstacle for bringing in new
ideas. Thus, radical and architectural innovation have been described as posing a serious
threat to established firms that tend to be bound to prior experiences.

However, other researchers suggest that prior experiences are important, and even
help firms adapt to new environments. For example, researchers in design studies suggest
that any design work is based on past experience and accepted tradition, and that past
knowledge becomes critical even to non-routine and creative design work through its
appropriate typification (Gero, 1990; Oxman, 1990). Iansiti (1992, 1995a, 1995b) also
found, in his studies of the multichip module for mainframe computers, that system
integrators' past experiences in developing the same type of product are positively
correlated with development efficiency and technical performance.

Based on these contradictory claims, we examine whether knowledge retention has a
positive effect on performance even when projects have to handle novel situations. The
distinction between market newness and technological newness is also important. While
many studies suggest that a technological discontinuity substantially changes market
dominance from incumbents to new entrants (e.g., Henderson and Clark, 1990; Tushman

and Anderson, 1986; Suarez and Utterback, 1991), others claim that change in a customer
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base and associated change in a product's functionality pose a more serious threat to
incumbents than technological change (Christensen and Rosenbloom, 1995; Christensen
and Bower, 1994; lansiti and Khanna, 1994). This suggests that the impact of the retention
of prior knowledge bases on performance may be differentially moderated by technological
newness and market newness. We take this into consideration when examining our second

and third research questions in Chapter 4 and Chapter 5.

1-3 Research Methods

This study used two approaches to address the research questions: a cross-sectional
questionnaire survey and in-depth interviews. The cross-sectional questionnaire survey
explores the relationship between capabilities for knowledge retention and product
development performance. In common with most previous studies, the focal unit is an
individual project, but the level of analysis (Rousseau, 1985) is the inter-project level.
Therefore, the questionnaire has a particular emphasis on the transfer of product-related
knowledge from past development activities, focusing on linkages between present and
past development activities.

It would be ideal to study multiple generations of projects as the unit of analysis, so
as to more completely examine the long-term effect of knowledge retention. 14 However, it
is difficult to obtain a large enough sample response to conduct a systematic analysis at the
level of multiple generations of projects. In addition, asking questions about old
development projec;gg mlght éijﬁézantially reduce accuracy of information obtained from the
questionnaire. In-depth case studies may compensate for the weakness of cross-sectional

surveys.

14 See for example lansiti and Clark (1994)
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The sample is limited to major new product development projects for replacement
models that have diect predecessors. Although it may be interesting to look at how the
relationship between knowledge retention and performance differs between different types
of projects, for example, between projects for replacement models and those for entirely
new product lines, the small sample size did not allow for such an analysis. Nonetheless,
the focus on replacement models is still useful because nearly 70% of new models in the
automobile industry are intended to replace existing models (Nobeoka, 1993). In addition,
a close examination of the development of replacement models is especially appropriate for
the theme of this study - the rztention and transfer of knowledge - because replacement
models have at least some continuity from past models in terms of target-customer
characteristics and technologies embodied in the products themselves.

We distributed a questionnaire instrument between March and May 1995 to key
members of projects at seven major Japanese automobile manufacturers. In distributing the
questionnaires, we asked a contact person at each company to select recent new product
development projects that satisfy the following two conditions. First, projects should be
responsible for "major" new product development. The meaning of "major" is fairly clear
among Japanese companies since they divide product development projects into “minor
model change” projects, "full model change" projects, and "new model development"
projects based on the common criteria. T'ie latter two types are categorized as major new
product development projects to which the Ministry of Transport imposes additional testing
requirements not applicable to minor model changes. The second condition is that projects
should develop new models that replace existing models, that is, "full model change"
projects. Such models often have the same brand name as the previous model (e.g., Toyota
Camry, Toyota Corolla, and Honda Accord).

The number of projects we requested varied from company to company depending

on its size. We asked for a total of 29 projects and received data on 25 projects. Ten key
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members of each project were asked to respond. Those ten key members include a project
manager, vehicle test engineers, layout engineers, boﬂy design engineers, chassis design
engineers, exterior/interior designers, engine design engineers, electronic component
design engineers, marketing planners, and production engineers. We tailored the
questionnaire according to the needs of different team members to account for the
uniqueness of their tasks. Having these ten different types of people is one of the
advantages of this research design. Since people with different roles may require different
types of knowledge, we can partially identify the relationship between knowledge types
and required capabilities by looking at how different people rely on different mechanisms
for knowledge retention.

We also conducted in-depth interviews with 14 project managers and 57 engineers
from 14 new product development projects at six major Japanese companies to identify
how they are actually retaining knowledge and information across generations of projects.
Of the 14 projects, 10 projects participated in the questionnaire research as well.
Therefore, we were able to use qualitative information obtained from in-depth interviews to
interpret the survey results as well as to design the questionnaire instrument. It also
enabled us to understand and compare different practices among different companies, and
to clarify conditions affecting the effectiveness of knowledge retention, which is difficult to

capture completely with a questionnaire.

1-4 Overview of the Following Chapters

Following the literature review in Chapter 2, Chapter 3 discusses relationships
between knowledge types and retention mechanisms. In this chapter, we begin by
illustrating actual examples of knowledge retention mechanisms observed in Japanese

automobile companies. We describe how companies retain knowledge across generations
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of projects, and how different companies emphasize different mechanisms of knowledge
retention, based on our interviews and publicly available information. We then show how
integrative knowledge may be effectively retained by organic mechanisms, such as the
direct transfer of people's experience bases and communication with people having
substantial past experience, and that functional knowledge is more effectively retained in
mechanistic ways, such as reports, documents, and technical standards.

In addition to a theoretical discussion combined with qualitative information
obtained from the interviews, data from the questionnaire survey is also used to support
this discussion. For example, we found that project members responsible for integration
activities cutting across different functional areas, such as project mangers, layout
engineers, and vehicle test engineers, tend to continue in their positions from previous
projects more than components engineers. We also found that documents, reports, and
design standards are more frequently used by component engineers than integrators, and
that, even within the component design, those media are less frequently used for designing
a whole component system than for designing its parts.

Building on the discussion in Chapter 3, Chapter 4 examines relationships between
knowledge retention capabilities and local performance. Analyses in this chapter are
conducted at the level of functional activities within vehicle development projects. Local
performance is empirically-defined as performance within each technical functional area,
according to ratings by project members representing that area. Our data show that the use
of documents and reports and the use of computer-aided systems (CAE/CAD) are
positively associated with development efficiency and technical performance. On the other
hand, organic capabilities such as involvement of long-term planning groups,
communication, and transfer cf project members have either no association or a negative
association with project performance, with the only exception of the relationship between

transfer of project members and technical performance.
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Chapter 5 examines relationships between retention capabilities, and overall project
performance or system performance at the project level. Here, we statistically separate
system performance from local performance. Since it is quite difficult to directly mcasure
system performance, we derive this by looking at relationships between overall
performance and local performance. We then regress overall project performance on
performance within each technical and functional area, and then take a set of residuals from
the regression model as an indicator for system performance.

Our analysis suggests that experience-based retention capabilities, indicated by
transfer of project integrators and core project members, communication with the previous
project members, and project members' past shared experiences, tended to be positively
associated with system performance as well as overall performance. Especially, they show
stronger relationships with performance improvement from the previous project.

On the other hand, archival-based retention capabilities, such as use of documents,
reports, and standards, are less associated with system performance as well as overall
performance. In addition, they are not associated with performance improvement from the
previous projects.

The use of CAE simulation (computer aided engineering) has a significant impact on
technical-related performance. However, its association with system performance is
weaker. In addition, the use of CAE is not related to performance improvement from the
previous projects. These results suggest that retention of integrative knowledge through
transfer of individual experience bases is fundamental to achieve project level performance
derived from complex interactions among different functional domains.

In addition, we find that newness of the target market moderates relationships
between individual-based retention capabilities and performance indicators, implying that
retention of past experiences may hurt new product development performance when

projects introduce novel product concepts to new customer bases. Cn the other hand,
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technical newness does not have such moderating effects.
In Chapter 6, the conclusion, we discuss theoretical and managerial implications

derived from this study as well as limitations of this research.
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Chapter 2

Literature Review

This dissertation is related to three research areas as shown in Figure 2-1 below.

Figure 2.1: Related Research Areas

Research on New Product Developmeni

b

Theoretical Studies on Resource-based Viewof the Firm/
Organizational Memories Capability Theories

First, this dissertation is a study of ;iew product development, a part of the broad area
of innovation research. Innovation rcsearch has two strezns. One is economic-oriented
research that has long explored relationships among technological evolution, firm
competition, industrial structures, and economic performance either at the industry level or
at the country level (e.g., Abernathy, 1978; Arrow, 1962; Dosi, 1982; Nelson, 1993,
Nelson and Winter, 1982; Penrose, 1980; Stobaugh, 1988). The other is organization-
oriented research that has examined relationships among organizational processes,

organizational structures, technclogical requirements, environmental characteristics, and
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performance at the organization and the group/prcject levels (e g., Woodward, 1965;
Perrow, 1967; Allen, Tushman, and Lee, 1980; Katz and Allen, 1985; Clark and Fujimoto;
1991). Empirical studies in this latter stream, often associated with in-depth case studies
within a particular industry, have generally tried to identify actual mechanisms that drive
innovation which tended to be neglected by the economic-oriented research (e.g.,
Cusumano, 1991; Cusumano and Selby, 1995; Clark and Fujimoto, 1991; Iansiti, 1995 a, b;
Imai, Nonaka and Takeuchi, 1985; Eisenhardt and Tabrizi, 1995). This dissertation is
primarily oriented to organization-oriented empirical works that we will review in detail
below.

Second, since the central theme of this dissertation is to explore the impact of
knowledge retention across generations of projects on performance, it is useful to refer to
theoretical studies in the area of organizational learning. Especially, we found it helpful to
examine the recent discussion which has focused on the concept of organizationai memory,
which has a direct linkage to the issue of cross-generational knowledge retention (e.g .
Cohen, 1991; Huber, 1988; Krippendorff, 1975; Walsh and Ungson, 1991). Although there
are very few empirical studies in this area, it should b= important to vaderstand how
organizational theorists have hypothesized the relationship between knowledge retenticn
and organizational performance in order for us to construct specific hypotheses for this
study.

Thizd, this dissertation also hopes to contribute to a recently developed theoretical
perspective known as the resource-based view of the firm, or alternatively as a theory of
organizational capability (e.g., Barney, 195., Dosi, Teece, and Winter; 1991; Itami, 1987,
Leonald-Barton; 1992; Peteraf, 1993; Prahalad and Hamel, 1990; Rumelt, 1984; Selznick,
1957; Teece, Pisano and Shuen, 1990; Wernerfelt, 1984). These theories conceive of
organizations as sets of resources, routines and competencies, and emphasize the

importance of historical accumulation of firm-specific capabilities as sources of
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competitive advantage. Their emphasis on the history-dependent nature of organizations
inevitably turns our attention to the time dimension involved in any organizational activity.
This dissertation deals with such time dimension by focusing on projects' cross-
generational linkages .n a sequence of new product development efforts, thus, it can be
seen as an empirical extension of these theories.

An increasing number of studies has demonstrated rich conceptual discussions
within this theoretical perspective. Some studies have discussed how firm-specific
competencies affect competitiveness in the market place through case illustrations (e.g.,
Itami, 1987; Prahalad and Hamel, 1990). Others have tried to conceptually distinguish
between different types of capabilities to specify a real source of firm competitiveness
(Henderson and Clark, 1990; Henderson and Cockburn, 1994; Kusunoki, Nonaka and
Nagata, 1995; Fujimoto, 1994). However, actual capability accumulation processes are yet
to be explored (Henderson, 1994). Our study will be able to partially contribute to
understanding such capability building processes by focusing on knowledge retention
mechanisms in new product development.

Among these three related research areas, we review the first two in this chapter.
Linkages with the resource-based view or the capability theory will be briefly discussed in
Chapter 6, where we discuss several theoretical implications derived from this dissertation.

In the following sections, we begin by reviewing new product development studies
(section 2.1). This review has three objectives. First, it summarizes factors that have been
found to affect project performance. Those factors were considered in designing our
empirical test concerning project performance. Second, the review highlights the fact that
there are very few empirical studies that systematically address issues of linkages across
different gencrations of projects. Third, it provides us with several important
methodological lessons. Following the review, we particularly discuss two issues,

performarce measurement and project definition.
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In section 2.2, we review theoretical studies discussing the utility of knowledge
retention. We consider that somewhat contradictory hypotheses have been made by
organization theorists regarding the relationship between knowledge retention and
organizational performance: whereas some theorists have emphasized the positive impact
of knowledge retention on organizational performance, others have pointed out its negative
aspects. We also conclude that most innovation studies emphasize the negative influence
of knowledge retention on innovation. This section next reviews the theoretical work

regarding how knowledge is stored and retained within organizations.

2-1 New Product Development Studies

In reviewing existing studies of new product development, we divide them into two
categories by the level of reference (Rousseau, 1985). Studies in the first category, which
we call single-project studies, focus on management of individual projects, and explore
factors affecting success of new product development within a single project (e.g., Allen,
Tushman, and Lee; 1980, Clark and Fujimoto, 1991; Eisenhardt and Tabrizi, 1995; Ancona
and Caldwell. 1992). Most existing empirical tests belong to this category.

The second set of studies has more emphasis on inter-project issues cutting across
different projects or different generations of projects. Some of these studies explicitly shift
the unit of analysis from the individual project to the product family, or to a product
portfolio (e.g., Clark, Fujimoto and Aoshima, 1992; Uzumeri and Sanderson, 1995; Meyer
and Utterback, 1992; Nobeoka, 1993; Nobeoka and Cusumano, 1994; Sakakibara and
Aoshima, 1988; Sanderson, 1991; Uzumeri and Sanderson, 1995,. Based on the
recognition that new product development projects are interrelated in various ways

regarding technologies, markets, resources, and strategies, they considered the performance
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of a group of new products rather than that of individual products. Empirical studies of this
type are mostly case studies. However, some recent work tries to systematically explore
the impact of inter-project factors, such as type of inter-project technology transfer (e.g.,
Cusumano and Nobeoka, 1992; Nobeoka; 1995) and cross-generational learning (e.g.,
Iansiti, 1995a, b). We first review single project studies, then move on to cross-project

studies.

2-1.1 Single Project Studies

What makes a new product development project successful? To answer this
question, different researchers have, to date, focused on different aspects of new product
development. Broadly, three different aspects have been examined in the existirg
empirical studies, although researchers have often dealt with more than one aspect
simultaneously.

First, many researchers have examined the impact of organizational structure on new
product development performance from the perspective of an information-processing view
of organizations (e.g., Allen and Hauptman, 1987; Clark and Fujimoto, 1991; Katz and
Allen, 1985; Gupta, et al. 1986; Imai, Nonaka, and Takeuchi, 1985; Larson and Goberi,
1988; Marquis and Straight, 1965). The argument in these studies is mostly centered on
the issue of tradeoffs between functional and project organizations. These studies, dealing
with the structure-performance relationship, have the'r theoretical origin in the contingency
model developed in the late 1960's in the area of organization theory (Child, 1972;
Lawrence and Lorsh, 1967; Galbraith, 1977; Galbraith and Nathanson, 1978) . As the
contingency model emphasizes the role of environmental characteristics as moderators of
structure - performance relationship, this type of research on new product development also
refers to several contingency factors, which we shall examine in due course.

Second, other researchers have viewed new product development activities as
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dynamic group processes. Beyond the structural properties of new product development
projects, these researchers have emphasized detailed communication processes and
compositional characteristics of groups (e.g., Ancona and Caldwell, 1992a, b; Allen, 1970,
1977; Allen, Lee, and Tushman, 1980; Katz and Tushman, 1981). For these studies, a new
product development project is not merely an information-processing mechanism. It also
has to handle its resource dependency on other parts of the organization, as well as the
political context in which it is embedded. These studies commonly conduct questionnaire
surveys aimed at multiple-respondents from each project so as to identify group
characteristics of new product development projects.

Third, new product development has been examined from an engineering point of
view. Researchers have investigated the effectiveness of different designs of engineering
processes, such as concurrent engineering (e.g., Hartley, 1992; Smith and Reinersen, 1991,
Stalk and Hout, 1990; Ward et. al., 1995), overlapping processes (Fujimoto and Clark,
1991: Iansiti, 1992; Imai, Nonaka and Takeuchi, 1985), the compression/experiential
strategy (Eisenhardt and Tabrizi, 1995), and the synch-and-stabilize process (Cusumano
and Selby, 1995). Some researchers have also examined the impact of alternative designs
of project boundaries by looking at the involvement of suppliers and customers in new
product development processes (Clark and Fujimoto, 1991; von Hippel, 1990). The role of
information technologies, such as CAD/CAM, CAE and expert systems, have also received
much attention recently. Figure 2.2 below summarizes factors affecting performance of

new product development along the above three categories.
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Relationships between Organizational Structure and Project Performance

There is a near consensus among both theoretical and empirical researchers that new
product development, especially for system products consisting of numerous components
or subsystems, such as an automobile, aims to solve at least two fundamental process
problems (Katz and Allen, 1985; Clark and Fujimoto, 1991; Marquis and Straight, 1965;
Allen, 1986; Galbraith, 1977). First, product development should coordinate and integrate
several subsystems often originating in different technological disciplines to create
integrated final products. Second, it may try to develop advanced technologies in each
functional area and attain a high level of functionality for each component. While, in
general, the former can be achieved through a project organization organized around
products with influential project managers, the latter favors a functional organizational
structure, in which functional areas are directed by functional managers. Since these two
types of organizational structures cannot exist simultaneously in their pure forms, the issue
of deciding between a project or functional organization has historically been one of the
central trade-offs or problems in the study of new product development.

Early researchers examined this issue in the context of R&D departments. Marquis
and Straight (1965), by investigating 38 R&D projects under contract with a government
agency, concluded that functional organizations tend to be more effective in technical
results, while project organizations tend to be more successful in cost and lead time. Katz
and Allen (1985) investigated 86 projects carried out in nine organizations, and
demonstrated the relationship between the relative influence of project managers and
functional managers, and project performance. They used subjective ratings to measure
both independent and dependent constructs. Relative influences between project managers
and functional managers were rated by project members. Project performance was rated by
senior managers. Their data show that the highest performance is achieved when

organizational influences are centered around project managers, and when influences on

48



detailed technical work are centered around functional managers. Their study implies that
an appropriate separation of roles between project managers and functional managers is
more important than simply balancing their roles. Similarly, Allen et. al. (1988) conducted
a questionnaire survey of 181 teams, including 2,000 subjects drawn from a wide variety of
R&D organizations, and found effective role separation between project managers and
functional managers. They concluded that, in successful projects, functional managers play
an important role to keep up with state-oi-art technology, while project managers help team
members receive appropriate attention from the entire organization and to interact
effectively.

Extending this traditional research, more recent studies consider activities outside the
R&D department, and emphasize the importance of cross-functional integration that can be
facilitated by the project type of structures. For example, Clark and Fujimoto (1991), by
looking at 29 new product development projects in 22 automobile producers, examined the
relationship between project performance and the type of organization classified along
three dimensions: functional specialization, internal integration and external integration.
Their data show that, while lower specialization and higher internal integration lead to
higher development productivity and shorter lead time, the degree of external integration
positively influences total product quality. Along these three dimensions, they obtained
four idealized organizational structures for new product development: a functional
structure, a light-weight project structure, a heavyweight project structure, and an
autonomous project structure (see also Wheelwright and Clark, 1992). Their results
suggest that, in general, projects with an influential project manager covering an entire
development process -- the heavyweight project structure -- tend to perform better in every
aspect of performance.

In another study, Larson and Goberi (1988) assessed the relative effectiveness of five

different project management structures: 1) the functional organization, 2) the functional
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matrix, 3) the balanced matrix, 4) the project matrix, and 5) the project team. In comparing
the performance of 540 development projects in terms of cost, schedule and technical
performance, they found that both the balanced matrix and project matrix organization
performed better in terms of cost, schedule, and technical performance. They found little
support for the effectiveness of either the functional or functional matrix approach to
project management.

Cross-functional integration appear to be important even in the development of non-
assembly products. For example, Henderson and Cockburn (1994) examined 30 years' of
research programs conducted in ten major pharmaceutical companies, and explored
relationships between firm capabilities and drug discovery. They reported that firms whose
research programs are organized either by cross-functional teams or around therapeutic
areas outperform those whose programs are organized around disciplinary areas, with
performance measured as the number of patents granted. The same result held at the
research program level.

There are also several case studies directly dealing with the issue of the cross-
functional interface (Imai, et al. 1985; Gupta, et al. 1986). These studies emphasize the
importance of cross-functional integration for successful project performance. For
example, Imai, et. al. (1985) examined seven product development efforts in five major
Japanese companies, and found several common factors making them successful. As one
of these factors, they discussed the importance of cross-functional team structures
comprised of people with diverse backgrounds, in conjunction with intensive internal- and
external-communications and role redundancy among project members.

One problem in these empirical studies may be a lack of clarity in distinguishing
between cross-functional integration and project independence or autonomy, both of which
are implied by project organizations. Although these two ideas are related, they are

conceptually independent, since cross-functional integration, for example, through strong
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project managers and internal communication, can be achieved without co-located and
dedicated teams. The existing empirical studies seem to be deficient in the measuring
independence of projects. While people from different functional and disciplinary areas
gather to form a project, they might be simultaneously in charge of other projects.
However, very few studies have examined the impact of such project independence on
performance.

Second, since organizational structures tend to be regarded as a pattern of
contemporaneous interactions among organizational members (Walsh and Ungson, 1991),
these studies deal only with organizational structures at a specific point in time. This
overlooks the fact that various activities within the product development organization are
spread out over time, and thus, erroneously de-emphasizes temporal inter-relationships as
an element of organizational structures. Product development is not necessarily a
momentary activity, but is usually continuous and calls for the inclusion of a time
dimension to take account of this fact.

As indicated in the above review, recent empirical studies tend to show a strong
support for the effectiveness of the project-oriented structure as facilitating cross-functional
integration. However, some older studies conducted within the context of R&D
departments show that the functional organization is also desirable for achieving technical
excellence.!3  There are also contradictory findings regarding the role of project
managers. For example, while Fujimoto and Clark (1991) suggested that project managers
should be heavily involved in detailed technical work, Katz and Allen (1985) found that

influences on technical work should be centered around functional managers for project

15 With regard to this, the existing studies show somewhat contradictory findings. For example, while
Marquis and Straight (1965) found that a functional structure is desirable for achieving high technical
performance, Larson and Gobeli (1988) reported that a project-oriented structure performs better in this area.
Such an inconsistency can be also explained by contingency factors affecting structure-performance
relationships.
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success.

This contradiction suggests that the effectiveness of different organizational
structures may depend on contingency factors, such as task characteristics, strategies and
environmental conditions, as discussed in traditional organizational theories (Lawrence and
Lorsch, 1967; Galbraith, 1974). In this respect, studies of product development
organizations propose several factors that influence the relative effectiveness of different
organizational structures.

For example, Allen and Hauptman (1987) discussed the impact of environmental
conditions and the nature of the technology on the design of an effective organizational
structure. They argued that project duration, the degree of technological change, and
interdependence between subsystems are key determinants of whether a functional or a
project organization is more appropriate. They hypothesized that, while faster
technological change and longer project duration favor functional organizations, subsystem
interdependence favors project organizations.

Clark and Fujimoto (1991) demonstrated that the relationship between organizational
types and project performance is somewhat moderated by company strategies that reflect
the nature of their task environments. They classified company strategies into two
categories, volume producers and high-end specialists. They suggested that high internal
and external integration are not necessarily important for the success of high-end
specialized producers, but that a high degree of specialization is crucial. This is because
products of high-end specialists have relatively stable technical architectures and user-
interfaces, which means less interdependence between subsystems and between technical
svstems and user preferences.

Since most recent empirical studies have examined complex assembly products such
as automobiles (Clark and Fujimoto, 1991; Imai, Nonaka, and Takeuchi, 1985; Womack et.

al., 1990) and computers (Iansiti, 1992, 1995 a, b; Eisenhardt and Tabrizi, 1995), strong
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support for the effectiveness of project organizations might be explained by high
subsystem interdependence in such products. However, contrary to Allen and Hauptman's
projection, fast technological change, which also characterizes these products, did not seem
to facilitate adoption of functional organizations. The type of technological change might
explain this. When technological change involves inter-related change in different
disciplinary areas, specialization through functional organizations might not be optimal
(Henderson and Clark, 1990; Iansiti, 1992; Iansiti and Khanna, 1994). In general,
however, empirical studies on new product development do not serioﬁsly consider the
effect of these contingency factors on the structure - performance relationship; if anything,

they tend to be included as control variables, not as moderators (Nobeoka, 1993).

Impact of Group Process on Performance

New product development is invariably a collective activity in which numerous
people interact. This aspect of new product development, it being an interactive group
process, has been emphasized by several researchers.

MIT (Massachusetts Institute of Technology) research groups have extensively
examined team processes of new product development projects, especially by focusing on
project members' communication processes (e. g., Allen, 1970, 1977; Allen, Lee, and
Tushman, 1980; Tushman and Katz, 1980; Ancona and Caldwell, 1992a, b). An
underlying hypothesis of their studies is that communication among project members
(internal-communication) and with people outside project (external communication) has a
positive impact on the performance of development projects. Pioneered by Allen (1970,
1977), some of these studies are characterized by an in-depth data collection method that
obtained detailed sociometric communication data by directly asking laboratory members
to recall each work related contact at the end of sampling day.

For example, Allen, et. al. (1980) carried out a 15-week longitudinal study at the
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R&D facility of a large American corporation. They examined three types of R&D
projects: research, development, and technical service. For each type of project, they
explored the relationship between the frequency and distribution of project members’
communication, and project performance rated by senior managers. They found that the
development project can benefit both from intra- and inter-divisional communication
within a laboratory, but research and technical service projects do not. They also found
that, for product development projects, there are strong relationships between
communication with people in other departments, such as marketing and production, and
project performance. Finally, their data suggest that the technological “gate keeper” is
important for development projects, but not for research projects. An issue of the
technological gate keeper was more extensively examined by Allen at. al. (1979). They
showed that, while research projects perform better when all project members maintain the
same level of communication, product and process development projects show higher
performance when external communication is monopolized by one or a few project
members, implying the existence of the technological gate keeper.

Other studies have examined projects' compositional characteristics in conjunction
with the communication-performance relationship. Katz and Allen (1982), for example,
studied the 345 R&D professionals in 50 project groups. They examined such project
characteristics as mean age, mean project tenure, project terure diversity, and mean
organizational tenure, and investigated their relationships with project performance. Their
data suggest that mean project tenure and a project’s tenure diversity have curvilinear
relationships with performance, but mean organizational tenure and mean age do not. For
example, they demonstrated that project performance reaches the highest at two or three
years of mean group tenure, but significantly declines after five years. This relationship
was explained by the negative influence of project tenure on important communication.

For example, they reported that, for product /process development projects, communication
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with people outside the projects declines after 2.5 years of mean project tenure, which was
found to be a critical contributor to project performarce by Allen, et. al. (1979, 1980).
Their results suggest that, while project tenure may have 5 positive impact on performance
through a favorable team building process, it also prevents team members from
communicating with key information sources, which they called the NIH syndrome.
Extending this study, Ancona and Caldwell (1992a) more specifically explored
interactions among team composition, communication and performance. They collected
questionnaires from 409 project members that comprised 45 new product development
projects at five high technology companies. Their date on communication are subjective
ratings by project members, and so do not measure frequency of communication, as in the
earlier MIT studies. However, they examined both direct and indirect impact of team
compositional characteristics on performance by using path-analysis. They found that
diversity of team members' organizational tenure positively affects the internal group
process defined by goal definition, developing workable plans, and prioritizing works,
which, in turn, leads to high project performance rated by team members. On the other
hand, communication with people outside the projects were found to be facilitated by
diversity of team members' functional background since people tended to communicate
with others having the same functional background. However, they found that both
diversity measures have negative direct effects 01 performance, and that the overall impact
of diversity on performance is negative. Based on the same sample projects, Ancona and
Caldwell (1992b) found that project teams' specific strategies toward external
communication, rather than just the amount of communication, affect project performance.
They found that project teams engaged in so-called ambassadorial activities and task-
coordinator activities showed the highest performance overall while the amount of external
communication itself was only marginally associated with management-rated performance

and negatively associated with team-rated performance.
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In summarv, this stream of studies identified the following factors affecting project

performance:

o  External communication: project members' communication with people in outside
projects has a positive impact on project performance.

o  Gatekeeper: when external communication is monopolized by one or a few project
members, projects show higher performance.

e  Group tenure: projects show highest performance when mean project tenure is
moderate, around two to three years.

« Diversity of group members: diversity of organizational tenure and of functional

background have direct negative effects on performance

Notably, however, these studies neither examined project members' experiences in
past projects, nor their communication specifically with people having experiences in past
development projects. Considering the fact that many new products are aimed at replacing

existing ones, it appears important to look at these factors.

The Impact of Deveiopment Process LCesign on Performance

From an engineering point of view, researchers have examined the impact of
different designs of the development process on performance, most often, on development
leadtime. Characteristics of development process design have tended to be captured along
two dimensions, although different researchers have described it in different ways (Figure

2.3).
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Figure 2.3: Characteristics of the Design of New Product Development Process
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The first dimension is the degree of stage overlap. At one extreme, new product
development can move through different phases in a step-by-step fashion, that is, upstream
processes (e.g., product enginzering) and downstream processes (e.g., process engineering)
are conducted sequentially. This is often called the sequential approach (Imai, Nonaka and
Takeuchi, 1985). At the other extreme, new product development can be conducted in
such a way that activities at different stages are overlapped and move simultaneously. This
is called an overlapping approach (Clark and Fujimoto, 1991) or a rugby process (Imai,
Nonaka, Takeuchi, 1985). It is also a critical element of concurrent engineering (Hartley,
1992; Smith and Reinersen, 1991; Stalk and Hout, 1990). Overali development leadtime
can be compressed by starting down-stream activities before up-stream activities end
without reducing leadtime within each stage. However, for the down-stre2in phase to start
early, it needs to acquire information from down-stream. Therefore, it has been
theoretically hypothesized that the higher stage-overlap reduces development leadtime only
when it is combined with intensive information exchange between up-stream and down-
stream (Clark and Fujimoto, 1991; Hartley, 1992; Wheelwright and Clark, 1992).

There are several studies that empirically test the impact of stage-overlap on project

performance. For example, the I{arvard Business School automobile studies (e. g., Clark
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and Fujimoto, 1991; Clark, Chew and Fujimoto; 1987) found that Japanese projects show
both higher performance characteristics and a higher stage-overlap ratio (especially
between product engineering and process engineering stages). According to this research,
the stage-overlap combined with frequent information exchange between upsticam and
downstream phases to account for a shorter average leadtime and higher engineering
productivity (low engineering hours) for Japanese projects, compared to the U.S. and
European projects.16 Similarly, Iansiti (1992), in his study of the mainframe computer
industry, showed that a high overlapping capability significantly reduces development
leadtime, even after controlling for country effects. His measure of the overlapping
capability consists of the degree of stage-overlap, the level of cross-functional information
exchange, and the capability of prototype building.

However, Eisenhardt and Tabrizi (1995), in their study of computer industry
projects, found that the degree of stage overlap has no significant effect on development
leadtime for their szmple, which included new product development projects from three
different product segments - the mainframe computer, the microcomputer, and the personal
computer/peripheral products. They also examined the impact of stage overlap by each
product segment. Their results show that stage overlap reduces leadtime only for
mainframe and microcomputer products, but that it has no effect on leadtime for personal
computer and peripheral product development projects. They interpreted this result as
implying that stage overlap can reduce leadtime only for predictable projects facing
relatively stable environments.

Second, new product develcpment has been characterized by whether it involves

frequent and rapid iterative processes or it places more emphasis on pre-development

16 More recent research of the Harvard auto study group shows that Japanese advantages against the U.S.
projects in terms of development leadtime disappeared as well as the degree of overlapping. They actually
reported that a concept stage and an engineering stage are now more overlapped in the U.S. projects than
Japanese projects (see, Ellison, Clark, Fujimoto, and Hyun, 1995).
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planning (Eisenhardt and Tabrizi, 1995). On the one hand, product development may start
with a very ambiguous product concept, then gradually crystallize through numerous
experiential and iterative processes (Eisenhardt and Tabrizi, 1995; Cusumano and Selby,
1995; Imai, Nonaka, and Takeuchi, 1985; Wheelwright and Clark, 1992; von Hippel, 1994;
Ward, 1995). In this process, the design specification is only loosely or incompletely
defined at the early stages, but it gradually converges through continuous modification to
adapt to changing customer needs. This process, which we might call the iterative
approach, has been given different labels in different studies, such as the experiential
strategy (Eisenhardt and Tabrizi, 1995), the synch-and-stabilize process (Cusumano and
Selby, 1995), and the rapid prototyping process (Clark and Fujimoto, 1991; Wheelwright
and Clark, 1992). Since frequent iteration facilitates designers' learning by doing,
designers can improve their chances of creating a successful design and gain intuitive
understanding for the sensitivity of design parameters and the design robustness
(Eisenhardt and Tabrizi, 1995). Therefore, it has been hypothesized that the more iterative
approach results in shortzr development leadtime.

Related to this iterative approach, Cusumano 1nd Selby (1995), in their in-depth case
study of Microsoft, labeled Microsoft's product development style the synch-and-stabilize
process, which they contrasted with the more conventionai waterfall process. According to
their description, Microsoft teams begin by making a vision statement and outline
specification of f=atures to guide projects. In this early stage, they define the strategic
vision of the new product, but avoid writing a complete product specification and detailed
design document. Projects retain sufficient flexibility for the product specification to be
refined and evolved throughout development process, so as to adapt to user inputs and fast
changing consumer needs. Projects are organized into small feature teams that work in
parallel. These teams synchronize, debug, and integrate their work daily, weekly, and at

major milestones. They found that the establishment of this synch-and-stabilize process
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has significantly contributed to a reduction in the delay in the shipment of new Microsoft
products.

Eisenhardt and Tabrizi (1995) empirically tested how the iterative approach reduces
development leadtime in the computer industry. They first identified two approaches to
new product development -a compression strategy and an experiential strategy- and then
tested how these two approaches affect development leadtime. The compression strategy is
characterized by its emphasis on the early planning phase, use of CAD, supplier
involvement, multi-functional teams, and phase overlapping. On the other hand, the
experiential strategy is identified by frequent design iteration, more time spent on testing,
less time between milestones, and powerful project managers. Their results show that all
four variables indicating the experiential strategy significantly reduce development
leadtime. However, among four variables composing the compression strategy, only the
multi-functional team was significantly associated with shorter development leadtime.
Surprisingly, more use of CAD and more time spent on planning slowed the pace of
product development.

Taking a different perspective, several researchers have emphasized the importance
cf pre-development planning. They suggest that people from different functional areas
should be involved in the early planning stage to prevent problems from occurring at later
stages of the development process (Wheelwright and Clark, 1992; Clark and Fujimoto,
1991; Iansiti, 1992; Womack et. al., 1991). Spending more time in the pre-development
phases, or the up-front loading, can eliminate potential problems, especially those derived
from interaction between different components and functions. Since the costs of design
changes significantly increase in the later stages, predicting and fixing problems as soon as
possible should improve efficiency of product development (Wheelwright an Clark, 1992).

For example, data from the software industry indicates that fixing a bug late in a

project or after delivering is about 100 times more expensive than fixing the bug when it
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occurs (Boehm, 1981).

Iansiti (1992) has also provided empirical evidence. In his study of the multi-chip
module for mainframe computers, he found that the ratio of concept leadtime to
development leadtime is substantially higher for Japanese projects (average = 0.94) than
U.S. and European projects (average = 0.55), and that Japanese projects spend less than
half of the engineering resources spent by U.S. and European projects. He explained that
this is because emphasis on the early concept stage enhances a product's system-level
integration and leads to less rework in later stages.

Whether the continuous iteration, or early planning, is optimal may be partially
dependent upon the degree of task uncertainty involved in product development. For
example, while products for which researchers suggest more iterative approaches, such as
software and personal computers, can be characterized as fast changing environments both
in technologies and user requirements, products for which researchers suggest early .
planning may be desirable, such as automobiles and mainframe computers, might be in less
uncertain technologies or markets. There are also physical constraints on the adoption of
iterative approaches in some industries. For example, since automobile development
inevitably involves time-consuming die development, there is a certain linit for the number
of iterative cycles even with advanced CAD/CAE technologies.

Another interpretation, one relatcd more closely to this dissertation, is that the
effectiveness of pre-development planning may depend on a project's capability for
brirging past experiences to the current projects (lansiti, 1995 a, b, ¢). While (ask
uncertainty may decrease the effectiveness of the early planning, the uncertainty can be
reduced by intensively learning from the past project experiences (Aoshima, 1994). Thus,
it may be interesting to look at differences in the relationship between development process

design and performance between projects with and without linkages to past projects.
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Supplier Involvement

Another issue in designing the development process is the degree of supplier
involvement. Theoretically, when product architectures allow the design problems to be
decomposed into de-coupled subproblems, product development can better exploit supplier
capabilities (Ulrich, 1995; von Hippel, 1990). Supplier involvement reduces task
complexity that focal projects have to handle (Clark and Fujimoto, 1991), and also exploits
suppliers' specialized knowledge and economies of scale.

Empirica] evidence mostly supports the effectiveness of supplier involvement. For
example, as a part of the Harvard automobile studies, Clark (1989) reported that, despite
higher unique parts ratio, Japanese projects showed fewer engineering hours because of
their extensive use of suppliers to reduce the in-house new design ratio (project scope).
Clark and Fujimoto (1991) found, in particular, that Japanese firms relied on components
whose functional specifications are developed by assemblers and detailed engineering is
conducted by suppliers. They called such components *“black-box parts” 17 According to
these studies, greater supplier involvement appears to account for approximately one-third
of the Japanese advantage in engineering hours and four to five months of their advantage
in lead time.

In summary, these studies provide ample information to predict the performance of a
single project. However, they tend to neglect issues that cut across different generations of
projects. Whenever new products are developed to replace existing products, linkages
between different generations of projects in terms of technology and organization should

have some impact on performance of the current project.

17 For the historical description of the black-box parts practice in Japanese companies, see Fujimoto (1994).
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2-1.2 Performance Measurement and Project Definition

While the above review allows us to identify factors for successful new product
development, which will be considered in our empirical work, it also provides several
methodological lessons. We now discuss two of these issues: performance measurement

and project definition. .

Performance Measurement

One of the critical issues in studies of new product development is how to measure
project performance. Existing studies vary in this regard. Some use relatively objective
measures, such as development leadtime (Clark and Fujimoto, 1991; lansiti, 1992;
Eisenhardt and Tabrizi, 1995), engineering hours (Clark and Fujimoto, 1991; Iansiti, 1992,
19952; Nobeoka, 1995), market share (Clark and Fujimoto, :991; Nobeoka, 1993;
Nobeoka and Cusumano, 1992), and the number of patents granted (Henderson and
Cockburn, 1994). Others use subjective ratings by project members (Ancona and
Caldwell, 1992a; Nobecka; 1993), senior managers (Allen et. al. 1979, 1980; Katz and
Allen, 1982, Dougherty, 1992), or industry experts (Clark and Fujimoto, 1991). Bas:1on
such diverse ways of measuring performance, it should be important to recognize potential
biases and difficulties involved in these performance measures both in interpreting results
and in designing another empirical study.

Subjective measures are subject to several inherent problems. For example, when
subjective responses betn for performance ard for independent constructs come from the
same questionnaire (e.g., Ancona and Caldwell, 1992a; Larson and Gobeli, 1988;
Kusunoki, Nonaka and Nagata, 1995), the common method bias may distort real
relationships. Especially if the respondents are familiar with the results of past studies,
they may attribute their success to factors identified in those studies. In addition, when

individual ratings are aggregated to form project-level constructs, an aggregation bias
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might be a problem (Rousseau, 1985). Furthermore, it may not be appropriate to treat data
obtained by using the Likert-type scale as interval data.

Objective measures also have problems. Below we discuss these problems by
focusing on two popular performance measures observed in the existing studies:
development leadtime and engineering hours. The discussion is primarily based on
information we obtained during our interviews at seven Japanese companies.

First, there is a problem of comparability. For example, despite increasing interest in
development speed, it is not an easy task to acquire comparable leadtime data across
different companies, especially because the time of project start is often unclear. Existing
studies handle this problem by providing a description of pre-defined development phases.
For example, the Harvard automobile studies (e.g., Clark and Fujimoto, 1991; Ellison,
Clark, Fujimoto and Hyun, 1995; Clark, Chew and Fujimoto 1987) gevised such pre-
defined development phases as concept creation, vehicle planning, detailed engineering,
and process engineering. This helps respondents to specify leadtime. However, concept
studies in automobile development usually start before the formal management approval,
and the very initial stage of concept studies may involve only a few people. Total
development leadtime may significantly differ whether or not respondents include this
early activity. For example, one Nissan engineer mentioned that some Japanese projects
may show longer leadtime for concept studies because of the projects’ continuity across
generations.18 For project members who continue their positions from the earlier
generation of a project, they start to imagine the next product right after the launch of the
previous product, and this tends to be included as a part of the concept phase.

Eisenhardt and Tabrizi (1995) tried to solve this problem by defining the start of a

project as the time when the first meeting was held to consider the development of the focal

18 Based on remarks made by Mr. Sasabe, senior manager, Nissan Motor Corp., during IMVP sponsors
meeting held in Tokyo, May 29, 1995.
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product. However, since there are often a lot of informal meetings before an initial product
plan is proposed, it seems difficult to obtain first meeting date that is comparable across
different companies.

There are also difficulties in obtaining comparable engineering hours. For example,
during our field study, we found that one company did not keep track of engineering hours.
Even when companies have formal records, differences in the definition of a project's
boundary may influence the calculated number. For example, many componerts, such as
an engine and a suspension system in the case of automobiles, are developed for more than
one product. Companies differ in the way they allocate engineering resources used to
develop these components to a particular project. Some project managers told us that they
calculate total engineering cost assuming that no other projects share the same
components.!9 Managers in other companies said that they allocate engineering hours for
a particular component development to all related projects using that component. It is quite
difficult, if not impossible, to take this difference into consideration. In addition, some
portion of engineering resources may not show up in the formal records. For example, one
project manager we interviewed mentioned that, sometimes, he asked engineers informally
to work for his projects without using budgeted engineering resources.

To take into account the shared engineering resources, the Harvard automobile
studies excluded engineering resources used to develop power-trains, including engines
and transmissions, since the development of power-train units takes much more time than
each model development. However, when multiple projects develop technologically-
related products in parallel, exclusion of engineering resources shared across projects
becomes much more difficult. For example, the Domani project at Honda is reported as

spending only one fifth of a more typical project's engineering hours.20 This is because

19 Interview with Mr. Ishidera, chief engineer, Toyota Motor Corp., July 29, 1992.
20 "Nihongata Re-engineering (Japanese Re-engineering)", p. 102, Nikkei Business, Nihonkeizai-shinbunsha,
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the Domani project developed its new product in parallel with the Civic project, whose
platform was rapidly transferred to the Domani project (Nobeoka, 1993). Since the
Domani project shared many engineers with the Civic project, some of the shared
engineering resources were probably assigned to the base project, which developed the
Civic2l 1In this case, we cannot understand real development efficiency without
examining both the base and derivative projects.

Second, there is a problem of construct validity. For example, development leadtime
may not always be an appropriate measure for development speed. Since development
leadtime is crucial, projects tend to give the highest priority to this. Under such a
circumstance, leadtime becomes what they must follow, but it may not appropriately reflect
performance of their activities. For example, if project managers realize, during a
development process, that they may not be able to follow the projected leadtime while
achieving the product quality they want, they tend to compromise technical performance
and technological novelty to avoid delay of the product launch. For example, a project
manager at Mazda, who was responsible for development of Eunos 800 (called Millenia in

the US), discussed this problem:

"We wanted to introduce it [Eunos 800] by fall 1993. However, development of the
mirror cycle engine [ a completely new engine for the Eunos 800] would take until
this fall [1994] or next spring [1995]. It was quite difficult to bridge this one year
difference. What I proposed is to maintain the uniqueness of the engine system, but
to simplify components by using existing ones. For example, although if we had
incorporated VVT (Variable Valve Timing), we could have achieved much higher
performance, we did not do that because, within the planned leadtime, we could not
achieve the required reliability. In this sense, this engine has a great potential for

future improvement."22

Tokyo, 1994.

21 A5 Nobeoka (1993) found, a portion of reduced engineering hours is attributed to the effective inter-
project management through the rapid design transfer strategy.

22 Interview with Mr. Uchiyama, Shusa, Mazda Motor Corp., May 19, 1994.
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Although it is possible to adjust leadtime by controlling, for example, for
technological newness, as existing studies have shown (e.g., Clark and Fujimoto, 1991;
Nobeoka; 1993), such adjusted leadtime are far from perfect when there is strong
influences from a standard development schedule. All seven companies we interviewed
have standard cycle plans for new product introduction. It is not often the case that overall
development leadtime substantially deviates from this standard schedule. For example,
when we asked one manager at Nissan about the leadtime of projects, he first gave us the
standard development schedule and said that all projects basically follow this schedule
though there are some differences. Under such a circumstance, total development leadtime
may not be a good indicator for development speed because of its low variance. In other
words, most projects do not try to go faster or slower than their schedules.

Third, there is a difficuity in selecting control variables. Objective measures such as
development leadtime and engineering hours are influenced by several factors, such as task
complexity, technological newness, supplier involvement, and component sharing.
Results may i)e strongly influenced by the selection or omission of these control variables.
For example, Eisenhardt and Tabrizi's study examines development leadtime of quite
diverse projects in the broadly defined computer industry including mainframe computers,
micro computers, personal computers and peripheral products. However, their model
includes only a few control variables, project size and industry segment, both of which
have only two categories. If they had included other control variables, more specifically
describing product characteristics, the results might have changed. The Harvard auto
studies made substantial efforts to incorporate a full set of appropriate control variables.
Their original studies, conducted in the late 1980's, included model price, degree of
supplier involvement, country dummies, the number of body types, degree of body change,
unique parts ratio, and in-house component ratio, as control variables. In addition to these

variables, their recent study (Ellison, Clark, Fujimoto and Hyun, 1995) added even more
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sophisticated control variables, such as platform complexity, badge (brandname)
complexity, and component/pracess inncvation indices.

If we can completely 2nsure comparability, construct validity, and appropriate
control variables, the objective measures are probably much better tan subjective ratings.
However, it is costly to ensure this because it would require in-depth observation. On the
other hand, subjective ratings, though less reliable, can implicitly reflect these factors. For
example, when respondents are asked to rate their development speed and development
efficiency, they probably take many control variables inio account, such as task
complexity, technological newness, and supplier involvement. If they | ad unexpected
troubles in their design work and had to compromise on technical performance, they might
report low performance in adherence to schedule even if projects finish within target
leadtime. Respondents tend to have a common reference point, at least, within the same
companies. In the case where there are substantial differences across companies in terms
of reference points, we can re-code subjective ratings by subtracting company-level mean
values (e. g., Ancona and Caldwell, 1992 a, b).

Although we think there are pros and cons both for subjective and objective

measures, few empirical studies use both types of measures simultaneously.

Definition of Projects

New product development involves numerous peopic. For example, in the case of
automobile development, some projects include between 500 and 800 or more people at the
peak. Some people are full-time, and others are part-time. Boundaries of projects are not
always clear. However, when we are interested in group-level constructs whose
measurement requires multiple respondents from each project, iefinition of the project
boundary becomes critical. For example, if we want to measure average frequency of

communication among project members, we need to specify who we include as project
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members.

There are two ways to define project members. First, researchers may rely on a
company's own definition. For exampie¢, Ancona and Caldwell (1992 a, b) defined a
project team by obtaining a list of team members from company records. They then
verified this information with team members, including people whom a majority of team
members considered to be on the team. This method can remove the possibility of a
researcher's arbitrary selection.

However. the definition of a project team may be different from company to
company, and even from project to project. For example, when we asked the number of
core project members at the Japanese automobile projects, this ranged from 10 to 50, which
impiies that different projects counted cote project members differently. The word "team"
may thus have different meanings for different companies. For example, cngineers at
Toyota mentioned that they do not feel like team members sirce they formally belong to a
technical functiona! department. Another related problem is that people may define project
boundaries based on factors that are of interest to researchers. For example, they may
define nroject members by considering frequency of communication. They may also
define them according to those who are substantially influenced by project managers. In
this case, it becomes less meaningful to compare frequency of communication and relative
power of project managers among sample projects, since the project definition already
includes it.

Alternatively, researchers can define project members a priori. In this dissertation,
for example, we tentatively define core project members as including project managers and
representatives from technical and functional arecs. By doing so, we contro! for the
functional background of team members, which means that we are unable to examine
functional backgrounds as characteristics of the project team. On the other hand, this does

enable us to appropriately compare other characteristics, such as frequency of
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communication, other compositional background characteristics, and experience bases,

because these are independent of the project definition.

2-1. ss-Project Studies: Studies Focusing on ine Level above Individual Projects
Even though many emnirical studies focus on the individual project level, some

recent studies have emphasized the need for product development processes and strategies

that go beyond the consideration of individuai projects so as to explicitly deal with the

inter-project relatiorships as a key element of a new pruduct development process.

Multi-Product Strategy

Most studies of this category to date have focused on strategic issues associated with
introduction of multiple related producis. Two strategic dimensions have often been

considered (Figure 2.3).

Figure 2.3: Dimensions jor Multi-Product Strategy
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*Each circle stands for an individual product.
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The first is a strategy for product evolution that includes decisions regarding the
extent of product change, timing, frequency and sequence of new product introduction, the
extent of technological carry-over, and similar elements. The second is a strategy for
product portfolios and product variety. It includes decisions regarding product mix,
relative positioning, technology .haring, and manufacturing flexibility.

Sanderson and Uzumeri (1990) and Sanderson (1991) discussed the importance of an
evolutionary perspectiv: in the management of product families in a highly competitive
environment, which requires the continuous upgrading and improvement of existing
products. In analyzing the develcpment of Sony's Walkman, they described how Sony
introduced more than 160 product variations betweer 1980 and 1990, based on existing
platforms, while continuously improving and renewing these platforms. They proposed a
specific strategy for such product improvement, which they called "design-based

incrementalism.” Design-based incrementalism is a strategy to effectively leverage core
design resources to make numerous derivative and modified products within a short period
of time. According to them, a new capability, called “virtual design,” enables this fast
product renewal. The virtual design is the “capability in information processing and
computer-aided design (CAD) to store information about product design and function and
to reuse that information in designing new products for model changeover” (Sanderson
1991, pp. 296). Their model shows that the use of virtual design is particularly effective
when new products incorporate many component designs that are modified from the
existing ones.

Meyer and Utterback (1993) analyzed the role of the evolution of product families in
the development of a core capability, which was applied in subsequent development work.
They mapped the chronology of three prodnct families in a large corporation engaged in

the ciectronic imaging business, and demonstrated how the evolution of product families is

related to the development of a company's core capabilities and, in turn, performance.
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They found a positive association between core capabilities and the success of product
families, both of which were subjectively rated by ten product developers and divisional
managers, respectively. Based on this result, they suggested that management should avoid
single-product funding, and that they should invest in core capabilities from the viewpoint
of product family evolution.

Similarly, Wheelwright and Sasser (1989) discussed inter-product linkages from the
technological point of view. By examining the evolution of the vacuum cleaner in two
firms, they developed a product generation map as a tool for analyzing the evolution of a
product family over time. They categorized new products into new platform and derivative
products, which were further categorized into "enhanced,” "customized," "cost-reduced”
and "hybrid." In a related study, Wheelwright and Clark (1992) discussed the concept of
the aggregate project plan, des’_.ied to ensure that a set of projects accomplish the
companies' product development obiectives. They classified product/process development
projects into the following four types along the degree of product and process change:
research/advanced development projects, breakthrough/radical projects, platforri/next
generation projects, and derivative projects. They suggested that management has to make
an appropriate plan for the project mix by considering both benefits from each type of
project and expected resource requirements.

In another study, Kusunoki (1992) investigated the evolutionary pattern of new
product development in the facsimile industry. He classified companies' product strategies
aiong two dimensions: frequency of new product introduction and magnitude of change in
products' functional performance. By examining 185 new products developed during a
period between 1973 and 1987 by four major facsimile producers, he found that the four
companies took distinctive strategies labeled either as a discrete or an incremental
approach. He described, for example, that Matsushita Denko, taking a strategy of frequent

change and the incremental approach, failed to shift to new digital technologies because of
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excessive investment in analog technologies.

In a study with greater emphasis on the issue of product variety, Cusumano (1991,
1992) discussed several examples of both single and multiple project styles of management
in the US and Japanese computer software industries. He analyzed the evolution of
software production systems from craft or job shops to flexible design and production
systems. This study demonstrated that a flexible deign and production system can produce
a variety of semi-customized products at relatively low cost through the creation of
components, tools and processes for reuse across different projects.

Clark, Fujimoto and Aoshima (1992), by illustrating cases in the auiomobile
industry, discussed the concept of product-line management, as opposed to individual
project management. Their basic focus was on how to manage the trade-off between
product-line integrity and individual product integrity; in so doing, they identified several
types of product-line strategy, and argued that these correspond to different organizational
types. For example, they discussed two elements of analyzing a product line in the static
case: relative positioning and identity. They then identified four distinctive product-iinc
strategies: product-driven, identity-driven, position-driven, and total product-line driven.
They also proposed a framework to analyze a dynamic aspect of product line strategy in
which they emphasized continvity, relative change, and timing and sequence as building
blocks for a dynamic product line strategy

Despite a rich conceptual discussion in this area, systematic empirical investigation
of the relationships between multi-product strategies and performance is race. Nobeoka
and Cusumano (1992) and Nobeoka (1993) are among the few exceptions. They
investigated 210 new car products introduced during a period between 1980 and 1991 at 17
automobile producers and demonstrated how alternative inter-project strategies influence
the rate of new product introductions. They classified inter-project strategies into four

categories with respect to types of platform transfer (new design, rapid design transfer,
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sequential design transfer and design modification) and showed that companies which
adopted a rapid design transfer strategy tended to perform better in terms of market share
growth. Rapid design transfer strategy is defined as one transferring a base platform within
two years after the start of the base project. Their resulis suggest that firms can create
competitive advantage in the market by transferring core technologies and designs quickly
across multiple projects.

Compared to studies that clarify strategy-performance relationships at an inter-
project level, organizational processes that implement such strategies have, to date,
received less attention. However, some existing studies partially deal with organizational

issues, as discussed below.

Organizational Issues at Cross-Project Levels

Regarding processes to facilitate an appropriate product evolution, a set of studies
are focused on processes of learning between different generations of projects. For
example, Cusumano and Seiby (1995), in a case study of Microsoft, described how product
development projects at Microsoft have benefited from knowledge learned from past
development activities. They pointed out that Microsoft institutes a variety of mechanisms
to learn from past and on-going projects, such as through postmortem reports, process
audits, retreats and benchmarking. They showed how such mechanisms have contributed
to substantial improvement of product quality of Microsoft's products through successive
version upgrades. They also described how Microsoft tends to rely on people or "mentors”
to transfer knowledge about product designs and development processes to new engineers,
rather than formal rules, compulsory training programs or detailed documentation.

Wheelwright and Clark (1992) also suggested that systematic efforts are required to
learn from past projects because issues in new product development can be very complex

and involve many different people in different groups and functions. As one mechanism,
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they proposed the project audit, a systematic project review conducted by a cross-
functional team, and demonstrated an actual implementation of the project audit for the
development of a high-performance portable computer.

In a study showing the pitfalls of not learning from the past, Watkins (1991)
conducted an in-depth longitudinal case study of the development of front and rear body
closures of automobiles at a large European firm. He found that several quality problems
not only showed up late in programs, but often were not new, and had already been
resolved in previous programs. He found that the program was losing its memory of past
problems because of the rapid turn-over of engineers, driven by narrow job ccaient, and
explained that this loss of memory led to the occurrence of the repetitive problems.

These studies have opened new research areas in the study of new product
development by conceptualizing this as a set of historically-continuous and interrelated
activities that continue to generate product development knowledge.23 Especially, the
case-based studies demonstrate actual knowledge accumulation processes and provide
insight to identify possible mechanisms for retaining knowledge across generations of
projects. As a next step, systematic studies need to explore how learning across
generations of projects actually affects performance and what kinds of mechanisms are
appropriate for such learning.

As for the management of inter-project strategies, Nobeoka (1993, 1995) examined
organizational capabilities required for rapid inter-project technology traasfer. He
conducted a questionnaire survey of 256 design engineers at 10 major automobile
manufacturers in the U.S. and Japan, and explored cooperation requirements and
organizational mechanisms to manage interactions between concurrent projects. He

classified component design into two categories, one with and without inter-project

23 For more discussion of this perspective on new product development, see Kofman, et. al. (1993) and
Iansiti and Clark (1993)
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interdependency and interaction, and found that the organizational cooperation required to
manage these two types of component designs significantly differed. He reported that
component designs with inter-project interdependency requires both strong intra-project
and inter-project (functional) cooperation.

As for cross-generational linkages, Iansiti (1995 a, b) investigated 27 development
projects of multi-chip modules for the mainframe computer, and found that projects that
took a system focus approach, and which emphasized technology integration capabilities,
tended to perform better in terms of lead time and engineering resources. He found that
system focused projects 1) emphasize detailed knowledge about product systems rather
than elements, 2) focus on the early generation of knowledge of the potential impact of
individual decisions on the broad characteristics of the existing product systems, and 3)
retain past knowledge of related technology integration efforts. For example, when
integration groups work on a consistent stream of products with continuity in members,
projects attain higher performance. He explained that integration groups "specify the scope
of the tasks and are the focus for retention of knowledge of the complex interaction
between the individual disciplinary bases involved in a sequence of development projects."
(lansiti, 1993: 29) However, he focused only on integration groups as a primary
mechanism for knowledge retention We need to examine a broader range of mechanisms
for knowledge transfer to fully understand the impact of Xnowledge retention on product

development performance.

In summary:
e  Most systematic empirical studies have focused on the management of a single
project. While they examined numerous organizational factors to predict project
performance, factors cutting across different projects and different generations of

projects have largely been neglected.
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*  Although some recent work shows consideration of relationships among multiple
products or projects across product lines and generations, systematic empirical
investigations are very few. Especially, the discussions tend to center on strategic
issues. Organizational mechanisms implementing strategies at multiple and multiple

generations of projects have received little attention.

2-2  Studies of Organizational Memories: Knowledge Retention and Performance

Does knowledge retention from past activities have a positive impact on
performance? Theoretical studies of organizations. have somewhat contradictory
conclusions on this question. On the one hand, successful organizations embed their
adaptation activities as organizational routines. Such rcutines, often reflected in the
standard operating procedures, programs, stable communication channels, and
organizational structures, form a critical part of organizational memories. Since
organizational memories stored as such routines are automatically retrieved, organizations
can reduce costs associated with search and experimentation and thus increase task
efficiency (March and Simon, 1959; Nelson and Winter, 1982; Thompson, 1967).

On the other hand, it has been suggested that knowledge about the past can blind
decision makers to new aspects of environments and thereby compromise an organization's
effectiveness (March, 1972; Nystrom and Starbuck, 1984; Walsh and Fahey, 1986}.
Memory retention facilitates a single-loop learning (Argyris and Schon, 1972) and, thus,
enhances the existing routines that may not be appropriate for the new situations. Studies
of technological innovation tend to emphasize this negative impact of knowledge retention

on innovation performance (Henderson and Clark, 1990; Christensen, 1992; Leonard-
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Barton, 1992). Emphasizing the routinized aspect of the past knowledge, and the
inevitable and automatic nature of knowledge retrieval, studies of innovation tend to
address the issues of how to break the automatic nature of this process so as to create new
knowledge. In comparison, processes of existing knowledge retention, application, and
transfer have received little attention.

This contradiction is partially explainable by considering differences in
organizations' environmental characteristics. Memory retention may increase
organizational performance only when organizations are facing stable and certain
environments that call for repetitive problem solving. Routines in the form of standard
operating procedures and programs can most effectively facilitate organizational members'
learning for such problem solving. People whe emphasized positive aspects of knowledge
retention may primarily look at organizations facing relatively stable environments. On the
other hand, those who underscored negative aspects of past knowledge might pay attention
to organizations facing novcl and uncertain situations. This is why studies of innovation
tend to emphasize problems associated with knowledge retention.

That studies of organizational memories have too much emphasis on routinized
knowledge and its automatic retrieval (Huber, 1991) further enhances such interpretation.
In the literature of organizationai learning, two types of learning arc often distinguished:
search /exploration of new possibilities, and exploitation of old certainty (March, 1991).
The argumert is that organizational memories tend to be linked to the latter type of
learning. Thus, it is said that a distinctive property of organizational memories, as opposed
to individual memories, is seen in the routinized portion of shared knowledge that is
maintained despite the personnel turnover (Cyert and March, 1963; Levitt and March,
1988; Nelson and Winter, 1982). If past experiences are completciy stored as routinized
knowledge that is autornatically retrieved into current settings, relevance or knowledge

retention totally depends on environmental conditions because organizational members
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cannot influence knowledge retrieval processes.

However, past knowledge is not fully routinized, reflected in standard operating
procedures, and a stable channel of an organization's communication (Walsh and Ungson,
1991) There is non-routine knowledge that may be partially stored in individuals and
archives (Huber, 1991). Such knowlzdge can be subject to intentional management. Even
if no management action is taken, at least part of the knowledge is likely to be
automatically retrieved. Therefore, the intentional management of an appropriate retention
process may be important both from the point of view of retaining important knowledge, as
well as disregarding unimportant knowledge. Thus, Walsh and Ungson (1991)
hypothesized that if past knowledge is intentionally and critically considered as it bears on
the present, it increases the effectiveness of organizations. If carefully managed, retention
of nast knowledge is not necessarily problematic even under novel and uncertain situations
characterized, for example, by innovation. Some researchers suggested that prior
experiences are rather critical for adaptation to new environments. For example,
researchers in design studies suggested that any design work is based on past experiences
and accepted traditions, and that past knowledge becomes critical to non-routine and
creative design work through its appropriate typification (Gero, 1990; Oxman, 1990).
Iansiti (1992, 1995a, 1995b) found, in his studies of the multi-chip module for mainframe
computers, that system i. tegrators' past experiences in development of the same type of
product were positively correlated with development efficiency and technical performance.
He argued that retention of past knowledge is crucial to adapt to new technological
opportunitic s since the essence of innovation resides in appropriate combinations between
existing technological capabilities and new opportunities.

The above discussion identified two critical issues that we have to consider in
examining the relationship between knowledge retention and organizational performance.

First, we must take into account differcnces in environments to which organizations have
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to adapt. This implies that an actual effect of knowledge retention on organizational
performance may be moderated by environmental novelty. The second is the distinction
between intentional and automatic retrieval of past knowledge. While automatic retrieval
of past knowledge may prevent organizations from appropriately adapting new
environments, organizations might be able to overcome this problem by intentionally
managing knowledge retention and retrieval processes. We shall take into account these
two factors in conducting our study. The environmental condition will be captured by
technological and market newness involved in each new product development. Our focus
on manageable mechanisms for knowledge retention, such as personnel transfers,
communication proéesses, and information technologies, will distinguish intentional from

automatic knowledge retention.

Knowledge Retention Mechanisms

Researchers focusing on organizational memories have explored how memories are
stored and retained within an organization. They provide us with helpful hints of how we
can empirically observe retention of knowledge across generations of projects.

For example, Kenippendolf (1975) identified three types of organizational memories,
each of which is stored and retained differently. First, he proposed the concept of temporal
memory. Although each person has only limited capacities to store information, if such
information is successively transmitted to other persons with delays, a resulting long chain
of people can be sufficient to maintain a significant quantity of temporally coded (or mis-
coded) information. Thus, for example, observed irtensive communication between older
and newer organizational members, and that between people engaged in current problem
solving activities and those engaged in past activities, may be a reasonable irdication of
knowledge retention.

Second, Kenippendolf discussed memory involving records. The basic way to store
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information is to rely on semi-permanent media that carry past histories. This is
intentionally employed by individuals, sometimes, with help of information technologies.
Thus, for example, the existence of well-organized databases, documents, and reports can
indicate knowledge retention in organizations. Third, ke argued for a structural memory.
The difference between memory involving records and structural memory is similar to the
difference between data and computer algorithms, and between words and grammar. That
is, the structural memory stores not just past events, but relationships, structures and rules
abstracted from past events. "The defining feature of a structural memory is that past
information is represented in the organization of interacting parts into a dynamic whole"
(pp. 28). He suggested that an organizational structure, as a reflection of the way
organizational members are related to each other and standard communication channels are
described, can be said to memorize something structurally to the extent that they are
explainable as adaptive responses to past environmental opportunities and threats. In
summary, his discussion identified three mechanisms for knowledge retention: a
communication chain, archives or formal records, and organizational structure.

Walsh and Ungson (1991) defined organizational memory broadly as "stored
information from an organization's history that can be brought to bear on present decisions”
(pp. 61). Then, they suggested that it is embedded in systems and artifacts as well as
individuals. They identified five retention facilities composing the structure of
organizational memory: 1) individuals, 2) culture, 3) transformations, 4) organizational
structures, and, 5) ecology.

Information stored in individuals can be retained either by retaining those individuals
or by transferring information thiough communicaticn chains. Organizational members
also develop a shared way of understanding, thinking about, and perceiving problems.
Walsh and Ungson called this “culture,” and suggested that it collectively retains an

organization's past experiences. Transformations embed the logic that guides the
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processing of any kind of input into an output. The standard operating procedures,
programs, and rules may be examples. Ecology means the physical structure or workplace
environments. In addition to these five facilities, they also pointed out the importance of
external archives for memory retention, such as company reports, documents, and retired
people, though they claimed that these are not a part of an organization’s memory per se.

Walsh and Ungson further argued that these retention facilities have different
properties. For example, they suggested that only individuals have the cognitive capability
to understand " the ‘'why' of a decision in the context of an organization's history." (pp. 67)
This implies that effective retention of context-specific and tacit knowledge may require
direct and intensive interaction between individuals. Not only individuals per se but also
an aggregation of individnals may also be able to house context-specific past information.
When an organizational member helps other members to evoke their past experiences, it
can be said that a group of people have collective memories. Such collective memories
may comprise complex contingency information behind past decisions they made.

On the other hand, Walsh and Ungson discussed that transiormations, structures, and
ecology may not be able to store information about “why.” While these mechanisrns can
retain information about an organization's past respoases to environmental stimuii, they are
not effective to retain information regarding reasons for such responses. Moreover,
information stored in these facilities, as opposed to individuals and groups, tend io be
subject to automatic retrieval, and not prone to effortful retrieval.

In yet another study, Huber (1990, 1991) emphasized the importance of computer-
based organizational memory. He argued that memories that reside in individuals are being
increasingly transforimed to computer-based expert systems, and that these expert systems
increase the accessibility and reliability of information. Table 2.1 summarizes the

knowledge retention mechanisms discussed above.
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Table 2.1: Knowledge Retention Mechanisms

Memory Retention Mechanisms Intentional Retrieval?

Individual-based Mechanisms

Centinuity of Organizational Members Possible

Communication Chains Possible

Continuity of Groups and Cohorts Possible

Structural (or Organizational Structure Difficult
Organizationaliy- embedded)

Mechanisms

Ecology (Physical Working Environment) Difficult

Standard Operating Procedures, Rules, Programs Difficult

Archival Mechanisms  |Computer-based Memories Possible

A Documents, Reports, Databases Possible

Altkough it is difficult to directly observe how much past knowledge is retained
within organizations, observation of thess. mechanisms may provide us with a reasonable
approximation. For example, some researchers suggested that a long and stable history of
tenured individuals, existence of dom:nant cohort groups, and low personnel turnover may
indicate higher ability to retain knowledge (Huber, 1991, Walsh and Ungson, 1991, March
and Levitt 1988). Similarly, more frequent reference to documented information by
organizational members may indicate more knowledge retention.

Since we are interested in intentional management of knowledge retention processes
in new product development efforts, we have placed more emphasis on mechanisms less
subject to automatic retrieval, such as individual-based mechanisms and archiva!
mechanisms. In the next chapter, we will discuss knowledge retention mechanisms
involved in new product development projects more specifically. There, we will also offer
se-eral hypotheses about the relationships between knowledge types aud appre-riate

retention mechanisms.
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In this chapter, we 2xamine the capabilities required to retain knowledge effectively
across generations of projects. One of the cential themes in tnis dissertation is to explore
how the retention of knowledge obtained from past development experiences ir "ences
subsequent product development performance. However, it is difficult to observe actual

knowledge retention directly. Instead, we set boundary conditions that indicate the
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existence of knowledge retention. In section 2.2 in Chapter 2, we discussed several
possible mechanisms to retain knowledge, such as continuity of organizational members,
inter-temporal comrnunication chains, organizational structures, and archives. Project
dependence on these knowledge retention mechanisms should enable us to reasonably infer
the existence of knowledge retention.

In the following sections, we begin by describing the.e knowledge retention
mechanisms in detail, and illustrate them with actual practices in the major lapanese
automobile producers (section 3.1). Section 3.2 then considers relationships between
knowledge types and appropriate knowledge retention mechanisms, and generates a set of
propositions. Since this dissertation has a particular focus on the impact of integrative
knowledge retention on product development performance, we attempt to identify which
mechanism is most appropriate for retention of integrative knowledge. Once the
association between a particular mechanism and integrative knowledge retention is
identified, dependence on such a mechanism can be used as a reasonable approximation of
integrative knowledge retention. Section 3.3 empirically tests propositions regarding
knowledge retention mechanisms, using data obtained from 229 core project members from

a sample of 25 new product development projects in seven Japanese automobile producers.

3-1 Mechanisms for the Retention of Product-Related Knowledge: Case
Descriptions

The literature review in section 2.2 of Chapter 2 identified three broad types of
retention mechanisms: individual-based, structural-based, and archival-based. Using on
this classification, field observations enabled us to examine the following six mechanisms

that appear to be crilical for knowledge retention across generations of automobile
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development projects:

transfer of project members

2. communication with people who have substantial experience in past
development projects

3.  involvement by organizational units that coordinate development activities
across generations

4.  use of documents and reports describing past problematic and successful
practices

5. use of design standards, design tools and standard design/test procedures

6.  use of computerized information systems, such as CAD and CAE

Below we describe these knowledge retention mechanisms by drawing on examples
from six Japanese automobile producers: Toyota, Nissan, Mitsubishi, Honda, Mazda, and
Daihatsu. Qualitaiive information in this section was obtained mainly through interviews
with key project members responsible for new produci development at these companies.

We conducted inteyviews between 1992 and 1995.

3-1.1 Transfer of Project Members

Knowledge obtained through past development activities may be partially stored in
individuals. Therefore, bringing persons who have appropriate experience in past
development into current projects is one way to transfer knowledge across generations
(Roberts, 1979). One of the advantages in knowledge retention through people is that
individuals have the cognitive capability to fully understand the "why" of the past
development decisions (Wong and Weiner, 1981). For example, although engineers can
easily transfer the prior design itse!f through drawings, "it's difficult to understand why

previous engineers chose such designs only from drawings."24 Information about the

24 Interview with Mr. Ozaki, Group Leader in the Engineering Planning Group, Mitsubishi Motor Corp.,
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reasoning behind decisions may be particularly important to improve existing designs. In
addition, when past knowledge includes tacit and context-specific components, storing
information on documents and blueprints in the form of facts and propositions may miss
important surrounding contingency information, which may lead to misuse of the past
knowledge (Garud and Nayyar, 1994; Spender, 1994; Walsh and Ungson, 1991).

Since individuals can be effective knowledge containers, how to manage the flow of
people across product development projects within organizations may be of fundamental
importance not only for individuals' career tracks, but alsc for knowledge accumulation at
the organization level as a critical element of the capability building process (Kusunoki and
Numagami, 1994). Our observations at Japanese automobile companies revealed some
examples that indicate explicit management of the consistent flow of pcople across

generations of projects, as described below.

Continuity of the Project Management Group

First, in companies such as Toyota, Mitsubishi, and Daihatsu, project management
groups tend to maintain a continuity of people across generations of projects for
development within the same product line.

A project management group in these companies is involved both in engineering
work and in vther functional activities such as cost management, marketing strategy, sales
promotion, and production, and integrates an entire project throughout a development
process. Although project managers (called "chief engineers” in Toyota) usually do not
have formal authority over engineering perscnnel beyond their direct staff, typically
between three and 15 people, they have strong informal authority over the entire new

product development process. As one Toyota's enginezr put it, “the CE [chief engineer] is

May 30, 1994.
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absolute. The final decision is always in CE's hand."25 Their strong informal power
seems to be derived from their prominent ability to integrate all project activities, obtained
from long-standing experiences as project coordinators.

For example, in Toyota, project mangers and their staff used to belong to the Product
Planning Office.26 Typically, engineers with seven to 10 years of experience in body
design or chassis design move to the Product Planning Office at around the age of 30.
They then become responsible for particular vehicle development projects as staff members
of project managers. There used to be three ranks within the Product Development Office,
from Shusa (a project manager) and Shusa-tsuki (a sub-project manager) down to Shv-
tantoin (a lower-ranked sub-project manager).27 New entrants to the Product Pianning
Office start from the Shu-tantoin. They are then promoted to the Shusa-tsuki and Shusa,
most often within the same product line. They are trained as candidates for future project
managers and learn how to coordinate and integrate the entire product development
process. Once they become Shusa (called CE since the late 1980s), they tend to be
responsible for two successive product generations. Appendix 1 shows successive project
managers for the selected major product lines at major Japanese producers. In this way,
Toyota has retained knowledge to integrate all project activities needed to develop new
products through people. The exampic below specifically illustrates how continuous
management groups have managed development projects for the Celica/Carinz/Corona

series at Toyota.

25 Interview with Mr. Kodera, Manager in the Technical Administration Div., Toyota Motor Corp., April 6,
1995.

26 Toyota re-organized its product development organization in 1992, in order to divide it into three vehicle
centers and one advanced engineering center. The Product Planning Office was disbanded and absorbed into
each of three vehicle centers.

27 In the late 19805, Toyota changed these titles. Since then, a former Shusa has been called CE (Chief
Engincer); the former Shusa-Tsuki are called Shusa.
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Example: History of Celica/Carina {’rojects at Toyota28

Toyota introduced the first generation of Celica/Carina in 1970. The Celica and
Carina were variations derived from the same platform design (the same under-floor
panels, suspension systems, braking systems and engines systems) with different upper
bodies. Toyota characterized the Celica as an affordable sporty vehicle; the Carina was a
sub-compact sedan intended to fill a market segment between the Corona (first introduced
in 1957) and Corolla (first introduced in 1966). Introduction of the Carina meant the
completion of the first stage of Toyota's full-line poiicy. Although the Celica/Carina used
the basic piatform design derived from the existing Corona, their suspension systems,
transmissions, and one type of the engine systems (T-Engine) were newly designed.

Mr. Nishida, the former director of the Body Design Department, was primarily
responsible for the first generation of the Celica/Carina project as a project manager or
Shusa (although Mr. Hasegawa, the former project leader for the Corolla project, lead this
project for the first year, he left the project early due to a promotion). He continued his
position as Shusa after introduction of the first Celica/Carina series, and led the second
generation of the project until 197... During the period when Mr. Nishida was Shusa. Mr.
Wada, zs a sub-project ranager or Shusa-tsuki, played a critical role in supporting Mr.
Nishida. He thcn took over Mr. Nishida's position in 1976, and led a project for the second
generation of Celica/Carina, which Toyota introduced in 1977.29 In this second
generation, the Celica/Carina platform design became completely independent of the
Corona series.

While Mr. Wada continued in his position until 1985, responsible for the three

28 The description here is based on a company internal document and interviews with Mr. Nakagawa, Chicf
Engineer, Toyota Motor Corp., May 31, 1994, and Apr'l 6, 1995.

29 Although the second generation of Celica/Carina series was planned to he introduced around 1973-74
according to the cycle plan, this was cenceled because of the Oil Shock. Partially because of this, Mr.
Moriya, Director of the Product Planning Office were directly in change of the Celica/Carina project during
the period between 1973 and 1976.
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successive Celica/Carina projects, he also became Shusa for the Corona project in 1979.
Since Mr. Wada became responsible for both the Celica/Carina and the Corona series, his
teams gradually integrated the two series in platform design. For example, when Toyota
introduced the third generation of the Carina/Celica in 1981 (Carina in June and Celica in
September), project teams integrated a coupe version of the Corona to the Celica/Carina
series while it still shared a part of floor-panels with the Corona sedan.

Toyota introduced the fourth seneration of Carina in 1983 with major technological
changes. The project team completely renewed its platfcrm design from the rear-wheel-
drive (FR) to the front-wheel-drive (FF) platform. At the same time, it totally integrated
the Cairn's platform design with that of the Corona sedan, that i3, the Corona and Carina
sedan became "sister" cars. On the other hand, the Celica became technologically
independent of the Corona/Carina sedans. Instead, the project team added a coupe version
of the Corona (called the Corona Coupe, later re-named EXIV) and of the Carina (called
Carina ED, later re-named ED), to the Celica series in 1985 to maintain required economies
of scale.

While Mr. Wada was responsible both for the Celica/Carina and Corona projects,
several sub-project managers took charge of individual model development. For example,
Mr. Adachi was assigned to Shusa specializing in the Corona project in 1981 and led this
project to develop the eighth generation of the Corona introduced in 1983. He continued
this position until 1984. Mr. Konishi supported Mr. Adachi as a sub-project manager, who
took over for Mr. Wada and became Shusa for the Corona project later in 1987. On the
other hand, Mr. Kuboji, who joined the Carina/Celica project in its third generation, was
specifically responsible for development of the Celica series as a sub-project manger or
Shu-tantoin. In addition, Mr. Nakagawe, formerly responsible for the vehicle test of the
third generation of the Celica series, coordinated t.z Carin1 project as Shu-tantoin.

The fifth Carina series was introduced in 1988; the Celica in 1989. Mr. Kuboji, the
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former sub-project manager under Mr. Wada took charge of this Celica/Carina project as a
project manager. Under Mr. Kuboji, Mr. Nakagawa specifically took care of development
of the Carina ED and the Corona EXIV as a part of the Celica series. Then, Mr. Nakagawa
took over for Mr. Kuboji to develop the sixth generation of the Celica/Carina projects. The
project introduced the sixth generation of Celica/Carina/ED/EXIV in October 1993 with a
newly designed platform. As a part of this series, ‘t added Carrer. (Ce'ica Coupe in the US)
in February 1994. Figure 3.1 below shows the project management groups on the

Celica/Carina/Corona projecis.
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Figure 3.1 Project management groups of the Celica/Carina/Corona projects

Corona Projects Celica/Carina Projects
Sub-Project]  Project Project Sub-Project Product
Managers | Managers | Managers | Managers (Shusa}  Generations
Year] (Shusa-tsuki, | (CE or Shusa) (CE or Shusa} tsuki, Shu-tantoin
Shu-tantoin)
19671 (Amano) | Hasegawa
70 (Hirai) (Takahashi)] Nishida | Wada
Ist.
Moriya
75
% (Hirai)
71
2nd.
<uboji
80
81 Wada < Nakagawh
3rd.
Konishi | Adachi
84
85
4th.
Kuboji <
88
89
90 Sth.
» Konishi
92 Nal agawa
93
94 6th.

People in parentheses are not in the text.

Qctober 1970 (Celica/Carina)

« A platform was derived from the Corona.

August 1977 (Celica/Carina)

* A platform became independent of the
Corona.

July!1981 (Celica), September 1981 (Carina)

May 1984 (Carina)
August 1985 (Celica, Carina ED, Corona Coupc)

o The Carina and the "Zorona was integrated
(FF). The Celica became independent.

May1988 (Carina)
August 1989 (Celica, Carina ED, Corona EXIV)

May 1992 (Carina)
October 1993 (Celica, ED, EXIV)
February 1994 (Carren)

As this example shows, the Celica/Carina and Corona series at Toyota has evolved

historically with a clear continuity of the project manager groun. Most proiect managers

for these projects were promoted from their fornier positions as sub-project managers

within the same series development. For example, Mr. Nakagawa, a project manager for

93



the sixth generation of the Celica series, first, entered the Product Planing Office at the age
of 35, transferred from a test department. Then, he experienced the third, the fourth, and
the fifth generation of development projects as one of the project coordinators before he
became CE (equivalent to Shusa) for the sixth generation of the Celica/Carina series.

Why should project manager groups maintain continuity?  Mr. Nakagawa

commented on this:

"Even if the present Celica uses a different technological concept from the past, the
characteristics of users have some commonalty. To understand the characteristics
of users needs long experience [therefore, a project manager tends to stay in the
same project for a long time]. For example, although the current Celica shares
basically the same 2.2 liter engine, SSAF, with the Camry, we did not use the
balance shaft for the Celica engine, because I knew that Celica users require more
power at the cost of noise. Also. when we decided te carry over a part of the under-
floor panels from ¢ previous modcl, I learned from the past project several issues
such as what kinds of problems occurred in previous projects both in technical and

. . Mo X
user characteristics." Y

This comment indicates that continuity of project members may be required to
deepen the understanding of linkages between user needs and requircd design features. In
fact, in the history of the development of the Celica/Carina/Corona series, project managers
and sub-managers tended to be assigned according to targeted segments rather than
platform design. For example, even if the Corona and the Carina shared the same platform
design, different project managers develop these products after 1986. On the other hand,
major technological change indicated by, for example, change from the FR platform to the
FF platforni in 1983, did not seem to affect the continuity of the flow of people in the
project manager group.

Mr. Nakagawa further mentioned that, in the case of the Celica/Carina preject,

30 Interview with Mr. Nakagawa, Chicf Engincer, Toyota Motor Corp., May 31, 1994.
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approximately ten key engineers among 200 to 300 project members have stayed in the
same project for more than 10 years. According to him, continuity of these key people

greatly helped him to coordinate an entire project:

"It's really easy to work with such people [long-staying engineers]. I could quickly
understand, for example, ‘His word is completely reliab’e' or 'What he is saying is
half joking.'... Although most of the engineers move to another model development
project after the project completion, key people tend to stay for a long time.... Since
I cannot drive all test vehicles, vehicle evaluation must proccza through many
interactions with test drivers or vehicle evaluaturs. In sech cases, if I understand, for
example, '‘What he is saying approximately corresponds to this level of my feeling,' I

can make a decision just by taking to him [without driving]."3l

As this comment implies, important knowledge retained by continuing individuals
might be related to the need for a specific language to communicate with people of
differert backgrounds.

Continuity of project manager groups is not unique to Toyota. For example,
Mitsubishi's project management groups tend to have similar continuity. At Mitsubishi,
project manager groups are located together in the Product Development Office. There are
four ranks in this office, from Tantoin, Shunin and PE (a project engineer) up to PM (a
project manager). While a PE is responsible for individual model development, his span of
responsibility is imited to design and engineering departments. On the other hand, a PM is
responsible for multiple related projects simultaneously, and coordinates various functional
departments such as production, marketing, sales and cost management as well as design
and engineering. Tantoin and Shunin work for proiects as PE's staff members.

Similar to the case of Toyota, Mitsubishi's engineers typically enter the Product
Development Office around the age of 30, having already obtained experience in boay or

chassis design. There, they are trained, under PEs and PMs, on how to coordinate projeci:.

31 Interview with Mr. Nakagawa, Chief Engineer, Toyota Motor Corp., May 31, 1994.
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Although some PEs and PMs are directly transferred from positions as group leaders
(section chiefs) in other engineering departments such as body, chassis, and functional
testing departments, approximately 90% of PEs are promoted within the Product
Development Office. Shunin and Tantoin may experience different projects, but it is rare
for PEs to move across different proiects.

Continuity of project rnanager groups is related to the fact that project integration
requires complex human skil's that may not be fully replaced by computerized systems.
For example, Mr. Ushiro, responsible for the two successive generations of the Minica

projects, characterized his task as project coordinator as follows:

"Most important information for automobile development still depends on person-
to-person connections. A computer as a fool is increasingly coming into our world.
However, human factors are still crucial for us to coordinate development

projects."?’2

Mr. Fukui, who led the first and the second generations of the Pajero project, offered
a similar opinion:

"In setting the direction of a new model development project, we rely on our
personal knowledge of how users feel about different product features and
performance dimensions.... Although we gather as much data as possible both from
inside and outside the company [to learn from the past development practices], in
my opinion, information related to user feelings should be retained by continued key
persons. Although I told you that we have recently started to facilitate rotation
across different functional are.s, we are also trying to train people knowledgeable in
the fundamentals [such as particular model development and particular component

devclopment]....“33

Mr. Usui at Daihatsu, responsible for coordination c1 the Mira projects for 14 years,

32 Interview with Mr. Ushiro, Group Leader in the Product Development Office, Mitsubishi Motor Corp.,
April 12, 1995.
33 Interview with Mr. Fukui, Project Engincer, Mitsubishi Motor Corp., April 12, 1995.
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also recognized the importance of a certain continuity of project coordinators. He
especially emphasized that staying in successive generations of projects was helpfui for
him to gain knowledge about the subtle balance between >jroduct cost and user

requirements:

"Particularly important is knowledge about the appropriate balance between product
features and product cost. For example, such information as 'although we spent a
lot of development cost in this feature in the past, customers did not realize benefits
from it' seems to be very impo:tant. Especially in the case of micromini-car
development, the relationship between design features and cost is a critical issue....
Of course, we receive several detailed proposals :rom the related engineering
departments. It is Shusa's [project manager] specif'c responsibil‘t; t» deal with

decision about human feeling that cannot be expr~  -d "y hard ata....'34

However, not all companies maintain such continuity of project manager groups.
Some companies, such as Nissan and Honda, rather explicitly promote the discontinuity of
project managers by each major model development in some product lines. For example,
Nissan in the 1980s brought various people with diverse backgrounds into positions of
project managers.

Before 1980, Nissan's development organization was built around technical
functional departments, each of which was ir charge of the development of components for
a particular set of product lines. For example, Vehicle Design Departmesnt No. 1 was
responsible for Cedric, Bluebird (Stanza), Sunny (Sentra), Silvia {240 SX), and Fairlady Z
(300 ZX) (Ikari, 1985). In those days, theie was no project manager equivalent to Toyota's
Shusa who coordinated different functional areas. Project managers were typically senior
managers in the chassis/body design departments who often continued their positions

through two or three successive generations. In addition, they were sometimes responsible

34 Interview with Mr. Usui, manager in the Product Planning Department, Daihatsu Motor Corp., May 9,
1995.
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for the development of multiple projects. For example, the project manager for the
development of the third to fifth generations of the Sunny (Sentra) was also simultaneously
responsible for development of the Violet/Stanza and Silvia (240 SX) models.

This develcpment system expeiienced substantial change from 1980 to 1983. Under
the new development system, Nissan stressed strong cross-functional coordination within
individual model development projects. Nissan grouped project managers, called
"Shukan," into a newly established Shohin-Honbu (Product Planning & Marketing
Division) and gave them strong responsibility for the entire development process from
concept generation to manufacturing and marketing. Nissan then seemed to emphasize the
discontinuity and freshness of project managers and project members, so as to emphasize
the uniqueness of each development project. Some project managers, such as those who
were responsible for the first Cima projects, the seventh Sunny (Sentra) project, and the
fifth Laurel project, were converted from the sales department, which is rare in the case of
Japanese automobile companies. While Nis'an in the 1980s strongly emphasized cross-
functional coordination ‘within each project, it tried to prevent project members from
learning too much from past projects (See Appendix 1 for the successive project managers
for major product lines.).

Mr. Fukai, a project manager ("Shukan") for the eighth Sunny project, for example,

mentioned the following during our interview:

"Many present Shukans [project managers! were directly assigned from other
departments without experiences as previous Shukan's staff members. I was
responsible for the previous Sunny project for three years as a staff member. My
case is exceptional. I guess, currently, there is no Shukan except me who has
experienced the previous model development as staff members.... I was surprised
when talking to a project manager for development of the current Corolla [Mr.
Honda]. I remember, Mr. Honda mentioned that he has been in charge of the
Corolla project for 16 years. I have been staying in the Sunny project for longer
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than usual. But this is still 7 years. Even 7 years are exceptional in Nissan...."35

According to Mr. Fukai, however more recentlv, Nissan has changed this policy so
as to make project management groups responsible for longer periods. This occurred, for
example, in the case of the project for the 1995 Cedric/Gloria, which was one of Japan's
best selling domestic cars in 1995.

Whether the continuity of project managers is desirable or not may depend upon
various factors, such as company strategies, nature of technology, and market conditions.

We will examine this question in later chapters.

Continuity of Engineers

Continuous assignment of component engineers such as body design engineers and
electronic component engineers may also facilitate knowledge retention across product
generations. In the case of component design, there are at least two types of knowledge or
knowhow subject to historical retention.

First, new product development organizations develop and accumulate the
specialized and generic component development knowhow independent of a particular
vehicle development. For example, engineers can apply fundamental knowledge to
develop the multi-link suspension to many different type of vehicles. Second,
organizations accumulate knowledge of how to apply such generic knowhow to particular
model development. For example, applying multi-link suspension systems to the front
suspension of the FF platform model is quite different from applving it to the rear

suspension of the IR platform model. Especially when development of one component

35 Interview with Mr. Fukai, General Manager in the Product Planning & Development Division, No. 2,
Nissan Motor Corp., April 11, 1995.
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system depends upon that of other components in the entire product development process,
engineers may have to retain various product-specific knowhow for component
development.

Organizations can retain specialized and generic component developinent knowledge
by making engineers stay in particular component development for a relatively long period
of time. On the other hand, they can retain product specific knowhow by successive
assignment of engineers to the same series of development projects across product
generations.

In the japanese automobile companies where we interviewed, both types of
continuity seem to be limited to some types of engineers. Although the pattern of
continuity differs across different engineering areas, most design engineers tend to
frequently change the design parts for which they are responsible. While it is rare for
design engineers to rotate across different engineering areas, such a: body design, chassis
design, and engine designs, engineers rotate across different component development tasks
within these engineering areas, such as steering systems, suspension systems, and braking
systems in the chassis engineering department. Most design engineers also move around
different vehicle development projects.

For example, Mr. Hori, manager in a body design department in Daihatsu, explained

how body design engineers move around:

"Although our body design department is divided into three sections, in fact, there is
no wall between these sections. For example, in the case of major model change
projects, 20 to 30 engineers are involved at the peak. The peak period lasts for six
months or so. After the peak, most engineers move to the other projects and the
other component development. That is, the engineers' responsibility foi parts design

within a body design department changes every six months."36

36 Interview with Mr. Hori, Manager in the Body Design Department, Daihatsu Motor Corp., May 9, 1995.
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Similarly, in the case of the 1990 Tercel, only one engineer out c¢f 30 body engineers
involved had experience in the previous generation of the product. Mr. Ezaki, responsible

for the body design of this Tercel, mentioned:

"Engineers move across different projects according to the fluctuation of required
manpower in different projects. Body design engineers can design any type of

vehicle. Their ability is not bound to a particular model type."37

While most design engineers move around different models, key engineers, in some
cases, stay in the same project in successive generations. Mr. Hori at Daihatsu discussed
this:

“We do not start the next Mira project from the scratch. Our project is not like
'breaking up the past' or 'replacing all members." As a development project proceeds
for several years, key persons are spontaneously recognized. Those key persons
tend to stay for the next project. For example, 20 to 30 body engineers involved at

the peak usually decrease to three to four people at the end of project. Those
remaining people become a core for the next development to retain prior design

solutions and prob]ems."38

Engineers have to move around different projects and component design tasks to
efficiently and flexibly utilize engineering resources. In fact, severai interviewees pointed
out that they have actively encouraged engineers to rotate across different technical areas,
especially after the economic boom in the late 1980s, when it became difficult to hire new
people.

On the other hand, engineers need to accumulate particular knowledge both about

37 Interview with Mr. Ezaki, Senior Manager in Body Design Department, No. 1, Toyota Motor Corp., July
29, 1992.
38 Interview with Mr. Hori, Manager in the Body Design Department, Daihatsu Motor Corp., May 9, 1995.
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generic component development and about specific vehicle development. Companies
achieve these seemingly conflicting requirements by assigning different engineers to
different roles: while most engineers move around across projects and component
development, a few key engineers stay in their positions for a relatively long time. In
addition to this role differentiation among engineers, individual engineers also seem to take
different roles in different stages on their career path. For example, while younger
engineers tend to move frequently, senior engineers tend to stay in a project for a longer

time.

3-1.2 Communication with People Who Have Substantial Experiences in Past Projects

Project members may communicate directly with persons who have substantial
knowledge and experience to learn what occurred in the past. Communication with
persons recognized as "experts" in particular technological and functional areas is one way
to transfer and retrieve past knowledge. While some experts are informally recognized as
such by people within a department, others are formally appointed, based on their
knowledge and experience. For example, several engineers are formally registered as
experts within the power-train department of Mazda. They take a lead in several types of
design reviews held with the other relevant departments in the early stages of the
development process. Although experts reside in each engineering department, they have
substantial knowledge about problems potentially occurring in inter-functional 2reas, based
on their experiences in past projects. Thus, experts in the production department are
familiar with what kinds of designs may cause problems in actual production stages,
considering the existing line layout and tact time.

When knowledge is specific to a particular model type and there is no member in the
current project who experienced the previous model development, current project members

often communicate with people from the preceding project. Since all automobile
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companies where we interviewed have separate functional units where engineers meet, part
of the prior design knowledge may be easily retained through communication within
engineering departments. In addition, each engineering department tends to be divided into
component development groups and vehicle development groups. While the former
concentrates on the development of generic component technologies, the latter accumulates
knowledge about specific model development from the perspective of their component
development. For example, a test department in Honda includes ten groups. One of these
ten groups is called "project task," where 20 to 30 engineers responsible for vehicle
development projects get together. Honda organizes other groups by functional testing
areas, such as handling, body strength, and durability.

Project managers and their staff also frequently talk to people with relevant
experience in the preceding model's development. Mr. Fukui, a project manager for the

Pajero project at Mitsubishi, discussed this:

"Although various information is kept in drawings and documents, it's impossible to
understand why such designs and decisions were made in the past without directly
talking to people previously responsible for those designs and decisions. Sometimes
I go to ask and sometimes I am asked by others, not only for infcrmation about

direct predecessor models but also for other products."39

3-1.3 Organizational Units That Coordinate Development Activities Across Generations

Companies may leverage past knowledge effectively by establishing independent
organizational units with a span of control that cuts across different generations of new
product development. Clark, Fujimoto and Aoshima (1992) termed this a "dual-matrix."
Since almost all of the major automobile companies have matrix-like forms around project

managers at the level of individual projects (Clark and Fujimoto, 1991), establishment of

39 Interview with Mr. Fukui, Project Engineer, Mitsubishi Motor Corp., April 12, 1995.
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independent organizational units cutting across different projects and different generations
of projects repeats the matrix form, resulting in a dual matrix structure (matrix in matrix).

A department in charge of cycle planning is one example of such an organizational
unit. This links different generations of projects from the perspective of customer concepts.
Another example is a department or a group responsible for long-term technology
development planning. This integrates different generations of projects from a
technological point of view.

In Mitsubishi, the former is called the Product Planning Department, located in
Tamachi, Tokyo. Approximately 40 people are working in this department. Two-thirds of
these people have non-engineering backgrounds. On the other hand, the group responsible
for the long-range technology development planning is called the Engineering Planning
Group in the Engineering Administration Department located in Okazaki, Aichi, and was
set up in 1987.

Mitsubishi has two types of long-range cycle plans. The first is the LRPP (Long
Range Product Planning) that the Product Planning Department mainly create. The LRPP
includes new vehicle introduction plans for the next eight years or so. It also includes a
long-range platform carry-over plan across generations of products. Although it mainly
reflects a marketing perspective, members in the Product Planning Department intensively
gather information from the engineering departments to incorporate engineering conditions
into the plan.

The second is the LRCP (Long Range Component Planning) that includes long-term
component development plans such as for engines, transmissions, bodies, and anti-lock-
braking systems (ABS). The Engineering Planning Group creates this. Although the
Product Planning Department used to create both the LRPP and LRCP, the Engineering
Planning Group was established in 1987 to make plans reflect engineering perspectives

more closely. Mr. Ozaki, a manager in the Engineering Planning Group, talked about these
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long-range plans:

“[These pians] are like the constitution in the Office of Passenger Car Development
& Engineering [a product development organization]. We started to make these
plans 20 years ago. We have renewed them once every six months. The current

version is the 42nd...."4C

Other Japanese automobile companies also have similar departments or groups. For
example, at Nissan, while the Product Planning Office makes long-range cycle plans for
product introduction, the Technological Development Planning Office makes plans for the
development of major component systems and platforms, and for their carry-over. A
project manager, Shukan, has a direct staff in Product Planning Office, implying that
individual product development projects are coordinated from the perspective of the long-
term and company-wide product portfolio evolution.

Some companies also have independent o1 ganizational units that consider the design
implications for manufacturability, such as the Production/Design Section in the
Engineering Department No. 3 in Nissan. This section was established in 1991.
Approximately 150 people belong to this section; half come from design departments, and
the other half are production engineers. Approximately 120 engineers are engaged in
standardization, component sharing, reduction of the number of parts, and cost reduction to
prepare for new model development. Twenty engineers specialize in the accumulation of
knowhow to develop designs that are easy to manufacture and incorporate high production
quality.

The Automobile Production Planning Office at Honda is similarly responsible for
design for manufacturability, and engineers of this office are involved in the very early

stages of the development process to incorporate manufacturing requirements into the

40 Interview with Mr. Ozaki, Group Leader in the Engineering Planning Group, Mitsubishi Motor Corp.,
May 30, 1994.
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initial drawings. These organizational units share the function of continuously gathering
information from on-going projects to improve design for manufacturing.

Knowledge transfer across generations of projects may also be facilitated by forming
hierarchical structures above individual project managers. Under such a hierarchical
structure, super-project managers“1 may be assigned above the level of the individual
project manager in charge of the development of a specific single product. The super-
project manager may often take charge of the development of several different products
simultaneoucly, and also manage the general product evolutionary trajectory.

For example, in Mitsubishi, each project has its own project manager, called a
"project engineer (PE)." This individual project engineer is directed by a group project
manager, called a "project manager (PM)," who looks at multiple products as a group.42
There are six product groups in Mitsubishi - middle, compact, sporty, recreational vehicle,
commercial and mini car - each of which is directed by a single project manager. Each
project manager coordinates multiple projects within his group from the viewpoint of
administration, cost management, technical issucs, and commercial value. The project
manager is involved in the individual product development in the early stage of the product
development process, and manages key project activities with the project engineer. The
project manager is usually promoted from project engineers within the same group.

Honda's example is more illustrative from an historical perspective. Honda's product
development teams have traditionally been very autonomous with strong project managers,
called "LPLs" (Large Project Managers). Although Honda's development organization
maintains functional units, such as an engine department or a chassis department, these

departments are in turn subdivided into several groups, by product. Even the engine

41 This is different from the so-called heavy-weight project manager identified by Clark and Fujimoto (1991),
which refers to strong project managers for individual projects. A super-project manager, in contrast, is
responsible for the coordination of activities among multiple individual project managers.

42[pterview with Mr. Hosono, Project Engineer, Mitsubishi Motor Corp., July 30, 1992.
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department includes different groups, each of which is devoted to developing an engine for
a specific new product. Since a new LPL is assigned each time a new project starts,
coordination between different models and different generations has been relatively de-
emphasized. In this sense, Honda's development organizations have been close to an
autonomous project team structure (Aoshima 1989, Clark and Fujimoto 1991). Issues
across different models and different generations have been partially managed by a "series
LPL." The series LPL is an integrator located above the LPL, but only for some specific
products. For example. while both the Civic and CR-X (Del-sol) teams each have their
own LPL, a series LPL looked at these products as a whole. There has also been a series
LPL above the LPL in the Accord and Prelude projects. Unlike the LPL, the series LPL
has responsibility for multiple generations of products, so as to manage the product family
evolution.42

Around 1989, Honda set up an LPL office where all LPLs could meet. The LPL
office has a director who coordinates, «lthough loosely, various LPL activities (Aoshima,
1989). More recently, Honda has set up a new organizational unit consisting of five chief
engineers, called RADs (Representatives of Automotive Development). Each RAD is in
charge of multiple products and manages strategic issues across different products. The
RAD also looks at the continuity of product development across different generations. All
RADs are promoted from the level of LPL. Honda's product development has been
managed by a so-called SED system, where S represents sales; E is production engineering;
D is development (Aoshima, 1989; Ikari, 1986). The SED system is essentially a
mechanism for maintaining cross-functional integration. Before setting up the RAD, the
SED system was managed by an LPL who was a representative of development. The RAD

took over this role from the LPL. Since, unlike the LPL, the RAD has responsibility for

43Interview with four executive chief engineers, Honda Motor Corp., July 31, 1992.
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multiple products across generations, this facilitates the transfer of knowledge about cross-
functional integration beyond individual projects. The Honda example illustrates how the
product development organization can evolve by acknowledging, and adapting to, the

needs for inter-temporal and cross-project management. 44

3-1.4 Documents, Reports, and Standards

~Companies can store knowledge obtained from past development activities in
various types of documents. Our interviews revealed that Japanese automobile companies
use documentation extensively as a means to store knowledge ab:ut past practices.
Although engineers are not obliged to record information, it seems to a common practice
for them to write down information obtained from their development activities.
Such documents and reports vary in terms of their formality. They can be broadly
classified into the following categories, in the case of Japanese automobile producers

(although boundaries between these categories somewhat differ across companies):

1. Company-wide technical standards

2. Department-level design standards, standardized design (test) prccedures, and
design (testing) tools

3. Formal reports and documents storing non-standardized knowhow, such as process
and design knowhow documents, testing reports, and user claim reports

4. Informal documents and memos to retain past problematic and successful cases

The first two documents describe standards and rules which engineers must follow.

The last two documents are more flexible, and describe design knowhow, testing results,

#1nterview with four executive chief engineers, Honda Motor Corp., July 31, 1992.
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and other problematic and successful cases found in previous development activities.

Technical Standards

The company-wide technical standards are called, for example, "Toyota Technical
Standards" and "Daihatsu Technical Standards." These determine the most basic
requirements, including material standards, testing criteria, standard design procedures,
which engineers mush follow. In the case of Toyota, the Toyota technical standards were
established beginning in the 1940s right after management set up an engineering
department.43 The standards have been periodically revised in approximately 10 yearly
intervals. In addition to the periodical revision, Toyota has renewed the standards
whenever any problems arose. As Mr. Kodera at Toyota mentioned, "Toyota's knowhow is
condensed in the technical standards" and forms its critical design capabilities.

Based on the company-wide technical standards, each design and test department
keeps its own technical standards, standard design tools, and standard testing methods. For
example, the body design department at Daihatsu has a formal document called "Before-
Check-List". Before-check-list describes more concrete design tools than does the
company-wide technical standard. It includes, for example, standard design procedures,
design evaluation procedures and criteria, structural s:andards, performance standards, and
material standards.

At Mitsubishi, an equivalent formal document is called the Design Guideline
("Sekkei-Gaidorain"). The Design Guideline at an engine design department, for example,
determines "the choice of materials, specific mass and size to achieve required performance

levels, an appropriate parts list for proper engirie cooling and noise reduction, and so

45 Cusumano (1985, Chapter 6) describes that, after the World War II, Nissan actively started to create its
technical standards as part of the QC program.
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on."46

At Toyota, such department level standards and tools have been sophisticated since
the 1970s. According to Mr. Nakagawa, the original objective was to break down the
company-wide technical standards so as to make them usable even for technicians at the
department level:

"It was our generation that actively started to make such standards, first to make
manuals to teach design procedures to technicians. Then we established them to

make design processes more efficient."47

Some documents describe standardized design interfaces between different design
and engineering departments. For example, a body design department in Honda keeps a
document named Feasibility-Standard Document ("Furekishibiriti-Kijun-Sho"), which
specifies appropriate interfaces between the body design and the exterior styling. Exterior
designers proceed with their design work while referring to the Feasibility-Standard
Document to avoid having conflicts later with body engineers. They also have a Layout-
Check List which determines several basic rules in designing a vehicle layout to prevent
conflicts with other component designs. For manufacturing-design interfaces, engineers
maintain a Manufacturability-Guide List ("Seigisei-Gaido-Risuto"), which specifies
available design solutions that are applicable with existing manufacturing facilities. Table

3.1 below summarizes these examples of standards.

46 Interview with Mr. Kato, Group Leader in the Engine Design Department, Mitsubishi Motor Coup., April
12, 1995.
47 Interview with Mr. Nakagawa, Chief Engineer, Toyota Motor Corp., April 6, 1995
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Table 3.1: Examples of technical standards, design {test) standards, standard design (testing) procedures

Name Company Department Content
R N T

| Company-wide

Toyota Technical Standards Tovota The most basic requirements for materials,

("Toyota-Gijutsu-Hyojun") y designs, and design and testing procedures

Daihatsu Technical Standards .

tu -

("Daihatsu-Gijutsu-Hyojun") Daihas The same as the above

Department-level

Technical Standards Nissan Design and test Design standards, design (test) tools, standard

("Gijusu-Hyojun") Toyota departments design (test) procedures

Before-Check List ("Bifo- . . . :

Chekku-Risuto") Daihatsu Body design department| Design tools, past problematic cases

Dc:sl gn-.Gt‘l'ldehne ("Sekkei- Mitsubishi | Design departments Deijgn standards, design tools, standard

Gaidorain") design procedures

Design-Procedure Document Mazda Design and test Design standards. Items, methods, and

("Sekkei-Tejun Sho") departments criteria for the design evaluation

Feasibility-Standard Document Honda Body design and design | Interface information between

("Fijibiriti-Kijun-Sho") (stvling) departments exterior/interior designs and body designs ‘

Layout-Check List ("Reiauto- Body design Stand . .

Chekku-Risuto”} Honda departments tandard rules for the vehicle layout design

Manufacturability-Guide List Body design and Available design solutions applicable with

Qi et (i A Tpi o Honda . - .

L("Seigisei-Gaido-Risuto") production departments |} existing manufacturing facilities ‘

Reports and Documents for Non-Standardized Knowhow Retention

Organizations can retain knowledge and knowhow that cannot be e».pressed as

technical standards through more flexible documentation. For example, each design

department at Mitsubishi has a document calied the "Knowhow Document” ("Nou-Hau-

Shu"). The know-how document describes "problematic designs that engineers should

avoid, which has been identified as problematic in the past development activities."48 It

states, for example, "In the case of such a material, this system was not applicable.... Then,

we tried three alternatives. Each alternative has the following problems....

Information

stored in the knowhow documeat is summarized by components, which indicates that each

48 Interview with Mr. Kato, Group Leader in Engine Design Department, Mitsubishi Motor Corp., April 12,

1995.
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engineering department accumulates knowhow in the component base, although engineers
can also call up these documents by inputting key words indicating vehicle project names.

At Honda, various types of information is written down in the "Know-how
Document" ("Nou-Hau-Shu"). For example, in the testing department, the knowhow
documents describe specific test results, such as, "the relationship between front-grill and
bumper shapes, and water temperature in radiators."49 It also simply describes past design
solutions and problematic cases.

Another important document used for the past knowledge retention is the test report,
which sometimes composes part of the knowhow document. The test report is the primary
output of test engineers. There are two types of test reports. First, test engineers make
reports that describe test results obtained from their advanced engineering efforts,
independent of particular vehicle development projects. Second, test engineers write down
test results and problems that they found during specific vehicle development projects. In
most companies, it is a test engineer's responsibility to summarize problems found during
each vehicle development project.

In Toyota, a document called "Technical Report" ("Gijutsu-Hokokusho") includes
these test results. One technical report contains approximately 30-40 pages. Engineers
submit thousands of reports for each new vehicle development project. Although the
technical report includes several advanced test results, it is a report primarily about each
product development project. All the technical reports are maintained by the Technical
Administration Division. Engineers can get access to these reports from computer
terminals located in the library named "Gijutsu-Shiryo-Shitsu".

At Mitsubishi, results of advanced engineering efforts are distributed by the

Functional Testing Department to related design engineering departments as the

49 Interview with Mr. Ikeno, Chief Engiacer in the Research Block, No. 7, Honda R&D, May 23, 1994.
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"Guideline” which become a basis for the "Design Guideline" ("Sekkei-Gaidorain") within
each design department. The Functional Testing Department also summarizes problems
which occurred during vehicle development projects and distribute these as the "Problem
Handling Document” ("Mondaiten-Shori-Hyo"). The Problem Handling Document
specifies project names and types of components in which problems were found.

Information about quality problems found by customer is often maintained by a
quality assurance department and stored in documents called, for example, the "User-Claim
Report" ("Shijou-Kureimu-Sho"), or the "Quality Problem Report" ("Fuguai-Sho"). In
Toyota, the quality assurance department keeps details of past quality problems, and draws
engineers' attention to these problems at the Pre-Product-Clinic (PPC) stage of each
development project.

In Mitsubishi, user claim information is maintained by the Technology Information
Department. Information is stored by products, components, sales areas, and distribution
channels, and can be retrieved from computer terminals. Information is distributed to
related design and test departments.

In addition to these formal documents, there are various types of informal documerits
that warn of problematic situations. Such documents are called, for example, the "Problem
Information Memo" ("Mondaiten-Renraku-Hyo") and the "Communication Memo"
("Renraku-Memo"). In most cases, information described in these memos does not
includes scientific evidence. Engineers voluntarily write down what they think is useful
for future development activities. Compared to making the formal reports, it takes much
less time to write in these informal memos, which results in the fast transmission of
updated information.

In Daihatsu, these kinds of memos have become circulated through an on-line
computerized system. In this system, whenever engineers find problems during

development processes, they input that information through computer terminals in their
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own department, which can be referenced at any other department. They also write down
the same information in documents called the "Problem Information Memos" ("Mondaiten-

Renraku-Hyo"). Mr. Hori explained how this system works:

"It takes time to make formal reports. We want to deal with problenis earlier, say,
within two weeks. Thus, when we find problems during the development process,

we input identified problems in our computers as well as write them down in the
Mondaiten-Renraku-Hyo. Contents of problems, proposed design solutions, and
realized effectiveness of those solutions are registered in computers. Therefore,
engineers can check progress even daily. This information stored by computer is

also used to make several proposals in the PPC (Pre-Product Clinic) phase for the

next model development."

These examples of standards, documents and reports are intensively examined at the
start of development projects. Most companies have a specific development phase that is
devoted to gathering feedback about problems in existing products from various
departments. The PPC phase on Toyota and Daihatsu is an example. During this phase,
many departments such as for quality assurance, sales, and test, make proposals to improve
existing models. A project team checks thousands of quality problems and test items

during this phase.
Reference to these documents and reports are also important means for individual

engineers to learn from past practices. For example, Mr. Hori at Daihatsu explained this:

"] started this in development of the previous Mira project.... First, right after I was
assigned to a particular component design task, I gathered all the Problem-Handling
Documents and Test Reports regarding that component development. Then, 1
wrote down everything I need to understand what happened in the past
development. Based on this understanding, I brought in engineers who designed
that component for the previous model. We put past drawings on a big table, which
indicated problematic parts, and wrote in how those parts were previously
designed.... This is, I think, the most efficient way [to understand past design
problems]. In addition to these documents, there is the Before Check List, which
describes more general problems found in these 10 years. Although I referred to
Before Check List, I use the three ways [Problem-Handling Document, Test Report,
and listening to the previous engineers] to obtain information about the direct
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predecessor model. These ways, combined with technical standards, enable even
inexperienced ngineers to make an acceptable design."50

Our interview generally revealed that test engineers and component design

engineers strongly depend on these documents and reports as sources of information

about the past development activities. Table 3.2 below summarizes examples of

various types of documents and reports described above.

Table 3.2: Examples of Reports and Documents for Non-Standardized Knowhow Retention

nraku-Memo")

Name Company Department Content
Knowhow Document Lo . Information about problematic design cases
"Nouhau-Shu") Mitsubishi | Design departments identified in the past
Ian(:)wu::“i Sl?‘c;c"l;ment Honda Test departments Specific test results and problematic cases
Technical Report ("Gijutsu- Specific test results obtained through vehicle
" Toyota Test departments . . -
Hokoku-Sho") projects and advanced testing activities.
Test Report ("Shiken- Daihatsu
Houkokusho") Nissan Test departments The same as the above
Guideline ("Gaidorain") Mitsubishi Functional testing The same as the above
department
Problem-Handling Document . ... | Functional testing Information about problems occurring during
" . - Mitsubishi i X
Mondaiten-Shori-Hyo") __| department vehicle projects
. o Maintained by the
User-.CIalm R::pon ("Shijo- Mitsubishi | technology information | Quality problems found by customers
Kureimu Sho")
department
Quality-Problem Report T Maintained by the
" : won ETI oyota .
("Fuguai-Shu", "Fuguai-Jirei- . quality assurance The same as the above
" Daihatsu
Shu") department
Problem-Information Memo . Design design Problematic cases found in previous vehicle
" . N Daihatsu
("Mondaiten-Renraku-Hyo") departments development
C:"ommumcatlon Memo Toyota Design departments For simple communication

50 Interview with Mr. Hori, Manager in the Body Design Department, Daihatsu Motor Corp., May 9, 1995.
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3-1.5 Knowledge Retention though Computer-Aided Design SystcmsSl

Most Japanese automobile producers started to use design CAD systems in the
1970s. Currently, all companies that we interviewed use the three-dimensional CAD
system for body design processes. Some companies such as Toyota and Nissan use it for
interior/exterior styling design as well. Although the two-dimensional CAD is still
dominant in designing other component units, such as engines and suspension systems, all
companies are currently shifting to three-dimensional CAD in these areas.

Simulation abilities by CAE (computer-aided-engineering) systems also has
dramatically increased during this decade because of advances in super computers.
Companies are making efforts to develop CAE models with topological data to make
digitized mock-up, which reduce time-consuming prototyping steps and may eliminate
them in the future.

These CAD systems serve, not only as tools to help design and test, but also as
facilities to retain prior knowledge obtained through design and testing experiences.

Data stored in the design CAD system can be directly re-used in future design work.
For example, since an automobile body consists of several separate body panels (e.g., front,
center and rear floor panels), each of which has a particular drawing stored in the CAD,
designers often reuse and edit designs from existing body panels and re-combine them with
newly designed panels to develop the entire body design. In the design of engine-control
systems at Mazda, for example, an electronic circuit is modularized into sub-circuits, each
of which is described by computer language such as C. Thus, engineers can simply edit the
existing design in the computer language.

Advances in three-dimensional CAD enabled engineers to retain design information

that cannot be expressed in two-dimensional drawings. Especially important is the fact that

51 The description in this section is based on the interview reports by Prof. Nobeoka at Kobe University.
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it became possible for engineers to easily examine and store design information related to
interference between different components, for example, in the engine compartment
(before, engineers had to make several drawings from the different angles).

However, some interviewees also pointed out problems associated with the use of
CAD data. Those problems were commonly related to use of CAD data without knowing

contextual information behind the original design. Mr. Ushiro at Mitsubishi described this:

"Introduction of CAD enables engineers to copy [existing designs]. For example,
they sometimes copy an entire design and modify just a part of it. In such a case,
engineers sometimes change a design that should not be changed since they do not
know how the original design was made. We have several such cases in the small
parts design."

Mr. Nakagawa at Toyota also made a related comment:

"The number of design items that design engineers write in drawings has
significantly decreased since the introduction of CAD... Before, engineers wrote in
many things on drawings, such as what they focused on in the previous
development, what remains problematic, and what we have to pay attention to in the
next development... This kind of information is very useful for us [product
planners].... Current CAD systems do not have enough room for this kind of
description."

On the other hand, CAE models reflect knowledge obtained from the prior prototype
testing. Whether companies develop their own CAE models or use commercial packages,
it is critical to incorporate their experience of actual prototype testing into CAE models to
make it usable.

As a part of the computer-aided design systems, companies are actively creating
design information databases which were previously stored in the form of documents.

Such a database not only enables engineers to more efficiently access available parts
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information. The drawings can also be automatically produced from the component parts
in the parts list system and CAD data. Complete parts data is also required to make a

digitized mock-up for the CAE simulation.

3-2 Knowledge Type and Knowledge Transfer Mechanisms: Propositions

Integrative Knowledge

As many existing researchers have pointed out, the design of new "systems" products
(i.e., products that contain numerous components which must work together) invariably
depends upon the complex interaction among potentially fragmented individual knowledge
bases (e.g., Clark and Fujimoto, 1991; Henderson and Clark, 1990; Iansiti, 1995 ¢, d ; von
Hippel, 1994). On the one hand, knowledge required for new product development comes
from various dornain-specific, functional, and specialized disciplinary areas. On the other
hand, new product development calls for knowledge to integrate this specialized
knowledge to apply to specific contexts, which we call integrative knowledge.

Recent studies of innovation and new product development have increasingly
emphasized the importance of knowledge cutting across different functional and
disciplinary domains as having particular implications for competitiveness in the market
place.

Henderson and Clark (1990), for example, specifically discussed knowledge about
the interactions between physically distinctive components, which they defined
"architectural knowledge." They found, in their study of innovation in the
photolithographic alignment equipment, that lack of explicit management of the
architectural knowledge created serious threats to incumbent firms.

Our interviews at Japanese automobile companies also revealed that understanding
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about appropriate linkages between different components or component systems is one of
the critical development issues, which is difficult to capture by existing rules and standards.
One engineer at Mazda pointed out, for example, that nearly 70% of design changes
occurring during the development process are derived from interference between different
components such as that within the engine ccinpartment and at intersection between the
body and the suspension systems. A system engineer also mentioned that the most difficult
problem in making the three-dimensional digitized mock-up for the CAE simulation is to
incorporate relational data to link different components or component systems.

The work of Iansiti has broadened the concept of architectural knowledge (Iansiti,
1995 a, b, ¢, d). He defined technological integration as activities to evaluate novel
technical approaches and apply them to detailed design and development contexts. His
series of empirical studies in the computer industry showed that capabilities for
technological integration and retention of such capabilities through individual experiences
resulted in better R&D performance indicated by higher development speed and R&D
productivity.

Integrative knowledge is not limited to the relationships between physical
components and technological elements. Knowledge about the user-design interface
embodied in a product also characterizes a particular type of product system. Several
* researchers thus have focused on knowledge to link customer environments and product
design (Clark, 1985; Christensen and Bower, 1994; Clark, 1985; Fujimoto and Clark, 1991;
Henderson, 1991, von Hippel, 1994). For example, Clark (1985) showed that interactions
between a hierarchy of customer concepts and that of product design have driven
technological evolution in the automobile industry. Christensen and Rosenbloom (1995)
found failure of incumbent firms in the disk drive industry to be explainable by lack of
ability to adapt to changing linkages between user contexts and product design. Clark and

Fujimoto (1991) found that external integration through strong project managers,
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integration between customer concepts and product designs, led to shorter development
lead-time, higher development efficiency and higher overall product quality in the world
automobile industry.

Qualitative information that we obtained from interviews also revealed difficulties
involved in understanding an appropriate customer-design interface and the importance of
retention of such knowledge. For example, Mr. Ikeno, responsible for the second Legend
project as LPL (a project manager), mentioned how difficult it was to interpret luxury in
technological terms:

"Since Honda did not have long experiences in luxury car development, it was most
difficult to interpret taste and quality for a luxury car, which customers required,

into a [physical] design. In this respect, we tried to learn a lot from the first
generation of development [most project members continued from the first

generation]. "32

The discussion about continuity of project manager groups in the previous section
also suggested that one of the reasons project coordinators tend to continue across
generations lies in the fact that some critical knowledge about user-design interfaces is
difficult to transfer by other media, such blueprints and standards.

Knowledge about interactions between components, user needs and product design,
and process and product design, may all be particular cases of complex sets of integrative
knowledge involved in new product development (lansiti, 1995d). Integrative knowledge
can also be both technical (i.e., knowledge about appropriate linkages between body design
and suspension design), or managerial knowledge (i. e., knowledge about appropriate
coordination between body and suspension engineers). New products are the result of

complex interactions among different knowledge domains, each of which includes

52 Interview Mr. Ikeno, Chief Engineer, Honda R&D, May 23, 1994.

120



particular engineering know-how, underlying scientific knowledge, customer needs,
marketing techniques, manufacturing environments, and other knowledge. In cur view, the
ability to achieve appropriate interactions cannot be instantaneously acquired, but should

be retained and accumulated historically.

Mechanisms for Retaining Integrative Knowledge

One of the reason researchers have paid significant attention to knowledge cutting
across different specialized domains is that such knowledge tends to be less articulable,
thus, it may form the foundation of firm-specific competencies.

There are a couple of reasons why integrative knowledge tends to be less articulable.
First, there is no established language to communicate integrative knowledge. Domain-
specific and scientific knowledge is often supported by particular disciplinary areas with
well-established languages for teaching and communication. We have social mechanisms
for accumulating disciplinary knowledge, such as professional communities and
educational and research institutions. On the other hand, there is no universal language to
communicate integrative knowledge. There is no social support for its accumulation. Each
company, thus, has to invent its own ways to create and accumulate integrative knowledge.
In particular, since integrative knowledge involves knowledge to translate different
languages between different thought worlds, it tends to be difficult to articulate.

Development of the Nissan Primera (G20) illustrated this point. In development of
the Primera, a specific vehicle evaluation group, called the Yazaki group, played critical
role in pursuing vehicle technical performance.53 The Yazaki Group is a group of people

who are capable of making evaluations from a broad perspective and in terminology

53 Description here is based on interview with Mr. Sakai responsible for the Primera project as s sub-project
manager (Shutan), April 18, 1991. See also "Case of Nissan Motor Co., LTD," Nomura School of
Management, 1992.
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appropriate to design engineering. Good vehicle evaluators should be able to make
judgments based on a deep understanding of the environment of the target markets,
including not only external conditions and driving style, but also customs, habits and other
user contexts, and relay their evaluation to design engineers in appropriate terms.
However, this kind of knowledge is difficult to capture by rule-like procedures. Therefore,
Nissan sent several evaluators overseas ror about a year to directly experience unfamiliar
user environments. Then, these evaluators were schooled by Mr. Yazaki. As a result of
intensive personal contacts and mutual-experiences within the Yazaki school, about ten
evaluators were produced (at the point of 1991) as a core group of vehicle evaluators who
can understand different worlds.

Second, integrative knowledge tends to be context-specific: "it is knowledge of the
particular circumstances of time and place” (Hayek, 1945). It may also be embedded in
specific personal relationships (Badaracco, 1991; Spender, 1994). Thus, it may be difficult
to express it in the form of facts and propositions. For example, in the case of automobile
development, while the best vehicle styling to solely maximize aerodynamic performance
can be theoretically determined and generalizable, appropriate linkages between the
styling, the body structure, the engine shapes, and the suspension types may be different
among vehicle types with different sizes, platforms, and customer bases.

Regarding the context-specific natures of integrative knowledge, von Hippel and
Tyre (1995) found that field problems occurring in the introduction of new process
technology were often discovered through learning by doing by field engineers after
process introduction. Since they are invariably caused by subtle and specific interactions
among particular attributes of machine design and the user environments, they are difficult
to predict in advance. von Hippel and Tyre also found that discovery of field problems
depended on a particular type of learning, which they called "templating." Templating is a

form of pattern recognition. Since field problems in production machines depend upon
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context-specific factors, scientific investigation to specify universal cause-effect
relationships may not work properly. For context specific-knowledge to be usable in other
settings, people need to retain and transfer information about numerous surrounding
contingency factors behind easily observable facts and results. Therefore, it may be quite
costly, if not impossible, to articulate context-specific integrative knowledge. von Hippel
(1994) called such knowledge, which is costly to transfer, "sticky information."

The most direct way to transfer and retain less-articulable and context-specific
integrative knowledge may be to transfer to or retain individuals with first-hand experience
in appropriate decision settings. For example, Cohen (1991) pointed out that the concept
of procedural memory proposed by Anderson (1983), which refers to methodological
knowledge in use as cpposed to facts and propositions, may be better transferred by means
of personnel rotation.

When knowledge is embedded in specific relationships between people, it might be
required to make a group of people active for long time. For example, Wilson and
Hlavacek (1984) found that firms which benefited from technologies created in past
projects kept knowledge alive by the active presence of a core group of people.

However, there are obvious limitations in completely depending on a particular
individual or group: when people leave, knowledge disappears. If integrative knowledge
can be shared with, and transferred to, other people and groups, firms can more effectively
leverage that knowledge. In this respect, Nonaka (1994) suggested that tacit knowledge
embedded in individuals can be transferred among individuals by having shared and
common direct experiences. He called this type of knowledge transfer (conversion)
“socialization." Thus, if companies can create a chain of overlapped common experiences
among people, tacit knowledge can be retained for a long time. The example of Toyota's
project manager groups described in the previous section illustrated this type of knowledge

retention. At Toyota, sub-project managers acquired knowledge to integrate an entire
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project by working together with a project manager of particular model development for a
relatively long time.

Direct face-to-face interactions may help individuals share integrative knowledge.
Although fully embedded knowledge may not be directly expressed by words, direct
interactions lead to gradual understanding of contextual factors behind artifacts, providing
better ways of knowledge retention than documents or blueprints.

Accordingly, we hypothesize that integrative knowledge is most effectively retained
through individual-based retention facilities, such as the direct transfer of individuals and a
group of people, shared experiences among individuals, and intensive face-to-face
interactions among individuals.

On the other hand, domain-specific and functional knowledge tends to be more
articulable and generalizable. Therefore, retention of such knowledge will most benefit
from the use of archival mechanisms, such as documentation, standardization, and
computerized systems.

This leads to the following set of propositions:

Proposition 1: Integrative knowledge is most effectively retained across generations

by individual-based mechanisms, either through the direct transfer of individuals or
cohort groups, or through communication with past project members.

Proposition 2: Domain-specific and functional knowledge is most effectively
transferred by archival mechanisms, such as reports, documents, standards, and
computerized media.

The initial results of our survey to 22 project managers in Japanese automobile
projects provided some evidence related to the above propositions, although it was not an
empirical test. Table 3.3 below summarizes the survey results. In the survey, we asked

project managers how different knowledge retention mechanisms were effective to retain
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different types of knowledge in their automobile development projects. The number shown

in this table indicates tne percentage of project managers who answered "effective" for

each of the mechanisms (respondents were allowed multiple responses).

Table 3.3: Mechanisms for different types of knowledge retention

Effective Mechanisms fo!

Knowledge Retention

Standards such
Documents | as design
Independent }and reports | standards, test

Direct CommunicationL organizational| that describe { code, standard | Computer-

transfer of | with people units solutions and{ design aided

people from | having responsible fof problems in | procedures, and|systems,

the past experience in | long-range the past standardized |computeriz
Knowledge about....... projects the past projectsf planning projects parts ed database]
| Concept making 45.45% 77.27% 40.91% 36.36% 0.00% 4.55%
User needs 18.18% 59.09% 45.45% 50.00%| 0.00%] 22.73%
Vehicle layout 54.55% 50.00% 13.64% 45.45‘% 27.27% 27.27%
Target performance 22.73%| 50.00% 13.64% 59.09% 31.82%] 3182
Available new technology 9.09% 50.00% 45.45% 36.36%] 13.64% 9.09%
Carry-over of component systems 18.18% 36.36% 27.27% 27.27% 54.55% 27.27%
Re-usable parts 9.09% 27.27% 13.64% 0.00%) 54.55%] 31.82%
Detailed enginecring of component systems 45.45%) 59.09% 18.18% 36.36% 40.91% 31.82%
Problem-solving cutting across different technical areas 18.18% 81.82% 13.64% 31.82% 18.18% 13.64%
Conflict resolution ' etween performance parameters 18.18%] 72.27%] 13.64% 36.36% 9.09% 9.09%
Management of product development 31.82% 77.27% 18.18% 36.36% 13.64% 0.00%
Design prototype test 22.73% 45.45% 22.73% 59.09% 40.91% 4.55%
Production prototype test 18.18% 50.00% 22.73% 50.00%) 36.36% 4.55%
Ramp-up 31.82% 54.55% 22.73% 50.00% 27.27% 9.09%
Total 25.97%l 56.82% 23.70% 39.61%] 26.30% 16.23%

The number shown in the table indicates the percentage of project managers who answered "effective" for each of

the mechanisms to retain knowledge listed in the first column.
22 respondents. Multiple answers were allowed.

This table shows that, based on our sample of Japanese projects, communication

with people having experience in past projects was the most effective way to retain prior

knowledge about new product development. This was followed by the use of documents
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and reports describing past development practices. These results indicate that, while
projects tended (o depend heavily on face-to-face communication as a way to retain
knowledge, they also used documentation extensively. Among the other four mechanisms,
respondents regarded computer-based systems as least effective. The remaining three
mechanisms, namely direct people transfer, the involvement of independent organizational
units, and the design/process standards seemed to play almost equally important roles: .
However, the importance of different retention mechanisms was found to differ
substantially across knowledge types.

Communication seems effective particularly for knowledge retention about concept
making, problem-solving cutting across different technical areas, and conflict resolution
between performance parameters. This implies an association between integrative
knowledge retention and intensive communication.

Documentation seemed to play an important role within activities in which test
engineers were heavily involved, such as target performance setting and design prototype
test. This is understandable since test reports are the primary outputs of test engineers.

More than half the respondents answered that continuity of project members was an
effective way to retain knowledge about vehicle layout design. Since vehicle layout design
involves key decision-making for platform designs, basic component configuration, and
major physical dimensions with consideration of customer requirements, it significantly
influences interfaces between different component systems and user environments. Thus,
this result may be one indication that retention of integrative knowledge depends upon the
direct transfer of people.

The table also shows two other types of knowledge whose retention seems to depend
upon personnel transfer: knowledge about concept making and knowledge about detailed
engineering of component systems. High dependence on personnel transfer to retain

detailed engineering knowledge of component systems seem to contradict our proposition.
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However, the table shows that this knowledge retention also tends to be carried out through
archival mechanisms as well, such as documents, standards, and standards. Some detailed
engineering knowledge involves subtle knowhow to adjust component designs to be
compatible with other component designs and production processes. Our interviews
revealed that this type of knowledge tends to be held by functional experts.’4 We
speculate that retention of this portion of detailed engineering know-how may require
personnel transfer.

Standards seem to be important to carry over component systems and reuse existing
parts as well as retain detailed engineering knowledge. This suggests that retention of
knowledge through standards may tend to be limited to activities within well-defined
component engineering areas. Tne use of a computer-aided system also seems to be an
effective way to retain knowledge within each individual engineering area, reflected in
relatively high percentages for carry-over parts, reusable parts, and detailed engineering.

Although all these are tentative results, they more-or-less indicate that integrative
knowledge retention may be dependent upon individual-based mechanisms such as direct
people transfer or face-to-face communication. In the next section, we conduct more

focused empirical tests to examine the propositions.

3-3 Test for Relationships between Knowledge Type and Retention Mechanisms

To examine the above propositions empirically, we compared different types of
project members in terms of their reliance on knowledge retention mechanisms.

Automobile development projects involve numerous people with different

34 The description is based on interview with Mr. Morioka, Mazda Motor Corp., May 19, 1994,
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engineering roles and functional backgrounds. Different people invariably require different
types of knowledge to accomplish their tasks. For example, for project members primarily
responsible for integration and coordination of dispersed functional activities, integrative
knowledge should be more critical. In the case of automobile development, project
managers or coordinators, vehicle layout engineers, and vehicle test engineers may be
examples of such integrators. On the other hand, functional knowledge should be more
important for peop.e whose primary task is to design particular component systems, such
as suspension systems, braking systems, under-floor panels, and engine components.

If there is a difference in reliance on knowledge retention mechanisms between
integrators and component engineers, we should be able identify the mechanism
appropriate for the retention of integrative knowledge.

Below, we first examine how these two types of project members differ in terms of
experience in previous projects (related to Proposition 1) and use of documents, reports,
and standards (related to Proposition 2). The former is examined in Section 3.3.1; the latter
is discussed in Section 3.3.2.

We also examine Proposition 2 in another way. Automobile component systems
further decompose into lower levels of components and parts. For example, engine
systems consists of engine blocks, cylinders, pistons, fuel injectors, and exhaust systems.
Similarly, suspension systems consist of springs, insulators, shock absorbers, «nd
suspension members. Engineers often design both entire component systems and their
individual parts. If Proposition 2 is correct, engineers will be more dependent upon
documents, reports, and computer-aided systems for retaining past design information for

the design of lower levels of parts than for the design of the component systems.

- inuity of Project Memb e Prevjous Project

Proposition 1 implies that transfer of integrative knowledge will be associated with
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direct personnel transfers. Thus, we expect to observe that project members primarily
responsible for integration among different functional and technical areas are more likely to
continue in their position for successive generations of projects than those responsible for
functional activities.

In the case of automobile development, we define the following three types of
project members as integrators: project managers, vehicle layout engineers, and vehicle test
engineers.

The role of project managers as system integrators has been discussed in existing
studies (e.g., Clark and Fujimoto, 1991; Imai et. al, 1985). Although project managers'
span of responsibility differs from project to project, our interviews in Japanese automobile
companics revealed that all project managers were at least responsible for concept making,
the basic vehicle plan, and coordination of development processes. In addition, several
interviewees pointed out that project managers should have a broader view, and be familiar

with all project activities, including numerous different areas.

"The PE[title of project manager at Mitsubishi] is a person who can look at an
entire project.... [It] is crucial for the PE to have close personal relationships with

engineers in different design areas."53

"Although we refer to quantitative data, the most important activity is [person to
person] adjustment between related functional departments. Inside each design
and testing department, the worlds are becoming computerized. However, there is
still a lot we cannot understand without having actual products [which calls for

human coordination] since user feelings are changing even dai]y."56

55 Interview with Mr. Ushiro, Project Engineer (project manager) for the Minica project, Mitsubishi
Corporation, April 12, 1995.

56 Interview with Mr. Fukui, Project Engineer (project manager) for the Pajero project, Mitsubishi Motor
Corp., April 12, 1995.

129



Vehicle layout design is another activity that involves complex adjustments between
conflicting engineering areas. The vehicle layout basically refers to the design of space
distribution for mechanical components, body structures, luggage, and passengers. It
involves key decision making for platform designs, basic component configuration, and
major physical dimensions (e.g., wheel-base, tread, hip point). The vehicle layout
determines the basic architecture of an automobile, which expresses total vehicle concepts
in physical terms (Clark and Fujimoto, 1991). Accordingly, design of the vehicle layout
significantly influences interfaces among different component systems, for example,
between suspension systems and under-floor panels, between engines and engine mount.
Layout engineers thus require broad-based experience encompassing different engineering
areas.

Although layout engineers typically have backgrounds as body designers, there
seems to be no common place where they belong organizationally, reflecting the inter-
disciplinary nature of their tasks. At some companies, such as Toyota, Daihatsu, and
Mitsubishi, project coordinators who reside in product planning groups as staff of the
project manager play key roles in designing the vehicle layout with the help of body
engineers. At Honda, engineers in the body design department take a primary
responsibility for layout design. On the other hand, Mazda and Nissan have separate
departments for layout engineers. At Mazda, layout engineers belong to the Basic Design
Department, which is separated from the Product Centers responsible for product
development. At Nissan, layout engineers belong to departments called ZRB (layout for
rear-wheel drive vehicles) and ZFB (layout for front-wheel drive vehicles), which are
located under the Product Planning & Development Division, No. 1 and No. 2,
respectively.

Vehicle test engineers, as opposed to component test engineers, can also be regarded

as engaged in extensive coordination activities cutting across different component
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development areas. Since the overall performance of automobiles, as indicated by, for
example, NVH (Noise-Vibration-Harshness), safety, body strength, and driving stability, is
derived from many complex interactions among individual components, a vehicle test
engineer has to interact with related component engineers to achieve targeted performance
levels. For example, at Nissan, a leader of the vehicle test engineers, called "Jikken-
Shutan" (Testing Leader), is formally assigned as the No. 2 manager for a particular model
development project, and plays a critical role in helping the project leader (Sasabe, 1993).
Based on this discussion, we can extend Proposition 1 as the following working

hypothesis:

Hypothesis 1: The probability that project managers, vehicle layout engineers, and
vehicle test engineers are transferred from the previous generation of project is higher
than that of the other project members.

Methods:

To test this hypothesis, we obtained data on project members' experiences in the
previous generation of projects by a questionnaire survey. The sample contains 223 project
members representing 25 new product development projects at seven Japanese automobile
producers, carried out between 1987 and 1995. We distributed a questionnaire to the
following 10 project members for each project, who represented their own activity areas for

that project. Below we call these members project core-members.
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A Project manager

A Representative of Vehicle Layout Designers /Planners

A Representative of Vehicle Test Engineers

A Representative of Chassis Design Engineers

A Represeitative of Body Design Engineers

A Rejresentative of Exterior/Interior Designers

A Representative of Engine Design Engineers

A Representative of Electronics Component Design Engineers

A T

A Represcatative of Production Engineers

e

A Representative of Marketing/Product Planners

While we obtained all 10 responses from 17 projects, there is some missing data for
the remaining eight projects, since we were unable to obtain responses from some project
core members. As a result, the sample comprises 229 core members. Out of these, 223
responses included usable answers with respect to experiences in the previous projects.

We identified whether or not respondents had experience in the previous project by
asking them to list the names of past new product development projects on which they
spent more than an average of 30% of their time, for at least six months. When the name
of the direct predecessor model is on this list, we regarded them as members in the
previous generation of projects. Even wnen the respondents participated in the previous
model development, we did not count them as previous project members unless they had
devoted more than 30% of their time for at least six months.57

Table 3.4 below shows the number and the percentage of project core-members

transferred from the previous project by each category of people.

57 This way of defining project members needs to be treated with care. Since some components, such as
electronics components, are often designed for multiple projects, engineers might not spend more than 30%
of their time even on their principal project. We therefore considered these people as not having worked for
the preceding project, unless they explicitly indicated otherwise in the questionnaire.
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Table 3. 4: Transfer of project members from the previous generation of project

Project members in the previous
generation of project ? Total
Yes No
Project Managers** 12 (50.0%) 12 (50.0%) 24
Layout Engineers**** 15 (75.0%) 5(25.0%) 20
Vehicle Test Engineers** 11 (50.0%) 11 (50.0%) 22
Exterior/Interior Designers 5 (20.8%) 19 (79.2%) 24
Chassis Engineers 4(17.4%) 19 (82.6%) 23
Body Engineers 10 (43.5%) 13 (56.5%) 23
Engine Design Engineers 9 (37.5%) 15 (62.5%) 24
Electronics Component Engineers 4 (19.0%) 17 (81.0%) 21
Production Engireers 9 (47.4%) 10 (52.6%) 19
Marketing/Producl Planners 4 (17.4%) 19 (82.6%) 23
Total 83 (37.2%) 140 (62.8%) 223

Asterisks indicate results of the chi-square tests of independence between being each of three
integrators, as opposed to the other functional/component engineers, and being the previous project
members (**p < .05, ***p < .01, ****p < ,001).

Out of the 223 respondents, 83 project core-members had experience in the previous
generation of projects. Out of 10 different types of core-members, layout engineers were
more likely to be transferred from previous projects (15 out of 20 layout engineers),
followed by project managers (12 out of 24), and vehicle test engineers (11 out of 22).
Being layout engineers, vehicle test engineers, and project managers, as opposed to the
other functional engineers, makes a significant difference as to whether or not they are
transferred from the previous generation of projects. This appears to support our
hypothesis that integrators are more likely to be in charge of the same model development
in successive generations.

It is tempting to suggest that this may be because these integrators' tasks are more

product-specific than others. However, Table 3.4 shows that representatives of
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exterior/interior designers and of marketing/product planners tend not to be transferred
from the previous projects (only 5 out of 24, and 4 out of 23, respectively), implying that
product-specific tasks cannot explain project membership in successive generations.
Among representatives of component engineers, body engineers tend to have
experience in the previous project compared to chassis engineers, electronics components
engineers, and engine engineers. This also seems to be consistent with our hypothesis,
because "Body engineers need a broader view than do other engineers because body design
is strongly inter-related to the other component design both functionally and structurally">8
To examine the validity of the above finding more precisely, we conducted a logistic
regression analysis. In this model, we considered the following three explanatory variables
as predictors for whether or not project core-members had experience in previous project

generations:

SYSINTEGR: A dummy variable indicating system integrators (set to 1 if
respondents are either project managers, vehicle layout engineers, or
vehicle test engineers; set to 0 otherwise).

TASKNEW: % of design change from the previous model

LINENUM: The number of available projects at the time of start of the focal project.

We divided ten project core-members into two categories, system integrators or
functional engineers. As already defined, system integrators include project managers,
vehicle test engineers and vehicle layout engineers. SYSINTEGR was set equal to 1 if
respondents are system integrators, and 0 otherwise.

In addition to SYSINTEGR, we included two control variables. The first control

variable is a percentage of new design, TASKNEW, that indicates the degree of change in

58 Interview with Mr. Kanazawa, a chassis engineer, Mazda Motor Corp., May 19, 1994.
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engineering tasks from the previous project. The previous project members might be
assigned to the current project because the required engineering works are similar between
two successive projects. For example, we may expect that the project members continue in
successive generations when the current project activity involves minor modification of the
previous design. Our tentative finding in Table 3.4 may be due to the fact that vehicle
platforms tend to be relatively stable across generations, compared to the design of each
component system. The novelty of integrators' tasks is presumably determined by the

degree of platform change. As one engineer at Mitsubishi explained:

"The PE [project manager] and group-leaders [project manager or sub-project
manager] in vehicle planning groups may stay in successive generations since a
platform design tends to be carried over across successive generations. On the other
hand, since body design [upper-body design] and other functional components tend
to be renewed by each generation, engineers responsible for these design tasks move
around between different model development projects in accordance with the

fluctuation of required engineering resources by those projects.">9

Project managers assessed the degree of novelty of the design for their new products.
Answers encompassed 10 different component systems, including exterior/upper-body,
interior/trim, steering, floor-panels, braking systems, suspension systems, transmissions,
engine, engine control, and instrument panels. Newness of each design was measured on a
4-point scale: 1 = minor modification of less than 20% of the existing design, 2 = major
modification involving 20 to 80% new design, 3 = new design involving more than 80%
new design, and 4 = entirely new technology not applied to any model before. This scale
was conceived to capture the theoretical distinction between component system designs

which are purely "carry-over," involved substantial redesign, or were entirely new designs.

59 Interview with Mr. Ozaki, Manager in the Engineering Administration Department, Mitsubishi Motor
Corp., April 12, 1995.
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We calculated novelty involved in activities of component engineers by averaging
newness of appropriate component designs. We measured newness of system integrators
activities by the newness of the platform design indicated by newness of suspension
systems and under-floor panels (Nobeoka, 1993). The extent of novelty in the design
activities of production engineers was measured by the percentage of new production
equipment. Appendix 2 explains these novelty indicators in more detail. We excluded
marketing/product planners from the analysis since we could not obtain indicators for their
task newness comparable with those for the other core-members. As a result, values of
TASKNEW were assigned to 192 project members.

The second control variable, LINENUM, is the number of available projects at the
time of the current project's start. We expect that the greater the number of simultaneous
ongoing projects in a company, the lower the probability of project members being
transferred within the same model line.60 Therefore, we included LINENUM as a control
variable.

Tables 3.5 to 3.7 below summarizes descriptive statistics of the dependent variable,

the explanatory variables, and two control variables.

Table 3.5: Descriptive statistics for experience in the previous project generation

Frequency Cumulative Cumulative

_ Frequency Percent
0 = not members of previous generation of 107 107 58.5%
project
1 = members of the previous generation of 76 183 100.0%

gro!ccts

60 1f we could have obtained complete responses from 10 project core-members of all 25 projects, we would
not have to include this as a control variable because of complete independence between LINENUM and
SYSINTEGR variables. However, the number of effective respondents is 223, implying 27 project members
are missing. Besides, only 192 core-members can be included in our analysis considering the TASKNEW
variable.
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Table 3.6: Descriptive statistics for the system integrator dummy variable (SYSINTEGR)

“Frequency  Cumulative  Curwlative
Frequency Percent

0 = functional engineers
(exterior/interior designers, chassis
engineers, body engineers, engine 122 122 66.7%
engineers, electronics component
engineers, production engineers, and
marketing/product planners)

1 = system integrators
(project managers, vehicle test engineers, 61 183 100.0%

N= Mean Std Dev. Min. Max.

a percentage of new design

(TASKNEW) 183 0.54 027 0.05 1.00
the number of available projects at the
time of the project start 183 15.64 5.63 5.00 22.00
(LINENUM)

_ | —

Results:

Table 3.8 below, shows the results of a fitted logistic regression analysis.

Table 3.8: Fitted regression models describing the relationship between experience in the
previous generation of project and type of project members.

Predictors -2logL
Model #  Intercept TASKNEW  LINENUM SYSINTGR (Chi-square)
I (incl.) 248.42
Il 1.37 -0.66 -0.09 238.11
111 0.86 -0.38 -0.09 1.10 227.13

The second row of this table shows the result of the fitted logistic regression model,

Model 2, including TASKNEW and LINENUM as independent variables. Parameter
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estimates for TASKNEW and LINENUM are negative, -0.66 and -0.09, respectively,
which may indicate a negative relationship between these variables and transfer of core-
project members, as we expected. The chi-square goodness of fit statistic for this model is
238.11, which is decreased by 10.31 from that of Model 1 without any predictor, 248.42.
An associated decrease of degree of freedom is two. Since 10.31 is greater than the critical
value of the chi-square distribution with alpha = 0.01 and df = 2, we conclude that
TASKNEW and LINENUM, taken 1ogether, are negatively related to the tre~sfer of project
core-members from the previous project, which is consistent with our expectation.

Model 3, in the third row of Table 3.8, adds SYSINTEGR as a predictor. The
parameter estimate of SYSINTEGR is 1.10, which indicates a positive relationship
between SYSINTEGR and previous experience, as we expected. The chi-square
goodness of fit statistic for this model is 227.13, a reduction of 10.98 from 238.11 in Model
2. Since 10.98 is greater than the critical value of the chi-square distribution with alpha =
0.01 and df = 1, the null hypothesis was rejected at the 1% level, and we conclude that
SYSINTEGR is positively related to previous experience, after controlling for the effect of

TASKNEW and LINENUM. Figure 3.1 below indicates these results graphically.

Figure 3.1 Relationships between system integrators and their experience in previous projects

System integrators
(SYSINTEGR) + (p<.01)

Experience in the

previous project
rA percentage of new desigr?
(TASKNEW)
- (p<.01)

The number of available
projects at the time of the
Lprojcct start (LINENUM) )
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Therefore, we conclude that being system integrators significantly increased the
probability of being responsible for the successive generations of the same product
development. This suggests that prior knowledge about integration activities may tend to

be transferred by individuals, consistent with our hypothesis.

3-3.2 Differences in the Use of Document, Reports, and Design Standards

First, Proposition 2 implies that component engineers may use documents,
reports, design standards, and computerized media to retain past knowledge more

frequently than do integrators. This leads to the following working hypothesis.

Hypothesis 2: Component engineers refer to documents and reports, and use design
standards and standard design procedures more frequently than do integrators.

As a partial test of this, we asked engineers to rate, on a 5-point Likert scale (from 1
= not refer at all to 5 = refer very frequently), the frequency with which they referred to
documents and reports that described design knowhow and desigr. solutions and problems
identified in the past development activities. Similarly, respendents rated how important
were the roles design standards and standard design procedures played in their project
activities, on a 5-point Likert scale, from I = not important at all to 5 = played a very
important role.

Secend, If Proposition 2 is correct, we would expect more a frequent use of
documents and reports, and greater significance attached to design standards for design of

parts of component systems than for design of entire component systems. This leads to the

further working hypothesis:
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Hypothesis 3: Component engineers refer to documents and reports, and use design
standards and standard procedures more frequently for design of parts of component
systems than for design of entire component systems.

To test this, we a_Xed component engineers to rate frequency of use of documents
and reports, and importance for design standards and standard design procedures,
separately for design of component systems as a whole, such as engine and a suspension
system, and for design of their parts, such as a cylinder, a drive-shaft, and a suspension

member. They rated both in the same 5-point Likert scales as described above.

Results
Table 3.9 shows how two types of integrators, layout engineers and vehicle test
engineers, differ from the other component engineers (and production engineers) in terms

of their dependence on documents, reports, and standards.

Table 3.9: Frequency of reference to documents and reports. and importance of standards rated by project

members
Frequency of Reference to | Importance of Standards (design
Documents and to Documents standards and test codes)
and Reports

1 = Not at all 1 = Not important at all

5 = Very Frequently S.D. | 5 =Played Very S.D.
Important Role

Exterior/Interior Designers (21) 3.16 1.09 3.59 1.15
Chassis Engineers (23) 3.80 0.82 4,06 0.77
Body Engineers (23) 4.00 0.82 4.17 0.73
Engine Engineers (25) 4.12 0.58 4.14 0.87
Electronics Engineers (23) 3.74 1.12 4,06 1.09
| Production Engineers (N = 20) 3.90 0.91 4.40 0.82
Layout Engineers (N = 21) 3.38 0.92 3.55 0.82
Vehicle T:st Engineers (N = 25) 4.04 0.97 4.40 0.95
Total (N = 180) 3.78 0.95 4.06 0.94
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First, the table shows that layout engineers tended to rate lower the frequency of
reference to documents and reports, and to rate lower the importance of standards in their
development activities, than did most of component engineers. Table 3.10 below which
shows the results of a series of independent t-tests indicates this difference more
specifically.

Table 3.10: Results of independent t-test for difference in reference to documents and reports and in the use
of standards between laycut engineers and other component and production engineers

Layout Engineers (N = 21)
Frequency of Reference to | Importance of Standards (desigj
Documents and to Documents standards and test code)
and Reports

Exterior/Interior Designers (N = 21

Chassis Engineers (N = 23) * *x

Body Engineers (N = 23) *x ok ok

Engine Engineers (N =25) ok **

Electronics Engineers (N =23) *

Production Engineers (N =20) * Hokx

*p <.1, ¥*p <.05, ***p < .01 (two-tailed siginificance)

Component engineers and production engineers reported significantly more frequent
reference to documents and reports to learn from the past design activities except for
exterior/interior designers and electronics engineers. As for importance of design standards
and standard design procedures, component and production engineers reported higher
importance than did layout engineers. This seems to suggest that knowledge regarding
vehicle layout design is less likely tc be transferred through documentation and
standardization. Considering our findings in the previous sections that layout engineers
tended to continue their positions in successive generations of projects, knowledge to
design the total vehicle layout may be less codifiable, and its retention may tend to depend
on personal experiences. For example, Mr. Morioka, responsible for vehicle layout design
in the four successive Familia (323) projects at Mazda, explained why it is important for

layout engineers to continue their positions in successive generations:
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"Since "Kikaku-sekkei" [Basic design, which means the layout design in Mazda] is
related to the all engineering areas, it's important to gain broad experiences [within the
same product line] to be able to capture a whole [complex relationships between different
engineering domains].... Thus layout engineers tend to stay in the same product line for

long time."61

Although we found no significant difference between layout engineers and
exterior/interior designers either in reference to documents/reports or importance of
standards, this is not surprising because most exterior/interior designers are not engineers
but industrial designers. 62

Contrary to our proposition, Table 3.9 shows that both documentation and
standardization seem to be important means to capture prior practices in vehicle test
engineering. Results indicate that vehicle test engineers tended to depend upon documents
, reports, and standards more than did component engineers although a series of
independent t-tests showed that there are no significant differences between them either in
reference to documents/reports or the importance of standards. (However, two-tailed
independent t-tests showed a significant difference between exterior/interior designers and
vehicle test engineers with reference to documents and reports at the 1% level, and in
importance of standards at the 5% level.)

This may be partially because that documerts and reports have particular meaning or
usefulness to test engineers. While drawings are the primary outputs for design engineers,
testing reports are the primary outputs for test engineers. Test engineers summarize test
results in various forms of reports which they distribute to related engineering and design

departments. Table 3.3 in section 5.2 also indicated that knowledge related to testing

61 Interview with Mr. Morioka, Mazda Motor Corp., May 19, :1294.
62 Among exterior/interior designers in our sample, five peopie have engineering backgrounds, and were
responsible for interior designs and interior component designs.
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activities, such as that about target performance setting, design and production prototype
evaluation, were thought to be transierred through documentation. In this respect, for
example, Cusumano and Selby (1995) described that software testers at Microsoft rely
heavily on various types of checklists and scripts.

They also seem to depend on standards more than do component engineers. This
suggests that existing testing methods and established test codes become a critical basis for
testing new vehicles. Compared to design work, testing work may require more
consistency and thoroughness than creativity. Thus, standards and documents may become
important.  Although we assumed that vehicle test engineering involves complex
integrative efforts across many different component system development, testing function
itself may be an well-established discipline.

Table 3.11 shows how differently components engineers use documents, reports, and
standards to retain past design information for a whole component system and for its parts.
Since responses both to reference to documents and reports and to use of standards came

from the same respondents, we conducted paired-sample t-tests to examine differences.

Table 3.11: Frequency of reference to documents and reports and importance of standards for designing a
whole component system and its parts

Frequency of Reference to Importance of Standards (design
Documents and Reports standards, test code)
Component Parts of Componeni Parts of

Systems (Whole)] Components |Systems (Whcic)] Components
Component engineers (N = 114)] 3.70 (1.04)** 3.87 (1.00)** 3.96 (1.01)** 4.02 (0.94)**

Exterior/Interior Designers (21) 3.09 (1.26) 3.23(1.04) 3.47(1.28) 371 (110
Chassis Engineers (23) 3.73 (0.81) 3.86 (0.96) 4.00 (0.85) 4.13(0.75)
Body Engineers (23) 3.82(1.02) 4.17 (0.88) 4.17 (0.83) 4.17 (0.71)
Engine Engineers (25) 4,12 (0.67) 4,12 (0.78) 4.08 (0.91) 4.20 (0.86)
Electronics Engineers (23) 3.60(1.19) 3.86 (1.09) 4.04 (1.09) 4.09 (1.15)

Standard deviations shown in parenthesis
**p < .05 (Paired t-test, two tailed)

Results show that component engineers tended to refer to documents and reports that
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described past design solutions and problematic cases more frequently for designing parts
of component systems than designing whols; component systems (p < .05, two tailed paired
t-test). In addition, design standards tended to played more important roles in designing
parts of component systems than designing whole component systems (p < .05, two tailed
paired t-test).

Qualitative information obtained from interviews also indicates this difference. They
tended to point out that, while knowhow of parts-level design can be easily stored as
written documents and standards, knowledge to develop entire component systems
sometimes may have to depend on individual experience as the following comment by one

engineer at Honda illustrates:

"Once we divide the entire design work in to component [parts] levels, anyone can
design them [because of standard design procedures]. But, as for design and plan of
an entire engine configuration, it may be necessary for a specific person to continue

in multiple generations"63

Mr. Ikeda, responsible for development of engine control systems at Mazda, also
pointed out the distinction between knowhow to design a whole engine unit and its sub-

system or parts:

"To systematically retain engine development knowhow, we intensively spent 3 to 4
years to formalize standard design procedures. However, these standard procedures
are more or less for retaining knowledge at the subsystem level, mainly focusing on
parts design processes.... I do not know whether we have formalized documents to

store knowledge to design an engine as a whole unit."64

63 Interview with Mr. Umemoto Chief Engineer in the Design Block No. 1, Honda R&D, May 23, 1994.
64 Interview with Mr. Ikeda, manager in the PT Design Department No. 1, Mazda Motor Corp., May 19,
1994.
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These comments combined with our survey results seem to indicate that, the more

knowledge becomes integrative, the less its retention depends on archival media.

34 Summary

The main objective of this chapter was to explore how knowledge of the interactions
among fragmented functional domains, which we defined integrative knowledge, is
retained across generations of product development projects. After describing several
knowledge retention mechanisms, we proposed that retention of integrative knowledge
may require transfer of individual experience bases since it may be less codifiable and
teachable, and more context-specific.

We then conducted two simple empirical tests to examine this proposition. In these
tests, first, we found that project members responsible for integration activities cutting
acroess different functional domains tend to continue their positions in successive
generations of projects. This implies that knowledge for integration may tend to be
associated with transfer of people. On the other hand, component engineers were less
likely to responsible for successive generations of the same product development projects.

In the second test, we found that layout engineers tend to rely less on documents,
reports, and standards to learn from past design practices than do component engineers. In
addition, we found that component engineers placed less importance on past design
information stored in documents, reports, and standards to design a whole component
system than their individual parts. These results alsc imply that archival mechanisms alone
are not enough to retain knowledge regarding interaction and integration among different

design domains.
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In the previous chapter, we discussed six mechanisms for knowledge retention across
generations of new product development. We discussed that, while some mechanisms are
more appropriate for the retention of integrative knowledge, others seem to retain
functional knowledge more effectively. For example, our discussion and analyses
suggested that, while direct transfer of individual experiences might be required for the

retention of less-codifiable integrative knowledge, archival-based retention capabilities,
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including documentation, standardization, and computer-aided design systems, can be an
effective means for retaining knowledge within well-defined component development
activities.

Building on the previous discussion, this chapter examines how knowledge retention
capabilities affect new product development performance within each component
engineering area, which we call local performance. While we attempt to empirically
examine whether or not retention of prior knowhow affects performance within well-
defined component development, we also try to identify which retention capability is more
likely to be associated with higher local performance. We shall examine the relationship
between knowledge retention capabilities and product development performance at the

entire project level in Chapter 5.

4-1 Knowledge Retention Capabilities for Local Performance: Propositions

Complex system proddcts like automobiles consist of several relatively well-defined
subsystems, which often, in turn, involve numerous components. Correspondingly, new
product development processes for such system products involve several distinctive
engineering activities. An automobile development process involves, for example, body
design, chassis design, exterior/interior design, engine design, manufacturing process
design, and prototype testing processes. Although a sum of performance in these
individual engineering activities is not necessarily equal to the entire product development
performance, especially in the case of integrated system products (Ulrich, 1995), each of
these specialized activities should make an important contribution to total product
development performance, as indicated by measures such as product quality, development

speed, and development efficiency. For example, the mileage of automobiles is directly
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related to combustion efficiency in engine systems, although it also depends upon
interactions between vehicle weight, body shape, and other factors. Similarly, total product
development speed can be improved by independently reducing the lead time required for
either exterior design, body die making, prototype testing, or production ramp-up. In this
chapter, we examine the effect of knowledge retention on performance within relatively
well-defined functional and engineering areas.

Achieving high local performance may require specialized or domain-specific
technological or functional knowledge, often based on fundamental scientific
understanding. No chassis engineer, for example, would join a company without a
mechanical engineering background (though engineers of suspension control systems may
require electronic backgrounds). While based on fundamental scientific knowledge,
development of actual component systems requires a more substantial engineering
knowhow that goes beyond what is learned from university education. Such knowhow
may be gradually accumulated within companies through long-standing development
experiences. Current component system development should benefit from such historically
accumulated knowhow, as one body engineer mentioned during our interview: "Without
our [body] engineering knowhow long accumulated in the Knowhow Documents, newly
assigned engineers cannot start their development work."05  We thus conjecture that
differences in local performance, at least partially, depend upon how engineers effectively
retain and utilize specialized or domain-specific engineering know-how obtained from
prior development activities.

In Chapter 3, we discussed that, compared to inter-disciplinary or integrative
knowledge, functional or component knowledge may tend to be more articulable and

communicable, and less context-specific (Iansiti, 1995d). Although component system

65 Interview with Mr. Takahashi, Chief Engineer, Honda R&D, May 23, 1994,
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development also involves subtle engineering knowledge which is retained only by internal
experts, benefits of articulating and formalizing experiential knowledge may be
considerable within well-defined component system engineering areas. For example, one

chassis design engineer at Mazda told us:

"Recently we have actively tried to incorporate design knowhow embedded in
experts into design tools and technical standards. There is a lot more knowhow that
we can and we should accumulate as standardized tools to more efficiently leverage

our design knowhow."66

We hypothesize that efforts to retain engineering knowhow in articulated and
generalized forms will significantly contribute to local performance, particularly in
automobile development in which technological concepts for component system
development is fairly stable and mature.

As we demonstrated in the previous chapter, three mechanisms may be particularly
useful to retain knowledge in articulated forms: documentation, standardization, and
computerized mechanisms. This leads to the following set of propositions:

Proposition 1: High local performance, defined as development performance within

well-established component system engineering areas, will be associated with
retention of domain- specific technological knowledge in well-articulated forms.

Proposition 2: The use of archival mechanisms for knowledge retention, such as
documents, reports, standards, and computer-aided design systems, will be
associated with high local performance.

A direct benefit of standardization may be reflected in the reduction of component

66 Interview with Mr. Kanazawa, Manager in the Chassis Design Group No. 2, Mazda Motor Corp., May 19,
1994.
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costs through reuse and sharing existing components. Standardization also leads to
efficiency in the component design process, first because it helps engineers find well-
established and reliable designs, materials, and parts, and second because it prevents them
from spending time in repetitive probiem solving. While standardization may significantly
increase the availability of existing knowledge, however, it may adversely affect
performance when not updated to adapt to changing environments. The reason several
studies pointed out the negative aspect of retention of standardized knowledge is that it
tends to be inflexible to changing environmental situations. Frequent re-examination of
standards will prevent knowledge stored in standards from being obsolete. For example, in
his study of the Japanese software industry, Cusumano (1991) referred to this as "dynamic
standardization.” Fujimoto (1994) also described that, while Toyota depends on manuals,
tools and standards to maintain and distribute manufacturing experience within the
organization, standards are frequently revised by shop floor supervisors.

Documentation may be a iore flexible way to retain existing knowledge in
articulated forms. As described in the previous chapter, Japanese automobile companies
have several types of documents and reports available in which they store non-standardized
prior knowledge, ranging from the knowhow documents and the problem-handling
documents to the user claim reports Intensive reference to such documents and reports at
the early stage of development should enable engineers to prioritize their engineering tasks,
which leads to more efficient component system development processes. These documents
and reports also highlight established technological solutions and unsolved important
technological problems to develop technically reliable component systems.  Thus
documentation as a way to retain knowledge will lead to improvement of both functionality
and development efficiency of component systems.

Companies also increasingly store codified and generalized knowledge in computer-

based systems. This enables rapid design, testing, and redesign work, without the need to
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build actual prototype models during the early stages of the product development process
through the usage of advanced design systems, such as CAD and CAE. CAEFE simulation
tools, by embodying a huge amount of scientific and engineering principles and knowhow,
not only accelerate the computation processes, but also enable engineers to get fast
feedback at the very early stages from various people including production engineers and
suppliers to improve the quality of component systems. Thus, the use of CAE tools may be
associated with both high development efficiency and technical performance of component
systems.

Since CAD stores all past designs in electric forms, it enables engineers to quickly
edit (e.g., cut and paste) existing designs. A standardizea parts' database also contributes to
fast access to available and reliable parts. These will results in more efficient development

processes.

Other Ways to Retain Functional Knowledge

We have emphasized the roles of archival and computerized mechanisms in the
retention of domain-specific technical knowledge, and hypothesized that knowledge
retention within well-established component areas may be most effectively achieved in
articulated forms. However, there are several other mechanisms related to retention of
specialized technological knowledge, some of which have been extensively discussed in
existing studies. Therefore, when we empirically examine the effect of knowledge
retention on local performance in the next section, we will consider the following
mechanisms as well.

The first is the role of organizational structure. Existing studies have pointed out that
functional organizations may be most suitable for the retention or transfer of knowledge for
component development (Allen and Hauptman, 1987; Clark and Fujimoto, 1991;

Wheelwright and Clark, 1992). Allen and Hauptman (1987) argued that, under a project-
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based organization, engineers would likely fall behind in state-of-the-art technology. In
order to accumulate advanced technologies, and to disseminate them across different
products, engineers with similar technical specialties should be grouped together, implying
a functional type of organization. Wheelwright and Clark (1992) used a similar rationale to
explain the advantage of functional organizations in new product development. As they
put it: "the fanctions and subfunctions capture the benefits of prior experience and become
the keepers of the organization's depth of knowledge while ensuring that it is systematiclly
applied over time and across projects” (Wheelwright and Clark, 1992: 193). These
arguments suggest that the traditional functional unit, managed ty functional managers,
can play an important role in transferring and retaining knowledge about each component
development.

Knowledge retexiion in component development can also be facilitated by
independent organizational units that plan component technology carry-over across
projects. As we explained in Chapter 3, one such organizational unit in automobile
companies is a long-term technology planning group. They make long-term plans for
component transfer across projects, such as engine and suspension systems. They also
participate in decision-making processes with project managers and functional managers
for important components ia the early stages of development. They may have a role
complementary to the functional units in terms of effective component knowledge transfer
across generations over time.

Second, communication among engineers within the same functional units may also
play an important role in the transfer and retention of domain-specific technological
knowledge. This is one reason why traditional functional units have been emvohasized for
component knowledge accumulation. For example, Allen et. al. (1980) found that new
product development projects significantly benefit from communication aruong engineers,

botin w_thin the laboratory and outside it. However, effective knowledge retention may
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require not only general intra-functional communication. It also requires a more specific
type of communication between individuals who previously developed a particular
component system and those who interd to improve that component system.

Retention of specialized component knowledge can be also retained through
individual experiences An example. of this is to assign engineers to develop the same type
of component systems over time.

Although some knowledge may be best transferred through individuals (Allen and
Hauptman, 1987), dependence on individual-based retention mechanisms has some
drawbacks. First, dependence on individual experience may be costly, compared to
archival mechanisms. For example, making engineers responsible for successive
generations within a particular type of component (e. g., V6 engines) and within a specific
product line prevents engineering resources from being efficiently utilized across different
projects. In addition, if there is past design information available in documents and
computerized database, which is easily accessible, talking to people may also be wasteful.

Second, knowledge stored as individual experience may sometimes be too context-
specific and inapplicable in different settings. As long as knowledge is articulable and
generalizable (in other words, important information is not missed by its articulation and
formalization), emphasis on archival and computerized mechanisms is of great benefit to

firms. The knowledge of how to develop well-defined component systems may be of this

type.

4-2 Sample Characteristics and Measurements

To investigate the relationships between capabilities for knowledge retention and

functional performance, we used a sample of 83 project members in 25 new product
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development projects in seven Japanese automobile producers. They were all key project
members, representing five different engineering or design areas, exterior/interior design,
chassis design, body design, engine design, and electronics component design.

As explained in the previous chapters, we distributed 250 questionnaires to 10
different project members involved in 25 new product development projects. Two-hundred
twenty-nine completed questionnaires were returned. In this chapter, we used a portion of
this data set, related only to component engineers. We excluded project managers and
layout engineers from analyses because their performance is directly linked to overall
project performance, and thus cannot be ascribed sciely to their own efforts. We also
excluded test engineers, production engineers, and marketing/product planners, since somé
of explanatory and performance variables examined below were not applicable to these
project members.

The resulting sub-data set includes 118 component engineers. However, because of
missing values for some explanatory variables, the final sub-sample analyzed here includes
83 engineers.67 Among the 83 engineers, 16 are chassis engineers; 18 are body engineers;
17 are engine engineers; 15 are electronics component engineers; and 17 are
exterior/interior designers. The average age of these project members at the time of project
end was 39.07 (s.d. 5.26); the average length of their service in the project was 35.10

months (s.d. 14.20).

4-2.1 Performance Measurement

In the questionnaire, we askcd respondents to assess performance derived only from

design activities within their engineering areas, as opposed to the performance of overall

product development projects. Using 5-point Likert scales, they rated their satisfaction in

67 Missing values were observed especially for the ratio of engineers involved in the previous generation of
project, as described later.
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development cost performance, component cost performance, adherence to schedules,
manufacturability of component systems, novelty of component systems, and technical
performance of component systems. Table 4.1 below shows summary statistics for these

performance indicators.

Component cost performance 3.33 1.04 1.00 5.00
Development cost performance 3.04 090 1.00 500
Adherence to schedule 3.13 1.01 1.00 500
Manufacturability of component systems 3.14 0.70 1.00 5.00
Novelty of component systems 3.2] 1.01 1.00 5.00

Technical performance of component systems ___3.74 0.74 2.00 5.00

5-point Likert Scales, from 1 = not satisfactory, to 5 = very satisfactory.

4.2.2 Expianatory Variables

Reference to Documents, Reports, and the Use of Standards

As described in Chapter 3, automobile companies use documentation extensively as
a mechanism for storing past practices. In Chapter 3, we described various documents and
reports that Japanese automobile companies use to retain knowhow by classifying them
into four types. The first two types of documents described standardized knowhow such as
technical standards, standard design procedures, and standard test methods, which
"engineers must follow."68 These were stored either at the company-ievel or at each

engineering department level.

68 Interview with Mr. Kato, Group Leader in the Engine Design Department, Mitsubishi Motor Corp., April
12, 1995.
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Non-standardized knowhow or lessons obtained from past activities were retained
through several other formal and informal reports. Examples of formal documents were,
for example, the test reports, the knowhow documents, and the user-claim reports.
Companies also flexibly used various informal memos or reports, such as the problem-
handling document and the communication memos, to transfer information about past
problematic cases to current project activities.

Although the boundary between standards and non-standardized knowhow is not
clearly defined, we tried to separate them in the questionnaire. First, we asked respondents
to rate how frequently they referred to documents and reports that described design
solutions and problems identified in the past development activities on a 5-point Likert
scale, from 1 = not refer at all, to 5 = refer very frequently. The exact question (in English

translation) was:
How frequently did you refer to documents that describe problem-solving methods
for design and its evaluation and other unsolved problems found through the past

development activities (for example, technology reports and problematic case
reports) during this project?

Second, respondents rated the importance of standards in designing components
during the project on a 5-point Likert scale, from 1 = not important at all, to 5 = very

important. The exact question was:

How do you rate the importance of design standards, standard design procedures,
and standard design tools in development of componer.t systems in your area for
this project?

Table 4.2 below shows summary statistics for these two indicators.

157



Table 4.2: Summary statistics for the use of documents/reports and standards

N =83 Mean S.D. Min. Max.

Reference to documents and reports 378 091 * 1.00 5.00

Importance of standards 392 099 1.00 5.00
uter-aid tems

We requested respondents to rate the importance of computer-aided systems within
six different areas: CAE simulation (vehicle performance), CAE simulation (structural
analysis), CAD/CAM with direct creation of parts programs, sharing of design information
among engineers by CAD/CAE, standardized parts database, and reuse and edit of past
design information stored in CAD/CAE. Respondents rated the imporiance of each of
these according to a S-point Likert scale, from 1 = not important at all, to 5 = very
important.

Some of these six variables are conceptually distinct. For example, the first two
variables together indicate the use of CAE simulation tools; the last two variables indicate
the use of computer-stored past information. To verify an underlying pattern, we
conducted a principal component analysis. Two factors emerged. The first two variables,
CAE simulation (structural analysis) and CAE simulation (performance), formed one
cluster. Since this is a conceptually related cluster, we averaged values for the two
variables to indicate the use of CAE simulation (alpha = 0.83).

The second factor consisted of the last three variables. However, the last two
variables presumably indicate computer-based past design retention, which is conceptually
different from design information sharing. Therefore, we excluded the information sharing
variable, and then averaged scores for the remaining two variables, the standardized

database and the reuse and edit of past design information, to construct an indicator for
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computer-based design retention (alpha = 0.78). Since a variable of CAD/CAM with direct
creation of parts programs was almost equally loaded on the two factors, we preserved this
as a separate variable. This grouping is appropriate since the resulting three measures for
use of computer-based information systems are conceptually distinct. Table 4.3 below

shows summary statistics.

Table 4.3: Summary statistics of variables for computer-based systems

e e —

N =83 Mean S.D. Min. Max.

Computer simulation 322 125 1.00 5.00

Reuse of computer-stored design information 3.63 0.90 2.00 5.00

Direct creation of parts program by 348 132 1.00 5.00
CAD/CAM

e

Continuity of Engineers Across Product Generations

Each respondent provided the total number of engineers in his or her area involved in
the project. They were then asked for the number of these engineers who also had been
responsible for the previous generation of a project. Based on these numbers, we
calculated the percentage of engineers having experience in the previous project
generation. Because of confidentiality issues, some respondents did not provide us with
these numbers. We obtained data only from 90 out of 118 respondents, which significantly
decreased our sample size.69 While we could have examined the previous experiences of
respondents themselves, in the same way as in Chapter 2, we chose not to do this since

knowl:dge retention within functional areas should be more appropriately captured by

69 One participating company refused to provide the number of engineers involved in projects. As a result,
most engineers in this company did not give us this data. Since almost all missing values for this variable
systematically came from one company, we had no way to replace them.
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looking at all engineers. The average percentage of engineers having experience in the

previous projects as estimated by the engineers themselves was 18% (s.d., 0.14).

unication
Respondents estimated how often, on average during projects, they communicated

with the following nine types of individuals.”0

Table 4.4: Types of communication reported

(measured in approximate days per year, N = 83)

" Communication with the same project another project the previous
Project Members generation of the
belonging to ......... project
the same engineering ) (2) 3)
area Mean: 193.2 Mean: 113.1 Mean: 84.83

SD.:729 S.D.:91.1 S.D.: 94.11
different engineering “4) 5) ©6)
areas within the product Mean: 58.7 Mean: 17.2 Mean: 18.0
engineering department S.D.:29.8 S.D.:19.2 SD.: 158
different functional (7) (8) 9)
departments Mean: 36.0 Mean: 15.1 Mean: 15.1
and suppliers S.D.:19.1 S.D.: 179 S.D.: 16.5

Cells, 1, 2, and 3, in the first row of Table 4.4 refer to communication within each
engineering area; for example, communication among body engineeré, »and communication
among chassis engineers. We included six engineering areas, namely exterior/interior
design, body design, chassis design, electronics component design, engine design, and
vehicle test engineering. Cells, 4, 5, and 6, in the second 7ow refer to communication

which occurs between different engineering areas. Comimunication between body

70 Although our specific concern is the impact on local performance of communication with individuals who
previously developed the same component systems, we also considered other types of communication, since
the existing studies deal with both intra- and inter-functional communication with people within/outside
project boundaries as important performance predictors (e.g., Allen, et. al., 1979; Ancona and Caldwell.
1992a).
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engineers and chassis engineers, and between vehicle test engineers and engine designers,
are examples. The other functional departments shown in the third row include production,
marketing/product planning, sales, quality insurance, purchasing, cost management, long-
term planning groups, and suppliers. Cells, 7 , 8, and 9, refer to communication with
people who belong to these different departments.

Respondents rated the frequency of communication on 6-point scales, with 1 = two
to three days per year or less, 2 = once a month, 3 = two or three days a month, 4 = once a
week, 5 = two or three days a week, and 6 = every day. Based on a 240-day working year,
each score was transformed to the number of days in the following way: 1 — 2.5 days; 2
— 12 days; 3 — 30 days; 4 — 52 days; 5 — 120 days; and, 6 — 240 days. Then, we
calculated scores for the above nine types of communication, if required, by averaging the
number of days for communication with appropriate individuals. The means and standard
deviations are shown in the table 4.4 above.

To identify an underling pattern, we subjected these nine indicators to a principal
components analysis. Four factors emerged. Communication with other project members,
(cells 4, 5, and 6) was clustered, as well as communication with the previous generation of
project members (cells 7, 8, and 9). Communication within the current project was divided
into two factors, intra-functional communication and cross-functional communication
(which includes communication both with individuals in different engineering areas and
those in different functional departments). Based on this analysis, we constructed four
measures for different types of communication by averaging corresponding communication
scores. These are intra-functional and within-project communication, cross-functional and
within-project communication, inter-project communication, and communication with the

previous project members (cross-generational communication).”! The means and standard

71 However, these measures are not completely independent, since some project members might be
transferred from the previous generation of projects, or have worked on muitiple projects simultaneously. In
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deviations for these measures are as follows.

Table 4.5: Summary statistics of communication variables

w

N=283 Mean S.D. Min. Max.
Intra-functional communication 193.2 729 12.0 240.0
Cross-functional communication ~ 47.0 19.7 4.0 110.8
Communication with other 22.7 18.4 25 94.32

project members
Communication with previous 21.0 18.4 25 67.1
project members

w

Organizational Influences

Respondents rated the influences of functional managers, long-term technology
planning groups, and project managers in technology selection decision-making, on 5-point
Likert scales, from 1 = not involved at all to 5 = piayed a very important role. Based on
these answers, we constructed indicators of the relative influence between project
managers, functional managers, and long-term planning groups, by subtracting scores for
project managers' influences from scores for the other two influences. As a result, we
obtained two indicators for relative influences: one indicates the influence of a functional
manager relative to that of a project manager; the other refers to the influence of a long-
term technology planning group reiative to that of a project manager. The table below

shows summary statistics.

such cases, communication within the project is more-or-less overlapped with inter-project and inter-
generational communication.
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Table 4.6: Summary statistics of variables indicating organizational
influence relative to project managers

N=83 Mean S.D. Min. Max.
Relative Power of Functional Managers -0.24 1.23 -3.00 2.00
Relative Power of Long-term Planning -1.55 1.56 -4.00 3.00

Groups

The table suggests that the influence of functional managers is slightly weaker than
that of project managers on average, and that the influence of long-term planning groups is
much weaker than that of project managers. The difference between means of these two

variables is statistically significant (p < .001, paired t-test, two-tailed).

4-2. rol Variables

In addition to the above explanatory variables, we considered several control
variables. The first is a dummy variable that indicates whether or not projects ended before
1992. Japan experienced a record-breaking economic boom in the late 1980s, later called
the “Bubble economy.” During this period, Japanese automobile producers, without
exception, shifted attention to more luxury features of automobiles, reflecting their
perception of changed consumer preferences. One example of this was the establishment
of the Lexus and Infinity channels in the U.S. by Toyota and Nissan, respectively. New
product development during the Bubble economy was significantly different from that in
the 1990s. Relative to the preceding period, automobilc producers spent lavishly on
development costs to upgrade product performance. For example, Mr. Takahashi, a body
engineer at Honda, contrasted development of the 1990 Accord with that of the 1994

Accord:
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"In the development of the 1990 Accord, we could do anything we wanted. We
made as many new attempts as possible. We spent any amount of money to
improve attractiveness of a new model.... In those days, we had about 30 types of
trunk hinges company-wide [converging to one type for currently developing new
products]. However, this atmosphere had gradually changed when we were
developing the 1994 Accord. We changed our way of thiuking in order to make
money. In body design, for example, we tried to fully utilize the existing production

facilities."72

Generally, all people we interviewed reflected on what they retrospectively
considered to be wasteful development expenditure during the Bubble economy. Thus, we
would expect that efficiency-related performance for development projects conducted
during this period would be very low, and that novelty of component systems would be
higher.

There are four projects out of 25 that could be regarded as mainly conducted during
the period of the bubble economy. All these four projects introduced new models in
1991.73 Respondents involved in the four projects were coded as 1: otherwise they were
coded as 0. There are 16 engineers coded as 1.

The second control variable indicates whether or not respondents were responsible
for the development of micro cars. Micro cars are characterized by an engine displacement
of less than 660cc. There are also size limits for micro cars determined by law. Since most
micro cars had already reached these limits, opportunities for fundamental design changes
were quite restricted. In addition, since micro cars sold at very low prices, starting from
around $5,000, cost targets inevitably received the highest priority in development.

Because of this distinctive nature of micro car development, we included this as a dummy

72 Interview with Mr. Takahashi, Chicf Engineer, Honda R&D, May 23, 1994.

73 Our sample did not include any project that introduced its product during 1992, implying that all the other
projects introduced their models in 1993, 1994, or 1995. Although some of these projects started during
1989, we believe that they had had enough time to adjust to economic conditions after the bubble economy.
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variable. Respondents who worked on micro car development were coded as 1;
otherwise. There were 11 engineers coded as 1.

The third control variable is design newness, which indicates the percentage of
change of the component from the existing design. This variable is the same as that used in
Chapter 3. Finally, we considered two dummy variables which indicate engineering areas

and companies.

4-3 Results and Discussion

Table 4.7 below shows the correlations among performance variables and

explanatory variables.
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Table 4.7: Correlation Matrix

1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17
1 Communication :Functional
2 :Cross-functional 0.06
3 :Inter-project 0.09 -0.07
4 :Cross-generation 024 e« Q24 040 o
S Relative Power of functional manager -0.02 -0.03 002 0.16
6  Relative Power of Long-term Planning Group -0.04 0.00 0.08 0.00 0.23 o
7 Refc to Do and Rep -0.01 0.00 0.07 028 e« 020+ -0.10
8  Use of Design Sandards -0.02 -0.06 -0.02 0.02 0.16 0.01 0.58 oo
9  Use of CAE Simulation 0.14 -0.10 023 003 0.14 0.00 0.20 - 026 o
10 Use of Computer-stored Past Design [nformation 007 0.02 0.09 0.07 0.04 0.0 0.32 e« 038+ 016
11 Direct Pants Program through CAD/CAM 0.03 -0.12 021+ 026 006 0.05 0.09 020 023 ee 027
12 % of Previous Project Members -0.03 0.00 -0.05 0.22 o 0.09 -0.06 0.12 -0.03 0.03 <020« 0.17
13 Component Cost Pesformance 0.13 -0.08 0.18« 017 022 008 033 e« 025 017 031 e« 021+ 001
14 Development Cost Performance -0.05 -0.04 002 0.04 0.08 0.12 024 = -0.05 -0.18 0.14 0.06 0.05 0.56 =
15 Adherence to Schedule -0.05 -0.04 0.19 - 0.06 0.06 0.17 0.19 ¢ 0.03 0.02 0.04 003 012 0.19 0.5] oo
16 Manufacturability -0.10 -0.03 -0.18 -0.00 0.17 -0.04 0.17 -0.03 0.05 012 0.18 -0.10 0.44 ees 0481+ 0.4
17 Novelty -0.12 0.09 -0.17 0.17 0.01 -0.27 0.11 0.08 0.17 0.03 0.02 0.11 0.02 -0.06 0.06 007
18 Technical Performance -0.17 0.03 -0.04 0.09 0.18 ¢ -0.23 044 oee 042 0.32 ¢« 0.4 -0.06 Q.25 o 0.24 = 0.14 0.25 * 0.38 ser 043 oo

*p<.1,**p<.05, ***p <.0l
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This table shows relatively strong relationships among several performance
indicators. The relationship between development cost performance and component cost
performance is particularly strong (r = 0.56, p < 0.01). This might be because respondents
were not responsible Yor managing deveiopment costs for their engineering works. Since
either functional managers or project managers typically manage developmenut cost,
respondents might not be able to distinguish development cost from component cost
performance. The relationship between tecanical performarice and innovativeness was also
strong (r = 0.41, p < 0.01}. Despite the ¥ :gh correlations among performance variables, we
retained each indicator as separate in later analyses because of conceptual distinctiveness.

Among the explanatory variables, the reference to documents and reports, and the
use of standards, are highly correlated (r = 0.58, p < 0.01). As we see in later analyses, this
high correlation seems to cause problems in parameter estimates for some of the fitted
regression medels. However, we preserved these two as separate because we are interested
in how different'y knowledge retention in standardized forms affects performance from
that in non- standardized forms. Instead, we look at resulis by removing either of these two
variables from the fitted regression models in turn to avoid a problem of multi-collinearity.

Results in Table 4.7 appears to suppart our proposition that local performance is
positively associated with archival-based knowledge retention capability. For example,
component cost performance was positively coielated with the reference to documents and
reports (r = .33, p < .01), the use of standards (r = .25, p < .05), and computer-based design
retention (r = .31, p < .01). Development cost performance has a positive association with
the reference to documents and reports (r = 0.27, p < 0.05). Technical performance was
positively related with the reference to documents and reports (r = .44, p < .01), and the use
of CAE simulation (r =.32,p < .Cl).

On the other hand, organization-based and individual-based mechanisms tendcd not
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to be associated with performance indicators. First, none of the communication-related
variables was significantly associated with performance. Second, among the organizational
influence variables, the functional manager's relative power against a project manager had
a positive association only with component cost performance (r = .22, p <.05). Third, the
percentage of engineers whe wor'ed on the previous project was found to be positively
related with technical performance (r = .25, p < .05), but has no association with any
efficiency-related performance indicator.

Table 4.8 below shows the results of fitted regression models for each performance
dimension. Model 1 includes only control variables for each performance indicator. When
sets of dummy variables indicating engineering areas and firms were not significantly
associated with performance, we excluded them in the subsequent models.’4 Model 2
includes variables related to archival-based retention mechanisms in addition to control
variables; Model 3 includes variables for organizational capabilities. Model 4 for each
performance indica or shows the full fitted regression model. However, we found that the
observed high correlation between the reference to documents and reports, and the use of
standards (r = 0.58), seemed to cause some problems in parameter estimates, so we

excluded either of these variables in turn from Model 5 and Model 6, respectively.

74 We conducted the increment-to-R-square test to examine the impact of sets of dummy variables. When
either the firm or area dummy variables together did not significantly increase values of R-square (5 % level),
we excluded them in the subsequent regression models.
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Table 4.8: Results of the fitted regression analyses for local performance indicators

Preduct Cost Development Cost
Performance Performance
1 I m v v VI 1 nn m v \Y A
Bubble Economy <0.44 se+  .0.50 *s¢ -0.47 oo+ -0.5] eee 047 +ec 048 ecr -030°¢+ -0.35se¢ 020 s 033 e 027 = -0.27
Micro Car 0.16 024 = 015 0.19 » 0.19 * 021 0.26 0.13 0.15 0.12 0.12 0.12
Design Newness 0.07 0.08 -0.06 0.02 -0.03 0.03 -0.11 -0.10 -0.11 -0.14 -0.24 -023»
Firm Not Sig. Not Sig.
Engineering Area Sig. Inc. Inc. Inc. Inc. Inc. Not Sig.
Reference to Documents 0.20 » 0.28 - 0.19 - 0.43 o- 0.45 oo 0.24 -
Use of Design Standards -0.09 -0.16 -0.02 <0.35 eee -0.39 eer  -0.17
Computer-based Design Retention 0.17 ¢ 0.2] o 0.2] o 0.18 » 0.15 0.15 0.18 0.08
Direct Parts Program by CAD/CAM 0.16 0.06 0.11 0.06 0.01 -0.02 0.04 -0.03
Use of CAE Simulation 0.02 0.05 -0.01 0.02 -0.15 -0.17 ¢ -0.19+ -0.23 »
Relative Power: FM 0.10 0.08 0.09 0.07 0.04 0.04 0.08 -0.02
Relative Power: Long-term Plan -0.07 -0.02 -0.07 -0.04 -0.18«  -0.10 -0.15 -0.13
Communication: Functional -0.12 -0.04 -0.05 -0.03 -0.03 0.02 0.00 0.05
:Cross-Functional -0.02 0.03 0.01 0.03 0.03 0no -0.01 0.00
:Cross-Generation -0.04 -0.19 -0.17 -0.16 0.08 -0.05 0.11 0.00
:Inter-Project <019«  .0.12 -0.07 -0.13 -0.04 -0.09 -0.13 -0.10
% of Previous Members N ] 0.01 0.02 0.01 00! -0.06 -0.03 -0.05
d. f. of residuals 69 75 68 68 69 69 69 75 68 68 69 69
Adjusted R-square 0.4] *== 046 °>> 038 047 > 044+ 047 012~ 0.27 *=» 009 * 023 > Q.11 ¢ 0.15 =
Adherence to Manufacturability
Schedule
1 11 1 v v Vi I 11 m v v Vi
Bubble Economy -0.06 -0.01 0.01 -0.04 0.00 0.02 <0.31 »»+ 036 vec 026 034 .0.27-- -0.27 -
Micro Car 041 0.04 0.08 0.02 0.02 0.08 039« 009 0.12 0.11 0.11 0.16
Design Newness 031+ 026 -028° -022- -0.26 +* -0.22 0.06 0.11 0.00 0.05 -0.03 0.06
Firm Not Sig. Not Sig.
Engineering Area Not Sig. Not Sig.
Reference to Documents w17 0.19 0.10 0.34 oo» 0.40 »** 0.21
Use of Design Standards -0.14 -0.18 -0.08 -0.32 = <0.36 - -0.15
Computer-based Design Retention 0.05 0.07 0.08 -0.03 0.02 0.03 0.04 0.06
Direct Parts Program by CAD/CAM -0.02 -0.01 0.02 0.05 0.12 0.06 0.12 0.03
Use of CAE Simulation -0.01 0.02 0.01 0.04 0.11 0.08 0.05 -0.18
Relative Power: FM 0.01 0.00 0.02 -0.01 0.06 0.05 0.09 0.03
Relative Power: Long-term Plan 0.09 0.15 0.13 0.12 -0.01 0.02 -0.04 -0.01
Communication: Functional -0.09 -0.11 0.12 N.11 -0.03 -0.01 -0.03 0.01
:Cross-Functional 0.00 0.02 0.02 0.01 -0.03 -0.01 -0.02 -0.:2
:Cross-Generation 0.03 -0.0¢ 0.03 0.01 0.09 -0.03 0.11 0.02
:Inter-Proiect 0.14 0.14 0.13 1 -0.21 - -0.16 -0.19 -0.16
% of Previous Members -0.03 0.10 0.11 0.03 -0.15 -0.18 -0.15 -0.18
d. . of residuals 69 75 68 68 69 69 69 75 68 68 69 69
Adjusted R-square -0.0} 0.01 0.02 -0.02 -0.03 -0.02 013+ 0.14 =+ 005 012 0.03 0.05

*p<.l,**p< .05, ***3< 0l
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Table 4.8: Continued

Technical Technical
Novelty Performance
1 nn m v v Vi I I m v \Y VI

Bubble Economy 0.16 019+ 020 019« 019~ 0.18 -0.09 -0.03 0.08 -0.05 0.04 0.01
Micro Car 0.23 -0.05 -0.14 012  -0.12~ -0.13 0.24 0.04 -0.06 -0.06 -0.06 -0.01
Design Newness 0.13 0.11 0.00 0.11 0.12 0.11 -0.07 0.00 -0.30 -0.04 -0.15 -0.03
Firm Not Sig. Not Sig.
Engineering Area Not Sig. Not Sig.
Reference to Documents 0.08 -0.04 0.02 0.55 v 0.50 o° 0.38 **-
Use of Design Standards 0.05 0.11 0.09 -0.22 - -0.24 - 0.02
Computer-based Design Retention 0.03 -0.09 -0.09 -0.08 -0.06 -0.07 -0.05 -0.15
Direct Parts Program by CAD/CAM -0.05 0.09 0.08 0.11 -0.13 -0.09 -0.02 -0.07
Use of TAE Simulation 0.13 0.27 = 0.27 »* 0.30 *r 0.32 oo 038 *>= 035+ 038 e
Relative Power: FM 007 0.04 0.04 0.05 019 - 0.11 0.16 0.09
Relative Power: Long-term Plan -0.29 *+*  -0.35°°¢ 034 ecr  -0.34 v -0.28 *== 025 -0.31 ees -0.27 =
Communication: Functional <022« 025+ -0.25 = -0.25 = -0.17 -0.19 - -0.22 = 018«

‘Cross-Functional 0.00 0.05 0.05 0.05 0.04 0.12 0.11 0.10

:Cross-Generation 0.10 0.07 0.06 0.07 013 -0.11 0.06 -0.06

:Inter-Project 0.17 0.30 »- 0.30 - 0.30 -- -0.10 0.08 0.04 0.09
% of Previous Members 0.05 0.08 0.08 0.07 0.13 0.14 0.18 0.1z
d. f. of residuals 69 75 68 68 69 69 69 75 68 68 69 69
Adjusted R-square -0.04 -0.01 011+ 013 015+ 012~ 025 *+¢ 012+ 0327 017 0.29 =

0.14 =

*p<.1,**p<.05 ***p<.0!
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Results from the regression analyses are mostly consistent with those from the
correlation analyses. First, as shown in the full models (Model 4), data suggest that the
more frequently engineers referred to documents and reports, the higher performance they
reported, in general. Specifically, this variable was positively associated with component
cost performance (p < .05), development cost performance (p < .01), manufacturability (p <
.01), and technical performance (p < .01). This implies that reference to documents and
reports to learn from past component development practices has a broad impact on local
performance dimensions, both in terms of development efficiency and technical
performance, as hypothesized.

However, contrary to our proposition, the full regression models show that the use of
standards is negatively related to development cost performance, manufacturability, and
technical performance. Although all these negative relationships were no longer significant
after excluding the use of documents and reports as shown in Model 5, indicating a
problem of multi-collinearity, the signs of regression coefficients were still negative. It
might be that there is some real negative influence from the use of standards on
performance. Qualitative information obtained from interviews provided some hints to
interpret this result.

Problems of dependence on technical standards generally arise when engineers use
outdated technical standards and take it for granted. New products were introduced after
1993 in 21 out of the 25 projects in our sample. This means that most projects developed
new products after the record-breaking economic boom in the late 1980s. As we
mentioned in the previous section, engineers had to significantly change the way to
develop component systems to adapt to much more price-conscious customers in the
1990s. For example, engineers were required to dramatically reduce component costs and
the number of parts. In such circumstances, companies had to revise many existing

technical standards that had tended to put too much quality on component systems by
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sacrificing cost performance (Fujimoto, 1994), as several interviewees pointed out. Thus
too much reliance on existing technical standards during this period might lead to low
performance, particularly in efficiency-related performance dimensions, at least, in the
engineer's subjective evaluation.

Second, computer-based design retention was positively associated with component
cost performance at the 5% significance level. Since a high score for this variable also
indicates the high degree of reuse of previously-designed parts, this result is
understandable. However, computer-based design retention was not signiricantly related to
any other performance indicators. Although it was consistently positively associated with
efficiency-related performance indicators, the relationships were not statistically
significant.

In the additional analysis which excluded exterior/interior aesigners from the sample,
we found that both computer-based design retention and the CAD/CAM variables were
significantly associated with manufacturability at the 5% level. Table 4.9 below shows
this. Since manufucturability is not a main concern to exterior designers (for styling), this

result of the additional analysis may reflect reality more appropriately.
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Table 4.9: A result of the fitted regression analysis for manufacturability. Exterior/inteiior
designers were excluded from the sample.

Manufacturability
I Il 1 v \Y VI

Bubble Economy -0.32 *** .0.30 ** -0.28** -030** .0.25* -0.25*
Micro Car 0.11 0.10 0.20 0.15 0.15 0.15
Design Newness 0.13 0.18 0.10 0.16 0.11 0.17
Firm Not Sig.
Enginsering Area Not Sig.
Reference to Documents 0.20* 0.28* 0.20
Use of Design Standards -0.15 -0.21 -0.11
Computer-based Design Retention 0.06 0.04 0.09 0.01
Direct Parts Program by CAD/CAM 0.29 ** 0.21 0.28* 024 *
Use of CAE Simulation 0.13 0.13 0.10 0.10
Relative Power: FM 0.04 0.02 0.04 0.01
Relative Power: Long-term Plan -0.05 -0.04 -0.08 -0.04
Communication: Functional 0.05 -0.02 -0.02 -0.03

:Cross-Functional -0.10 -0.10 -0.11 -0.08

:Cross-Generation -0.04 -0.08 0.04 -0.05

:Inter-Project -0.15 -0.07 -0.10 -0.06

% of Previcus Members -0.26**  -0.21 -0.18 -0.17
d. f. of residuals 62 57 57 50 51 69
Adjusted R-square 0.08 ** (.20 *** (.07 0.15* 0.11 0.13 *

*p<.l,**p< .05 ***p< 0l

Third, the use of computer simulation tools was significantly associated with
technology-related performance: novelty of component systems and component technical
performance. However, it was negatively associated with development cost performance.
This result may suggest that the use of CAE tools results in higher technical performance at
the cost of development efficiency. Qualitative information that we obtained from
interviews at Japanese companies also seems to support this result. Several engineers
pointed out that, while CAE tools significantly improved quality of the first design
prototype, it had not yet achieved projected development efficiency improvement. For
example, the following remarks indicate this:

“[By introducing CAE tools] the number of prototypes decreased by 20 to 30 % for
these five years although we were told to reduce it by 50%. But, I think, an
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advantage of CAE lies not in reducing the number of prototypes but in increasing
the number of testing cycles before the first prototype. The CAE tools enabled us
to consider testing items that we used to give up because of limited time and
budget.... Improving accuracy of the first prototype is the most important

contribution of CAE."73

"Although we planned to reduce engineering hours by introducing CAE tools,
engineering hours have not decreased actually. This is because we are spending a
lot of engineering resources to improve [technical] performance. Introduction of
the CAE increased the number of technical items we had to consider because the
CAE easily found them. As a result, performance and quality have certainly
improved. But we may be spending too much time for marginal performance

improvement."76

Contrary to archival mechanisms and computerized systems, organization-based and
individual-based knowledge retention mechanisms did not show any positive impact on
performance indicators: some were actually found to have a negative impact.

Among the communication-related variables, communication with the previous
project members had no significant association with any performance indicator.

Surprisingly, communication with engineers in the same engineering area was
negatively associated with technical-related performance such as novelty of component
systems and technical performance of components. This may indicate the inherent
problems in communication studies: the more problems occur, the more frequently
engineers have to communicate with the other engineers to solve problems. That is, the
observed negative association might be spurious, implying that more engineering problems
simulta;;eously increases the frequency of communication and lowered technical

performance.

75 Interview with Mr. Morita, Section Manger in the Test Departiaent, Daihatsu Motor Corp., May 9, 1995.
76 Interview with Mr. Nakagawa, Chief Engineer, Toyota Motor Corp., May 31, 1994.
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On the other hand, communication with the other project members was positively
associated with performance in novelty of component systems (p < 0.05). This may
indicate that engineers successfully brought in new technological ideas by communicating
with individuals outside their projects. There is another interpretation. Since
technologically-new components are typically developed for multiple projects, newness of
component systems might require engineers to communicate with other project members to
adjust component development activities across projects (Nobeoka, 1993).

Crganizational influence variables also had no positive impact on any performance
indicators. Although correlation analyses showed that a stronger influence by functional
managers than project managers is associated with better component cost performance, this
association was no longer significant in the regression analysis.

Involvement of long-term planning groups had a significant negative impact on
technology-related performance such as novelty of component systems (p < 0.01) and
technical performance (p < 0.01). Since long-term technology planning groups often play a
critical role in facilitating carry-over of existing component systems, it is understandable
why their involvement may lead to less novel component systems.

Finally, continuity of engineers in successive generations of projects had no
significant association with any performance indicators. Although the correlation analysis
in Table 4.7 showed a relatively strong association between continuity of engineers and
technical performance, this association was no longer significant in the regression analysis
though the sign was still positive. This result implies that knowledge retention through
people may not be critical to improve local performance.

However, since continuity of engineers here means continuity within the
development of the same product across generations, it did not indicate retention of generic
technological knowledge for component system development, but, rather, retention of

knowledge to apply to a particular product. Therefore, the result here does not necessarily
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suggests that retention of generic component knowledge through people has no effect on
local performance. To explore this poirt further, the future study needs to examine how
the depth of engineer's experience in a particular coniponent development affects local

performance.

4-4 Summary

In this chapter, we examined how differen: knowledge retention capabilities affect
performance within well-established component system development areas. We
hypothesized that retention of prior knowledge in articulated and generalized forms is of
great benefit to component systems development since specialized and domain-specific
knowledge required for development within well-defined engineering areas may be more
articulable and less context-specific.

Our survey results partially supported this hypothesis. We found that dependence on
documents and reports for knowledge retention had a broad positive impact on local
performance; dependence on computer-stored prior design information improved product
cost performance; and use of computer simulation tools was associated with higher
technical performance of component systems. On the other hand, organization-based and
individual-based mechanisms for knowledge retention had either no association or negative
associations with performance indicators.

These results imply that investment in formalizing and articulating knowledge may
be critical to improve performance within well-defined component system development
areas. In the next chapter, we examine the impact of knowledge retention capabilities on
the performance of entire product development projects and on performance derived from

the interaction between different engineering and functional domains.
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The analyses in this chapter have limitations. Since all the data for explanatory and
performance indicators came from the same questionnaire survey, observed relationships
might be created by common questionnaire methods. In addition, our measures of local
performance may not be reliable enough since they depend on subjective self-evaluations.

We discuss these limitations in more detail later in Chapter 6.
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Chapter 5

The Impact of Knowledge Retention
Capability on Overali Project and System
Performance
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This chapter examines the relationship between knowledge retention capabilities and
product development performance at ..e project level. In the previous chapter, we
explored how knowledge retention capabilities affect performance within individual
engineering areas, which we defined as local performance. For example, we found that

dependence on archival mechanisms for knowledge retention, such as documents, reports,
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and on computer-aided design systems, tended to be positively associated with local
performance. However, overall project periormance, whether the product's technical
performance, development prozess efficiency, or resuiting market sales, canr.ot be solely
attributed to such local performance. It also depends upon the ability to manage complex
interactions among different engineering and functional domains. Each engineering
activity must be integrated to form a coherent whole, which is, in turn, integrated into user
environments (Christensen and Rosenbloom, 1995; Iansiti, 1995 b, c; von Hippel, 1994).

In Chapter 3, we defined the knowledge base required for such integration as
integrative knowledge. Effective retention of integrative knowledge may lead to
improvement of product development performance since it enables projects to benefit from
deeper understandings of complex interactions between different technical and functional
domains (Iansiti, 1995b; Henderson, 1995). Since integrative knowledge tends to involve
context-specific and tacit components, archival mechanisms such as documents and
blueprints may not work as well for its retention as it does for functional knowledge.
Instead, individual-based retention mechanisms, such as direct transfer of individuals and
face-to-face communicatior:, might be required to effectively retain integrative knowledge.
Therefore, if integrative knowledge retention is critical for product development
performance at the project levei, we should observe a positive association between
individual-based retention capability and product development performance. The main
objective of this chapter is to empirically examine this conjecture.

In the following secticns, we begin by suggesting how the effective retention of
integrative knowledge leads to improvement of project level performance tnrough its
impact on system performance. We then hypothesize that dependence on individual-based
knowledge reteniion mechanisms, transfer of a project member's experience ba ., and
cross-generational communication, will be positively associated with performance derived

from interaction among different functional domains, which we define as system

180



performance. Especially, we hypothesize that such retention capabiliti~s affect the degree

of improvement in new product development performance from previous generations of
projecis. Bowever, we also hypotnes..e that integrative knowledge retention through
individual-bascd mechanisms may havs & negative impact on product development
performance when praiects face novel technical requirements and market environments.
We then test these hypotheses by using data obtained from 22 new product develspment

projects at seven Japanese automobile producers.

5-1 nowledge Retention Capabilities for System Performance: Propositions

In the conceptual - heme used in this thesis, overall performance of new product
development consists of two factors: local performance and system performance (Figure
5.1). We have discussed that lecal performance arises only from the local region of
product or of product development process, and corresponding development efforts within
particular te.anical and functional areas (Iansiti, 1995b; Henderson and Cockburn, 1995;
Ulrich, 1995). For example, the aerodynamic performance of automobiles, as indicated by
an air d.ag cc-efficient (Cd), is almost solely determined by the exterior body shape
developed by exterior body designers.

On the other hand, system performance characteristics arise from many related
elemeats of a product or a product developrr ent process, and their interaction. It is thus the
outcome cf interactive activities, among peonle in different functional ard aisciplinary
areas. For example, NVH (ncise-vibration-harshness) is a critical performance metric for
automobiles. While NVH can be individual'y ascribed to particular technological
eleraents, such as material technologies us=d in tires and bodies, engine systems, body

shapes, and suspension systemns, it also comes from the ccmplex set of interactions between
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these elements.

Figure 5.1 Overall performance, system performance, and local performance

Overall
Performance

Local
Performance

3ystem
Performance

We define local performance as the portion of overall performance reducible to
particular technological and functional elements, and system performance as the portion
attributed to interactive etfects among these clements. The local and systen: distinction is
also applicable to non-technical performance. For example, development lead time may be
shortened either by compressing the lead timc of each technical and functional activity
(local performance) or by facilitating overlaps among them through appropriate
adjustments (system performance}. Similarly, in some cases, superior engine technology
or effective advertising may become a primary driver for automobile sales in the market-
placs {local performance); in other cases, an appropriate combination among a product
concept, component performance, and manufacturing quality may become critical for sales
performance (system performance).

Local performance may deperd on effective and efficient access to high levels of
functional or disciplinary knowledge (Iansiti, 1995c). As we discussed in Chaiter 3 and 4,
functional knowledge may tend to be less tacit and context-specific than cross-functional

knowledge. Thus, it may be effectively retained and transferred in the articulated form,
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such as data, equations, and formal records. Although our interviews revealed that some of
detailed engineering know-how is still kept by functional experts in Japanese automobile
companies, a greater portion of component engineering knowhow has been retained
thrcugh design standards and computerized design systems. We thus hypothesized in
Chapter 4 that an emphasis on archival mechanisms and computer-aided systems may lead
to higher performance within narrowly defined engineering areas. Analyses in Chapter 4
partially supported this hypothesis, suggesting that the reference to documents and reports,
and the use of computer simulation tools, tended to be positively associated with local
performance indicators.

On the other hand, system performance may primarily depend on iniegrative
knowledge that goes beyond functional and technical boundaries. In the case of
automobile development, for example, body design must be integrated with suspension
system design to minimize the noise level and to improve body strength; product design
must be integrated into process design to achieve smooth ramp-up and high
manufacturability; and the whole product design must be integrated into user contexts to
satisfy user needs. All these require knowledge to integrate different functicnal demains.

Some recent studies have realized the importance of such integrative knowledge in
the development of complex system products, and have proposed normative mechanisms
appropriate for cross-functional and inter-disciplinary coordination, such as co-located
cross-functional teams (Imai et. al., 1985), the heavyweight project manager system (Clark
and Fujimoto, 1991; Wheelwright and Clark, 1992), and project organizations (Allen and
Hauptman, 1987, Allen, 1987). However, it seem that these structural solutions are easy to
imitate (Kusunoki et. al., 1995; Henderson, 1995). Thus, we doubt that they become
sustainable sources of difference in new product development. In our view, a capability for
cross-functional integration is, rather, a historical product (Fujimoto, 1994), and effective

retention of integrative knowledge is of fundamental importance to form a project's ability
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to solve cross-functional problerns.

As we discussed in Chapter 3, since integrative knowledge tends to be less
codifiable, and more context-specific than domain-specific functional knowledge, its
retention may need direct transfer of individual experiences or intensive face-to-face
communication between individuals responsible for different generations of projects.
Especially, effective retention of integrative knowledge will affect product development
performance derived from complex interaction among different functional domains. This

leads to the following propbsition:

Proposition 1: Individual-based retention capability, reflected in continuity of
project members across generations of projects and communication among project
members in successive generations of projects, will be associated with high system
performance in new product development.

System performance shares a critical portion of overall performance especially in the
case of complex system products like automobiles, which involve numerous interrelated
components and complex user interfaces {Clark and Fujimoto, 1991; Fujimoto, 1994).
Therefore, in the case of automobile development, we also expect tc observe a positive
association between overall performance at the project level and a project's ability to
effectively retain integrative knowledge. However, since overall performance is also
influenced by local performance characteristics, we conjecture that the impact of
individual-based retention capability on overall performance will be weaker than it is on

system performance alone. This leads to another proposition:77

77 The importance of integrative knowledge retention i new product development may depend upon the
degree of uncertainty involved in interfaces among different elements in product development, such as
component design interface, a manufactuiing and design interface, and a user and design interface. For
example, when product designs are c~mpletely modularized industry-wide, implying standardized interfaces
between component designs, thzic may be no room for each individual company to improve system design.
In this case, overall product performance is directly linked to each component performance; thus, firm-level
efforts for integrative knowledge retention may have little effect on performance improvement of final

134



Proposition 2: Individual-based retention capability, reflected in continuity of
project members across generations of projects and communication among project
members in successive generations of projects, will be associated with high overall

product development performance at the project level. However, this association

will be weaker than that with system performance.

Effective retention of past solutions enables a project to start from the level that the
previous project reached. That is, projects can avoid redundant problem-solving.
Furthermore, knowledge retention may result in an appropriate project focus, sincc it helps
project members prioritize their work so that thev focus on critical problems unsolved in
the past development activities.

Through these processes, effective knowledge retention is likely to result in
consistent performance improvement (Fujimoto, 1994; Iansiti and Clark, 1994).78 Thus,
utility of integrative knowledge retention is more likely to be reflected in change in project
performance from that of the previous generations of projects than in the current

performance level. This leads to the following propos;ion:

Proposition 3: Individual-based retention capability, reflected in continuity of
project members across generations of projects and communication between project
members in successive generations of projects, will be positively associated with

the degree of improvement in product development performance at the project

leel.

products. Similarly, if consumer needs are stable and pridictable, product development projects can focus
solely on technological issues, without explicitly considering user-design interfaces. Integrative knowledge
retention capability may not be critical in this case as well. However, throughout this dissertation, we are
assuming that the development of automobiles involves uncertainty, both in component design interfaces and
in user design interfaces (though the latter interface is probably more uncertain).

78 As a related concept to retention capability, Fujimoto (1994) defined the ability of the development -
production system to consistently and quickly achieve improvement in competitive performance as
"improvement capability.” Iansiti and Clark (1994) also argued that the same ability is an example of
dynamic capabilities.
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Contrary to these propositions, innovation studies have tended to discucs a negative
effect of knowledge retention on innovation performance (e.g., Allen and Marquis, 1964,
Leonard-Barton, 1992; Dougherty, 1992; Henderson and Clark, 1990). A common claim
in these studies is that prior technological knowledge is often not applicable in a novel
situation characterized by innovation; rather, it becomes an obstacle for bringing in new
ideas (e.g., Anderson and Tushman, 1990; Henderson and Clark, 1990; Christensen and
Bower, 1994).

Especially, some researchers have pointed out that continuity of project members in
multiple generations of projects may cause problems in innovative activities because it
increases project homogeneity and project tenure. While project homogeneity may
contribute to team cohesiveness, it may prevent project members from bringing in new
ideas, especially those created in other development projects (Ancona and Caldwell,
1992b; Katz and Allen, 1982). For example, in their study of 50 R&D projects, Katz and
Allen (1982) found that project performance increased up to, and was highest when, project
tenure was one and a hal® years, with a noticeable decline by five years of tenure.
Considering that it normally takes more than three years to develop a new car model,
continuity of project members in successive generations might be negatively related to
project performance depending on the extent to which projects require novel technological

ideas and new product concepts. This leads to the following proposition:

Proposition 4: The relationship between individual-based retention capability and
product development performance will be moderated by the degree of task newness
involved in new product development activities.

There is counter-argument to this proposition, however. Some researchers have

suggested that prior experiences are important, and even help firms adapt to new



environments (Cusumano, 1991; Cusumano and Selby. 1995; Neustadt and May, 1986;
Huber, 1991; Walsh and Ungson, 1991). Recent theoretical argument in the area of design
studies also tend to assume that any design work is based on past experiences and accepted
tradition, and that past knowledge becoines critical, even to non-routine and creative design
work (Gero, 1990; Oxman, 1990). As an empirical study, Iansiti (1995 a, b, d) found that
system integrators' past experiences in developing the same type of product are positively
correlated with development efficiency and technical performance.

Furthermore, differert types of task newness may differentially moderate the
iclationship between knowledge retention and product development performance. While
some studies found that tecknological discontinuity substantially changes market
dominance, from incumbents to new enrtrants (e.g., Henderson, 1991; Tushman and
Anderson, 1986; Suarez and Utterback, 1991), others claimed that a change in the customer
base and associated changes in product functionality pose a more serious threat to
incumbents than technological change (Christensen and Rosenbloom, 1995; Christensen
and Bower, 1994; Iansiti and Khanna, 1994).

Whether retention of prior knowledge is beneficial or not is still controversial. In
section 5.3, we attempt to provide some empirical analyses to this question while

examining Proposition 4. In doing so, we shall consider the above alternative hypotheses.

5-2 Sample Characteristics and Measurements

3-2.1 Sample Characteristics

We again analyzed data obtained from the same questionnaire survey. We
distributed the questionnaire to 250 project core-members in 25 new product development

projects at seven Japanese companies. All projects were responsible for development of
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new models that replaced the previous generation of models. We asked ten project core-
members to ‘be respondents, and represent each project. Those ten core-members included
a project manager and representatives of the vehicle test engineers, layoui engineers, body
design engineers, chassis design engineers, exterior or interior designers, engine design
engineess, electronics component engineers, marketing planners, and production engineers.
We obtained 229 respsnses (a response rate oi 91.6%).

While each individual was - unit of analysis in the previous chapters, for this
chapter, we analyze data at the project level. Some project-lzvei data was obtained directly
from questionnaires specifically desigred for project managers: other data was constructed
by aggregating project members' responses, as described below. Because of 21 missing
responses, we could not incluue all 25 projects in our analyses. We excluded the three
projects from the analyses which lacked responses from the project managers, resulting in a
usable sample of 22 projects. Table 5.1 below shows characteristics of new mudels

developed by these 22 projects.
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Table 5.1: Characteristics of new models developed by sample projects

umber of Organizations 7
Number of Projects 22
Year of Product Introduction 1991-
(includes one model to be introduced in early 1996
1996)
Average Price ($ 1= 100 yen) $25.712
Min.
$8,475
Max.
$57.200
Vehicle size (# of projecis): 7
micromini 3
subcompact 3
compact 6
| mid-large 10
Geographical market (# of projects):
Domestic Only 3
Foreig: and Domestic 19

5-2.2_Analysis Strategy

Because of the small sample size, we could not utilize fully multivariate techniques
to specify the relationships between project performance and knowledge retention
capabilities. Instead, we take the foilowing steps in the subsequent analyses.

First, we explore the bivariate relationships between project performance and
performance predictors. In the analyses, we consider both overall performance and system
performance. System performance is statistica’ly separated from overall performance as
described below. One of the objectives of this correlation analysis is to explore whether
there is any aifference between factors affecting overall performance and system
performance, as described in Proposition 5.2. The correlation analysis also identifies
important control variables which should be considered to specify the relationships
between project performance and knowledge retention capabilities.

Additionally, we examine the fitted regression models to further confirm results of

the correlation analyses. Since we have only 22 sample projects, these models include only
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selected control variables and indicators for knowledge retention capabilities.

Finally, we examine Hypotheses 5.4, which refers to an interaction effect between
individual-based knowledge retention capability and task newness. We fit regression
models including interaction terms between a technical or a market newness indicator and
individual-based knowledge retention capability indicators, and examine how newness
indicators moderaie the relationships between individual-based retention capabilities and

product development performance.

5-2.3 Measurement
Performance Measurement

Selected project members rated each of the following seven project performances in
a 5-point Likert scale, from 1 = not satisfactory to 5 = very satisfactory. They also rated
this performance relative to the previous generation of projects in a 5-point Likert scale,
from 1 = the same level or worse than the previous project (model) to 5 = much better than
the previous project (model). In the questionnaire, we clearly requested them to rate
overall project performance, as opposed to pertormance of activities within each
engineering area. Scores obtained from multiple respondents were averaged for each
project to construct project level performance measvres. Performance ratings encompass
seven areas: product cost performance, development cost performance, adherence to
schedule, manufacturability, technical performance, technical novelty, and degree of match
to customer needs. Table 5.2 shows summary statistics for these performance indicators.
In the following analyses, we call a set of indicators shown in the third column of this
table, which relate to the current project only, as performance satisfaction, and anotner set
of indicators in the fourth column, which compare performance to the previous project, as

performance improvement.
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Table 5.2: Summary statistics for performance indicators rated by selected project members

Performance Purformance
Satisfaction Improvement from
_ the Previous Projects
Indicators Description
Mean S.D. Mean S.D.
[ Product cost Rated by preject managers, layout
performance engineers, and marketing planners 321 0.81 3.18 1.03
_6evelopment cost | Rated by Project managers
performance 3.02 1.01 3.25 1.41
[~ Adherence to Rated by project managers, layout
schedule engineers, and marketing planners 3.15 0.61 2.83 0.69
}-I\-A-anufacturabilily Rated by project managers and
production. engineers 3.39 0.81 3.23 0.97
Match to customer | Rated oy project managers, layout
needs engineers, and marketing planners 3.54 0.69 3.34 0.77
Technical Novelty | Rated by project managers.
3.46 1.14 3.23 1.38
[ Technical Rated by project managers with
Performance respect to 10 technical 397 0.37 3.78 0.59

performance items 79

in addition, we considered market performance, mcasured by the ratio of realized
average monthly sales volume to the targeted volume announced at the time of
introduction. Although sales volume is affected by numerous factors that go beyond the
new product development process. such as company size, quality of distributicn channels,
advertising, and general economic conditions, we assumed that companies take these
factors into account to some extent when setting target sales volumes. We calculated sales
achievement ratios only for the first year of model introduction so as to maintain data

comparability across sample projects.80 The mean score of this indicator across sample

79 The 15 items are: space utility, comfortability, noise - vibration - harshness, driving stability, acceleration,
braking performance, engine performance, handling response, safety, painting quality, body strength,
exterior/interior styling, aerodynamics, and vehicle weight.

80 However, when projects introduced new products after September 1994, we could not obtair sales daia for
all 12 months (the latest sales data available was for September 1995). In this case, we averaged available
monthly sales volumes after adjusting for a seasonal effect and a new model introduction effect as explained
in Appendix 3.
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projects was 1.01 (s.d. = 0.36).

Decomposition of overall performance

To separate system performance from local perforrance, we regressed each of the
six indicators for overall performance (product cost performance, development cost
performance, adherence to schedule, manufacturability, technical novelty, and technical
performance) on corresponding local performance indicators. For example, overall product
cost performance was regressed on compcnent cost performances, as rated by component
engineers representing body, chassis, electronics component, engine, and exterior/interior
design areas. Indicators for local performance were the same as used in Chapter 4. As
explained there, representatives of engineering areas rated performance within their areas
on a 5-point Likert scale, from 1 = not satisfactory at all to 5 = very satisfactory. Since two
market-related performance indicators, “degree of match to customer needs” anc “sales
achievement,” have no corresponding local performance indicators, we did not make a
system and local distinction for these two.

From the fitted regression mode!s, we used the sets of residuals as indicators for
system performance. We thus conceptualize system performance as the portion of overall
performance that cannot be explained by performance reducible to the outcome of activities
within each engineering and functional area. Since residuals capture all the variance not
explainable by selected local performance variables, our system performance indicators
may include more than the exact system performance. However, they reflect system
performance more accurately than do original performaice indicators. Thus, the
comparison between factors affecting original overall performance indicators and those
affecting residuals enables us to identify factors that have a stronger association with
system performance than with local performance. Appendix 4 shows the results of

regression models. The results indicate that efficiency-related performance is strongly



related to performance within body engineering, implying that the body design may be a
critical path in automobile development. Among these overall performance indicators,
product cost performance and technical novelty were most explained by local performance.
This implies that these two performance indicators have fewer system performarce

characteristics.

Experience-Based Knowledge Retention Capability

We considered four indicators for experience-based knowledge retention capability,
as shown in Table 5.3 below. These four indicators are particularly related to integrative
knowledge retention as explained below.

There may be two ways to retain integrative knowledge through individuals. First,
integrative knowledge may reside in particular individuals primarily involved in integration
activities between different technical and functional areas. Direct transfer of these
individuals from the previous generation of projects thus indicates a project's ability to
capture integrative knowledge embodied in the past product. As defined in Chapter 3, we
regarded project managers, vehicle layout engineers, and vehicle test enginecrs as such
integrators in automobile development. Therefore, we took a percentage of integrators
transferred from the previous generation of projects to indicate experience-based
knowledge retention capability.81

Second, integrative knowledge can be also stored in multiple people as collective
memories (Badaracco, 1991; March, 1988; Huber, 1991; Spender, 1994; Walsh and
Ungson, 1991). In this case, knowledge retrieval may te triggered when members with
common experiences in a specific past project get together (Walsh and Ungson, 1990).

Especially, when project members have common exreriences in developing the direct

81 As explained in Chapter 4, only when project members spent an average of a minimum of 30% of their
time for six months in the previous project did we count them as previous project members.
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predeccssors, product-specific knowledge may be effectively retained. We thus considered
a percentage of project core-members responsible for the previous generations of a project
to be the second indicator for experience-based retention capability.

Common past experiences among project members, however, may not be limited to a
particular type of model development. If they have common experiences ir any past
development project, relevant knowledge from experiences of cross-functional problem
solving activities may be brought into the current project. To measure the degree of
common experiences among project core-members, we asked them whether or not they had
worked with the other project core-merabers in any past m jor development project. Based
on this information, we made a 10 by 10 matrix that demonstrated the combination of
project core-members who had worked for the same project before. Since 10 project core-
members were included in each sample project, the maximum numt=r of combinations was
45. We divided the observed number of combinations of people with common experinces
by 45, which gave us an appropriate indicator for degree of comruon past experiences at the
project level.

Fourth, we considered how much project members had expected to bc assigned to
the focal project before their actual appointment. The idea here is that people who have a
high expectation of assignment to a particular project may store usable information for that
_project in advance, and that transfer of such people will be associated with retention of

useful prior knowiedge. Respondents were asked to 1ate how much they had expected the

appointment to the focal project on a 5-point scale, from 1 = 0% sure, 2 = 25% sure, 3 =
50% sure, and 4 = 75% sure to 5 = 100% sure. Oh-ained percentages were averaged for

each project. Table 5.3 below shows summary statistics for these four indicators.
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Table 5.3 Summary statistics for experience-based knowledge retention capability indicators

Indicators Mean S.D.

Parcentage of integrators who have experience in V.59 (59%) 0.29
the previous generction of projects

Percentage of core members who have experience 0.34 (34%) 0.19
in the previous generation of projects

Degree of ccmmon project experience among 0.61 0.14
project core- members

Degree of expectation of being assigncd 10 the 0.51 (51%) 0.17

project (0 to 100% sure)

We subjected the above indicators to a principal component analysis to identify an
underlying pattern. One factor emerged (eigenvalue = 2.38).82  We thus used the first

factor as a composite measure for experience-based knowledge retention capability.

Communication-Based Retention Capability

We examined the frequency of project members' cross-functional communication
with members in the previous generation of projects as an indicator for the communication-
based retention capability. Since we are interested in the retention of integrative
knowledge, we distinguished this from communication with the previous project members
within the same engineering areas. Respondents rated frequency of communication with
previous generations of project members outside their engineering areas on a 6-po’nt scale,
from 1 = two to three days per year or less, to 6 = every day. Then, we converted each
point to an estimate of the number of days, as explained in Chapter 4. Scores obtained

from these project members were averaged to form project level measures.83 The mean

82 Factor loadings are 0.82 for the integrators’ experience variable, 0.79 for the core-members’ experience,
0.74 for the common experience, and 0.75 for the expectation for assignmert.

8:"Although we distinguished retention capability as either communication-based or experience-based, it was
hard to distinguish between these two categories empirically. When most core-project members were
transferred from previous projects, communication within the current project overlapped with comaunication

195



score across sample projects was 15.7 days per year (s. d. = 7.02).

Archival and Computer-Aided Mechanisms for Knowledge Retention

We examined five indicators for archival-based knowledge retention capability, as
shown in Table 5.4 below. The first is frequency of reference to documents and reports
that describes design solutions and problematic cases identified in past development
activities. Engineers rated the frequency of reference to such documents and reports on a
5-point Likert scale, from 1= not at all to 5 = very frequently.

Second, engineers rated the importance of standards on a 5-point Likert scale, from 1
= played no role to 5 = played very important role. "Standards" means design standards
and standard design procedures for component, layout, and production engineers; and test
codes and standard testing methods for vehicle test engineers.

Third, we included indicators for three types of computer-aided system usage: the
reuse or editing of computer-stored information (including the use of a standardized parts
database), the use of computerized simulation tools (CAE), and the creation of direct parts
programs by CAD/CAM.

Engineers rated the importance of the reuse or editing of past design data (test data)
stored in CAD/CAE on a 5-point Likert scale, from 1 = played no role to 5 = played very
important role. In addition, component engineers and production engineers rated the
importance of a standardized parts database on the same scale. They also rated the

importance of CAE simulation in their development activi.ies.84 Finally, component

with previous members. Since communication within the current project is, in general, much more frequent
than with members in previous and other projects, an observed high frequency of communication with
previous project members tended to indicate high continuity of project members across successive
generations. Because of this, a composite measure for experience-based retention capability and a
communication indicator are highly correlated each other (r=0.51, p = 0.12). A principal component
analysis that includes four experience-based indicators and a communication-based indictor yielded one
factor. However, a factor loading for a communication-based indicator was less than 0.7. Therefore, we
followed the original conceptual distinction, and kept the communication-based indicator separate.

84 Component engineers and layout engineers rated the importance of both structural and performance
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engineers and production engineers rated the importance of creating parts programs
directly through CAD/CAM systems on the same scale. Project managers rated the
importance of these archival and computer-based systems for several design and testing
activities on behalf of the entive project. For each of the above five indicators, scores
obtained from these project members were averaged to construct project level measures.

Table 5.4 below shows summary statistics for these five indicators.

Table 5.4: Summary statistics for archival-based knowledge rstention capability indicators

Indicators Mean S.D.
Use of documents and reports 3.72 0.22
Use of standards 3.86 0.31
Use of computer-stored information. 3.65 0.40
Use of computer simulation 353 041

Use of CAD/CAM 3.67 0.46

Using a principal component analysis, these indicators yielded two factors. The first
three indicators, all of which are directly related to knowledge retention, seemed to be
clustered: the use of documents and reports, the use of standards, and the use of computer-
stored information. However, a factor loading for the use of documents and reports was
less than the 0.7 cut-off line, and it is also conceptually distinct from the other standard-
based retention mechanisms, so we kept it as a separate variable. We averaged scores for
the use of standards and the use of computer-stored information to measure the standard-
based retention capability (mean = 3.76, s. d.=0.31, alpha = 0.69).

While the use of computer simulation was clearly loaded on the second factor, the

simulation; test engineers rated the importance of performance simulation; production engineers rated the
importance of CAE simulation in process design.
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use of CAD/CAM was almost equally loaded on two factors. We kept only the use of
computer simulation as a separate variable for the later analyses to indicate degree of the

use of computer simulation.

Involvement of Independent Organizational Units

The discussion in Chapter 3 revealed several independent organizational units that
coordinate new product development activities across generations of projects. In the
questionnaire, we asked project managers about the degree of influence of the following
organizational units or individuals: the long-term technology planning group, the long-term
product planning group, the design for manufacturing group, the long-term layout planning
group, and the senior menagers located above individual project managers (we called them
super-project managers in Chapter 3). Project managers rated the degree of influence of
these groups or individuals across a range of development activities and decision making,
in on a S-point Likert scale, from 1 = played no role to 5 = played a very important role.
When there is no corresponding group or individual, we considered that it played no role

(set equal to 1). Table 5.5 below shows summary statistics.

Table 5.5: Summary statistics for influence independent organizational units

Indicators Mean S.D.
Long-term Technology Planning Group 1.77 1.17
Long-term Product Planning Group 1.71 1.00
Design for Manufacturing Group 2.34 1.18
Layout Planning Group 1.77 1.68

Super-project Manager 2.86 1.69
—_—

A principal component analysis yielded two factors. The first four indicators were
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clustered. We thus averaged scores for these four indicators to generate a measure of the
degree of involvement by long-term planning groups (mean = 2.06, s. d. = 0.79, alpha =
0.70). We kept an indicator for involvement by super-project managers as a separate

variable.

Cross-functional Integration

We also considered the degree of cross-functional integration that has been identified
as a critical factor for project success (e. g., Allen et. al., 1980; Clark and Fujimoto, 1991;
Imai et. al., 1985; Iansiti, 1995a). One of the mechanisms to achieve cross-functional
integration is the heavyweight project manager system proposed by Clark and Fujimoto
(1991). As they described, the distinctive characteristics of the heavy-weight project
managers lie not only in their formal authority but also in their extensive involvement in a
wide range of development activities, from concept generation, technical problem solving,
and production ramp-up, to marketing strategies. Similarly, other researchers have pointed
out that project-type organizations, where project managers are more influential than
functional managers, facilitate cross-functional coordination (Allen et al., 1979; Larson
and Gobeli, 1988, Wheelwright and Clark, 1992). Based on this existing argument, we
included the following four indicators to measure degree of cross-functional integration.

The first is a project manager's span of responsibility. Project managers answered
whether or not they had formal responsibilities in the following seven development phases:
concept creation or vehicle plan, product engineering, vehicle test engineering, process
engineering, pilot production, production ramp-up, and modification or improvement after
product introduction. The number of responsible phases was regarded as an index for
cross-functional integration.

Second, project managers rated the degree of involvement in 17 development

activities or decisions in on a 5-point Likert scale, from 1 = not involved at all to 5 =
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played very important role. Scores for the 17 activities were averaged.85

Third, component engineers and production engineers assessed the degree of
involvement by project managers. They rated the degree of a project manager's
involvement in the decision of technology selection on a 5-point Likert scale, from 1= not
involved at all to 5 = very influential. Scores cbtained from these engineers were averaged
to form a project-level measure.

Fourth, project managers rated their authority relative to functional managers in 15
engineering and functional areas on a 5-point scale from 1 = a project manager was very
influential to 5 = a functional manager was very influential 86 Scores for these 15 areas
were reversed and then averaged for each project. Table 5.6 shows summary statistics for

these four indicators.

Table 5.6: Summary statistics for cross-furctional integration indicators

__——,__————-———————————_-'——_——————-—__

Indicators Mean S.D.
Project managers' span of responsibility 4.09 1.65
Project managers' involvement 3.98 0.52
(PM rated)
Project managers' involvement 3.81 0.50
(Engineer- rated)
Project managers' influence relative to 291 0.61

functional managers

85 The 17 activities or decisions are: concept creation, advanced development of new technology, decision of
vehicle layout, selection of major components, selection of carry-over components, selection of suppliers,
detailed engineering, development of design prototype, analyses and feedback of vehicle test results,
development of production prototypes, management of development cost and engineering manpower,
management of production cost, marketing strategies, management of development schedule, management of
development target, coordination between design and test engineers, and coordination among design
engineering departments, the production department, and the marketing department.

86 These 15 engir :ering and functional areas are: exterior/interior design, body design, chassis design,
electronics component design, vehicle test, engine design, process engineering, production and plant
operation, marketing or product planning, sales, quality assurance, cost management, schedule management,
and advanced technology development.
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These four indicators were subjected to a principal component analysis. One factor
emerged (eigenvalue = 2.41). Therefore, we used the first factor as a composite measure
for cross functional integration.

Whereas the above four indicators primarily indicate structural mechanisms for
cross-functional integration, cross-functional communication among project members may
facilitate cross-functional integration through on-going processes. We thus considered the
frequency of the cross-functional communication of project members. Each respondent
was asked to rate frequency of communication with project members in different
engineering areas on a 6-point scale. Then, these scores were averaged to form a project
level measure (mean = 48.6 days per year, s.d. = 10.3).

Another way to achieve cross-functional integration may be to form dedicated cross-
functional teams that are independent of the other project activities (Wheelwright and
Clark, 1992). GM's Saturn project and Chrysler's platform teams are examples of such
independent and autonomous project teams (Scott, 1994). To measure a project's
independence, project core-members were asked to indicate the average percentage of their
time devoted to the focal project. We averaged obtained perc=ntages for each project to
construct a measure for project independence. The mean score across sample projects was

0.69 (s.d. =0.12).
Technical Content, Supplier Involvemeni, and Other Possible Control Variables

Finally, Table 5.7 shows the other variables we considered in the analyses, which

include technical content, the degree of supplier involvement, and economic conditions.

201



Table 5.7: Summary statistics of indicators for technical content, supplier involvement, and economic

conditions.
Indicators Description Mean S.D.

Bubble Economy A dummy variable that indicates project - -
ended before 1992

Micro Car A dummy variable that indicates projects are - -
micro car project.

New Parts Ratio Percentage of newly designed parts (in 0.69 0.17
number of parts).

New Platform Ratio Percentage of new design in under-floor 0.43 0.27
panels and suspension systems (obtained
from the questionnaires)

New Platform Ratio 2 Newness of platform design based on New Oold
Nobeoka's classification scheme (Nobeoka, (code =1) (ccde =0)
1993) 9 16

Assembly Proprietary Parts Percentage of parts developed entirely by 0.39 0.23
assembly makers (see Clark and Fujimoto,
1991 for the definition)

Black Box Parts Parts whose basic engineering is done by car 0.45 0.25
makers and whose detailed engineering is
done by parts suppliers (see Clark and
Fujimoto, 1991)

Supplier Engineering Parts Parts developed entirely by parts suppliers 0.16 0.15
(see, Clark and Fujimoto, 1991)

5-3 Results and Discussions

5-3.1 Correlation Analyses
Technical Content and Task Characteristics

Table 5.8 and 5.9 below show correlations between control variables explained in the
previous section and indicators for overall performance satisfaction or overall performance

improvement.
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Table 5.8: Bivariate relationships between indicators for overall performance satisfaction, and indicators for
technical content, task characteristics, and other control variables

Product Development Adherence Manulactura- Match (o Technical Technical Sales

Cost Cost to Schedule bility Customer  Novelty Performance Achievement
Performance Performance Needs
Bubble Economy -0.53 ** -0.25 -0.18 -0.26 0.69 0.44%* 0.15 -0.09
Micro Car 0.34 0.39 0.41* -0.03 0.01 -0.16 -0.15 -0.20
New Platform -0.55**%*  0.06 -0.23 -0.09 -0.10 0.32 0.34 0.27
New Platform 2 -0.36* 0.07 0.15 -0.06 0.11 0.42%* 0.43%x* 0.30
New Parts -0.34 -0.25 -0.30 -0.06 0.22 0.06 -0.03 0.41*
Assembler Parts 0.00 -0.31 -0.53%xx  -0.39% 0.43 *x 0.10 -0.27 0.36+*
Blackbox Parts -0.05 0.23 0.26 0.33 -0.36 0.03 0.30 -0.29

Supplier Parts 0.09 0.10 0.36 * 0.04 -0.06 -0.19 -0.06 -0.07

Table 5.9: Bivariate relationships between indicators for overall performance improvement and indicators
for technical content, task characteristics, and other control variables

Product DCVB]Omem Adherence Manufactura- Match 1o Technical Technical

Cost Cost to Schedule bility Customer Novelty  Performance
Performance Performance Needs
Bubble Economy -0.44 *x* -0.13 -0.14 -0.02 0.02 0.53 %% 0.32
Micro Car 0.19 0.22 0.38 * -0.09 -0.01 -0.07 -0.27
New Platform -0.54***  -0.25 -0.33 -0.39* -0.14 0.22 0.34
New Platform 2 -0.20 0.08 -0.17 0.08 -0.07 0.55**x (.49 **
New Parts -0.25 -0.20 0.12 -0.05 -0.08 0.03 0.26
Assembler Parts -0.18 -0.07 0.25 -0.27 0.37+* 0.06 0.11
Blackbox Parts 0.07 0.01 -0.35* 0.09 -0.23 0.11 0.11
Supplier Parts 0.15 0.09 0.19 0.24 -0.18 -0.26 -0.32
*p<.10
**p < .05
**%p < .01
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First, these tables show that projects during the late 1980s, indicated by "bubble
economy,” demonstrated lower performance satisfaction in product cost (p < .05) while
they showed higher performance satisfaction in technical novelty (p < .01). This is
consistent with our observation that Japanese automobile producers spent lavishly to
upgrade product features during this period. Similarly, new platform ratios were negatively
associated with product cost performance and positively associated with technical novelty,
implying the trade-off relationship between product cost performance and innovativeness.
In addition, a new platform ratio measured by the Nobeoka's classification (Nobeoka,
1993), “new platform 2”, was positively related to both technical performance satisfaction
and technical performance improvement This result is consistent with Nobeoka (1993) ,
which found that a new platform design strategy resulted in fresh technology at the cost of
development efficiency.

Second, an assembler proprietary parts ratio was negatively related to schedule
performance, while it showed positive association with market-related performance such as
“match to customer needs” and "sales achievement." While this result is consistent with
existing studies that showed the importance of supplier involvement for efficient
development processes (e.g., Clark and Fujimoto, 1991; Imai, et. al., 1985), the data also
indicates that a detailed control for new parts development by assembly makers might be

requived to effectively adapt to customer needs.

Retention Capability, Overall Performance, and System Performance

Tables 5.10 to 5.13 below show results of correlation analyses between sets of
explanatory variables and indicators for overall performance satisfaction and performance
improvement. Table 5.12 and 5.13 specifically show results for system performance that

we statistically separated from local performance to indicate performance characteristics
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derived from interactions among individual engineering domains.

Table 5.10: Correlations between explanatory variables and indicators for overall performance satisfaction

Product Development Adherence Manufactura- Matchto  Technical  Technical Sales
Cost Cost to Schedule bility Customer  Novelty Performance Achievement
Performance Performance Needs

Experience-Based 0.11 0.35 041**  -0.08 0.47 ** 0.16 0.06 -0.12
Retention

X-Generational -0.09 -0.17 0.04 0.15 0.47 ** 0.47 ** 0.23 -0.15
Communication

Long-Term Planning -0.32 -0.13 -0.07 0.08 -0.45 ** 0.23 0.29 -0.32
Groups

Super-Project 0.27 -0.03 0.06 -0.08 0.35 0.07 -0.05 0.07
Managers

Standards & Computer- 0.14 -0.11 -0.08 0.35* -0.07 0.43**  -0.04 -0.13
Stored Information

Documents and 0.19 0.01 0.13 0.26 0.10 0.22 -0.02 0.07
Reports

Computer Simuiation 0.19 0.28 038* 050 **  -0.05 0.29 0.60***  -0.06
(CAE Tools)

Table 5.11: Correlations between explanatory variables and indicators for overall performance improvement
—

Product Development Adherence Manvufactura- Matchto  Technical ~ Technical

Cost Cost to Schedule bility Customer Novelty  Performance
Performance Performance Necds
Experience-Based 0.17 0.36* 0.44 %+ 0.05 0.13 0.01 0.47 **
Retention
X-Generational -0.01 0.01 0.19 0.21 0.22 0.26 0.56*%*
Communication
Long-Term Planning  -0.30 -0.24 -0.55%x*x  -0.11 -0.08 0.31 -0.09
Groups
Super-Project 0.14 -0.02 0.29 0.10 0.16 0.02 -0.20
Managers
Standards & Computer- -0.05 0.04 -0.06 -0.14 0.39% 0.30 0.17
Stored Information ‘
Documents and 0.09 0.14 0.15 0.01 0.11 0.17 0.08
Reports
Computer Simulation  0.22 0.37* 0.04 0.28 -0.20 0.26 0.22
(CAE Tools)
*p<.10
**p < .05
*¥*p < 01
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Table 5.12: Correlations between explanatory variables and indicators for system performance

_— s s
Product Development Adherence Manufactura- Technical ~ Technical

Cost Cost to Schedule bility Novelty  Performance
Performance Pcrformance

Experience-Based 0.17 0.50%* 0.35* 0.08 0.32 -0.01
Retention

X-Generational 0.17 -0.09 0.03 0.16 0.60%** 0.18
Communication

Long-Term Planning  0.14 -0.17 -0.08 -0.26 0.22 0.10
Groups

Super-Project 033 -0.08 -0.04 0.09 0.18 -0.07
Managers

Standards & Computer- 0.22 -0.06 -0.08 0.08 0.44** -0.09
Stored Information

Documents and 0.09 0.03 0.27 0.37* 0.24 -0.16
Reports

Computer Simulation  0.31 0.13 0.47** 0.48** 0.20 033
(CAE Tools)

Table 5.13: Correlations between explanatory variables and indicators for system performance improvement

ce—————— e —————————— e ———————— T ————— e —— S ————

Product Development Adherence Manufactura- Technical — Technical

Cost Cost to Schedule bility Novelty  Performance
Performance Performance
Experience-Based 0.56%**  (.48** 0.37* 0.25 0.00 0.39*
Retention :
X-Generational 0.54**+*  (.38%* 0.19 0.28 0.28 0.52%**
Communication
Long-Term Planning  0.09 0.00 -0.52%* -0.30 0.44** 0.12
Groups
Super-Project 0.07 -0.21 -0.01 -0.12 0.00 -0.08
Managers
Standards & Computer- -0.04 005  -0.17 -0.17 0.39* 0.24
Stored Information
Documents and -0.06 0.09 0.08 0.02 0.31 0.06
Reports
Computer Simulation ~ 0.26 0.32 -0.11 0.29 0.39* 0.11
(CAE Tools)
*n<.10
**p < .05
***p < .01
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Although we found in Chapter 4 that individual-based knowledge retention, such as
transfer of engineers and communication with the previous project members, had no
significant relationship with performance within individual engineering areas, results here
indicate that both experience-based retention capability and cross-generational
communication are positively related to several performance variables at the project
level.87 Specifically, experience-based retention was positively associated with two
performance satisfaction variables - adherence to schedule (r = .41, p <.05) and match to
customer needs (r = .47, p < .05) - and three performance improvement variables -
adherence to schedule (r = .44, p < .05), development cost performance (r = .36, p < .1),
and technical performance (r = .47, p < .05). This suggests that retention of experience
affects broad performance dimensions ranging from development process efficiency and
customer satisfaction to technical performance at the project level.

Cross-generational communication was positively related to performance
satisfaction in technical novelty (r = .47, p <.05) and in match to customer needs (r = .47, p
< .05), and technical performance improvement (r = .56, p < .01). This implies that cross-
functional communication with the previous project members may be an important source
both for technological and market knowledge. Howe'er, cross-generational
communication has no association with any efficiency-related performance.

Tables 5.12 and 5.13 also show several positive correlations between experience-
based retention and cross-generational communication and system performance indicators.
In particular, we found that they have broader relationships with improvement of system
performance, which is consistent with Proposition 3. Specifically, the experience-based
retention variable was positively associated with improvement of product cost performance

(r = .56, p <.01), development cost performance (r = .48, p < .05), adherence to schedule (r

87 Appendix 5 shows correlations among individual indicators for experience-based retention capability and
performance indicators.
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= .37, p < .1), and technical performance (r = .39, p < .1); cross-generational
communication was associated with improvement of product cost performance (r = .54, p <
.01), development cost performance (r = .38, p <.1), and technical performance (r = .52, p
< .01). These results are consistent with our expectation that the retention of integrative
knowledge has a particular contribution to improvement of system performance derived
from complex interactions among different functional domains.

Compared to the impact of individual-based retention capabilities, the impact of
archival-based retention on product development performance seems to be limited. For
example, althougn the analyses in Chapter 4 identified the use of documents and reports for
knowledge retention as the most important contributor to local performance, results here
show that it has no significant association with any performance indicator, except for its
modest relationship with the system performance indicator on manufacturability. This
suggests that, while retention of articulated knowledge has a significant impact on local
performance, it may not be related to system performance at the project level.

The impact of knowledge retention through standardized information, such as
technical standards and CAD/CAE for design and parts reuse, seemed to be limited as well.
It was only positively associated with both performance satisfaction and performance
improvement in technical novelty (r = .43, p <.05), and moderately related to satisfaction
in manufacturability (r = .35, p <.1). A positive association with manufacturability may
reflect recent significant efforts that Japanese automobile producers have made to
formalize knowledge about manufacturable designs. As discussed in Chapter 3, our
interviews at Japanese companies revealed that both product and process designs for easy
manufacturing have been increasingly stored as standards. In addition, since reuse of
existing parts designs generally increased the reliability of component systems, it may lead
to fewer problems in manufacturing. The result may also imply that knowledge about a

design-manufacturing interface might be more articulable than we expected.
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On the other hand, the positive relationship between knowledge retention through
standardized information and performance 1 technical novelty seems to suggest that
efficient design reuse for mature parts of the product design enabled projects to focus on
new technical solutions in less mature parts. For example, one engineer at Honda pointed

out:

"We used to upgrade product features in every aspect of a product. This resulted in
higher cost and price in every major model change . Now we try to upgrade products
at the same cost as before, which means that we focus our new technological
investment on particular parts while saving money in other part designs. That is, we

make products evolve without increasing the cost."88

Most of our sample projects, which came after the Bubble economy period, built
from a realization of the wasteful development styles of this period of opulence. Eighteen
out of the 22 sample projccts introduced new products after 1993, which implies that most
sample projects tended to be cost conscious. If these cost conscious projects had to add

innovative features to their products, they probably would have to compensate for the

indicate this effect.

Additional analyses indicated that communication with previous project members
within the same engineering area was also moderately related to both performance
satisfaction on technical novelty (r = .40, p < .1) and manufacturability (r = .40, p < .1).
This may suggest that performance on technical novelty and manufacturability is related
more to retention of functional knowledge than integrative knowledge.

On the other hand, the use of computer simulation was positively associated with

several overall performance indicators, especially those for technical-related performance.

88 Interview with Mr. Takahashi, Chief Engineer at Engineering Department No. 6, Honda R&D, May 1994.
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For example, it was related to performance satisfaction in manufacturability (r = .50, p <
.05) and technical performance (r = .60, p <.01). Engineers we interviewed also pointed
out that use of CAE simulation has a particular contribution to technical performance and
product reliability or quality, not to deveiopment efficiency.

However, data suggest that the use of computer simulation only has a moderate
relationship with improvement in development cost performance (r = 0.37, p < .1). In
addition, despite its significant relationship with overall technical performance satisfaction,
Table 5.13 shows that the use of computer simulation is not significantly related to a
system performance indicator on technical performance. This implies that the use of
computer simulation tends to affect lucal technical performance more than system
performance.

Contrary to our expectation, the involvement of long-term planning groups was
negatively related to some performance indicators. Especially, this had a significant
negative impact on performance improvement in adherence to schedule (r = -.55,p < .01).
This may simply indicate that long-term planning groups do not work properly from a
project member's point of view, as one project manager at Toyota pointed out during our
interview:

“The "Sokatsu" group in the Product Planning Office and .tﬁe Technology

Planning Cepartment make plans ro: the platform sharing and carry-over.
However, from the CE's point of view, these organizations do not seem to work

properiy "89

Since the long-term planning groups play critical role in coordination among
different projects as well as across generations, the strong involvement of these groups may

indicate that projects needed to adjust development activities with other related projects,

89 Interview with Mr. Ishidera, Chief Engineer, Toyota Motor Corp., July 29, 1992.
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which might cause problems in adherence to the schedule (Nobeoka and Cusumano, 1994;
Nobeoka, 1993, 1995).

The result may also indicate a potential conflict between the autonomy of individual
projects and inter-project coordination by the long-term planning groups (Clark, Fujimoto,
and Aoshima, 1991). The long-term planning groups usually impose several constraints on
individual project activities. For example, in our sample of projects, their involvement had
a strong negative correlation with the new parts ratio (r = -.67, p < .01), implying that it
prevented engineers from designing new parts from scratch. Since "engineers usually hate
to use parts and components designed by the other engineers"90 and "project managers
have tendency to always try something new,"91 project members might have complaints
about the involvement of long-term planning groups. As a result, they may have tended to
ascribe low project performance to the long-term planing groups.

Tables 5.14 and 5.15 below highlight differences among factors affecting overall
performance and those affecting only system performance. These tables show clearly that
experience-based retention and cross-generational communication, in particuiar, have
'pgsitive associations with indicators for improvement of system performance. On the other
hand, archival-based retention and computer simulation tended not to be associated with

those indicators.

90 Interview with Mr. Hosaka, Director in the Product Planning Office, Honda R&D, May 23, 1994.
91 Interview with Mr. Kodera, Manager, Toyota Motor Corp., April 6, 1995.
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Table 5.14: Summary results of the correlation analyses for overall and system performance satisfaction and
sales achievement

Experience—BasedI X-Generational Long-Term Stundards & Documents and Computer
Retention Communication | Planning Group | Computer-Stored Reports Simulation
Infor mation (CAE Tools)
Overall i System | Overalli System | Overall System | Overall; Sysiem | Overall} System | Overall System
Product Cost
Development Cost *ok *(-)
Schedule *k * * *x
Manufacturability * * ** okl
Tech. Novelty *k *kok o *k
Tech. Performance *kk
Match to Customer| *k *x
Sales Achievement

*p < .1, ¥*p <.05, ***p < .01

Table 5.15: Summary results of the correlation analyses for overall and system performance improvement

Experience-Based| X-Generational Long-Term Standards & Documents and Computer
Retention Communication | Planning Group | Computer-Stored Reports Simulation
Information (CAE Tools)
Overall } System | Overalli System | Overall System | Overall; System | Overall{ System | Overall System
Product Cost *okok *kok
Development Cost * ** * *
Schedule *k * () 1 KK
Manufacturability
Tech. Novelty * *
Tech. Performance]  ** * *kok *okk
Match to Customer *

*p<.1, **p < .05, ¥**p< .0l

Consistent with Proposition 2, the tables also seem to indicate that experience-based
retention and cross-generational communication are related more to system performance
than overall performance indicators, although this difference for performance satisfaction

indicators is not as clear as for performance improvement indicators.

5-3.2 Regression Analyses

To further examine the results from the above correlation analyses, we fitted the
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regression models including selected control variables and indicators for archival-based
and individual-based xnowledge .‘ention capabilities. We excluded other explanatory
variables because of the small sample size. Appendix 6 and 7 shows results of regression
analyses.

For each performance indicator, Model 1 includes only control variables. We
selected these control variables by considering both conceptual reasoning and results of
correlation analyses shown in Tables 5.6 and 5.7. All the Model 2s include control
variables and indicators for the standard-based retention capability, the use of documents
and reports, and the use of computer simulation. Model 3s include control variables and
individual-based retention capability indicators. Model 4s include all these explanatory
variables except for the use of documents and reports which showed no significant
relationship with any performance indicator in Model 2s. Model 5s and 6s exclude either
the experience-based capability or the cross-generational communication indicator to avoid
multi-collinearity, which seemed to be caused by a high correlation between these two
indicators (r =0.51, p <.01).

Tables 5.16 and 5.17 below summarize the results shown in Appendix 6 and 7.
Results for the standard-based retention and the use of computer simulation come from
Model 4s. Results for the experience-based retention and cross-generational
communication are obtained from Model S5s and 6s, respectively, to eliminate problems of

multi-collinearity.
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Table 5.16: A summary table for the results of regression analyses for relationships between
knowledge retention capabilities and performance satisfaction

Product cost
performance

Standard-based
retention

Computer
simulation

Experience-base
retention

X-generational
communication

Development cost

| performance

Adherence to schedule

% %k %

| Manufacturability

Technical novelty

* %k

% %k k

Technical performance
Match to customer

needs

%* % *

Achievement of sales

| target

*p<.l, **p < 05, ***p < 0l

Results from Models 4s in Appendix 6 for the standard-based retention and computer simulation.

Results from Models 5s in Appendix 6 for the experience-based retention; Model 6s for the cross-
generational communication

Table 5.17: A summary table for the results of regression analyses for relationships betwezn
knowledge retention capabilities and performance improvement

Product cost
performance

Standard-based
retention

Computer
simulation

Experience-base
retention

X-generational
communication

|

Development cost
performance

* %k

Adherence to schedule

%* %

Manufacturability

 Technical.navelty.

Technical performance

*ok *skok

Match to customer
needs

*p <.1, **p < .05, ***p < .0]

Results from Models 4s in Appendix 7 for the standard-based retention and computer simulation.

Results from Models 5s in Appendix 7 for the experience-based retention; Model 6s for the cross-
generational communication
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Results shown in Appendix 6 and 7 as well as Tables 5.16 and 5.17 generally
supported the results of the correlation analyses, and indicated even stronger relationships
between experience-based retention and overall performance indicators. Especially, an
experience-based retention variable was significantly associated with development process
efficiency. For example, Model 4s, the full regression models, shows that experience-
based retention is related to performance satisfaction both on development cost and on
adherence to schedule, at the 1% significance level. It was also related to performance
improvement in development cost and in adherence to schedule at the 5% level. Although
the full mcdels show no more sigrificant associations between the experience-based
retention and the match to customer needs or technical performance improvement, which
was found to be significant in the correlation analyses, this might be due to multi-
collinearity caused by a high correlation between the experience-based retention and the
cross-generational communication variables. In fact, Model 3s for these two performance
indicators show that inclusion of experience-based retention and cross-generational
communication variables significantly increased the adjusted R-squares, and Model 5s
which excluded the cross-generational communication variable, also showed positive and
significant relationships between the experience-based retention and satisfaction on match
to customer needs and improvement in technical performance at the 5% levels.

The finding that experience-based retention capability tends to be positively
associated with development process performance may indicate that critical experiences
retained from the past development activities is related to knowhow or knowledge to
effectively manage the development process by the mutual adjustment of working
relationships. For example, Mr. Uchiyama, Project Manager at Mazda, made the following

comment:

"In the case of the RX-7 projects, the same [major] project members have tended to
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be responsible for all three generations.... Since our minds worked the same way
[and shared a common language], we could immediately transform what we
imagined to substantial forms, and required information also immediately came to a

person who needed it... although I do not think this is always good.92"

As this comment implies, consistent retention of experiences in cross-functional
problem solving develops a common understanding among project members despite
different functional backgrounds (Kofman, et. al., 1993). In turn, this may improve
efficiency of the development process.

In contrast, the cross-generational communication variable was specifically related to
technical- and market-related performance indicators, such as satisfaction on technical
novelty and improvement in technical performance, and satisfaction on the match to
customer needs, but not to efficiency-related performance indicators. In fact, Model 4s
show that cross-generational communication was negatively associated with satisfaction in
development cost performance. However, this negative relationship is probably due to
multi-collinearity since results in Model 6s no longer showed significant negative
relationship between cross-generational communication and satisfaction in development
cost performance, though the sign was negative. Similar to results of the correlation
analyses, this result indicates that cross-functional communication with the previous
project members is an effective way to acquire technological and market knowledge.

The results in Appendix 6 and 7 are also consistent with the correlation results for
retention capabilities indicated by archives, standards and computerized systems. For
example, the standard-based retention variable had only a moderate relationship with
satisfaction in technical novelty, as indicated in Model 4 (p < .1).

The use of computer simulation was strongly related only to satisfaction in technical

92 interview with Mr. Uchiyama, Project Manager (Shusa), Mazda Motor Corp., May 19, 1994.
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performance (at the 1% level). It had moderate relationships with improvement in
development cost performance and in manufacturability (at the 10% level).

In summary, the above correlation and regression analyses seem to support our
propositions at least for some performance dimensions. Contrary to the results in the
previous chapter regarding local performance, the above analyses generally indicate that
individual-based knowledge retention capabilities are required to improve product
development performance at the project level, which is consistent with Proposition 1.
Particularly, we find that their impact is stronger, or broader, on system and improvement
performance rather than on static and local performance (consistent with Proposition 2 and
3). On the other hand, we found that archival-mechanisms for knowledge retention tended
not to have a substantial influence on product development performance at the project

level.

5-3.3 Moderating effects by task characteristics on relationships between project
performance and individual-based retention capability

Proposition 4 suggests that task newness may have moderating effect on the
relationship between individual-based retention capability and product development
performance. To examine this possibility, we fitted regression models including
interaction terms between individual-based retention capability indicators and either
technical or market newness involved in new product development.

New platform ratios, shown in Appendix 6 and 7, were used to indicate technical
newness involved in the project tasks. Market newness was identified by considering
project managers' self-evaluations, brand name changes, and market class changes, as
described below.

First, project managers were asked to choose the most appropriate description of

their products from the following three descriptions: "(a) mainly targeted to the existing
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customer base;" "(b) targeted both to the existing customer and the new customer base;"
and "(c) mainly targeted to the new customer base.” When a project manager chose (c), we
categorized his project as "new market"; when he chose (a), we categorized this as an
"existing market." As a result, four projects were categorized as "new market" and five
projects as "existing market." For remaining 13 projects, we further classified four models
as "new market" since these products were given different brand names from the
predecessor models with substantial price differences.93 Finally, we classified one product
as "new market" since this new model was clearly positioned in a different market class
“from the previous model. 94 As a result, seven projects were classified as "new market,"
and 15 projects as "existing market" (see Appendix 8 for a further explanation of this
classification process).

Appendix 9 shows results of regression analyses that examine the moderating effects
either of technical or market newness on performance satisfaction, while Appendix 10
shows results for their moderating effects on performance improvement. All the Model 1s
include interaction terms for the experience-based retention variables, while Model 2s
include those for the cross-generational communication variable.

Proposition 4 implies that we should expect negative signs on the regression
coefficients for interaction terms. Indeed, we found significant negative coefficients for the
interaction terms in the regression models. This implies that projects tends to benefit from
retention of prior experience bases when they develop new products based on existing
platform designs toward familiar customers. Especially, the results seem to suggest that

market newness is more likely to moderate relationships between individual-based

93A predecessor of one model was sold in the market place as a derivative of another product, and the old
brand name included the brand name of that base product. The name of this base product line was removed
from the new model, which became independent of the previous base model.

94 The predecessor of this new model had the FR platform and was targeted only to the domestic market.
Although the current version has the same brand name as this predecessor, its basic design was integrated into
the other export-based product in the different product class, which is based on the FF platform. As a result,
this new model was positioned in a different market class from the predecessor model.
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retention capabilities and product development performance than technical newness.

Tables 5.18 and 5.19 below summarize the results in Appendix 9 and 10.

Table 5.18: Effects of interactions between the individual-based retention and the task characteristics on

performance satjsfaction.
Experience-based retention X-generational communication
X X
Market newness | Technical newnes§ Market newness | Technical newnes:
Product cost performance
Development cost performance ** (L) *k (L)
Adherence to schedule
Manufacturability *(-)
Technical novelty
Technical performance kK ()
Match to customer needs
Achievement of sales target * () Rk O)

*p< .1, **P < .05, ***p < 01

Asterisks mean that interactions between retention mechanisms and task newness ave significant
negative impacts on performance indicators.

Table 5.19: Effects of interactions between the individual-based retention and the task characteristics on

performance improvement.

Experience-based retention

X

X-generational communication

X

Market newness

Technical newnest

Market newness

Technical newness

Product cost performance

)

Development cost performance

Adherence to schedule

Manufacturability

Technical novelty

Technical performance

Match to customer needs

*p<.l, **P <.05, ***p < .0l

Asterisks mean that interactions between retention mechanisms and task newness have significant
negative impacts on performance indicators.
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As these tables show, we found expected moderating effects by market newness on
relationships between experience-based retention and satisfaction in development cost
performance (p < .05) and sales achievement (p < .1). This implies that, when projects
developed new models targeted to new customer bases, retention of prior individual
experiences may negatively affect development efficiency and market performance. Figure
5.2 below indicates the fitted regression lines obtained from regression models in Appendix

9 and 10, and graphically show the interaction effects.

Figure 5.2 Fitted regression lines for the relationship between experience-based retention and performance

indicators by market newness
Sales Target Achievement Development Cost Performance
21]
198 «eeeemae New Market
1.7 - Existing Market
154 ..-"'\.-.
1.3 N
1.1} e 5
09[ ""'-.‘.“ 21
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0.5 ey I ———————————————4
-1.58 -1.13 -0.68 -0.23 022 0.67 1.12 157 2.02 -1.58 -1.13 -0.68 -023 022 0.67 1.12 157 202
Experience-Based Retention (Factor Score) Experience-Based Retention (Factor Score)

We also found that a similar expected moderating effect by market newness on
relationships between cross-generational communication and satisfaction in development
cost performance (p < .05), in manufacturability (p < .1), achievement of sales target (p <
.01), and improvement of product cost performance (p <.1). As indicated in Figure 5.3,

these results suggest that retention of prior knowledge through face-to-face communication
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may not be appropriate for projects developing new products with different target markets

from the previous models.

Figure 5.3 Fitted regression lines for the relationship between ¢ross-generational communication and

performance indicators by market newness
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Our variable indicating communication with the previous project members also
partially captures transfer of previous members (as we already explained, the more
members are transferred from the previous projects, the more current intra-project
communication overlaps communication with the previous project members). Therefore,
these results may generally indicate that, while retention of embedded knowledge may be
particularly important in the case where there is continuity of customer needs, it creates
some problems in adapting to new market conditions.

On the cher hand, technical newness had a significant moderating effect on the
relationship between technical performance and cross-generational communication
variables (p < .01). This suggests that, when projects developed new platform designs,
communication with the previous generations of project members negatively affected
technical performance. However, technica! newness had no other significant moderating
effect. In fact, close examination in the scatter plot shown in Figure 5.4 below indicates
that the observed strong moderating effect by technical newness for technical performance

was, in fact, strongly influenced by one data point (indicated by an arrow).
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Figure 5.4 A Scatter plot between technical performance and cross-generational communication by platform
newness

Technical Performance

48
Q.6 b ]

4.4 -

&2+ A
A " A A B Existing Platform
41 - -
A A New Platform

u 38 +

= 3.’--

. 34 4

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Cross-generational Communiation (Z-score)

While the scatter plot seemed to clearly show a positive impact of cross-generational
communication on technical performance in the case of products using existing platforms,
we cannot conclude that it has a negative impact on technical performance when products
have new platform designs.

These results may indicate that knowledge about linkages to the customer base is
more context-specific than technical integrative knowledge, as some researchers have
pointed out (e. g., Christensen and Rosenbloom, 1995; von Hippel, 1994), and thus tend to
become obsolete when there is a significant change in the customer base. On the other
hand, existing technical knowledge might be more widely applicable in different settings,
implying that prior knowledge may be useful even in developing novel technological
concepts (Iansiti, 19¢5b).

Qualitative information obtained from interviews also suggests that, while the

retention of market-related knowledge may be particularly important to obtain a
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sophisticated understanding of the requirements for well-established customer bases, it may
sometimes prevent project members from bringing in new market concepts. For example,
Mr. Fukai, Project Manager ("Shukan" ) at Nissan, responsible for the Sentra project,
pointed out that Nissan has changed very recently so that a project manager is responsible

for two successive generations because of the importance of marketing knowledge:

"[Since around 1980] project managers have tended to be replaced by each major
model development project. However, as cur very recent policy, we are shifting back
to make project managers responsible longer, say, two generations.... This is related
to the fact that marketing [and its relationship with engineering] has become
increasingly important. Marketing [knowledge] is not something quickly and easily
understood.... Career paths like Mr. Honda at Toyota might be required [he has been
respoasible for the Corolla project for 16 years as a project coordinator]... However,
when we develop a new product that has no prior history, we try to get new

[inexperienced] people. v95

The description of the history of Toyot's Celica/Carina projects in Chapter 3 also
indicated that continuity of a project managers' group has been driven by continuity of the
customer base. In the Celica/Carina projects, candidates for the project manager were long
trained to understand the technology-market interfaces despite occasional technological
discontinuity indicated by, for example, shift from a FR to a FF platform in 1983.

Although we found that technical newness tended not to moderate the impact of
experience-based retention on performance, it may not be appropriate to conclude that
retention of experience bases is always important regardlcss of technical discontinuity. This
is because, first, our technical newness indicator merely shows the newness of the platform
design, not of fundamental technological approaches, and, second, because automobile
technology is generally "mature". This implies that what is new in this industry may not be

sufficiently new to indicate the degree of technological change that might occur in newer

95 Interview with Mr. Fukai, “eneral Manager, Nissan Motor Corp., April 11, 1995.
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industries. .

4 Other Results: Impact © aditional Perform
with the Individual-Based Retention Capabili

Tables 5.20 and 5.21 show correlations between performance indicators and

indicators for cross-functional integration, cross-functional communication, dedicated

project teams, and individual retention capabilities.

Table 5.20: Correlations between indicators for cross-functional integration and overall performance

satisfaction
Product Development Adherence Manufactura- Matchto  Technical Technical Sales
Cost Cost to Schedule  bility Customer Novelty Performance Achievement
Performance Performance Needs
X-Functional 0.24 0.34 0.43 ** 033 033 0.34 0.33 0.02
Integration
X-Functional -0.05 0.21 0.08 0.07 0.12 0.33 0.51 *x 0.34
Communication

Project Indegndence -0.23 -0.25 -0.25 0.02 0.08 0.20 -0.08 0.41 *x*
*p <.1,**p < .05, ***p <.01

Table 5.21: Correlations between indicators for cross-functional integration and overall improvement

performance
Product Development Adherence Manufactura-Matchto Technical Technical
Cost Cost to Schedule  bility Customer Novelty Performance
Performance Performance Needs
X-Functional 0.19 0.54 ** 0.48 ~* 0.26 0.18 0.28 0.31
Integration
X-Functional -0.06 0.22 0.23 0.18 -0.02 0.37 * 0.46 **
Communication
Project Independence -0.30 -0.39 * 0.02 -0.07 -0.03 023 0.10
*p<.10
**p < .05
*xkp < 01

These tables show that different ways to achieve cross-functional coordination were
diffcrentiaily related to performance dimensions. For example, the cross-functional

integration variable, which primarily indicates structural mechanisms for cross-functional
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integration, tended to be positively related to development process efficiency reflected in
satisfaction in and improvement of adherence to schedule (r = .43 and .48, p < .05 and .05,
respectively), and development cost performance improvement (r = .54, p < .05).96 On the
other hand, ihe cross-functional communication that indicates cross-functional integration
through on-going processes tended to be related to technical performance indicators, such
as satisfaction in technical performance (r = .51, p < .05) and technical performance
improvement (r = .46, p < .05). This may suggest that, while development efficiency is
achieved through disciplined mechanisms, such as heavy-weight project systems and
project-types of organizations, group processes are more important for technical
performance.

The projeci independence variable that indicates the extent of dedicated membership
of core-project members tended to show negative relationships with efficiency-related
performance indicators while it had a positive association with sales achievement.
However, close examination revealed that observed correlations are spurious, caused by a
high correlation between the project independence variable, and new platform ratios (r =
.60, p < .01) and an assembler proprietary parts ratio (r = .50, p < .01). These high
correlations imply that highly dedicated core-project teams tend to be formed when
projects are aimed at developing new platforms with more in-house new parts. After
controlling for these two variables, we did not obtain any significant relationship with
performance indicators.

Table 5.22 below shows correlations between these indicators for cross-functional

integration and indicators for individual-based retention capabilities.

96 Signs of the correlation coefficients among the cross-functional integration variable and performance
variables were consistently positive. This is not surprising since both performance indicators and a cross-
functional integration indicator were strongly influenced by project managers' responses in the questionnaire
survey.
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Table 5.22: Correlations between indicators for cross-functional integration and
individual-based retention capabilities

Experience  X-gen. X-func.  X-func.

base Com. Integ. Com.
Experience-based
Retention
Cross-generational 0.51 **
Communication
X-Functional 0.57*%*% (.53 %**
Integration
X-Functional 0.14 0.42 ** 0.37*
Communication
Project Independence -0.20 -0.19 0.02 0.29

It is significant that the table shows high correlations between the cross-functional
integration variable, and experience-bases retention or cross-generational communication
variables. Figure 5.5 shows the relationship between experience-based retention and cross-

functional integration graphically.

Figure 5.5 Correlations between experience-based retention capability and cross-functional integration
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Observed high correlations are not tautological since we measured these variables in
completely different ways, as already explained. This finding is important since it suggests
that retention of prior cross-functional experiences may be required to achieve high cross-
functional integration in the present project. This further implies that the ability to
integrate cross-functionally may not be created instantaneously, but, rather, it is an

historical outcome.

5-4 Summary

This chapter explored how integrative knowledge retention capabilities, indicated by
retention of individual experience bases and face-to-face communication among
individuals of successive generations of projects, affect new product development
performance at the project level. We found that these capabilities positively affected
several performance dimensions in new product development. In particular, they are
related to the improvement of new product development performance over previous
generations, and to system performance derived from the complex interactions among
different engineering domains. The results generally supported our hypothesis that the
retention of integrative knowledge by individual-based mechanisms is of fundamental
importance to performance derived from the complex interaction among different
functional and engineering domains.

These results contrast with the results in the previous chapter. In Chapter 4, we
found no significant impact of individual-based retention capabilities on local performance.
Instead, local performance was affected by the use of archival-mechanisms for knowledge
retention, indicated by reference to documents and reports, and the use of computer-aided

design systems. However, the analyses in this chapter showed that archival-based
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knowledge retention is not a critical contributor to system level performance. This contrast
implies that, although knowledge retention is important to improve product dcvelopment
performance, different retention capabilities may be required to achieve system level
performance as compared to local performance.

In addition, since the contribution of local performance to overall product
development performance depends on several factors, such as product architectures,
environmental conditions, and technological maturity, companies may take different
approaches to manage knowledge retention processes. In the concluding chapter, we
further discuss this strategic aspect of knowledge-retention management.

This chapter also examined whether or not the retention of integrative experiences
has a positive impact on performance, even when projects are required to adapt to new
technological or market conditions. Our findings suggest that the retention of prior
experience tends to cause problems when projects have to introduce new market concepts,
rather than new technology. This finding also has important managerial and theoretical
implications which we also discuss in the concluding chapter. Finally, our analyses
suggest that the retention of integrative knowledge through continuity of project members
and cross-generational communication may be a foundation for the cross-functional

integration of subsequent projects, which is a traditional performance predictor.
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Chapi-r 6

Conclusion: Implications and Limitations

As long as companies introduce a sequence of new products over time, how to retain
kncwledge obtained from past development experience should be of conrcrn to
management of new product development. Especially, in industries where a fast product
cycle is a critical source of competitiveness, capabilities to retain and quickly utilize prior
knowledge may have particular importance. However, there have been few broad-based
empirical examinations dealing with this issue. Most existing studies of new product
development have tended to focus on management of a single project, and ignored linkages
across different generations of projects. As a result, we have had little systematic
understanding on the role of knowledge retention in a sequence of new product
development projects.

This study, by drawing on examples from the Japanese automobile industry, has
explored how companies can effectively retain prior knowledge about new product
development and how knowledge retention affects new product development performance.
We found that knowledge retention across generations of projects does affect new product
development performance and has profound implications for the management of new
product development. We first briefly review our findings below. Then, in the subsequent
sections, we discuss managerial implications, theoretical implications, and limitations of
this study.

Chapter 3 examined relationships between knowledge types and appropriate

knowledge retention mechanisms. There, we specifically focused on knowledge of the
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interactions among fragmented functional domains, which we defined as integrative
knowledge. Based on descriptions of knowledge retention practices at Japanese
automobile producers, conceptual discussions suggested that integrative knowledge may
tend to be tacit and context-specific, and that its retention may require direct transfer of
individual experience and intensive face-to-face interactions. Two simple tests using data
for 183 core members of new product development projects at seven Japanese automobile
producers partially supported this. In the first test, we found that project members
responsible for integration activities tended to continue their positions in successive
generations of projects. The second test showed that vehicle layout engineers tended to
rely less on documents, reports, and standards to learn from past design practices than do
component engineers. We also found that design information stored in these archival
facilities seemed to be more important to design individual parts of component systems
than whole component systems. This is because it seems that the more knowledge
becomes integrative, the less its retention depends on archival media.

In the subsequent two chapters, we examined the impact of knowledge retention
capabilities on performance in new product development. In particular, Chapter 4 focused
on performance within well-established component system development areas, which we
defined as local performance. Chapter 5 examined both overall performance at the entire
project level and performance derived from interactions among different functional
domains, which we defined as system performance. There are important contrasts in the
results between these two chapters.

We found in Chapter 4 that retention of prior knowledge in articulated and
generalized forms seems to be of great benefit to well-defined component system
development. Test results showed that dependence on documents and reports for
knowledge retention had a positive impact on a range of local performance indicators; use

of computer-stored design information improved product cost performance; use of
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computer simulation tools resulted in higher technical performance. However,
organization-based and individual-based mechanisms for knowledge retention had either
no association or negative associations with performance indicators.

On the contrary, the test results discussed in Chapter 5 showed that retention of
individual experience bases and face-to-face communication with previous project
members had a positive impact on sevcral pertormance indicators at the project level.
Especially, we found that these individual-based retention capabilities affected
improvement of system performance derived from the complex interactions among
different engineering and functional domains. Archival mechanisms for knowledge
retention, on the other hand, did not seem to be critical to improvement of system level
performance.

Other results discussed in Chapter 5 indicate that the impact of experience-based
retention capabilities on product development performance was affected by the
characteristics of project tasks. Test results showed that the benefit of experience-based
retention is greater when projects introduce new products for existing customers, using
prior platform designs. Our findings further suggested that retention of prior experience
tends to cause problems when projects have to introduce new market concepts. We also
found a high association between capabilities for experience-based knowledge retention
and those for cross-functional integration, implying that retention of an experience base

may be fundamental to project integration.

6-1 Managerial Implications

The above findings have several direct implications for the management of new

product development, as described below.
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Explicit management of knowledge retention processes may be important both from
the point of view of retaining critical knowledge, as well as disregarding unnecessary
knowledge.

While existing literature on management of new product development has identified
coordination and communication across specialized activity areas as critical to
development speed, productivity, and product quality, our findings suggest that such
coordination and communication alone may not be enough to achieve project-level
integration for high product development performance. We showed that the success of
projects also hinges upon their ability to learn from past integrative experiences. Our
results also suggested that a project's ability to retain integrative knowledge may be the
foundation for the cross-functional integration of subsequent projects. These findings imply
that instantaneous structural solutions such as cross-functional teams and heavy-weight
project structures may not be the only answer to improve development performance.
Projects may be able to execute their integration activities most effectively when they
deeply understand potential interactions across different knowledge domains through past
development experiences.

However, our results also implied that knowledge retention may not always be
desirable. Especially, we found that prior experience bases seem to prevent projects from
successfully introducing products for new markets or unfamiliar customers. This suggests
that managers have to explicitly manage knowledge flows from previous projects in
accordance with the specific objectives for each new product development project. For
example, when projects are trying to introduce a new product line for new customer
groups, companies may want to isolate those projects organizationally from other projects,

as GM did for its Saturn product line. In such a case, it might also be appropriate to form
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projects with members who do not have too much experience in developing a particular

product line.

e Companies can improve product development performance either by improving local
performance or system performance, each of which requires different knowledge
retention capabilities.

Our results showed that, while improving local performance may require capabilities
to retain knowledge in articulated forms, such as documentation and computerized CAD
files, improving system performance at the project level may call for the transfer of
individual experience bases. This implies that archival-based and individual-based
mechanisms for knowledge retention are not necessarily substitutes, but, rather, they are
complementary.

Companies may greatly benefit from formalization of knowledge within well-
established engineering domains. Especially, we believe that advanced computer-aided
design systems will increasingly capture design know-how once embedded in experts and
craftsmen in these specialized domains. However, as long as a new product is the outcome
of complex interactions among different knowledge domains, retention of individual
experiences may remain important. Besides, once knowledge is fully articulated and
standardized, it becomes relatively easy to transfer it across companies, which decreases its
competitive value. Therefore, the increasing articulation and standardization of automobile
design knowledge do not necessarily devalue individual experience bases, but rather, they
may increase their value if they have integrative characteristics.

Although both archival-based and individual-based knowledge retention are
important, the relative emphasis between these may differ across industries and different

stages of industry evoluticn. First, the nature of product architecture may affect the relative
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importance. When a product is completely modularized both in terms of the physical
design and the design process, its overal! performance may be influenced mostly by the
initial architecture or design of how the individual components work separately as well as
together, rather than on how the components interact as a system.97 In this case,
investment in archival and computerized mechanisms for knowledge retention may become
important. On the other hand, when a product architecture is highly integrated, including
complex interdependencies between different components, improvement of product
performance may require more subtle knowledge of interactions among individu.!
components. In such a case, the retention of individual experience bases may play a
critical role.

Second, the characteristics of user requirements may also influence the relative
importance between archival or computer-based and experience-based retention. When the
required product functionality is stable and consists of only a few clear dimensions,
knowledge about user-design interfaces is relatively simple, thus, a project can concentrate
only on technical issues. We conjeqture that, in such a circumstance, archival and
computerized mechanisms may be important ways to retain knowledge. On the other hand,
some products, such as an automobile can satisfy customers in a number of ways, such as
in styling, acceleration, space utility, and mileage. An appropriate combination of different
performance dimensions is often very subtle, which even customers may not be able to
articulate. In such a case, knowledge to integrate customer needs with physical designs
may have to be kept as tacit and embedded knowledge by individuals.

Although we assume in this dissertation that automobile development involves

substantial complexity and uncertainty both in the product architecture and user interface,

97 However, even if the interfaces for each component isolate interactions, the system can be highly
integrated when important performance characteristics arise from the physical properties of multiple
components. For example, on a computer, a design of the disk drive is totally modularized. However, if it is
slocw, then the computer as a system exhibits poor performance.
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this may change in the future. For example, our interviews revealed that autumobile design
is increasingly being modularized to enable more efficient sharing of components across
different models. This may result in mere importance of archival and computerized
mechanisms for knowledge retention. On the other hand, some interviewees mentioned
that it had becomme increasingly difficult to understand user needs. This may indicate that
roles of persons who manage linkages between user needs and product designs will become
more critical than before. In any case, managers may need to consider the required level of
integration activities involved in new product development to appropriately invest in

different knowledge retention facilities.

* An organization's knowledge accumulation process in new product development
partiaily reflects a patiern of personnel transfer across different projects over time.

Resuits of this study suggest that companies need to carefully manage and plan the
transfer of project members across different generations since personnel transfer is a
critical means to retain integrative knowledge and accounts for an importan: part of
organizational-level knowledge accumulation processes. For example, we described in
Chapter 3 that Toyota has maintained a systematic flow of people within project managzr
groups. This systematic flow seemed to contribute to the accumulation of knowledge
about complex project integration. However, not all companies that we interviewed had
such a systematic process for considering the transfer of project members. Companies
often assign people to projects simply because ~f their availability. Since personnel
changes, in most cases, have no formal link to project activities, project managers
sometimes leave projects halfway because of their promotion. More explicit attention to
the knowledge retention aspect of personnel changes may therefore be of significant benefit

to companies.

237



Companies may also need to take into account project members' past experiences
and their common experiences more systematically in forming new product development
projects. In addition, since integrative knowledge tends to be embedded in individuals,
expiicit training of persons who can integrate diffecent functional domains is clearly
important. In this respect, some existing studies have identified the importaznce of strong
project coordinators, represented by heavyweight project managers proposed by Clark and
Fujimoto (1991). However, this study further suggests that the abilities of such strong
coordinators to work effectively does not automatically come with the position, but rather
results from an historical process resulting in the accumulation of experience. Thus, just
giving strong formal authority o project managers is not enough. Companies probably

may need to train and maintain persons who deeply understand past integration activities.

6-2 Theoretical Implications for New Product Development Strategy and
Organization

This study has several theoretical implications for studies of new product
development. Below, we focus on new product development strategy and organizational

design.

trategic Dimensions for New Product Development
The results of this study suggest that there are, at least, two important strategic
dimensions to new product development. The first is related to the decision of whether to
adopt an integration or system orientation versus a functional or component orientation.
The second is related to whether new product development includes the retention of prior

knowledge or whether it limits its use of existing knowledge gained in past projects.
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Many existing studies have emphasized the first dimension (Allen, 1986; Clark and
Fujimoto, 1991; Marquis and Straight, 1965; Katz and Allen, 1985; Iansiti, 1992). While
the development of technologically advanced components typically requires highly
speciaiized functions, the development of an integrated product system usually calls for
cross-functional interactions, which may involve a loss of some of the advantages of
specialization (Clark and Fujimoto, 1991; Imai, Nonaka, and Takeuchi, 1985; Katz and
Allen, 1985). Herein lies the trade-off between, on the one hand, giving priority to the
attainment of maximum performance at each component and functional level (local
performance), and, on the other hand, focusing on the integration of the product system as a
whole (system performance).

However, we have demonstrated in this study that knowledge retention is another
critical activity that affects new product development performance. In particular, we found
that effectiveness in knowledge retention may depend on task characteristics specified by
project strategies. Whereas some projects may depend heavily on technological and
market knowledge embedded in previous projects and products, other projects may create
entirely new sets of knowledge. Thus, new product development can be characterized
according to whether it includes, deliberately or not, knowledge retention, or whether it
limits its use of existing knowledge gained in past projects. This dichotomy has a direct
link with the distinction between radical and incremental innovation as we discussed in
Chapter 1 (Dewar and Datton, 1986; Ettlie, et al., 1984; Tushman and Anderson 1986).

These two strategic dimensions highlight different objectives for new product

development as shown in Figure 6.1 below.
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Figure 6.1 Different objectives of new product development

High Component-Level System-level
Improvement Improvcment

Knowledge Retention

Low New Component New System
Introduction Introduction
Elements System

(Local Performance)  (System Performance)

Locus of Product Development

For example, the upper-right cell indicates that projects may incrementally enhance
existing products by improving interactions across different engineering and functional
domains. This may require substantial efforts to retain integrative experience obtained in
prior development activities. On the other hand, the lower-right cell ip_dicates that projects
may develop new products from "scratch” and provide entirely new system solutions into
unfamiliar customer bases. Retention of prior experiences may be restricted in this case.

The left two cells indicate that companies may focus on specialized technological
elements in new product development. For example, in the case of automobile
development, companies may place a particular emphasis on development of superior
suspension technologies. The development of such technological elements sometimes
requires a departure from the existing technological concepts, such as from traditional

passive suspension systems to electrically controlled active suspension systems. This is
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indicated in the lower-left cell. In the other case, development of technological elements
may be cumulative and based on existing knowledge. This type of development has been
characterized as incremental innovation., and is indicated in the upper-left cell.

This characterization of new product development is important because achievement
of each of these four objectives may require different processes for managing knowledge
retention. In turn, companies can pursue these objectives with organizational designs, as

we discuss in the next section.

A Framework for Organizational Designs in New Product Development

An important task in organizational design is to categorize its various activities into
several groups, to break these groups into clusters, and eventually to create an overall
structural pattern (Thompson, 1967). The division of labor is a process of allocating
various activities into several organizational subunits, and task partitioning (von Hippel,
1990) This refers basically to the same process, as do the concepts of task differentiation
and then integration discussed by Lawrence and Lorsch (1967).

Existing studies of product development suggest two ways of dividing labor: either
organizing around functions or organizing around products. This corresponds to the first
strategic dimension described earlier in this thesis: a system (integration) focus versus an
element (specialization) focus. The development of advanced technologies favors
functional organizations, and integration among different technological and functional
domains require a project-based organizational design. As various scholars have noted,
since project organizations can effectively manage cross-functional integration , they are
more appropriate to improve system level performance (Fujimoto and Clark, 1991; Imai,
Nonaka and Takeuchi, 1985). On the other hand, since functional organizations facilitate
communication within functional areas, they may be more effective when a higher standard

of local performance is required (Katz and Allen, 1986). Between these two extremes,
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there are other possible organizational choices. For example, Clark and Fujimoto (1991)
proposed a spectrum of four ideal types of organizations. These range from traditional
functional structures with a relatively low level of cross-functional integration; to light-
weight project structures with a high level of integration within engineering departments;
to heavy-weight project structure with high levels of both engineering and customer
integration to ; and autonomous project teams with the most integration.

However, explicit consideration of knowledge retention as a strategic dimension may
call for some modifications to this spectrum from autonomous project teams to traditional
functional organizations. The existing model deals only with organizational structures at a
specific point in time. It overlooks the fact that various activities within a product
development organization are spread out over time, and erroneously de-emphasizes
temporal inter-relationships between product development efforts. It says nothing about
how previous development projects are organizationally linked to current projects and how
people are assigned across different generations of projects.

The results of this study suggest that structural mechanisms to link different
activities within individual projects are not enough to properly characterize new product
development projects. For example, projects with the same level of heavy-weight project
managers may substantially differ in their organizational relationships with previous
pfojects. We found that mechanisms to link different generations of projects
organizationally, for example, the continuous assignment of key project members,
significantly affect development performance.

New product development is not necessarily a momentary activity, but is often
continuous. This requires the inclusion of a time dimension to take into account of this
fact. How to divide and categorize development activities spread out along the time
dimension is, therefore, an important element of designing new product development

organizations, which influences knowledge accumulation processes in organizations.
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Figure 6.2 illustrates a framework for designing new product development
organizations, and explicitly involves the time dimension in organizational design. This
figure classifies product development organizations along two dimensions. The first relates
to the distinction between functional-based and project-based organizations. This
corresponds to the distinction between the system and element focus shown in Figure 6.1.
The second dimension deals with how to link different generations of projects, and
corresponds to the level of knowleage retention. These two dimensions identify four
organizational design modes: 1) an autonomous project team; 2) an overlapped project
structure; 3) a functional organization; and 4) a functional team structure. We describe
each of these four modes below. However, since these organizational design modes are

stylized, actual designs may show a mixture of characteristics.
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Figure 6.2: A framework for the design of new product development organizations

Knowledge Retention
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F1, F2, F3, and F4 stand for functional departments

Autonomous project teams

In this type of organization, individuals from different functional and technological
areas are formaily assigned and dedicated to the project team. Project leaders are
influential throughout the entire development process (Wheelwright and Clark, 1992).

Project members together concentrate on the development of a single new product. Each
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project member is more a generalist than a specialist, and pursues high performance of
final products instead of component-level functional performance. Since project teams are
organizationally independent of other projects, they create their own products from scratch,
and do not make significant use of existing practices or knowledge created in other product

development activities.

Overlapped project structure

In this form of organization, similar to autonomous project teams, individuals are
grouped around products rather than disciplines, and are responsible for the overall
performance of final products. However, each project is no longer independent of the
others. It does not create its own product from scratch. Instead, it learns from previous
projects and utilizes knowledge, especially integrative knowledge, to achieve system level
improvement . Since retention of integrative knowledge require retention of individual
experience bases, project members responsible for integration activities tend to continue in
successive generations. In addition, some key project members may also be responsible for
multiple generations. In this sense, projects in successive generations are organizationally
overlapped. What is important in this mode is that, even if project members work on
multiple generations of projects, they are responsible for the performance of final products,
instead of the functional performance of individual components. In this type of
organization, project managers might be further directed by super-project managers who

supervise multiple generations of product development.

Functional organization
In contrast to the above two structures, in the traditional functional organization,
individuals are organized around disciplines instead of products (Allen 1986; Clark and

Fujimoto, 1991). Each task is directed by its own functional manager. Individuals are
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specialists and try to achieve high performance within each functional area (e.g., engine
development, suspension development and testing) while being relatively independent of
other functional activities. Since each functional activity is continuous over time in this
organization, functions or subfunctions can accumulate deep component knowledge. In
addition, since domain-specific knowledge may be effectively retained in articulated forms,
archival mechanisms for knowledge retention, such as documents, reports, standards, and

computerized systems may play a particularly important role.

Functional team structures

Individuals in this structure are also grouped together by discipline and focus on their
own functional activities as specialists. The functional organization assumes that each
functional activity is continuous over time so that, for example, current component
development is dependent on prior accumulated knowledge. Companies may choose,
however, to separate current component development activities from previous ones in order
to attain uniqueness and newness in current component technologies. In the functional
team structure, component development tasks are organizationally partitioned over time.
Current functional teams try to develop new components relatively independent of
technological knowledge embedded in prior components. Although the pure form of this
structure is rarely observed in the field, there exist several organization types between
functional organizations and functional team structures, according to the partitioning
pattern of component development over time.
Need for Research with a Dynamic View for New Product Devel ization

As we discussed in Chapter 2, most existing studies of new product development
have depended upon "Information-processing theories of organizations” (March and

Simon, 1959; Thompson, 1967; Galbraith, 1977; Lawrence and Lorsch, 1967). This is a
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static theory of organization in a sense that it views organizational designs as tools to
process information efficiently to achieve pre-defined objectives given inputs, productive
resources, and knowledge, which are exogenous to the framework.

However, the framework summarized in the previous section suggests that an
organizational design also gives a specific dynamics to knowledge accumulation processes.
A product development effort not only develops a new product for current customers, but it
also creates technological and market knowledge available for future projects. Design of
organizations influences both activities. And, both activities influence new product
development performance.

As long as research on new product development has its theoretical foundation in
traditional information processing theories, cross-sectional studies may be dominant. On
the other hand, our conceptualization of new product development organizations inevitably
requires examination of inter-temporal relationships of product development efforts, thus
calling for longitudinal studies.. Some recent studies have tried to apply what is called a
resource-based view of the firm or a capability theory that emphasizes the dynamic aspect
of organizations, to new product development research (e. g., Henderson and Cockburn,
1994; Iansiti and Clark, 1994; Fujimoto, 1994). However, they tend to be based on cross-
sectional data and capture an organization's capability only at a specific point in time. Our
study also relied on data from a cross-sectional survey. Although the knowledge retention
on which we have focused is an activity cutting across generations, we examined it only
from the perspective of projects receiving prior knowledge. Future research needs to
examine historically inter-related projects both as knowledge receivers and knowledge

providers.
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6-3 Limitations of This Study

The analyses involved in this study have several limitations. They also suggest

several directions for future research, as described below.

Generaljzability

First, this study focuses only on Japanese companies. While this focus enabled us to
eliminate possible country effects on performance differences, the obvious question is
whether results here are generalizable in different countries. For example, Japanese
automobile producers typically replace existing models once every four years. On the
other hand, some European producers replace their products only once every eight to ten
years (Clark and Fujimoto, 1991; Nobeoka, 1993). Retention of prior knowledge may be
beneficial only when intervals between introduction of successive generations of products
are short enough. In future work, we would like to expand our sample so as to include
companies in the other countries where new product introduction is less frequent.

Second, some of our results may be unique to the automobile industry. For example,
our finding that integrative knowledge retention is importani might be because the
development of automobiles involves numerous complex interactions among different
component designs, and between product design and user needs. Thus, it would be
interesting to compare our results to a similar study in another industry where either
product architectures are modularized or user needs are fairly comprehensive and stable.
This further confirms the propositions examined in Chapter 5.

Third, this study focused only on projects for development of replacement models
that have direct predecessors. While this focus enabled us to relatively easily observe and
understand knowledge retention practices and mechanisms, it inevitably reduced the

variety of project types that we considered. Particularly, this weakened our results in
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section 5.3.3 in Chapter 5. There, we found moderating effects by market and technical
newness on the relationship between experience-based retention and overall project
performance indicators. However, since replacement models, almost by definition, include
some commonalties with preceding models both in techrological and market concepts, we
might look at only marginal differences among relatively homogeneous project groups.
Thus, our analysis may not fully capture the impact of market and technical newness on
relationships between performance and market newness. As a simple extension, the future
study should include other types of projects, for example, those adding completely new
product lines or those making merely minor changes for existing models, to fully
understand how knowledge retention differentially affects product development

performance.

Methodological Issues

This study has several methodological weakness which may be improved in the
future study. The first is related to performance measurement. This study heavily depends
upon project members' self-ratings to measure product development performance. In
particular, local performance indicators in Chapter 4 totally rely on each functional
representative's self-ratings. While subjective ratings enabled us to examine a wide range
of performance dimensions, they may substantially decrease the reliability of our results.

There are several reason why we had to rely on project member's subjective ratings.
First, since many of the sample projects were quite new, not enough time has passed after
product introduction to obtain more objective performance measures such as experts
evaluations, the number of quality problems, and revenues. We may be able to overcome
this problem as more data become available in the near future. Second, some participating
companies refused to give us productivity data. We obtained data on engineering hours

only from 16 projects, and lead time data from 20 projects. In addition, we found that

249



ways of calculating engineering hours seemed to be substantially different across
companies, and that lead time data did not have enough variance because all companies
had similar standard schedules from which projects rarely deviate, as we discussed in
Chapter 2.

The second methodological problem is related to our way of distinguishing systein
and local performance. Since performance of automobile development is highly complex
and includes numerous dimensions, we could not obtain separate local and system
performance directly. Instead, we statistically created system performance indicators. As a
result, our system performance indicators might be unreliable because they included all the
variances of overall performance variables not explainable by local performance variables.
The future research in other industries where performance dimensions of products are not
as complex as those of automobiles should use a more direct way to separate system and
local distinction98 (see for example, Iansiti, 1995¢).

Third, one of the reasons why there have been few systematic empirical studies
examining the impact of learning vn performance may lie in the difficulties in measuring
learning separately from outcome or performance. We tried to measure the existence of
knowledge retention as a part of the learning process, independently of i‘. outcome, by
looking at mechanisms for knowledge retention, such as project member's continuous
assignments. However, this metric is clearly imperfect. How to measure learning

independent of outcome still remains a problem for future resez.ch.

N ination of i ati
This study used cross-sectional data. However, the real effect of knowledge

retention should encompass multiple generations of projects. Therefore, ideally, we would

98 In this respect , Iansiti (1995¢) demonstrated a sophisticated method to separate performance of products
into technical yield and the fundamental potential.
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like to study multiple gznerations of projects as the unit of analysis. The long-term effect
of knowledge retention may be identified only when we examine both average performance
and performance improvement of multiple generations of projects (Iansiti and Clark, 1994).

Moreover, because of the cross-sectional survey, we did not consider performance of
the previous project in our analyses. The utility of knowledge retention should depend
upon the content of knowledge retrieved from the past experience. Therefore, while
knowledge transfer from well-performing projects benefits current projects. that from
unsuccessful projects may have a negative effect on performance. The future research

needs to consider performance of multiple generations of projects.

This ¢tudy is one oi the first empirical attempts to systematically address the issue of
knowledge retention in the context or new product development. Despite problems
mentioned above, we believe that this study has provided several important findings
regarding knowledge retention across generations of new product development. We hope
that the findings of this study drive further research in various indusuay contexts to

accuinulate our knowledge about management of new produr:t development.
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Appendix 1: Successive Project Managers in Selected Preduct Lines

Toyota
Tercel Corolla Corona
Introduction Project Manager Introduction Project Manager Introduction Project Manager |
8/75 (1 st.)  Sasaki+ 3/79 (3rd.) H. Agezuma* 9/78 (6 th.)  Hirai*
5/82 Hirai 5/83 H. Agezuma** 1/82 Wada*, Adachi
5/86 Hirai** 5/87 A. Saito* 1/83 Wada**, Adachi**
9/90 Ishidera* 5/91 A. Saito** 12/87 Konishi*
9/Cq Ishidera** 5/95 T. Hunda* 12/91 Konishi**
Carina/Celica Camry Mark II (Cressida)
Introduction Prcject Manager Introduction Pr-ject Manager introduction Project Manager |
8/1977 (2 nd.) Nishida**, Wada* 4/1982 (2nd.) Masumoto+ 1777 3rd.)  Jinbo*
9/81 Wada** 8/80 Miyakawa* 10/80 Jinbo**
5/84 Wada** 7/90 Miyakawa** 9/84 Jinbo**
5/88 Kuboji* 7/94 Iwata, Miyakawa** 9/88 T. Watanabe*
5/92 Nakagwa* 10/92 T. Watanabe**
N Crown Celsior (Lexus 400)
Introduction Project Manager Introduction Project Manager
9/79 (7th.)  Shindo*, Ima:zumi* 9/89 (1 st.) Suzuki
10/83 Imaizumi** 9/94 Okamoto*
9/87 Imaizumi**
9/91 H. Watanabe
8/95 H. Watanabe**

** A tormer project manager in the same product’line

* Promoted from the former sub-project manager in the same product line
+A former project manager for The other projects

# Transferr: 1 from other departments than engineering departments

265



Appendix 1: Successive Project Managers in Selected Product Lines (Continued)

Nissan i
Sunny (Setra) 1 Pulsar Bluebird (Stanza, Ultima)

Introduction Project Manager Introduction Tioject Manager Introduction Project Manager
11/77 (4th.) Tanaka 5/78 (1 st.) Ariga 11/79 (6 th.) Ishikawa

10/81 Tanaka** 6/82 Chino 10/83 Ishikawa**

9/85 Chino+ 5/86 Chino** 9/87 Machida+

1/90 Kikuchihara# 5/50 Chino** 9/91 Kawamura+

1/94 Fukai* 5/94 Ito+, Sakurada 10/95 Naka

Fairlady Z (300ZX) Skyline Silvia (240SX)

Introduction Project Manager Introduction Project Manager | _Introduction ___Project Manager
8/78 (3rd.)  Sakagami 8/77(5 th.) Sakurai** 3/79 3rd.) Tanaka

9/83 Takagi 8/81 Sakurai** 8/83 Ishikawa

89 Yamada 8/85 S. Ito* 5/88 Kawamura

5/89 S. Ito** 5/92
5/93 Watanabe*, Taguchil
Cedric/Gloria

Introducticn Project Manager
6/79 (5th.)  Fuiji

6/83 Fujii**

6/87 Misaka#

6/91 Kusumi

5/95 Endo*

** A former project manager in the same product line

* Promoted from the former sub-project manager in the same product line
+A former project manager for The other projects

# Transferred from other departments than engineering departments
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Appendix 2: Measurement of Task Newness

To calculate novelty involved in different activities corresponding to 10 different
project core-members, we assigned 0.2 to minor modification, 0.5 to major modification,
0.8 to new design, and 1 to new technology. Novelty involved in activities of component
engineers was calculated by averaging newness of appropriate component designs as
shown:

» Exterior/interior designer: Newness of exterior/upper-body design

¢ Body Engineers: Newness of floor-panels and exterior/upper-body

* Chassis Engineers: Newness of suspension systems and braking systems

* Engine Engineers: Newness of engine and engine control systems

*  Electronics components: Newness of interior/trim, engine control, and instrument

panels.

We measured novelty of tasks for project managers, layout engineers, and vehicle
test engineers by newness of platform design. For layout engineers, we averaged newness
of floor panels and suspension systems to indicate platform newness. Although we would
have liked to measure newness of layout design independently of other measures for
component design, we decided to use this averaged measure to ensure comparably of
measurement across different technical functional areas. To confirm the validity of this
indicator for platfoim newness, we compared our indicator with the platform newness
index developed by Nobeoka (1993).

We measured novelty of vehicle test engineering by averaging the newness of
suspension systems, engine designs, and under-floor panels since our interviews
revealed that testing methods are strongly influenced by these three major component
systems that comprise the platforms. We used the same indicator for the novelty of
project managers' task.

Novelty in the design activities of production engineers was measured by the
percentage of new production equipment. The below table shows summary statistics
for these newness 1ndicators.
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N= Mean S.D. Min. Max.

Project Managers 21 0.49 0.20 0.10 0.80

Layout Engineers 20 0.49 0.23 0.10 0.80

Vehicle Test Engineers 20 0.49 0.22 0.10 0.80
Exterior/Interior Designers 21 0.77 0.16 010 100
Chassis Engineers 21 0.49 0.28 0.10 1.00

Body Engineers 21 0.60 0.22 0.10 1.00

Engine Design Engineers 22 0.58 0.30 0.10 1.00
Electronics Component Engineers 20 0.64 0.29 0.10 1.00
Production Engineers 17 0.30 0.24 005 0.82
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Appendix 3: Sales Estimation

Since some of the sample products were introduced after September 1994 (one year
before the last month of our sales data) , we could not obtain monthly sales data for these
models for the entire first year of product introduction. For such products, we estimated
average monthly sales volume by considering both seasonal effects and new model
introduction effects.

Seasonal effects were estimated by using sales data for the entire domestic passenger
cars during the period between 1988 and 1994. Estimated seasonal indices were as

follows:
January = 64.42%
February = 99.74%
March = 164.60%
April = 94.75%
May = 83.65%
June = 108.04%
July = 122.58%
August = 67.22%
September = 101.39%
October = 96.85%
November = 102.34%
December = 94.41%

After adjusting the monthly sales data of our sample models by these seasonal
indices, we then estimated new model introduction effects by using the monthly sales data
of new products in our sample that have complete 12 months' sales data. The resultant new
product introduction efiect indices are shown below. Missing monthly sales data were then

estimated by using these indices.

Istmonth = 120.33%
2nd = 137.41%
3rd = 128.47%
4th = 117.80%
Sth = 104.89%
6th = 103.31%
Tth = 90.65%
8th = 86.51%
9th = 82.99%
10th = 76.20%
11th = 74.94%
12th = 77.44%
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Appendix 4: Decomposition of Overall Performance

To separate system performance from overall project performance, indicators for
overall performance satisfaction and performance improvement at the entire project level
were regressed on corresponding local performance and local performance improvement
indicators. The results from this are shown below:

Regression Results between Overall Project Performance and Local Performance

Development Cost Product Cost Adherence to
Performance Performance Schedule
I I I I I I
Body Design 0.63 **  0.68 x** 0.59 %*  0.63 ***  0.54 ** 0.45 **
Chassis Design -0.44 -0.05 -0.07 -0.02 0.13 0.20
Exterior/Interior Design 044 *  -0.09 -0.04 0.02 -0.02 -0.14
Electronic Component Design ~ -0.21 -0.29 0.13 0.31 * -0.21 -0.38 *
Engine Design -0.37 * 0.07 0.24 0.09 0.18 -0.02
d. f. of residuals 16 16 16 16 16 16
Adjusted R-square 0.27 * 028*  0.38*x 0.64*x+ 0.18 0.31 **
—__—___#_—
Manufacturability Technical Technical
Novelty Performance
1 I I Il I Il
Body Design 0.07 0.13 0.07 0.05 0.53 ** 0.25
Chassis Design 0.54 *+  0.23 0.40 **  0.20 0.40 * 0.47 *
Exterior/Interior Design -0.02 -0.51 **  0.6]1 **xx  0.54 **%*x  -0.36 * 0.36
Electronic Component Design 0.06 -0.33 0.18 0.22 0.04 0.10
Engine Design -0.27 0.18 0.08 0.28 * 0.19 -0.15
d. f. of residuals 16 16 16 16 16 16
Adjusted R-square 0.27 * 0.05 0.39 ¥ 0.56 ¥** (.34 ** 0.20
I = Performance Satisfaction *n<.l
11 = Performance Improvement **p < .05
***n < .01
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Appendix 5: Correlations Between Performance Indicators and Individual Variables
Forming the Experience-Based Retention Capability Construct

Correlations between individual indicators for experience-based retention capabilities and overall performance indicators

Product Development Adherence Manufactura- Matchto  Technical Technical Sales
Cost Cost to Schedule  bility Customer Novelty Performance Achievement
Performance Performance Needs
Previous Member 0.12 0.14 0.11 0.16 0.23 0.17 0.05 -0.12
Previous Integrators 037+  0.28 0.15 -0.18 0.52*%+  0.00 -0.28 0.19
Expectation for assignment 0.33 033 0.40% -0.21 0.43* 0.01 -0.15 0.08
Common Experiences 0.04 0.37%* 0.51*x  0.03 0.25 0.32 0.26 -0.21
Communication with -0.04 -0.18 0.05 0.14 0.47%%  0.48** 0.21 -0.16
the previous members
JImprovement from the previous model

Previous Member -0.11 0.12 0.16 -0.03 -0.01 0.00 0.48 %
Previous Integrators 0.27 0.42* 042+  -0.09 0.34* -0.18 0.34
Expectation for assignment 0.37* 0.50*%*  0.60 xxx 0.01 0.08 -0.04 0.15
Common Experiences 0.18 0.35* 0.19 0.21 -0.06 0.27 0.41%
Communication with g ¢ 0.01 0.19 021 022 0.26 0.54%%*

the previous members

Correlations between individual indicators for experience-based retention capabilities and system performance indicators

Product Development Adherence Manufactura- Matchto  Technical Technical Sales
Cost Cost  to Schedule  bility Customer  Novelty Performance Achievement
Performance Performance Needs
Previous Member 0.26 0.41* 0.23 0.32 N/A 0.46**  -0.38 N/A
Previous Integrators 0.25 0.52**  -0.03 -0.09 N/A 0.14 -0.22 N/A
Expectation for assignment 0.30 047+  0.19 0.07 N/A 0.22 -0.14 N/A
Common Experiences 0.43%*x  0.43*%*  0.33% 0.03 N/A 0.48++  0.13 N/A
Communication with 0.28 -0.05 0.07 0.16 N/A 0.65%**  0.21 N/A

the previous members

Improvement from the previous model

Previous Member 0.12 0.16 -0.03 -0.01 N/A 000 . 0.48*x N/A
Previous Integrators 0.42* 0.42%%  -0.09 0.34% N/A -0.22 0.34 N/A
Expectation for assignment 0.50**  0.60*** 0.0l 0.08 N/A -0.13 V.15 N/,
Common.Experien.ces 0.35% 0.19 0.21 -0.06 N/A 0.38%* 0.41% N/A
Communication with 0.01 .19 0.21 0.22 N/A 0.28 0.54%x+ N/A
MWMW

*»<.10

**p < .05

***¥p < .01
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Appendix 6: Results of Regression Analyses for Relationships between Knowledge Retention Capabilities and
Performance Satisfaction

Product Cost Development Cost
Performance Performance
I Il 11! v v VI 1 1l {1 v v \!
New Platform -0.37 -0.37 -0.36 -0.36 -0.36 -0.36 -0.02 -0.02 -0.08 -0.iC -0.10 -0.02
Assembler Parts . 031 022 033 025 -0.27 -0.18
Bubble Economy -0.34 -0.33 -0.37 -0.31 -0.38 -0.34
Standard-based Retention 0.07 0.15 0.07 0.05 -0.19 0.07 -0.06 -0.13
Computer Simuiation -0.04 0.22 0.16 0.15 0.07 0.23 0.17 0.28
Documents & Reports 0.15 0.23
Experience-Based Retention 0.28 0.41 0.24 0.62 *»= 0.65 == 037 -
X-Generational Communication -0.10 -0.28 0.07 -0.44+ -052-- -0.18
d. f. of residuals 19 16 17 15 16 16 19 16 17 15 16 16
Adjusted R-square 031+ 021 029 -~ 0.29 - 0.29 - 0.21 0.01 -0.11 0.26 -- 0.24 0.05 -0.07
*p <.I, **p < .05, ***p< .0l
Adherence to Manufacturability
Schedule
I 11 L1 v \Y A% | 1l 1} v A% Vi
New Platform -0.16 -0.13 -0.25 -0.26 -0.26 -0.18 -0.06 -0.08 -0.06 -0.14 -0.15 -0.15
Assembler Parts -0.53 *o+ 045+ -0.57 +»+ -0.50 +« -0.51 - -044- -0.37 -0.30 U8 027 -0.26 -0.29
Bubble Economy
Standard-based Retention -0.20 0.09 0.02 -0.1% 0.20 0.25 0.32 0.29
Computer Simulation 0.18 0.19 0.16 0.25 0.35 0.37 042 - 0.36
Documents & Reports 0.22 0.24
Experience-Based Retention 0.62 +s+  0.65 === 0.50 *== -0.21 -0.15 -0.02
X-Generational Communication -0.21 -0.28 0.05 047 - 0.28 0.20
d. f. of residuals 19 16 17 15 16 16 19 16 17 15 15 16
Adjusted R-square 026 - 022 0.53 +=» 0.53 +»= 049 .- 020 0.05 030- 0.14 0.27 - 0.25 - 030 -

*p<.l, **p<.05 ***p<.01
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Appendix 6 (continued) : Resuits of Regression Analyses for Relationships between Knowledge Retention Capabilities and
Performance Satisfaction

Technical Technical
Novelty Performance
1 I I v \% VI | 1 i 1\Y \Y VI
New Platform 0.56 +s= 0.57 *++ 0.56 +++ 0.55+s+ 054 +== 0.54 +»» 043+ 034+ 044+ 039 0.41 - 033 -
Assembler Parts 0.06 0.11 0.04 0.08 0.10 0.07
Bubble Economy
Standard-based Retention 0.34 0.30 - 0.40 »+ 0.33 ¢ -0.19 -0.28 -0.24 -0.21
Computer Simulation 0.23 0.17 0.22 0.17 0.60 +-~ 0.60 »+«  0.61 *»=  0.59 +e°
Documents & Reports 0.07 -0.13
Experience-Based Retention -0.22 -0.10 0.12 -0.18 -0.25 -0.16
X-Generational Communication 0.54 »+= 0.39 -+ 0.34 »- 0.19 0.18 0.05
d. f. of residuals 19 16 17 15 16 16 20 H 18 16 17 17
Adjusted R-square 025« 042+ 043 ++= 054+ 043 - 0.56 *+= 0.14 =« 040+~ 008 0.42 «+ 0.43 »== 041 »--
Match to Achievement of
Customer Needs Sales Target
111 v \ Vi I 11 {1 v \Y Vi
New Platform 025 0.25 0.28 0.27 0.27 0.27
Assembler Parts 039+ 047 - 0.53 »» 0.39 0.29 0.35 0.32 0.39 0.37 0.39 «
Bubble Economy
Standard-based Retention -0.19 -0.14 -0.12 -0.19 -0.15 -0.i3 -0.16 -0.10
Computer Simulation 0.22 0.12 0.02 0.03 0.06 0.16 0.13 013
Documents & Reports 0.01 0.01
Experience-Based Retention 0.34 0.34 044 - -0.11 -0.16 -0.24
X-Generational Communication 0.21 0.18 043 - -0.17 -0.17 -0.23
d. f. of residuals 19 16 17 15 16 16 18 16 16 14 15 15
Adjusted R-square 0.14-- 0.05 032+ 0.26« 0.29 »- 023+ 006 -0.01 0.02 -0.08 -0.04 005

*p<.1, **p< .05, ***p < .0l
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Appendix 7: Results of Regression Analyses for Relationships between Knowledge Retention Capabilities and

Improvement Performance

Product Cost Development Cost
Performance Performance
1 11 I v \Y Vi I I\ Hil v v A%

New Platform -043- -037 -042+ -036 -0.36 -0.36 -0.25 -0.2 -0.32 -0.33 -0.33 -0.25
Assembler Parts
Bubble Economy -0.22 -0.29 -0.27 -0.31 -0.35 -0.33
Standard-based Retention -0.14 -0.10 -0.14 -0.19 -0.06 0.12 0.04 -0.05
Computer Simulation 0.25 0.28 0.25 022 0.39 - 0.37 » 0.34 - 0.39 -
Docuinents & Reports -0.05 0.01
Experience-Based Retention 0.30 0.36 0.28 0.53«« 060 041 -
X-Generationai Communication -0.05 -0.14 0.12 -0.22 -0.34 -0.62
d. f. of residuals 19 16 17 15 16 16 20 17 18 16 17 17
Adjusted R-square 025+ 0.18 025+ 024 028 - 0.19 0.02 0.02 0.15 0.26 ¢ 021 - 0.02

Adherence to Manufacturability

Schedule
1 11 {1 v A% A% I 1 1 4% \Y \

New Platform -037- -035 046+ -047+ -047+ -041+ -039- -039- -042- -041- -0.40 - -042 -
Assembler Parts 0.31 0.40 0.27 0.34 0.33 0.39 -
Bubble Economy
Standard-based Retention -0.23 -0.03 -0.03 -0.18 -0.26 -0.32 -0.25 -0.29
Computer Simulation 0.21 0.15 0.15 0.19 0.36 « 0.34 0.36 - 0.33
Documents & Reports 0.14 0.00
Experience-Based Retention 0.51 == 051 = 0.49 « 0.00 -0.11 0.05
X-Generational Communication -0.01 -0.03 0.23 0.24 0.29 0.23
d. f. of residuals 19 16 17 15 16 16 20 17 17 15 16 16
Adjusted R-square 0.12 0.04 032+ 0.26- 0.31 = 0.09 011+« 0.14 0.08 0.16 0.14 0.20 -

*p <.1, ¥*p < .05, ***p < .0l
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Appendix 7 (continued) : Results of Regression Analyses for Relationships between Knowledge Retention Capabilities and
Improvement Performance

Technical Technical
Novelty Performance
1 I 11 v A% Vi | 11 11 v \% Vi
New Platform 0.36 0.32 042+ 034 0.31 0.30 049+ 050+ 042+ 042+ 041+ 045
Assembler Parts
Bubble Economy 033 044 -~ 0.28 042 - 0.46 «= 044 -
Standard-based Retention 0.33 0.33 0.36 - 0.38 » 0.10 0.13 0.23 0.07
Computer Simulation 0.14 0.15 0.16 0.15 0.18 0.10 0.14 0.11
Documents & Reports 0.09 0.06
Experience-Based Retention -0.28 -0.16 -0.10 0.17 0.22 0.43 =
X-Generational Communication 0.28 +=+ 0.10 0.01 045+ 038 - 0.50 =e-
d. f. of residuals 19 16 17 15 16 16 20 17 18 16 17 17
Adjusted R-square 031+ 042+ 032+ 040+ 043~ 042+ 020- 0.14 0.46 «»= 043 - 0.35 == 0.43 ==
Match to
Customer Needs
| 11 I v \% VI
New Platform -041+ -037+ -241- -0.38+ -040 -0.35-
Assembler Parts 047« 036 045+ 0.30 0.31 033
Bubble Economy
Standard-based Retention 0.36 0.34 0.38 - 0.29
Computer Simulation -0.11 -0.28 -0.27 -0.26
Documents & Reports -0.19
Experience-Based Retention 0.08 0.21 0.28
X-Generational Communication 0.20 0.14 0.25
d. f. of residuals 20 16 17 15 16 16
Adjusted R-square 028+ 028+« 028+ 0.35¢ 0.37 » 0.35 «

*p<.1, **p<.05, ***p< .0
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Appendix 8: Classification of Market Newness

a Project

Existing Market <@—< _Mangers’Evaluation New Market

Average
PriceChange
> 1M Yen

New Market

No

No
Existing Market <—

Yes

Brand Name Change? New Market

'Ev i
“(a) mainly targeted to the existing customer base"
"(b) targeted both to the existing customer and the new customer base”

"(c) mainly targeted to the new customer base”
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Appendix 9: Results of Regression Analyses for Performance Satisfaction, Including interaction Terms
between Individual-Based Retention Capabilities and Task Newness

Dependent variables: performance satisfaction
Including interactions with platform newness

Product Cost Development Cost Adherence to Manufacturability Technical Technical Maich o Achievement of
Performance Performance Schedule Novelty Performance Customer Needs Sales Target
1 11 I 1 I i I 11 I i I i 1 1 I i
New Platform -0.36 -0.37 -0.13 0.22 -0.27 -0.17 -0.05 -0.05 0.54 = 053 037 039 - 0.03 0.04 0.29 0.31
Assembler Parts 049+ -040- -0.64 «=«  -053-- -028 044 007 0.03 042+ 036+ 0.30 0.35 -
Bubble Economy -0.39 -0.34
Cxperience-Based Retention  0.22 039 - 0.51 +e 0.01 0.06 -0.01 0.4 »° -0.19
X-generational Communication 0.05 -0.16 0.09 037 - 044 « 0.14 0.45 »» -0.26
Experience*New Platform -0.12 -0.34 -0.16 0.21 0.19 -0.26 0.13 -0.09
Communication*New Platform -0.07 -0.33 0.03 -0.20 0.05 -0.60 <= 0.27 -0.28
d. f. of residuals 17 17 17 17 17 17 17 17 17 17 18 18 N 16 16 16
Adjusted R-square 029 024- 0.1Y 0.04 0.51 == 0.19 -0.02 0.14 9.21 -  040-- 005 0.43 ==+ 027+ 028 = 0.00 0.17
*p<.1,**p < .05, ***p < .0l _-N
N

Dependent variables: perfonnance satisfaction
Including interactions with market ne'vness

Product Cost Development Cost Adherence to Manufacturability Technical Technical Match 10 Achievernent of

Performance Performance Schedule Novelty Performance Customer Needs Sales Target

I II I I I 1 l 1 1 It I 11 I 1 1 0

New Platform -0.18 -0.19 0.06 0.13 -0.19 -0.11 0.01 0.06 058 «= 060+ 036 0.32 0.34 0.16
Assembler Parts 062+ -050+ -0.699+ -0.64° -043 -0.53- 0.08 0.05 041- 028 0.10 0.18
Bubble Economy -0.41+ -037
New Market -0.24 -0.23 -0.06 -0.03 -0.01 0.00 -0.07 -0.08 -0.10 -0.14 0.12 0.18 -0.16 -0.18 0.12 0.23
Experience-Based Retention  0.15 0.10 0.39 - -0.04 0.09 0.4 047 = -0.42
X-generational Communication -0.05 -0.39 -0.04 0.20 0.48 -- 0.04 037 - 0.48 -
Experience*New Market -0.15 -0.60 =« -0.25 -0.12 0.06 0.22 0.00 047
Communication*New Market -0.26 -0.60 -- -031 -0.44 - 0.10 -0.19 -0.17 -0.61 ===
d. f. of residuals 16 16 16 16 16 16 16 16 16 16 17 17 16 16 15 17
Adjusted R-square 031+ 030 026- 0.17 050« 022+ -0.13 0.23 0.13 038 006 0.06 028+ 026+ 0.09 037 -

*p<.l,**p< .05 ***p< O}




Appendix 10: Results of Regression Analyses for Improvement Performance, Including Interaction Terms
between Individual-Based Retention Capabilities and Task Newness

Dependent variables: performance improvement
Including interactions with platform newness

Product Cost Development Cost Adherence to Manufacturability Technical Techiical Match to
Performance Performance Schedule Novelty Perfurmance Customer Needs
I i i il I u I 1] I 1 i 1 1 It

New Platfoun 042+ -045- -032 -0.25 048+ 039« -040- -041- 037 0.38 0.41 == 045+ -"46 -0.15
Assembler Parts -0.09 -0.33 0.16 0.28 04i+ 035~
Bubble Economy -0.28 -0.22 0.37 0.29
Experience-Based Retention  0.28 043 - 0.50 oo 0.13 -0.16 0.49 -- 0.12
X -generational Communicaiion 0.12 0.05 0.2 0.24 0.14 0.53 o+ 0.25
Experience*New Platform 0.00 -0.02 -0.27 0.11 -0.05 0.08 0.42 »
Communication*New Piatform -0.14 0.04 -0.07 -0.13 -0.03 -0.03 0.36 «
d. f. of residuals 17 17 17 17 17 17 18 18 17 17 18 18 17 17
Adjusted R-square 025« 020 0.06 -0.15 039 009 L4 0.10 025 025~ 029+« 044 019 0.l6

*p<.l,**p<.05, ***p<.Cl

Dependent variables: performance improvemznt
Including interactions with market newness
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Product Cost Development Cost Adherence to Manufacturability Technical Technical Match to
Zerformance Performance Schedule Novelty Performance Customer Needs
I i I 1] I ] 1 TR 1] I 1] 1 1l
New Platform -0.19 -0.21 -0.29 -0.21 -0.32 -0.27 -0.34 -0.27 052+ 054 049 047 -
Assembler Parts 0.09 0.18 0.30 0.29
Bubble Economy -0.37 -0.26 0.3% 0.23
New Market -0.32 -0.28 0.00 0.00 -0.10 -0.09 -0.19 -0.16 -0.29 -0.33 -0.10 -0.09 -0.11 -0.12
Experience-Based Retention  0.32 0.30 0.32 0.28 -0.25 0.29 0.03
X-generational Communication -0.03 -0.09 0.11 0.11 0.18 047 - 0.11
Experience*New Market 0.06 -0.23 -0.38 029 -0.19 -0.20 -0.15
Communication*New Market -037 - -0.31 -0.32 -0.31 0.01 -0.17 -0.17
d. f. of residuals 16 16 17 17 16 16 17 17 16 16 17 17 18 18
Adjusted R-square 028+« 035 (.1l -0.06 0.38 - 0.13 0.06 0.14 034 - 032 0.29 - 0.44 --= 0.03 093

*p<.1,**p<.05 ***p< .0l




Appendix 11: Questionnaire (For Project Managers)
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