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Intense competition in many industries forces manufacturing firms to develop new, higher
quality products at an increasingly rapid pace. Overlapping product development activities
is an important component of concurrent product development that can help firms develop
products faster. However, since product development activities may be coupled in complex
ways, overlapping interrelated activities can present many difficulties. Without careful manage-
ment of the overlapped product development process, the development effort and cost may
increase, and product quality may worsen. This paper goes beyond the common recommen-
dation to simply overlap activities as much as possible. We present a model-based framework
to manage the overlapping of coupled product development activities. The model and frame-
work identify conditions under which various types of overlapping are appropriate for a pair
of coupled activities. We illustrate the model and framework with industrial applications in-

volving the development of electronic pagers and automobile doors.
(Product Development; Concurrent Engineering; Overlapping)

1. Introduction

Our studies of the structures of many industrial prod-
uct development processes (Eppinger et al. 1994,
Krishnan 1993) suggest that the flow of information
and the process execution in practice is largely se-
quential, with information being generated and final-
ized by the upstream activities before being absorbed
by the downstream development activities. Figure 1A
illustrates such a sequential process where a down-
stream activity (such as product prototyping) re-
ceives and utilizes design information only after it is
finalized by the upstream activity (such as concept
development). One approach to accelerating such a
process involves removing the coupling between the
activities, as shown in Figure 1B, thereby enabling the
two activities to be executed in parallel. However,
such decoupling generally requires a fundamental re-
definition of the development activities and/or the
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product architecture, which may be undesirable, or
difficult at best.

An alternative approach to acceleration is to overlap
the activities through more frequent exchange of pre-
liminary information (see Figure 1C). In contrast to the
one-time transfer of finalized information in a sequen-
tial process, frequent exchange of design information
enables the concurrent execution of coupled activities in
an overlapped process. In the sequential process of Fig-
ure 1A, the downstream activity does not begin until
finalized information is available at the completion of
the upstream activity. In the overlapped process, the
downstream activity begins earlier by using prelimi-
nary information (shown using hollow-arrows).

In order to overlap the nominally sequential activi-
ties, the pattern of information exchange between them
needs to be altered. As shown in Figure 2, this may in-
volve disaggregating the exchanged information X into
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Figure 1 Sequential, Parallel and Overlapped Processes
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parts X; and X,, and exchanging some parts (such as
X;) multiple times in a preliminary form, and other
parts (such as X;) only once but in a finalized form at
or before the completion of the upstream activity. In this
paper, we seek to answer the following questions.

1) On what basis should the exchanged information
be disaggregated into parts such as X; and X,? Which
parts should be utilized by the downstream activity
only in finalized form, and which parts may be used in
preliminary form?

2) How early can the parts such as X; be finalized
and with what consequences? Under what conditions
can preliminary information (as with X;) be useful for
downstream action?

3) How is product development performance, in
terms of lead time, cost, and quality, affected by over-
lapping activities and modification of the pattern of in-
formation exchange?

1.1. The Risks Underlying Overlapping

While a major benefit of overlapping is the potential for
reducing product development lead time, the reduction
in lead time (over the sequential process) does not al-
ways equal the overlap period shown in Figure 2. This
is because the duration of the downstream activity may
be altered in converting the sequential process into an
overlapped process. When preliminary upstream infor-
mation is utilized by the downstream activity too early,
then future changes have to be incorporated in time-
consuming subsequent iterations, resulting in an in-
crease in the downstream duration and effort. On the other
hand, when parts of the upstream-generated informa-
tion are finalized early, the upstream activity loses the
flexibility to make future changes along these dimen-
sions. This loss of flexibility may be interpreted as a
quality loss (QL) for the upstream activity. Any attempts
at overlapping the activities—by exchanging prelimi-
nary information or by finalizing upstream information
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early or by a combination of both—should ensure that
the adverse effects on product quality and development
effort are minimal while improving the lead time per-
formance.

In this paper, we present models to develop three in-
sights: (i) that the effect of overlapping on development
performance should be used as the basis for disaggre-
gating the exchanged information (X into parts such as
X; and X,); (ii) that finalizing upstream information
early may cause a quality loss, so only those parts
whose early freeze would produce very little quality
loss should be finalized (frozen) early; and (iii) that the
upstream information (such as X;) exchanged in a pre-
liminary form should be chosen such that changes in its
value may be absorbed without a substantial increase
in the downstream effort. Such overlapping policies can
ensure that development time is reduced without a
large adverse impact on product quality or develop-
ment effort.

To determine which parts of the exchanged infor-
mation to finalize early and which parts to use in pre-
liminary form, we consider two characteristics of the
product development process. These are (upstream in-
formation) evolution and (downstream iteration) sensi-
tivity, which are developed in the following sections.
Using evolution and sensitivity, we formulate a simple
mathematical model of the overlapped process to help
decide when and how the development activities
should be overlapped. The model is illustrated with an
example of door panel development at a United States
automotive company. A conceptual framework is de-
rived from the mathematical model to provide mana-
gerial insights. The framework is illustrated using an
electronic pager development process at Motorola Inc.

Figure 2 Transforming a Sequential Process into an Overlapped Pro-
cess
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In the next section, we discuss how our research relates
to other work in the literature.

2. Related Work

The effect of overlapping on product innovation and
noncommercial product development has been inves-
tigated by several researchers, including Mansfield et al.
(1971) and Eastman (1980). Based on their field studies,
these researchers observed that overlapping stages led
to an increase in development costs, which helps to mo-
tivate the need for careful overlapping.

In the context of improving commercial product de-
velopment performance, Imai, Takeuchi, and Nonaka
(Imai et al. 1985, Takeuchi and Nonaka 1986) observed
that faster development processes use a more over-
lapped approach. They likened the sequential process
to a relay race where one group of functional specialists
passes the baton to the next group, and the overlapped
approach to a rugby game in which a hand-picked, mul-
tidisciplinary team travels the distance as a unit. Al-
though the analogies are powerful, these authors (i) im-
ply that all activities in the development process can be
carried out concurrently, and (ii) do not indicate how a
sequential or phased process may be overlapped. As we
noted earlier, careful consideration is required to mini-
mize the risk associated with overlapping. Further, the
technical complexity of the products developed im-
poses certain precedence relations among development
activities due to which not all activities can be done con-
currently. For instance, making major resource commit-
ments for the development of tooling and fixtures of an
automobile while the vehicle concept is still under de-
velopment can increase the costs inordinately—as con-
cept changes can require substantial rework. We believe
that the technical structure and strength of interactions
between tasks need to be well understood for activities
to be overlapped successfully.

In their comparative study of product development
practices in the world automotive industry, Clark and
Fujimoto (1987b) developed a measure called ““overlap
ratio”, and showed that faster development processes
are more overlapped. They also recognized the organi-
zational barriers to overlapping activities, such as hos-
tile environment, poor communication, and the lack of
consistency and balance in managing the critical link-
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ages (Clark and Fujimoto 1989). To facilitate overlap-
ping, they recommended frequent, face-to-face, bilateral
communication of preliminary information instead of
late release of complete information (Clark and Fuji-
moto 1991).

We believe these recommendations should be useful to
initiate organizational changes, but to operationalize over-
lapping the generic reference made to information
exchange needs to be augmented with more specific un-
derstanding of the characteristics of the exchanged infor-
mation. Close examination of industrial product devel-
opment suggests that not all information exchanges are
equal. Some types of product information can be more
readily used in their preliminary form than others because
of their lower impact on the downstream activities. Also,
some product information can be frozen early, some need
to be frozen early and some others cannot be or should
not be frozen early. Our work builds on previous research
by Clark and Fujimoto in the following ways: a) we argue
that there are limits to concurrency and develop a meth-
odology to overlap activities based on the specific char-
acteristics of the information exchanged between them; b)
we address the risk associated with overlapping by ex-
amining the effect of overlapping on development perfor-
mance; and ¢) we offer specific methods to disaggregate
exchanged product information.

Other researchers, notably Blackburn (1991) and
Smith and Reinertsen (1991), have recognized the mer-
its of overlapping, but do not offer detailed information
on how overlapping may be implemented in a coupled,
nominally sequential process. Further, the effects of de-
sign interactions and the risks involved in overlapping
strongly coupled activities have not been considered.
Smith and Reinertsen (1991) recommend that down-
stream designers search for ways to start early with par-
tial information but do not warn of considerable itera-
tions that may result from hasty starts. Our work with
industry suggests that overlapping involves not only
the downstream activities starting early with prelimi-
nary information but also (i) the determination of which
design parameters are of high importance to the down-
stream activity and (ii) upstream finalizing certain pa-
rameters earlier, ahead of normal course of action.

Ha and Porteus (1995) studied another important
benefit of overlapping, which involves the early detec-
tion of flaws in the product design during design
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