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ABSTRACT

Many product development programs contain multiple integrated product teams (IPTs) and
functional support groups. Interteam information dependencies greatly affect program suc-
cess. Organization integration has thus become an issue of increasing interest. This paper
focuses on the realm of team interdependence and categorizes and explores several integrative
mechanisms (IMs) that facilitate interteam integration. IMs are strategies and tools for effectively
coordinating actions across groups within a program. The IM categorization scheme should
prove useful to those developing an integration “tool kit.” This paper explores the use of IMs
in real programs, summarizing findings from five case studies at Chrysler, General Electric
Aircraft Engines, Boeing, Sundstrand, and Raytheon Systems. As the appropriateness of a
given IM varies as a function of many parameters—such as program stage, size, complexity,
risk, etc.—this research does not formulate a universal template for IM application. Rather,
the hope is that the lessons learned by these five programs will help others determine the
suitability of particular IMs in their situations. This paper centers on studies in the defense
aerospace industry (with two commercial cases and one nonaerospace case), but the impli-
cations extend to any system development program. ©1998 John Wiley & Sons, Inc. Syst Eng
1: 95–112, 1998

1. INTRODUCTION

Many contemporary product development programs
consist of multiple integrated product teams (IPTs) and
functional support groups. Efforts towards concurrent
engineering or integrated product development (IPD)
and accompanying new forms of program organization
have intensified issues related to interteam information
dependencies. Program integration—a level above IPT
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National Science Foundation. The author is grateful for guidance
provided by Stanley Weiss and Janice Klein. This paper is based on
material presented in two prior INCOSE conference papers [Brown-
ing, 1996a, 1997c] and an unpublished Master’s thesis [Browning,
1996b].
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integration—has thus become an issue of increasing
interest. While most contemporary research has fo-
cused on the characteristics and effectiveness of teams
in general [Katzenbach and Smith, 1993] and IPTs in
particular [Cole, 1995, Klein, 1994; Klein and Susman,
1995; Klein and Maurer, 1995; Peters, 1995; Pomponi,
1997; Sheard and Margolis, 1995; Susman and Petrick,
1996; Susman and Ray, 1996], less work has addressed
the realms of multiteam or program integration.

This paper presents a motivation for considering
interteam issues explicitly and categorizes nine types
of integrative mechanisms (IMs). Findings from five
case studies and literature are then used to elaborate on
the appropriateness of each IM. As IM aptness varies
as a function of many parameters—such as program
stage, size, complexity, risk, etc.—this research does
not formulate a universal template for IM application.
Rather, the hope is that the lessons learned by these five
programs will help others determine the suitability of
particular IMs in their situations.

To uncover a variety of interteam integration issues
in ongoing programs and to investigate the use of IMs
in varied contexts, I used an exploratory, case study
research method. I researched and wrote five case stud-
ies, focusing on the IMs used, their level of success, and
lessons learned. I sought instances where IPT integra-
tion was a concern and looked at actions taken in that
regard. I made at least one site visit to each program
and followed these with telephone conversations and
facsimile, electronic mail, and postal correspondence.
In each case, information regarding the programs and
integration issues came from multiple sources. Full
details of these efforts and the five programs themselves
are available in Browning [1996b].

The case studies represent a breadth of defense air-
craft industry sectors (avionics, airframes, and engines)

and span a variety of program sizes1 and stages. For the
sake of comparison and for a wider collection of poten-
tial issues, a commercial aircraft program and a com-
mercial nonaircraft program supplement the defense
aircraft programs. Table I summarizes the five pro-
grams. The purpose of the research includes showing
what types of issues might appear if this study was
conducted at a more focused level by persons intimately
familiar with a particular industry sector or product
type. Also, the intent is that the reader will be able to
relate at least one of these cases to programs with which
she or he is familiar.

2. MOTIVATION: TEAM
INTERDEPENDENCE

Product design can involve hundreds or thousands
of individuals making millions of design decisions over
several years. Few of these determinations can be made
in isolation: Design choices involve trade-offs which
affect many other product, process, organization, cost,
and operational parameters. In support of this interde-
pendence, product design managers have as an essential
task the facilitation of the transfer of information among
design groups [Allen, 1977]. “Their primary develop-
ment challenge is to integrate the many subproblem
solutions into a well-designed system. . . . The trouble
is that such interactions are often poorly understood and
are rarely known in advance” [Eppinger et al., 1994].

Developing even complex subsystems (let alone sys-
tems) generally involves multiple IPTs, and assigning

Table I. Summary of Case Study Programs

Company Sector Program Phase
Relative Size of

Program

Texas Instruments (now
Reytheon Systems)

Avionics GEN-X Preproduction Small

McDonnell Douglas (now Boe-
ing)

Airframes F/A-18E/F Detailed design (EMD) Large

General Electric Aircraft En-
gines (GEAE)

Engines TACOE and F110+ Support Medium

Sundstrand Commercial
aircraft

737-700 EPGS Development Small

Chrysler Commercial
(nonaircraft)

Small car platform
(neon)

Development/production Large

1In regard to the relative size of the program (Table I), “small”
programs involved about 30–60 people, while “large” programs
involved over 700 people.
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and coordinating their work is challenging. Work allo-
cation to IPTs should consider task overlap and “under-
lap.” Without care, different teams’ work may be
inadvertently redundant, or tasks might “fall between
the cracks” such that each IPT thinks that “someone
else” will handle them. Furthermore, task sequencing
becomes challenging as IPTs execute once serial tasks
in parallel. Thus, IPT integration requires coordination
within and between subsystem and system develop-
ment organizations. One should have special concern
about the information that will flow between IPTs as
they work. Tausworthe concludes: “A team producing
at the fastest rate humanly possible spends half its time
coordinating and interfacing” [quoted in Rechtin, 1991:
284]. Work paradigms such as concurrent engineering
change traditional work structures and information
flows, further complicating IPT integration.

Effective organization integration becomes more
challenging as product complexity increases. (Com-
plexity here implies numerous, highly-coupled subsys-
tems and components.) The IPTs working together to
develop such a product face a daunting task. Team A
needs to know what values team B has set for parame-
ters x and y; team B needs to know what values team C
is using for parameters w and z; but team C needs to
know the result of team A’s activities to determine w
and z. Such coupled, “chicken and egg” problems may
imply a slow, iterative development process. Without
precaution, the number of required interfaces and thus
the number of iterations required to converge to an
acceptable design can increase exponentially with sys-
tem complexity. Figure 1 shows how the number of
inter-IPT communication channels increases with the

number of IPTs. (Of course, not every IPT will have to
interface with every other IPT, so the curve represents
an upper bound.) As the amount of task and IPT inter-
dependence increases, often as a function of product
complexity, the number of and traffic on inter-IPT
communication channels increases.

If IPTs are held to their useful size—i.e., 10–15
persons—then their number will most certainly be large
in complex programs. Some programs have question-
ably formed “IPTs” with 70, 100, or more members. As
programs move towards effective implementation of
the IPD paradigm, the number of IPTs generally grows
and the issue of IPT integration becomes more acute.

Given these challenges, one perceives the potential
for IPT integration issues. The automotive industry has
given integration difficulties explicit attention: “One
shortcoming that became apparent as [IPTs] worked on a
specific product was lack of coordination within the Prod-
uct Engineering group. This lack of coordination resulted
in interface problems between [IPTs] that should have
been solved functionally within Product Engineering”
[Mattis, 1992, notice to IPTs added]. McCord and Eppin-
ger [1993] also discern the potential for communication
problems between interdependent teams:

Relying solely on . . . an informal communication
network for integration . . . means to depend on the
engineers to comprehend and initiate all of the neces-
sary interactions between PDTs [Product Develop-
ment Teams]. Unfortunately, engineers are rarely
sensitive to all inter-PDT relationships, especially con-
cerning how their work affects the work of other PDTs.
Furthermore, many unforeseen conflicts between
PDTs arise throughout the course of the project which
are too slowly resolved through informal integration. . . .
More formal, planned integration mechanisms must be
designed into the organization to ensure necessary infor-
mation exchange between PDTs and to expose and re-
solve inter-PDT issues as early and as quickly as possible.

As Rechtin [1991] notes, “The greatest leverage in
system architecting is at the interfaces.” While true for
a system architecture, it also applies to the organization
architecture that develops it. A better understanding of
the issues underlying IPT interdependence would seem
to hold great potential for improving the product devel-
opment organization and process.

3. INTEGRATIVE MECHANISMS AND
FINDINGS

Aware of the issues, we now turn to the implemen-
tations that enable us to integrate multiple, interdepend-
ent IPTs. Integrative mechanisms (IMs) are strategies

Figure 1 Number of Inter-IPT Interfaces Increases with
Number of IPTs.
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and tools for effectively coordinating actions across
teams and groups within a program. As catalysts, they
facilitate information flow across communication bar-
riers, such as a company or program’s organization
structure, incentive systems, location, leadership styles,
cultural differences, and management traditions
[Morelli, 1993]. IMs must also regulate information
flow such that it does not overwhelm or underwhelm its
recipients.

This paper categorizes and discusses nine types of
IMs.2 Table II divides these into two groups: (1) inte-
gration enablers—IMs which provide for the estab-
lishment of integration; and (2) integration
maintainers—IMs which monitor and facilitate ongo-
ing integration. Together, all the IMs provide an organi-
zation integration “tool kit.”

Each IM’s appropriateness may not hold for every
program, interface, or situation: One must consider a
firm’s organization (formal and informal, including
culture and traditions) and a program’s technical infor-

mation requirements when applying any of these ap-
proaches. Rechtin [1991] reminds us: “It is easier to
match a system to the human one it supports than the
reverse.” Effective utilization of IMs requires an under-
standing of their capabilities, limits, and suitability to
circumstances.

The use of IMs often invites trade-offs. For example,
improved information and communication technolo-
gies can be traded with co-location to an extent. The
membership of any arbitration or management group
can also be varied to balance between pros and cons at
each end of a spectrum. Further possible trade-offs will
become evident from the discussions that follow.

The next nine sections describe the nine categories
of IMs given in Table II in more detail and discuss case
study findings and literature regarding them. The Ap-
pendix provides a series of tables that summarize these
findings in an abbreviated format.

4. SYSTEMS ENGINEERING AND
INTERFACE OPTIMIZATION

4.1. Description

Ideally, systems engineering of the organization is
an a priori technique, using the product architecture and
systems principles, to inform the organization design
and IPT breakout. Hence, perhaps organization systems

Table II. Integrative Mechanisms (IMs)

Integration enablers
 1. Systems engineering and interface optimization
 2. Improved information and communication technologies
 3. Co-location
 4. Training
 5. “Town meetings”

Integration maintainers
 6. Manager mediation
    A. Management hierarchy (“up-over-down”)
    B. Heavyweight product managers (HPMs) or integrators
 7. Participant mediation
    A. Conflict resolution engineers (CREs)
    B. Liaisons
    C. Engineering liaisons (ELs)
 8. Interface “management” groups and integration teams
    A. Predetermined
    B. Impromptu
 9. Interface contracts and scorecards

2Other typologies of integration and coordination mechanisms
have been developed. The list in Table II expands upon categories
developed by McCord and Eppinger [1993]. Coordination mecha-
nisms useful in design for manufacturability (DFM) contexts are
discussed in Adler “Managing DFM: Learning to Coordinate Product
and Process Design” in Susman [1992: 140–156].
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engineering should not be classified as an IM in the
strictest sense: It might be thought of as the work gloves
one must put on before handling the other IM tools.

Gulati and Eppinger [1996] explore the coupling of
product architecture to development program organiza-
tion structure, noting that decisions in one realm affect
and even constrain opportunities in the other. Thus, as
one considers organization integration issues, one must
first look at the system architecture that the organiza-
tion is charged to develop. Figure 2 shows the proposed
relationship: Architecture and organization are linked
through the process of problem decomposition and
system integration. Decomposition and integration are
generalized inverse problems. Therefore, the first step
in program integration is to understand as completely
as possible (or practical) the nature of the proposed
product architecture, especially its decomposition and
internal interfaces, for these will directly affect the
organization and the ease of integrating the teams work-
ing on the various subproblems. The architectural
breakdown of the product leads to the work breakdown
structure of the process and the team breakdown struc-
ture of the organization.

How, specifically, does a product architecture and its
associated task set affect the organization and its com-
munication patterns? Morelli et al. [1995] investigate
the extent to which coordination-type communication
between project groups is predictable given a known
task set. With the proposed tasks before them, project
participants were able to predict 81% of the communi-
cation that, in fact, took place. This result signifies the
possibility of designing an organization on the basis of
a proposed system architecture and its associated task
set. Conceivably, interfaces could be made more opti-
mal with respect to anticipated information flow needs.
By paying attention to teams and their interfaces, an
organization can be designed for integration [Brown-
ing, 1997a].

Given an unprecedented or revolutionary system,
however, possessing a thorough understanding of the
architecture and the tasks to develop it is under-
standably difficult. Knowledge of tasks and their dura-
tion is essential to the creation of the statement of work
(SOW), work breakdown structure (WBS), and inte-
grated master schedule (IMS). This knowledge is like-
wise crucial for interface planning and management.
For upgrades and other largely precedented systems, it
is much easier (although not necessarily easy) to outline
tasks and their information requirements. Where the
architecture and/or tasks are yet to be determined, or-
ganization designers must build in flexibility so the
organization can adjust once the characteristics of the
required IPT interfaces settle out. Baseline organization
designs for programs developing unprecedented sys-

tems require the most flexibility of all. (Of course, this
requires an incentive system that enables and encour-
ages organization flexibility.)

Systems engineering and interface optimization is
actually more of an a priori, preventive measure—at-
tempting to make IPTs as technically independent as
possible, based on the premise that minimal interfaces
imply fewer interface issues. Of course, this ultimately
stems from the product’s architecture—the more modu-
lar the architecture, the more independent the teams. As
Rechtin [1991] notes, “Choosing the appropriate aggre-
gation of functions is critical in the design of systems.”
Likewise, choosing the appropriate aggregation and
integration of organization functions becomes the criti-
cal task of the organization designer. Doing this job well
makes the job of the integrators and managers that much
easier.

Choosing how to decompose a program organization
into IPTs can benefit from the same heuristics Rechtin
collected in reference to breaking down a system’s
architecture (Table III). Here, “communications” refers

Figure 2 Architecture Tied to Organization Through De-
composition/Integration Problem [Gulati and Eppinger,
1996].

Table III. Partitioning Heuristics [Rechtin, 1991]

• In partitioning, choose the elements so that they are as
independent as possible—i.e., elements with low exter-
nal complexity and high internal complexity [Alexan-
der, 1964]

• In partitioning a distributed system, choose a configura-
tion in which local activity is high speed and global ac-
tivity is slow changea

• In partitioning a system into subsystems, choose a con-
figuration in which minimal communications between
the subsystemsb

• Do not partition by slicing through regions where high
rates of information exchange are required (e.g., com-
puters)

aFrom Courtois, P. J., “On Time and Space Decomposition of
Complex Structures,” Communications of the ACM, Vol. 28, No. 6,
1985, pp. 590–603. Quoted in Rechtin [1991].

bExcepting massively parallel neural networks.
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to “interrelationships, connections, interplay, informa-
tion flow, etc.” Thus, both subsystems and IPTs should
be semiisolated to a reasonable extent so that a minimal
number of external events have the potential to disturb
their inner workings. 

The issues of systems architecting are crucial as
inputs to any design process. The importance of intel-
ligently grouping functional requirements and decom-
posing architectural elements to meet those
requirements cannot be overstated. It is here that mul-
titeam integration begins, for it is here that much of the
difficulty of the integration tasks is determined. How-
ever, this paper will not address the tenets of intelligent
decomposition, which several authors have discussed
[e.g., Alexander, 1964; Altus et al., 1995; Kusiak and
Wang, 1993; Michelena and Papalambros, 1995;
Pimmler and Eppinger, 1994; Rechtin, 1991].

4.2. Findings

Designing the organization to mirror the product
architecture makes common sense and has been advo-
cated in recent literature [e.g., Grady, 1994]. A well-
partitioned system will have a minimal number of
architectural interfaces, and the teams developing the
subsystems will usually require the minimal amount of
interaction with each other. Rechtin [1991] sums up this
concept with a heuristic akin to that of minimum com-
munications: “Design the elements to make their per-
formance as insensitive to unknown or uncontrollable
external influences as practical.” This also applies to
IPT relationships, where organization designers should
maximize the ability to communicate while minimizing
the need to do so.

However, most IPTs working as one of many design-
ing a complex system will have some need to commu-
nicate with the rest of the program. One wants to avoid
the problem experienced by the F-22 program, where
ostensibly independent IPTs took their element and
focused on it too closely:

When IPTs received the people, funding and authority
to develop individual products, each of the teams con-
centrated solely on its product and overoptimized it.
Teams would produce components of outstanding de-
sign that were not easily integrated with other compo-
nents. [Wagner and White, 1995: 38]

When cross-functional, upstream/downstream, cus-
tomer, and supplier integration is the goal, making the
organization mirror the architecture becomes especially
challenging. At what level should the assimilation of
these functions occur? Including them all in every IPT
is not feasible. Teams must share some resources. Con-
straints will often dictate practical limits of cross-func-

tional integration. However, an understanding of which
constraints are the most limiting can help managers
decide where to apply the resources that will gradually
relax the constraints. Organization inertia is often the
biggest constraint of all.

Complex system development requires the exchange
of technical information among groups. Understanding
the sources and sinks of this information flow can
provide insights leading to improved organization and
integration. It is important that decisions affecting en-
tire programs and organizations proceed with a system-
atic foundation. For example, analyzing an organization
using a dependency structure matrix [DSM—Brown-
ing, 1997b; Eppinger, 1997; McCord and Eppinger,
1993] enables a more systematic approach and informs
trade-offs regarding the integration of IPTs and func-
tional support groups at appropriate organizational lev-
els and in the application of IMs. None of the case study
programs utilized a systems approach to designing and
integrating the organization, although some programs
had groups in place to enable learning so future pro-
grams would have this opportunity.

Systemic approaches to organization have a good
chance of leveraging improvements in cost, schedule,
and performance. For example, quality function de-
ployment (QFD) and approaches such as the require-
ments allocation matrices (RAMs) and derived
requirements allocation matrices (DRAMs) used at
Boeing [Kepchar, 1994] deserve consideration for their
ability to systematically flow down requirements and
responsibilities through a system architecture and an
organization. Getting everyone to buy in to the use of
system models can integrate decision makers and lead
to more enlightened choices of organization structures
and more appropriate applications of IMs. Thus, sys-
tems engineering principles, applied to the organiza-
tion that develops the system, are a primary, a priori
integration enabler.

5. IMPROVED INFORMATION AND
COMMUNICATION TECHNOLOGIES

5.1. Description

Information and communication technologies serve
to penetrate communication barriers and to increase the
capacity, efficiency, and general efficacy of a program’s
information exchange.3 Several representative tech-
nologies in this broad category include:

3For specific research on these intentions, consult Hauptman
and Allen [1987] and Jakiela and Orlikowski [1990].
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• linked CAD tools
• shared databases
• e-mail
• voice mail
• standardized hardware and software suites
• local and wide area networks (LANs and WANs)
• archival databases for mail and meeting minutes

(with friendly search and retrieval mechanisms)
• computer and/or video conferencing
• teleconferencing

Much more has been said in other places about the roles
these technologies play within IPTs, but here we focus
on their role as an interteam IM.

5.2. Findings

Several technologies have the potential to enable
and improve interteam integration. I will present sev-
eral in turn, beginning with electronic mail. Today,
employees on most programs have access to e-mail, at
least internally. While many attribute the reduction of
hard copy memos to the advent of e-mail, others see
e-mail as a hindrance to integration. In some programs,
people copy their messages to everyone else. It is just
as easy to send the message to the whole program as it
is to send it to a single person. Besides, one thinks it
better to provide the information to everyone, lest some
critical recipient be omitted and take offense. Hence,
some find themselves inundated with information,
much of it nominally relevant. While such “broadcast”
messages are an excellent way to keep abreast of a
program’s (or multiple programs’) activities, most peo-
ple do not have the time to assimilate them all. Instead,
people sometimes do not look at any of the messages,
figuring that any really important notice will come to
them through another channel. Soon, with others not
able to count on these individuals to read their e-mail,
senders do have to resort to other channels, and e-mail
becomes little more than another potential time sink.
Individuals and teams should realize who really needs
to know something; i.e., they should be aware of their
interfaces. Understandably, on a multidisciplined IPT,
the amount of information to assimilate—because of
the additional perspectives considered—will be
greater. Eliminating superfluous information becomes
even more important here. E-mail messages concerning
the program and coming from outside a team could be
filtered, perhaps by that team’s liaison. Finally, some
effort should be made to archive program-related mes-
sages, both centrally and individually. Sometimes e-
mail documents important decisions. Thus, it would
behoove programs to establish guidelines for the use of
e-mail if they are going to rely on it as an IM.

Improving common databases involves embellish-
ing the breadth and depth of the data stored, increasing
accessibility while decreasing access time, establishing
standardized formats, and training an ever-greater
amount of the workforce in their use. Ideally, an IPT
member could access all databases easily and routinely
from a single terminal, such as a personal computer on
his or her desk. Engineering, manufacturing, schedule,
cost, test, and other data of many types should be
archived and made readily available. Critical parame-
ters should be tracked regularly for elements, subsys-
tems, and the system as whole; and these data should
be easily accessible. To be shared, data must be repre-
sented in a common language of mutually understood
terms. Sometimes different teams and functional
groups use terms differently—either using the same
name for different data or giving the same data different
names. In these cases, the information receiver often
goes to great lengths to extract the desired information.
Boeing found this to be a significant barrier in their
commercial aircraft group. A truly common database
overcomes these obstacles. Sometimes this means
team-wide training in a new vocabulary. Sometimes
this requires establishing a new data language alto-
gether. Another option is to provide special translator
tools in software that make the interface appear seam-
less (i.e., pre- and postprocessors). An excellent prac-
tice for accessing common databases in a standardized
format is Boeing’s utilization of web browsers and an
intranet. CD-ROMs also provide a means of storing
easily distributable archives.

Standardizing hardware and software presents a
constant challenge—and a dilemma as well. While
increased standardization facilitates IPT integration in
the short term, its long-term effects are less definite.
The global optimum consists of a software policy that
provides good interoperability in the short term while
maintaining flexibility—through alternatives and wide
expertise and by fostering innovation—in the long
term. This includes recognizing that the ideal software
of today may not be the best choice for the future.
Software companies change. So do the companies one
works with: The new partner company of the future may
have standardized on something else. Moreover, ma-
ture products can become slow and inefficient. New
technologies leap ahead. Without consideration of the
need to maintain flexibility (because one realizes that
all of the variables that will influence the choice may
not be accounted for), the tendency is to converge on
and optimize the nearest suboptimal point. Optimizing
at the incorrect point actually places one farther away
from the global optimum (because of the reluctance to
write off the sunk cost investment). Similarly, the
choice of a single software suite that has limited inter-
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face and translation capabilities may be fine for a given
program, but it may not translate easily to future pro-
grams or teams. The trade between standardization as
an IM and the risks thereof must be considered. Deci-
sions must consider when it is best to foster innovation
through a variety of tools versus when it is best to
channel innovation through one tool, even if towards a
local optimum.

Electronic file transfer is often essential to in-
terteam integration. Local area networks (LANs) and
wide area networks (WANs) are good, fast options.
Some form of network or intranet should exist to tie
everyone’s workstations and terminals together. E-mail
can also be used to transfer files. Security concerns
make some wary of using e-mail for intersite file trans-
mission. Using encryption can overcome this barrier,
although much widely used e-mail software does not
currently offer automatic encryption, or else requires
special configuration to utilize this capability.

CAD/CAM/CAE systems are a critical IM, facili-
tating file transfers and standardized formats, aiding in
design conversations, and providing “a flexible and
unambiguous design representation” [Robertson and
Allen, 1991]. With the common point of reference these
tools bring, fewer interdisciplinary misunderstandings
occur and conversations are more effective. Research
by Robertson and Allen [1991: 23] has shown that an
increase in performance due to CAD use is most
strongly realized when it is explicitly used to enable
cross-functional communication.4

Israel [1992: 24] provides an example where CAD
was used as an IM to enable concurrent engineering in
the Convair Division of General Dynamics in the devel-
opment of an advanced cruise missile:

The participating engineering functions included
structural analysis, human factors, maintenance, and
flight dynamics. The primary communication mecha-
nism between these functions was a Mechanical Engi-
neering CAD system. Proposed designs were file
transferred from one engineering group to another.
Analysis was conducted and the results returned with
commentary. The commentaries in this case identified
structure over-designs. By using this information early
on, a redesigned bulkhead was generated with a sig-
nificant weight savings. Additional commentary iden-
tified a maintenance issue which required the removal
of another bulkhead in order to service one of the
electronics packages. This removal process would

have required two men and a special support dolly. Use
of the CAD system helped to incorporate a hinged
supporting member, thus eliminating the need for the
special dolly and one of the two support personnel. The
General Dynamics example is illustrative of the use of
a CAD system as a communications enabler which
supported information flow and problem identification
by overcoming distance and language barriers which
typically arise between functional engineering disci-
plines.

Rosenbaum and Postula [1991: D.3.5] single out the
three-dimensional capabilities of CAD tools as their
chief integrative characteristic:

We live in a three-dimensional world. Most people
cannot quickly and easily visualize well from two-di-
mensional views. The result is that designs represented
by drawings are frequently the private domain of de-
signers and drafters. It is not surprising then that draw-
ings often yield designs that cannot be manufactured,
cannot be maintained, and do not meet customer ex-
pectations. . . .
 In fact, solid modeling is the key to successful team
(concurrent) design. Through solid modeling of parts
in extreme detail, very small clearances can be verified
(including tolerances) electronically. In similar fash-
ion, electronic mockup of tubing and harnesses can
eliminate the need for physical mockups. Companies
that have instituted such programs have shown savings
in excess of 40 percent.
 Probably the most important attribute of the solid
modeling approach is that all functions, from design to
analysis to manufacturing to estimating to manage-
ment, have simultaneous access to an unambiguous
description of the product—in real time. [Rosenbaum
and Postula, 1991: D.3.5]

Today, most development programs in the aerospace
industry use CAD/CAM/CAE packages to some extent.
As Sundstrand found, however, transitioning to new
CAE tools can slow a project down. Such transitions
should be avoided midstream whenever possible. Many
companies have a software tools functional group that
explores new CAE tool options and makes recommen-
dations for future directions. These groups are hope-
fully aware of the integrative aspects of the tools. Many
programs, notably the F/A-18E/F program and the Boe-
ing 777 program [Sabbagh, 1996], have attributed vast
improvements in the development cycle to the use of
CAE tools such as CATIA  and Unigraphics  and
CAM tools such as Variation Simulation Analysis
(VSA). Two- and three-dimensional models have pro-
vided for the early recognition of problems (in some
cases) and the ability to do rapid, virtual prototyping.

4They also recommend each CAD system have a text message
template to standardize annotations.
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Use of the same tools by the subcontractors has also
facilitated integration with these groups.

Scheduling and process modeling software can also
contribute to integration. A standardized schedule is a
good place to highlight critical issues that could cause
delays. Having a common modeling tool from which to
analyze and ask questions about the program can pro-
vide an integrative effect. Some of the case study pro-
grams are experimenting with process modeling and
simulation tools. However, the steep learning curves
associated with many of these function-packed soft-
ware packages may inhibit integrative overtures. Sim-
ple, highly visual methodologies incorporating
dependency structure matrices (DSMs) hold promise
in this regard [Browning, 1997b, 1998; Eppinger et al.,
1994], although software available to work with DSMs
is currently limited.

Many non-software tools and methodologies also
proved successful as IMs in the case study companies.
Boeing’s IPD data sheets and GEAE’s electronic work-
sheets serve to standardize the format of data charac-
terization both within and between teams. Boeing’s use
of the Geometric Dimensioning and Tolerancing
(GD&T) language establishes a common vocabulary
for multidiscipline interactions. In addition to common
reference terms, archives of lessons learned that can be
saved and shared not only provide an IM but also foster
a policy of learning within the organization. GEAE’s
Design Record Book and Chrysler’s “Book of Knowl-
edge” provide excellent examples of these types of
efforts. Some programs plan to use knowledge-based
software tools. On a broader scale, well-organized
process guides—used and provided with training in
their interpretation and use—can allow more of the
product development process to proceed on an inte-
grated basis. Excellent examples of good practices
along these lines include GEAE’s Engine Development
Cycle Process Guide and Raytheon Systems’ RF/Mi-
crowave Business Unit Teaming Handbook. While
these particular guides could be expanded by explicitly
outlining additional approaches and tools, they provide
a common framework for an entire program to ap-
proach the design process. Such handbooks probably
should include guidelines on the appropriate uses of
IMs as well. Finally, one of the most effective, non-soft-
ware IMs—bulletin boards—has been used for a long
time. One should not underestimate their importance,
even in an electronic age. Often an entire conference
room will have walls filled with status reports and
schedules. These provide opportunities for employees
to discuss aspects of the program in a casual sense and
get a better feel for its breadth and depth.

Note that this IM category includes several informa-
tion tasks: transfer (dissemination), access, and assimi-

lation. Technologies facilitating any one of these areas
may not necessarily further them all. For example,
some technologies, such as teleconferencing, make in-
formation exchange so expedient that the propensity to
not document that exchange increases. One must con-
sider such factors if record keeping is a priority. Taking
CAD as another example, researchers have looked at
the different roles CAD tools can play in an organiza-
tion: as physical capital, as support for human capital,
or as enablers for improvements in social capital (i.e.,
as an IM) [Robertson and Allen, 1991]. The existence
of three (or more) ways of viewing these types of tools
implies that not everyone recognizes them as an IM and
that their mere presence does not guarantee superior
integration. In fact, some research shows CAD can have
a negative effect on integration [Jakiela and Orlikowski,
1990; Murotake and Allen, 1991]. Certainly, the ease
of making changes in CAD files does not encourage
documentation of the design history. While no one likes
excessive documentation, and “improved communica-
tion” is seen as the way around it, some amount of
design version history is necessary for future access.
Hauptman and Allen [1987] highlight some of the
major literature on information and communication
technologies in their 1987 paper, which discusses the
capabilities, drawbacks, and perceptions of these new
approaches. Also, much more has been said in other
places about the roles many of these technologies need
to play within IPTs [e.g., see Hartley, 1992; Murotake
and Allen, 1991; Robertson and Allen, 1991].

This section has focused on interteam integration
aspects of improved information and communication
technologies. While the IMs in this category possess
great potential to enable integration, they do not ade-
quately suffice as a bandage for an improperly organ-
ized program. As Wheelwright and Clark [1992: 242]
point out, only programs that have broken down in-
terteam barriers, integrated functional activities, devel-
oped structured design processes, and provided
appropriate organization and leadership can expect to
realize the full benefits of technological solutions.

6. CO-LOCATION

6.1. Description

Co-location involves positioning IPTs and func-
tional support groups (already assuming co-location of
the IPTs themselves) in close proximity (usually within
sight and sound of each other, but sometimes within
walking distance) for the purpose of facilitating commu-
nication, both formally and informally. Co-location offers
at least two advantages: (1) It enables more expedient
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resolution of low level issues, and (2) it increases cross-
functional and interteam awareness and appreciation.

6.2. Findings

Research by Allen [1997] shows the probability of
communicating at least once per week decreases
quickly with separation distance of employees. The
probability of communication drops below 13% with a
separation distance of just 10 meters or more. Since
locating everyone in a large program within 10 meters
of each other is impossible, co-location must be supple-
mented with other IMs. Co-location offers one of the
most obvious examples of how IMs can be traded off:
Greater co-location can reduce the need for other IMs.

To serve as an effective IM, co-location should be
considered in terms of its influence on communication
patterns rather than purely in terms of distance. If
“co-located” IPTs or groups still use the phone as the
primary means of communication, for example, they
have not tapped the true advantage. If individuals still
reside in mazes of cubicles, where seeing if another
person is at their desk requires leaving one’s own
desk—again, perhaps a key benefit of co-location is yet
to be realized. The extent to which co-location adds
value (i.e., how far to take it) is still a subject for
additional research. (Undoubtedly, like other IMs, it
will vary by program circumstances.)

Chrysler’s Neon program exhibits almost complete
program co-location (although manufacturing is still
some distance away from product design), with an
entire floor of its new Technology Center dedicated to
each product platform. On a smaller scale, Sundstrand’s
lack of cubicles contributed to the open atmosphere
intended by implementing co-location. Raytheon Sys-
tems’ GEN-X program faced several difficulties which
co-location might have circumvented, although con-
straints seemingly limited the possibility. While most
programs are co-located to some extent, special care
should be taken to group the IPTs and functional groups
with the tightest couplings in close proximity. Like-
wise, important cross-functional, upstream/down-
stream, and customer/supplier resources should be
integrated, perhaps by co-location, within the IPTs,
system teams,5 or program as applicable.

Specialized test labs, manufacturing facilities, mul-
ticompany teams, etc. constrain co-location. The point
of diminishing returns with regard to forcing these

outliers to co-locate with the bulk of a program has not
been determined and certainly remains a subject of
discussion for organization designers. Besides, how far
to take co-location (how hard to push for it) varies by
program. For measuring the amount of co-location,
some proposed metrics include: percentage of IPT co-
located, percentage of system team co-located, percent-
age of program co-located, and ratio of co-located or
integrated disciplines to total disciplines.

7. TRAINING

7.1. Description

IPT level integrators recognize the role of training
in boosting team performance. In much the same ways
as IPTs learn to operate as better teams, they can receive
training on how to more adeptly arbitrate issues with
other IPTs and utilize the IMs facilitating those inter-
actions.

7.2. Findings

Training can take many forms, from team building
to technical. After looking at the five programs and
others as well, many interesting aspects of successful
training enterprises become apparent. The most bene-
ficial training programs were developed and adminis-
tered before the program got underway. Teams were
launched with team building training and not allowed
to flounder without a clear sense of roles and direction.
Integrative training provides awareness of the many
roles, responsibilities, and contributions of the various
disciplines on the program. IPT building training is best
undertaken by the entire, multidisciplined team to-
gether. Training can help equip the teams with a com-
mon understanding of the program’s interteam
interfaces, in terms of data flow, goals, and priorities. It
can also help establish and raise awareness of guide-
lines for documentation and protocol. Also, training
ought to include systems thinking and organization
learning skills [Senge, 1990].

Like information, training should be available to the
right people, at the right place, and at the right time—
with the realization that missing these marks quickly
diminishes the value added. Training should not be seen
as just an up front “project.” Ideally, it should be part
of a larger, ongoing enterprise improvement plan. Tech-
nical training is best provided during program slack
time. In any case, except for team launches and certain
interface awareness efforts, training probably does not
belong on the critical path.

5System teams are groups of highly coupled (interactive and
interdependent) teams and functional groups within a program. See
McCord and Eppinger [1993] and Browning [1996b, 1997a].
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8. “TOWN MEETINGS”

8.1. Description

Town meetings (and other similar rallies) gather
everyone on a program together in one place to re-
view the program’s progress. Although relatively in-
effective for transferring technical information, they
serve to boost morale and camaraderie. On large
programs, especially ones that span several facilities,
such gatherings are logistically impossible. Smaller
versions (e.g., all employees at a given site) and other
types of meetings with these goals also fit into this
category.

8.2. Findings

Most large, complex product development pro-
grams, such as those in the defense aerospace industry,
find it impossible to bring everyone together at once for
a meeting—although some of the case study programs
bring sections or all employees at a given site to the
occasional “all hands” meeting. A determination of
how often town meetings should take place has not been
made, although once a month, once a quarter, and after
significant milestones are popular options. Manage-
ment must decide the frequency and the agenda to boost
program-wide awareness and camaraderie. The effec-
tiveness of town meetings as an IM has not been estab-
lished empirically, although most intuitively agree that
they can have a positive effect if they are well planned
and emphasize integrative concepts.

9. MANAGER MEDIATION

9.1. Description

This IM comes in (at least) two flavors, both of
which have in common the facilitation of interface
issues primarily by managers.

9.1.1. “Up-Over-Down” Some organizations use an
“up-over-down” approach to interface management as
shown in Figure 3. Managers above the IPTs mediate
interteam issues rather than having the teams’ members
deal with them directly. This mechanism works better
for relatively independent teams requiring little infor-
mation transfer and the resolution of few issues. As the
interdependence between teams increases, however,
management quickly becomes overloaded and a barrier
to information flow. Note that in this arrangement man-
agement is generally reactive as issues arise, stepping
in only to resolve issues or review progress.

9.1.2. Heavyweight Product Managers (Integrators)
A heavyweight product manager (HPM), as defined by
Clark and Fujimoto [1991], has “direct access to the
working-level engineers” when necessary and exer-
cises “strong direct and indirect influence across all
functions and activities in the project.” Lawrence and
Lorsch [1967] describe this role as that of an “integra-
tor.” The HPM has more clout than the functional
managers. Table IV lists the characteristics of success-
ful HPMs in the automotive industry. After reviewing
this list, one should discern the difficulty in finding such
a superhuman individual, especially in the aerospace
industry, with its great complexity and scope. Perhaps
the key here is to contain these characteristics in a cadre
of individuals who perform the HPM role together
(with one individual as this group’s leader). While this
role/IM focuses on the individual’s (or small group’s)
integrative influence, it does not exclude direct IPT
interfaces, as does the up-over-down approach. On the
contrary—it encourages them.

9.2. Findings

Companies reducing their numbers of managers
found that those who are left often do not have enough
time to micromanage their workers. In effect, this pro-
duced “empowerment by default.” Hierarchical man-
agement structures, especially sparse ones, find it
difficult to continue to arbitrate and mediate all in-
terteam issues. In cases where teams have infrequent
interactions, a hierarchical structure might suffice, yet
probably not as the most efficient IM. Besides, these
situations are less likely in complex development pro-
grams. Instead, managers will have to provide clear
direction and certify that knowledge of that direction
figures into decisions throughout the program.

IPT #1 IPT #2

Management

Figure 3 “Up-over-down” Management Arbitration.
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Mohrman et al. [1995] recommend the following point-
ers for direction setting:

• Define a strategy, communicate it, and operation-
alize it at all systemic levels. Ideally, strategy
informs the trade-offs that are made throughout
the organization.

• Align goals vertically and laterally. Strategy gets
translated into goals.

• Align support service goals.
• Choose goals that are measurable.
• Assign rewards in accordance with organization

goals.
• Do not assume that direction precludes empow-

erment.
• Plan collectively.
• Facilitate flexibility and responsiveness.

The three aerospace case studies turned up no
HPMs, although some managers possessed some of the
characteristics of effective HPMs (Table 4). Indeed, the
role of HPM as described in the automotive industry
becomes difficult to implement in large, complex, un-
precedented, and infrequent development programs
that require the integration of thousands of individuals

and tasks. A single person probably cannot get their
arms around the breadth and depth of the program to
the extent of effectively integrating it alone. In some of
the cases, a program manager was able to assemble a
group of people, either formally or informally, to be his
“tentacles” throughout the organization. While plausi-
ble, it becomes more difficult through multiple layers
of management. This “distributed integrator” role re-
quires systems thinking and good communication and
negotiation abilities. All else being equal, the HPM role
becomes a little more feasible when the program is a
precedented, lower risk one. Along these lines, Susman
and Ray [1996] found—in general, and at least in the
early stages—that low risk projects should have more
power in the program organization, while high risk
projects would do well to balance the effects of program
and functional managerial influences.

The most practicable management mediation
mechanism seems to be management teams composed
entirely of managers from various functions and/or
teams. This team “forges strategy and direction for the
constellation of teams in the business unit, makes re-
source trade-offs between the different teams based on
the strategy and the needs of the teams, and manages

Table IV. Characteristics of Effective Heavyweight Product Managers in the Automotive Industry [Clark and
Fujimoto, 1991]

• Coordination responsibility in wide areas, including production and sales as well as engineering

• Coordination responsibility for the entire project period from concept to market

• Responsibility for concept creation and championing as well as cross-functional coordination

• Responsibility for specification, cost target, layout, and major component choices

• Responsibility for ensuring that the product concept is accurately translated into technical details

• Frequent and direct communication with designers and engineers at the working level as well as through liaisons

• Maintain direct contact with customers

• Possess multilingual and multidisciplined abilities in order to communicate effectively with marketers, designers, engi-
neers, testers, plant managers, controllers, and so forth

• Role and talents in managing conflict surpass those of neutral referees or passive conflict managers; they may initiate con-
flicts to prevent product designs or plans from deviating from the original product concept

• Possess market imagination and the ability to forecast future customer expectations based on ambiguous and equivocal
clues in the present market

• Circulate among project people and strongly advocate the product concept rather than do paperwork and conduct formal
meetings

• Mostly engineers by training, they possess broad (if not deep) knowledge of total vehicle engineering and process engi-
neering
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the performance of the various teams that report to
them” [Mohrman et al., 1995: 121].

10. PARTICIPANT MEDIATION

10.1. Description

This IM category combines several types of non-
management interface mediators. Most of the terminol-
ogy for these subcategories comes from the automotive
industry [McCord and Eppinger, 1993].

10.1.1. Conflict Resolution Engineers (CREs)
When technical conflicts are brought to their attention,
CREs act as dedicated arbitrators between IPTs. “Con-
flict” refers to disagreements over technical issues or
trade-offs that affect two or more teams. An example of
a CRE is a “zone engineer,” who arbitrates technical
conflicts between teams within a given section of a
program. The CRE handles “turf” issues of a technical
nature, provided that both sets of “turf” fall under his
or her jurisdiction. If the CRE comes from the ranks of
management, the role would fit under Management
Arbitration. More likely, however, the CRE would be a
functional guru from the technical area within question
or a systems engineer.

10.1.2. Liaisons Akin to a CRE, a liaison also works
to resolve technical issues at team interfaces. However,
liaisons play a more proactive role as they facilitate
continuous and intensive information exchange. This
role involves seeking out technical conflicts, discover-
ing them earlier, and resolving them faster by partici-
pating in interteam interactions. A liaison is a member
of one IPT and serves that team entirely (as far as the
liaison role is concerned) by facilitating that IPT’s
communications with all other IPTs—a “from one to
many” and a “from many to one” relationship.

10.1.3. Engineering Liaisons (ELs) Whereas liai-
sons reside in one IPT, ELs are formal members of two
or more IPTs whose interface the EL coordinates.
Hence, the EL will go to the team meetings and other
team activities of two or more IPTs. Not only do ELs
establish and maintain a firm communication link be-
tween IPTs, they also perform specific technical tasks
on at least one of the teams. They are working, devel-
opment engineers.

10.2. Findings

With a well-trained person placed at an appropriate
interface, liaison roles—liaisons, engineering liaisons
(ELs), and conflict resolution engineers (CREs)—have

positive effects. Their advantages include: the rapid
communication of information, the opportunity to ex-
perience and learn from the workings of other teams,
and the removal of some of the interteam interaction
burden from the team leader (where it usually falls)
[Sheard and Margolis, 1995]. Boeing uses zone engi-
neers to oversee interteam issues in the F/A-18E/F
program. They have a liaison functional organization
(although it is diminishing) that provides up-
stream/downstream integrators. Some IPTs have as-
signed designated persons to specific interfaces. On the
other hand, some, like GEAE, do not desire roles where
people “only talk to others.” (This requires every team
member to have some liaison functions.) Hence, some
have found participant mediation and arbitration of
interface issues expedient, while others see specialized
roles as unnecessary.

Special consideration should precede the assign-
ment of liaisons, ELs, or CREs. A good interteam
representative will ideally possess a thorough under-
standing of and respect for the tasks and goals of both
or all of the teams with which he or she works. Not only
do knowledge and empathy lead to better decisions,
they also lead to reciprocal respect and willingness to
provide meaningful information. Often the EL can gain
knowledge and respect by actually doing work on one
or more of the teams. In addition, a participative media-
tor needs a systems view of the issues and a clear
conception of the overall strategy that provides guid-
ance for trade-off decisions.

Guidelines should also establish the amount of in-
formation filtering a liaison will provide. “The liaison
concept requires a strong [IPT] leader, to enforce both
the attendance of liaisons at other meetings and the
brevity and relevance of the comments they bring back”
[Sheard and Margolis, 1995]. Liaison-type roles fall
along a spectrum, with authoritative roles at one end
and simple information transmitters at the other. The
amount of power and responsibility bestowed on a
liaison, EL, or CRE will also vary depending on the
character of the interface they oversee.

Although not investigated explicitly in the five case
studies, overlapping membership is another (informal)
form of participant mediation. Many programs form
IPTs where the members move from team to team.
Although this practice can result in synergy and inte-
gration if members participate on just two IPTs, the
strategy can have negative effects if employees partici-
pate on more than two IPTs. Wheelwright and Clark
[1992] found that an engineer’s ability to add value to
a task peaks when assigned to two development pro-
jects and falls below 50% when she or he must spend
time with three or more projects.
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11. INTERFACE “MANAGEMENT” GROUPS
AND INTEGRATION TEAMS6 

11.1. Description

This IM includes groups—perhaps a mixture of both
management and participants—that “manage” IPT in-
terfaces, largely from an “up-over-down” perspective.
(Here “management” is enclosed in quotations as refer-
ring to management of the interface itself, which may
or may not be done entirely—if at all—by managers.
If such a group is composed entirely of management
personnel, it should fit more properly under Manage-
ment Arbitration.) Note the difference between inte-
grated teams and integration teams, which may or may
not be “integrated” (i.e., cross-functional) themselves.
At least two genres of such “integration teams” exist:
predetermined and impromptu (for lack of better
terms).

11.1.1. Predetermined
Predetermined integration teams are formed from

the outset of a program (or their date of formation is
fixed from the outset), chartered to deal with foreseen
issues of a complex, critical nature that involve multiple
IPTs. Such preordination would most likely stem from
a systems engineering analysis that reveals the crucial
interfaces.

11.1.2. Impromptu
Impromptu interface management groups also deal

with a single, complex, critical issue concerning multi-
ple IPTs. However, these teams are formed when such
an issue crops up in the middle of an ongoing program,
unforeseen by the organization planners (at least at the
program’s outset). They dissolve when the issue is
resolved. Often, such groups form to handle action
items from product reviews. Impromptu integration
teams consist of engineers and others drawn from
across a project. Essentially, they correspond to task
forces, ad hoc teams, splinter teams, tiger teams, and
action teams.

11.2. Findings

Most of the programs studied use some type of team
approach to interface oversight and mediation. A key
systems team in the GEN-X program has a Manage-
ment Team to handle issues between its subteams. The
F/A-18E/F program uses a multilevel organization to
provide a hierarchy of management and participative
groups that oversee interactions between the teams at

the level immediately below them. GEAE uses Leader-
ship Teams to review individual teams and their inter-
actions with their program. These teams often consist
of both managers and participants.

Other programs have also used integration teams of
various sorts to monitor and facilitate the successful
development of subsystems or systems developed by
multiple teams. The F-22 program, for example, uses
Analysis and Integration Teams (AITs) to encourage
IPT interaction [Wagner and White, 1995]. The reor-
ganized Space Station program also uses AITs, which
are responsible for systems engineering and are organ-
ized in tiers corresponding to the hierarchical IPT or-
ganization [Peters, 1995].

Integration teams can be proactive and anticipatory
to varying degrees. The most successful ones have a
clear idea of their roles, resources, and responsibilities.
An integration team on the GEN-X program never had
its roles defined and thus spent much of its meeting time
questioning the relevancy of issues brought to its atten-
tion and postponing decisions. While integration teams
exist at a higher hierarchical level than IPTs in a sys-
tems sense, they do not necessarily consist of individu-
als with a higher hierarchical rank in the organization.

12. INTERFACE CONTRACTS AND
SCORECARDS

12.1. Description

Another way to enable and maintain integration is
to formally define interactions with interface contracts,
sometimes called interface control documents (ICDs).
These documents explicitly note what data are expected
to be transferred or shared and have the joint approval
of all involved parties. Along with these, scorecards
assist in monitoring the success of the interactions.

12.2. Findings

While formal interface contracts are an extremely
helpful IM, the documentation effort required to estab-
lish and maintain them can be extraordinary. They are
most crucial at the outset of a program, to raise aware-
ness about key interactions. After groups know their
interfaces, the contracts can be revisited less frequently.
However, the dynamic nature of programs, especially
when transitioning from one phase to another, requires
appropriate maintenance of the contracts. Raytheon
Systems’ RF/Microwave Business Unit Teaming Hand-
book provides an excellent example of the beginnings
of explicit interface identification and documentation.

Scorecards have the potential to be a valuable way
of evaluating interteam interactions. However, a score-

6Mohrman et al. [1995: 120–128] have a good discussion on
management and participative integration teams.
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card is only as good as the metrics it notes and the ability
of the user to evaluate them. Without a clear under-
standing of the information that needs to flow across an
interface, its appropriate frequency, and the ease of
transmission, proper scoring will be difficult. The proc-
ess of developing helpful scorecards will in itself en-
lighten their users to the characteristics of effective
interteam interfaces.

13. CONCLUSIONS

This paper frames the issue of IPT interdependence
and categorizes nine IMs which are broadly repre-
sentative of approaches taken within several industries
to the mandatory task of IPT integration. Other catego-
ries and subcategories may exist as well. The paper also
summarizes findings from five case studies of IM use
in complex system development programs. While this
approach does not permit the generalization of univer-
sal guidelines for IMs, it provides increased under-
standing of appropriate IM applications, both as
integration enablers and as integration maintainers. The
Appendix summarizes these findings.

In addition to the specific findings and lessons with
respect to individual IMs, this work also reinforces
general understandings concerning organization inte-
gration. IM suitability clearly depends on the charac-
teristics of industries, programs, and organizations.
Fundamental to the application of IMs is recognition
and consideration of the need for such integration at the
time IPTs are established. IMs are most effective when
applied appropriately—with knowledge of their
strengths and weaknesses in the environment under
consideration and based on a systematic approach,
stemming from the architectural structure of the prod-
uct. Above all, the realization that interteam integration,
when addressed explicitly and handled appropriately,
has the potential to greatly decrease development cost
and schedule and product performance risk should spur
greater integrative efforts.
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APPENDIX: SUMMARY OF FINDINGS
REGARDING INTEGRATIVE MECHANISMS

A.1. Systems Engineering and Interface
Optimization

1. As much as possible, design the organization to
mirror the product architecture. A well-parti-
tioned system will have a minimal number of
intersubsystem interfaces. Therefore, the teams
developing these subsystems will require a mini-
mal amount of interaction.

2. Maximize the ability of teams to communicate
while minimizing their need to do so.

3. Meanwhile, do not let teams get “tunnel vision”
and disregard their external interfaces.
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4. A systematic approach works best for grouping
the IPTs and functional support groups into sys-
tem teams and for determining how integration
will occur within and between organization lev-
els. People-based dependency structure matrices
(DSMs) provide a useful tool in this regard.
System models used for these purposes make
useful IMs themselves.

5. None of the case study programs utilized a sys-
tems approach to designing and integrating the
organization, although some programs had
groups in place to enable learning so future pro-
grams would have this opportunity.

A.2. Improved Information and
Communication Technologies

1. E-mail can lead to overcommunication: people
broadcast messages to large distribution lists.
Most people do not have the time to assimilate
all the messages. It would behoove programs to
establish some formal guidelines for the use of
e-mail if they are going to rely on it as an IM.

2. Common databases should span high bandwidth
interfaces. Common databases require accessi-
bility, decreased access time, standardized data
formats, and user training. Intranets and browser
software show promise for providing such ac-
cess. All data relevant to design objectives, in-
cluding cost data, should be readily available.

3. Critical system, subsystem, and component pa-
rameters such as cost and weight should be
tracked regularly versus design goals and made
obvious to everyone.

4. Standardization of software facilitates integra-
tion but can become a trade-off with innovation
and flexibility.

5. Seamless electronic file transfer is essential.
LANs and intranets are good, fast options. E-
mail is sometimes an option as well. Security
issues are barriers; encryption needs to be avail-
able and simple to use.

6. CAD/CAM/CAE systems are critical, providing
a common reference point for cross-functional
designers. Yet, formal guidelines are often neces-
sary to achieve optimal integration.

7. Integrated scheduling leads to improved mul-
titeam integration.

8. Other successful communication IMs include:
standardized data sheets and electronic work-
sheets, data language standards, archives of les-
sons learned, well-organized process guides (in
conjunction with training and incentives), and
bulletin boards.

9. Note that communication expediency IMs such
as teleconferencing tend to circumvent adequate
documentation of design decisions.

A.3. Training

1. Develop and administer appropriate training up
front in the program, even as a carefully con-
tained critical path item.

2. Integrative training provides interteam role, re-
sponsibility, and contribution awareness.

3. IPT-building training is best experienced by the
entire, multidisciplined team together.

4. Equip the teams with a common understanding
of the program’s interteam interfaces—in terms
of data flow, goals, and priorities.

5. Establish and raise awareness of documentation
protocol.

6. Like information, training should be available to
the right people, at the right place, and at the right
time. Missing these marks quickly diminishes
the value added.

A.4. Co-location

1. Co-location is an excellent IM, although many do
not utilize it in its most effective form. Useful-
ness is greatly diminished when group members
are more than 10 meters apart. Hence, for large
programs, correctly choosing which groups to
co-locate is crucial. Systematic methods, such as
the people-based DSM, facilitate making appro-
priate co-location choices.

2. Specialized test labs, manufacturing facilities,
multicompany teams, etc. constrain co-location.

3. Greater co-location can reduce the need for other
IMs, while a lack of co-location requires special
consideration of other IMs.

A.5. “Town Meetings”

1. Most intuitively agree that town meetings have a
positive effect if they are well-planned and em-
phasize integrative concepts.

2. How often? Once a month, once a quarter, and
after significant milestones are popular options.

A.6. Manager Mediation

1. Hierarchical management structures are not the
most efficient way to arbitrate and mediate all
interteam issues.

2. Management must provide a clear vision of pro-
gram direction, ensuring that knowledge of that
direction is held broadly within the program.
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Strategy = Goals = Incentives 
= Good low level decisions

3. The role of a heavyweight project manager
(HPM) is difficult to implement on a program-
wide basis in large, complex programs, but may
apply at the system team level.

4. The most practicable management-related, inter-
face mediation mechanism seems to be manage-
ment teams (similar to integration teams—see
IM #8) composed of managers from multiple
functions and/or teams.

A.7. Participant Mediation

1. Liaison roles have positive effects: the rapid com-
munication of information, the opportunity to
experience and learn from the workings of other
teams, and the removal of some of the interface
management burden from the team leader.

2. Zone engineers oversee interteam issues in the
F/A–18E/F program.

3. IPTs can designate members to handle specific
interfaces.

4. A good interteam representative possesses a thor-
ough understanding of and respect for the tasks
and goals of both or all of the teams with which
he or she works.

5. A participative mediator needs a systems view of
the issues and a clear conception of the overall
strategy that provides guidance for the trades that
must be made.

6. Guidelines should establish the amount of infor-
mation filtering the liaison will provide.

7. Liaison-type roles fall along a spectrum, with
authoritative roles at one end and simple infor-
mation transmitters at the other. The amount of
power and responsibility bestowed on a liaison
will vary depending on the character of the inter-
face they oversee.

8. Overlapping team membership is another (infor-
mal) form of participant mediation, but employ-
ees should not be part of more than two teams at
once.

A.8. Interface “Management” Groups and
Integration Teams

1. Most of the five programs studied use a team
approach to interface oversight and mediation.

2. These teams consist of both managers and par-
ticipants.

3. While integration teams exist at a higher level
than IPTs in a systems hierarchy sense, they need
not necessarily consist of individuals with a
higher rank in the organization.

4. Integration teams can be proactive and anticipa-
tory to varying degrees. The most successful ones
are very clear on their roles, resources, and re-
sponsibilities.

A.9. Interface Contracts and Scorecards

1. The documentation effort required to establish
and maintain interface contracts can be extraor-
dinary. They are most crucial at the outset of a
program, to raise awareness about key interac-
tions. After that, maintaining them should not be
allowed to consume as much effort.

2. Scorecards provide a valuable way of evaluating
interteam interactions. A scorecard is only as
good as the metrics it notes and the ability of the
user to evaluate them.

3. Without a clear understanding of the information
that needs to flow across an interface, its appro-
priate frequency, and the ease of transmission,
proper scoring will be difficult.

4. The process of developing helpful scorecards
will in itself enlighten their users to the charac-
teristics of effective interteam interfaces.
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