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Published works cite that 70-80% of the total cost of a product is established
during conceptual design, and that improvements in time-to-market, quality,
affordability, and global competitiveness require the development of better approaches to
assist decision-making during the early stages of product design, as well as facilitate
enterprise knowledge management and reuse.

For many years, concurrent engineering and teaming have been viewed as “the
answer” to product development woes, but studies reveal teaming is not sufficient to
handle the task complexities of product development and the long-term goal of enterprise
learning. The work of Roberto Verganti (1997) provides new insights with regard to
reciprocal interdependencies (RIs), feedforward planning, selective anticipation in the
context of improving teaming and concurrent engineering, as well as enterprise learning,
knowledge management, reuse.

In this research, reciprocal interdependencies management (RIM) is offered asa

means of addressing product development and concurrent engineering issues occurring in
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the early stages of design. RIM is acombination of Verganti’s concepts, a conceptual
RIs structure, new RIM-application strategies, RIM-diagramming, and a conceptual RIM-
based decisions support system, which come together to form a vision of a RIM-based
enterprise knowledge management system. The conceptual RIM-based DSS is presented
using the specific case of supporting aworking-level integrated product team (1PT)
engaged in the design of an aircraft bulkhead. A qualitative assessment tool is used to

compare RIM to other approaches in the literature, and initial results are very favorable.

Keywords: conceptual design, reciprocal interdependencies management, RIM,
reciprocal interdependencies, feedforward planning, selective anticipation,

superficial anticipation, feature-based design, feature-based cost, aircraft cost analysis,
IPT, integrated product team, working-level IPT, decision support systems, enterprise
learning, enterprise knowledge systems, early process engineering, preplanning

knowledge
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CHAPTER |

INTRODUCTION

There isawell-identified need in literature to develop frameworks,
methodologies, and systems that have the potential to extend knowledge with regard to
enterprise decision making during the conceptual design phase of the product
development process. The mgjority of published worksrelated to product development
assert that between 70-80% of the total cost of a product is established during the
conceptual design phase (Fabrycky and Blanchard, 1991; Feng and Song, 2000; Lee and
Kelce, 2003; Park et a., 2002; Shehab and Abdalla, 2001; Wang and Wang, 2002).
Likewise, improvements in conceptual design decision making are also linked to needed
enterprise improvements in time-to-market, quality, affordability, and global
competitiveness (Feng and Song, 2000; Greenwood and Ormon, 2004; Liebl and Hoehne,
1999; Rehmann and Guenov, 1998; Yang et al., 2003).

In order to improve conceptual design phase activities, the decision-drivers of
downstream activities need to be conveyed systematically to the earliest decision makers
in business management, engineering, and manufacturing. Enterprise knowledge and
learning need to be captured and formalized for reuse in order to improve conceptual

design decision making. (Alladaand Agarwal, 1996; Hsu and Woon, 1998; Lee et dl.,
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2001; Maet a., 2002; Reich et a., 1999; Richards, 2000; Xiong, 2003; Yang et al.,
2003).

Though much is understood about what needs to be done, the elusive question is
“How?’ How does an enterprise go about improving early design stage decision making
strategies and tools?

Since the late 1980s, the question of “how” has been addressed within the context
of concurrent engineering, teaming, and awide array of decision making tools intended
to improve the product development process. However, areview of the literature
indicates that many of the product development improvement obstacles identified in the
1980s as the justification for concurrent engineering still exist today and concurrent
engineering efforts are not uniformly successful. (Verganti, 1998, chapter 11; Appendix
A)

In the book chapter titled “ Anticipating Manufacturing Constraints and
Opportunities in the Concept Generation and Product Planning Phases,” Roberto
Verganti (1998, chapter 11) addresses the elusive question of “how” in an in-depth study
that involves a literature review and a survey of 12 companies that utilize teaming and
concurrent engineering in the automobile, helicopter, and white-goods (small appliances)
industries. The results of Verganti’ s work offer insights into why some companies are
successful in utilizing concurrent engineering to anticipate manufacturing constraints and
opportunities during conceptual design, why others are not successful, and offers
conceptsto improve product development decision making strategies and tools.

The results of Verganti’s study provide several new insights that have relevance
to improving product development endeavors. Verganti reportsthat even though many

2
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tools had been proposed in the literature, they lack insight into the complex mutual
interactions that take place in conceptual design decision making. Further, he asserts that
the empirical validation of these tools and their effectiveness is often overlooked.
Verganti’ s study also discusses relevant survey results in the context of reciprocal
interdependencies management (RIM), feedforward planning, and relevant factorsin
order to explain key components of successful and unsuccessful concurrent engineering
conceptual design efforts. The concepts and factors Verganti discusses directly or
indirectly (to be discussed more in-depth in Section 1.3) in this research are:
* Reciprocal interdependencies management (RIM)
0 Feedforward planning
0 Selective anticipation
o Commonality
» Factors affecting and measurements of successful RIM
0 Superficial anticipation
o Early process engineering
0 Preplanning knowledge
0 Feedforward planning effectiveness
However, it should be noted that Verganti never uses the phrase reciprocal
interdependencies management or RIM. Instead, he discusses various concepts that are
implied to deal with their management.
Verganti acknowledges task complexities involved in the identification of
reciprocal interdependencies and the use of feedforward planning efforts to manage them
isusually hindered by a lack of well-structured methods and the amounts of information

involved. In addition, teaming is not sufficient to handle the management of reciprocal

interdependencies.
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Another problem of product development teaming efforts noted by Verganti is
that the efforts of the pre-project team, or earliest decision makers, is not documented in a
manner that is meaningful to later teams. Hence, there is limited opportunity for systemic
learning. The enterprise cannot recreate how the increase in product development
knowledge leads to a new decision.

The majority of Verganti’s discussions and recommendations remain at a high-
level, and the work eventually focuses on broader recommendations dealing with
feedforward planning, such as systemic knowledge, knowledge reuse, communication,
harmonized objectives, supported proactive thinking, and planned flexibility. However,
for individuals with integrated product team (1PT) experience and associated knowledge
of task complexities and approaches used in industry, Verganti’ s work provides many
avenues from which to expand upon or further refine within the context of conceptual
design decision making. Verganti’s research offers an effective springboard to further
investigate the question - “How does an enterprise go about improving early design stage
decision making strategies and tools?’

The remainder of this chapter is organized as follows:

* Identification of problems and needs

0 Obstacles to development process (PDP) improvement

= Sequential task completion and information interchange

= Product development decision making processes are not
formalized

= Early product development decision making information is not
linked to downstream activities

» Product development decision making information guarded by
cultural and behavioral issues

= Enterprise information systems do not support knowledge
reuse during early product development

o Concurrent engineering problems and lack of success
» Poor management of communication linkages and complexities

4
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» Specialized hierarchies of knowledge
» Cultural aversion to detailed and methodical thinking
= Cultural bureaucracy and systemic complexity

* Initial list of research considerations (based on problems/needs) and next steps
* Anexecutive summary of Verganti’s research

0]
0]

0]

0]
0]

0]

0]

Definitions of reciprocal interdependencies
Reciprocal interdependencies management (RIM)
» Feedback planning versus feedforward planning
= Selective anticipation
= Commonality
Factors affecting/indicating successful RIM
= Superficial anticipation
= Early process engineering
* Preplanning knowledge
» Feedforward planning effectiveness

Feedforward planning knowledge management issues

Knowledge management strategy is inhibited by enterprise culture
IPT knowledge management prior to design release is dependent upon
personalization

Functional knowledge management after design release is not codified
for reuse

Knowledge management strategy does not fully utilize selective
anticipation and commonality opportunities

Research objectives
Scope of the research
Research limitations
Dissertation roadmap

1.1 Identification of Problems and Needs

In order to address the basic question of “How does an enterprise go about

improving early design stage decision making strategies and tools?’ - it is necessary to

begin by identifying and categorizing pertinent problems and needs at a high-level. In

the next two sections, obstacles to product development process improvement and

concurrent engineering are discussed and relevant research issues are identified.
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1.1.1 Obstaclesto Product Development Process | mprovement

The obstacles that stand in the way of improving the product development process
have been atopic covered in research for avery long time, and they are well represented
inthe literature. One of the contributions of this research isto collect and distill into
prioritized categories the many different obstacles identified in the literature. The
prioritization is based not only on the number of occurrences in the literature, but also on
this author’s work experience.

This research highlights the fact that a significant number of the problems
discussed many years ago still exist today. For example even after 20 years of concurrent
engineering teachings, sequential task completion and information exchange are still
noteworthy problems for a significant number of enterprises.

The literature identifies a variety of obstacles to product development process
improvements within a manufacturing enterprise. The sections that follow discuss these
categories of predominant recurring themes:

*  Sequential task completion and information exchange

* Product development decision making processes are not formalized

» Early product development decision making information is not linked to
downstream activities that occur after engineering design release

* Product development decision making information is guarded by cultural and
behavioral issues

» Enterprise information systems do not support knowledge reuse during early
product development
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1.1.1.1 Sequential Task Completion and Information Exchange

Most enterprises are made up of organizations, job descriptions, information
systems, procedures, problem-solving approaches, etc. that were originally created based
upon Adam Smith’s division of labor theory. Even though these systems have adapted to
incorporate computer technology and new theories, the underlying procedural structures
remain intact (Lee and Kelce, 2003; Wierda, 1990). Hence, the collective knowledge of
the enterprise is geared toward the completion of specialized tasks in a sequential fashion
using complete information supplied from the preceding supplier of information in the
process (Boothroyd, 1994; Evans et al., 1998; Ferrelrinha et al., 1993; Tolometti and
Saunders, 1998; Shehab and Abdalla, 2001).

The sequential nature of task completion and information interchange is most
readily apparent in the activities that take place after engineering design release. The
sequential orientation is ideally structured for short-term shop floor control objectives.
However, it does not readily support a user’s effort to work with incomplete or varying

levels of information availability before design release.

1.1.1.2 Product Development Decision Making Processes are Not Formalized
Most of the product development decision making within an organization is not
formalized. The how and why of decision making is usually not documented in
enterprise systems, and “lessons learned” are primarily applied on an individual basis.
Information related to decision making resides in someone’'s desk or brain, and only the
results of their efforts are stored in the systems. The formalization of the available
information takes place once decisions are made and placed into the system to be used by

7
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the next function. This problem has been a primary obstacle in creating many different
types of expert systems. (Andersson et al., 1995; Austin et a., 2001; Ou-Yang and Lin,

1997; Park and Khoshnevis, 1993; Xiong, 2003.)

1.1.1.3 Early Product Development Decision Making Information is Not Linked to
Downstream Activities

In most cases, information created during early product development is not
directly linked to downstream activities that take place after an engineering design is
released. Before adesign isreleased to the manufacturing execution system, thereisno
guick and easy way for a user to develop a “best guess’ of the processes, routing,
resources requirements, schedule, or potential quality issues related to a design.
However, as soon as a design is released, there are automated computer systems,
processes, and procedures within the enterprise that exist for the sole purpose of
developing these types of information, i.e., manufacturability assessment, process
routing, pricing (direct labor hours estimates), and scheduling.

Once a design drawing is released during the detail design phase, a variety of
systems are used for shop floor control related tasks, such as the creation of work
instructions, capacity requirements planning, etc. However, during the early stages of
product development, any decision making related to these tasks is performed using ad
hoc or stand-alone approaches that are not fundamentally a part of the enterprise systems
that engage after adesign isreleased. Examples include the following:

* Manufacturing standard information is created and formatted to load capacity

requirements and cost accounting systems, but it is not directly linked
to mgiqeering (_:I&eign Or cost assessment systems used by analysts
supporting Business Management or Engineering

8
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e Manufacturing process availability and capability data are not systematically
linked to design systems used by Engineering

* Process cost and schedule information found in Factory Management systems
is not linked to engineering systems

Once a completed design drawing is released, a formalized approach exists to
translate the engineering design information for predefined manufacturing execution
purposes. This approach is computerized, and has a significant level of automation.
Prior to the event of design release, aformalized, computerized (automated) exchange of
information between the engineering activity and factory management systems involved
in manufacturing execution does not occur. (Brunetti and Golob, 2000; Chen and Jang-
Jong, 1999; Chen and Liang, 2000; Lee and Kelce, 2003; Huang et al., 2001; Kimura and

Grote, 2002; Kolb and Bailey, 1993; Vollerthun, 1998).

1.1.1.4 Product Development Decision Making Information Guarded by Cultural
and Behavioral Issues

Many manufacturing enterprises started and adapted years before automated
information systems became so readily available. As one can imagine, in the past, job
titles and promotions were often based on one’ s ability to be the person in the know, as
well as how effectively functional organizations protected access to information. As
computer information systems became mainstream, the cultural view of guarding
information played arole in how these systems were used. Quite often, new information
systems were structured around traditional organizational theory, as opposed to

discovering new ways of doing business that optimized information sharing within the
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enterprise. In other words, the new software tools were formatted to old organizational
structures and processes, as opposed to using the capabilities of the software as the basis
of creating new organizational structures and processes.

In many corporate cultures there is still a general reluctance among personnel to
share knowledge, information, and expertise. In particular, when it comes to “tricks of
the trade” with regard to working with incomplete information, it is not uncommon for
“experts’ to assert that their job is just too complex to explain. These experts resist
effortsto computerize/automate significant aspects of their decision making processes.
(Asideu and Gu, 1998; Austin et al., 2001; Pratt, 1984; Tolometti and Saunders, 1998;

Vollerthun, 1998; Wierda, 1990).

1.1.1.5 Enterprise Information Systems Do Not Support Knowledge Reuse
During Early Product Development

Many manufacturing enterprises have information systems that store historical
data. The problem isthat these organizations do not go a step further to turn datainto
knowledge and information for reuse. For example, a company’ s computer system may
hold 50 years of NC (numerical control) machining datafor bulkheads. However, in
order to extract the data and make comparisons to the current design, one has to be an
expert programmer and know, in detail, the changes in department numbers, computer
record fields, etc. to get needed information and make sure it is utilized properly. To
make matters more complicated, even if someone retrieves the data, thereis likely no
record asto “why” someone previously selected one process over another, or “why” one

bulkhead costs more than another. At that point, a person will likely have to access all of

10
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the design drawings and specifications, and try to rationalize the variances. (It isno
wonder employees guard this type of information once they go to such trouble to develop
it.)

The task of modeling relationships between product design drivers and the
process-dependent parametersis avery difficult obstacle for integrated product and
process development to overcome. (Rais-Rohani and Greenwood, 1998.) When an
organization fails to systematically record the “whys’ of decision making, it makes the
task of relationship modeling increasingly complex; one that can only be accomplished
consistently by a few dedicated experts within an organization.

In the book, The 7 Habits of Highly Effective People, Stephen Covey lists the first

two habitsas: Rule 1: Be proactive, and Rule 2: Begin with the end in mind. The
underlying problem with many enterprise information systems is that they were not
designed with the goal of creating enterprise knowledge and the capturing of and reuse of
organizational learning. Instead, the data collected are just a byproduct of short-term
shop floor control needs. Keeping years of actual datain computer files is not “learning.”
(Covey, 1989; Cutosky et al., 1988; Geiger and Dilts, 1984; Haimes and Schneiter, 1996;
Hsu and Woon, 1998; Kimura and Grote, 2002; Luby et al., 1986; Ou-Yang and Lin,
1997; Sky and Buchal, 1999; Taleb-Bendiab, 1993; Vollerthun, 1998; Yang et al., 2003.)

The conclusion is reached that the following items need to be considered at a
high-level when contemplating strategies and tools to improve conceptual design decision
making:

» Concurrent task completion and information interchange

* Product development decision making systems that inhibit negative cultural
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and behavioral issues related to information and associated power
» Formalized product development decision making processes that are linked to
downstream activities and are a part of a larger enterprise information system
that supports reuse
1.1.2 Concurrent Engineering Problems and L ack of Success

Most individuals involved in product development decision making are familiar
with concurrent engineering and its envisioned benefits. The following quotes are
offered to serve as a basis of discussion.

Concurrent Engineering is*“ a systematic approach to the integrated,
concurrent design of products and their related processes, including manufacture
and support. Thisapproach is intended to cause the developers, from the outset,
to consider all elements of the product life-cycle from conception through
disposal, including quality, cost, schedule, and user requirements.” (Winner et a.,
1988.)

Concurrent Engineering “ offers the potential benefits of reduced
development time, the ability to uncover design flaws earlier in the devel opment
process, fewer engineering changes, improved quality, increased white collar
productivity, and higher return on assets.” (Schultz, 2006.)

Studies and surveys report that most companies utilize concurrent engineering,
but that their efforts have not been as successful as anticipated due to a variety of
problems. (Constable, 1993; Lawson and Karandikar, 1994; Waterson et al.,1999;
Portioli-Staudacher et al., 2003.) Another contribution of thisresearch isto distill the
many different concurrent engineering problems identified in the literature into
prioritized categories.

Specific issues related to the lack of success are identified as:

» Poor management of communication linkages and complexities
» Specialized hierarchies of knowledge
* Cultural aversion to methodical thinking and outcome control
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» Cultural bureaucracy and systemic complexity

The majority of the identified concurrent engineering issues deal with how
knowledge links (reciprocal interdependencies — discussed in Section 1.3.1) are managed
within an enterprise. These issues are discussed in more detail in the sections that follow.

In addition, pertinent relevant conclusions are highlighted.

1.1.2.1 Poor Planning and Management of Communication
Linkages and Complexities

Concurrent engineering sounds very promising and the explanation borders on
being nearly “common sense.” However, the complexities of the required
communication/knowledge linkages are not fully explored in the literature that discusses
“Concurrent Engineering.” (What sounds so simple...is not so simple.)

Hoedemaker et al. (1999) demonstrates that limits to the benefits of concurrency
exist. Ascommunication linkages within the organization become more complex, the
less able concurrency can positively affect development time. In general, the more
complex the organization and the project, the stricter the limits to concurrency, and the
greater need to understand which decisions are affected by concurrency and which may
not be. There are potentially adverse effects to placing too much emphasis on
concurrency without fully exploring communication linkages.

Alcatel-Lucent (a global communications solutions provider) has achieved
considerable success with concurrent engineering, but also reports that problems exist
when the coding process is broken down into too many independent modules. The

coding process for large programs for switching systems is attacked by dividing into

13

www.manaraa.com



modules. As the module size becomes smaller, the degree of parallel activity clearly
increases. However, a the same time, the inefficiencies increase because of problems
created by poor interfacing (poorly defined knowledge links). As the communication
burdens increase on individual programmers, the number of avoidable errors increases.
(Hoedemaker et a., 1999.)

Constable (1993) discusses how companies in the United Kingdom interpreted
cross-functional teaming and simultaneous engineering as being approaches to reduce the
need for management planning. The idea being that teaming should be done in an
organic manner where management’s main role is to provide a mutually supportive
environment. This thinking appears to be opposite of what Toyota Corporation, known
for its success in concurrent engineering, used on the development of the new Camry
where the emphasis was on management planning. (World Car Fans, 2006.)

Patrashkova and McComb (2004) developed a computational model to simulate
cross-functional teaming effectiveness in a simultaneous engineering environment and
determined that having the entire team involved in every decision was ineffective.
Instead, management should establish a framework where only requisite pieces of
information required team involvement.

Rickman (2001) reported that having a poorly defined IPT structure was more
detrimental to Raytheon in implementing concurrent engineering than not using IPTs at
al. ThelPTsat Raytheon are tasked with developing technical product requirements
plus schedule and cost requirements for the product as well as their own functional
deliverables. Few (if any) individuals possessed the knowledge or skills to meet these
expectations.
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It isinferred from the preceding discussions that the following items should be
considered when contemplating strategies and tools to improve product development
decision making:

» Definition of the product development process (high-level)

» Definition of the decisions that |PTs are expected to make (lower-level)

1.1.2.2 Specialized Hierarchies of Knowledge

Winter (1999) discusses how specialized hierarchies of knowledge have played a
role in the U.S. automakers' ability to capitalize on the benefits of simultaneous
engineering in an article titled, “Back to the Future? — Simultaneous Engineering.”

During the prolonged period of industrial growth in the 1960s, 1970s, and 1980s, many
companies moved toward Adam Smith’s theory of organization, and workers were
organized by specialty. Government regulation also dramatically increased during this
same time period, and this also added to automakers decisionsto create highly
specialized hierarchies. Specific groups were formed inside corporations to coincide with
particular regulatory legislation. (Winter, 1999.)

During the same period of time, Japan went through hard times, and had to
become more efficient. Japanese automakers required staffs that were considered jacks-
of-all-trades. (Winter, 1999). lronically, the jacks-of-all-trades approach was historically
the philosophy in the U.S. prior to the 1960s and Adam Smith’s theory of organization by
specialty. Hence, this author implies that in order to solve some of their problems,
companies are going to have to go “back to the past” and find, or train, employees and

create systems that support more than one-dimensional, specialized problem-solving.
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It isinferred from the preceding discussion that there are knowledge gaps that
exist with regard to how knowledge is linked within an enterprise. Effective strategies
and tools used in conceptual design decision making need to identify existing hierarchies,
drawing information from these hierarchies, and convey it in a manner that meets many
different aspects of decision making concurrently. Further, the strategies and tools need
to facilitate multi-dimensional thinking.

The list of items/needs provided in earlier sections expands as follows:

» Definition of the product development process (at a high-level)

» Definition of the decisions the IPTs are expected to make (at a low-
level/working-level)

» Specialized hierarchies/systems require restructuring for other uses (at a low-
level of detalil)

1.1.2.3 Cultural Aversion to Methodical Problem Solving and Outcome Control
Thetypical IPT is composed of individuals with engineering degrees, individuals

with degrees in other disciplines, and individuals with no college degree. In general,
individuals who have not been trained in methodical thinking tend to resist systematically
solving issues, and more often than not, make decisions using their “feelings’ or the
desire for consensus. If everyone'sopinion is not validated, regardiess of the level of
substantiation, it becomes areal problem. DanalL. Hargitt is an executive at Toyotawho
worked 20 years at General Motors (GM) prior to joining Toyotain 1996. When asked
about concurrent engineering at GM, she said, ... “Too often, concurrent engineering

meetings turn into coffee klatches and lack a systematic approach to problem solving.”
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(Vasilash, 2001.) Thisassertion isalso supported by this author’s work experience in
IPTs.

Miller and Guimaraes (2005) discuss that one of the problems with cross-
functional teaming is how it is managed. There are two types of control: behavioral and
outcome. Behavioral control deals with how atask is accomplished, and outcome control
deals with the results of the task. Effective cross-functional teaming required both types
of controls, but the emphasis at many companies has been very heavily weighted on the
behavioral aspects of control, such as teamwork, communication, support, consensus,
diversity, and validation.

It isinferred from the preceding discussions that in order for an individual to be
effective as an IPT member, he/she requires. 1) extensive training in multi-dimensional
thinking and how to work with incomplete information, 2) systems and toolsto “lead
them through” the required decision making process, or 3) some combination of both.

The list of items/needs provided in earlier sections expands as follows:

» Definition of the product development process

» Definition of the decisions the IPTs are expected to make

» Specialized hierarchies require restructuring and/or reformatting for other
uses

* |PT members require systems and tools that “cue them” as to which decisions
need to be made and provide information in a format to assist with the
decisions (i.e., decision support systems)
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1.1.2.4 Cultural Bureaucracy and Systemic Complexity

For some companies bureaucracy and complexity are built into the very fabric of
their culture. For example, the defense industry has many oversight agencies involved in
the defense acquisition process, and its approach to doing business grew up in the era of
cost plus contracting. Hence, unnecessary complexity and paper trails are part of the
culture. Itisgoing to be very difficult to make radical changes as long as the primary
customer and “manager” of the acquisition process is the government. (Ingolsand Brem,
1998.) Similarly, automakers routinely have considerable management involvement in
routine decisions and a great deal of government agency oversight. In general,
individuals and enterprises resist changing roles and responsibilities and performing
management functions differently. (Winter, 1999.)

The conclusion is reached that even the “best ideas” for improving product
development decision making systems and tools may not be fully implemented because
of the information-power that some organizations and individuals would have to

relinquish to implement detailed decision support systems.

1.2 Initial List of Research Considerations and Next Steps

Based on the consideration of product development decision making obstacles
and concurrent engineering problems, the following list of research considerations

emerges:
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» Definition of the product development process
» Definition of the decisions the IPTs are expected to make

» Specialized hierarchies require restructuring and/or reformatting for other
uses

* |PT members require systems and tools that “cue’ them on which decisions
need to be made and provide information in a format to assist with the
decisions

» Concurrent task completion and information interchange

* Product development decision making systems that inhibit negative cultural
and behavioral issues related to information and associated power

» Formalized product development decision making processes that are linked to
downstream activities and are a part of a larger enterprise information system
that supports reuse

One research consideration identified is the need for a better defined product
development process. Two other research considerations that come to the forefront are
the need to better define IPT decisions and the need to develop integrated decision
support systems for use by IPTs.

In order to improve the product development process, it makes sense that one
must first define it. However, a generic product development process was not readily
available in the literature. Hence, one of the first tasks associated with this research isto
develop a generic product development process. Further rationale behind the need for a
generic product development process and a series of IDEFO (Integration Definition for
Function Modeling) diagrams are presented in Chapter 2.

The literature review effort located hundreds of different approaches that are

dedicated to improving early product development decision making. Once the need for a
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generic product development process was identified, it seemed logical to go back and
reorganize the literature using the activities on the diagram.

Asdiscussed in the literature review in Chapter 3, the effort ultimately indicates
that the most promising works in the realm of product development process
improvement, concurrent engineering, and conceptual design decision making are those
that emphasize the systematic integration of multiple product development activities and
related decision making, with an emphasis on structured knowledge reuse. From among
the promising works, the approaches of Roberto Verganti (1998, chapter 11) are selected
for further study. (Verganti’swork is published in a book co-edited by Dr. John Usher,

titled “ 1 ntegrated Product and Process Development: Methods, Tools, and Technologies.)

In the next section, Verganti’ s research is discussed.

1.3 An Executive Summary of Verganti’'s Research

Roberto Verganti performed a survey of 12 companies operating in the
automobile, helicopter, and white goods (small appliances) industries involved in new
product development using concurrent engineering and teaming. Based on the results of
this research, Verganti offers explanations as to why some companies are successful at
teaming, concurrent engineering, and the systematic anticipation of manufacturing
constraints and opportunities during conceptual design while other are not. In addition,
he offers insights as to why the majority of published works fall short with regard to
addressing the real needs of teams and early decision makers. The key concepts that

Verganti discusses (either directly or indirectly) are as follows:
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* Reciprocal interdependencies management (RIM)
* Feedforward planning

0 Selective anticipation

o Commonality

» Factors affecting and measurements of successful RIM
Superficial anticipation

o Early process engineering

0 Preplanning knowledge

0 Feedforward planning effectiveness

(@)

Verganti’s concepts deal with decision making and how knowledge is created and
exchanged among activities and teams to make decisions. The relevance of Verganti’s
assertions to other industries or the application potential of his concepts may not be
immediately “seen” or understood by individuals who have not been involved in the
product development process or have not been a member of an IPT. Hence, thisauthor’s
professional work experience played arole in selecting this avenue for further research.
Many of the problems Verganti identifies in his research are those that this author has
experienced in the workplace, and similarly, the concepts for improving decision making

ring true. Inthe sectionsthat follow, each of Verganti’s concepts is discussed.

1.3.1 Definitions of Reciprocal I nterdependencies
Before discussing the management of reciprocal interdependences, it is first
appropriate to discuss some definitions of reciprocal interdependencies (RI) found in the
literature. Definitions of RI vary in the literature, and until very recently, were not
widely applied. When this research began, there was little relevant discussion of RI
within the context of the product development process other than Verganti’ s work from
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1998. Before presenting Verganti’ s definition of RI and his ideas for managing them,
two other definitions of reciprocal interdependencies used in the literature are offered,
which include illustrations and an expanded context of use. These two definitions are
used in the context of supply chain management improvement.

Levitt (2006) defines three types of work accomplished in a supply chain as
follows:

* Pooled work: work accomplished dependent of other workers

» Sequential work: work accomplished once others have completed specified
work

* Reciprocal work: work accomplished in cooperation or collaboration with
other work through a series of “mutual adjustments’

Levitt offers the following illustration related to work accomplishment

interdependencies:

POOLED SEQUENTIAL RECIPROCAL (Levitt, 2006)

Figure 1.1 Types of Work Accomplishment Interdependencies

Levitt asserts that most reciprocal work is accomplished via meetings, but would
benefit from collaborative design processes and supporting tools. Further, some work
that is accomplished sequentially would be better accomplished using a reciprocal

approach. Though not explicitly stated by Levitt, it can be asserted that reciprocal
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interdependencies management approaches are needed to facilitate supply chain
management.
Schwingenschloegl (2007) provides a classification of task interdependencies

within the context of supply chain modeling and simulation in the illustration that

follows:
POOLED SEQUENTIAL RECIPROCAL
@Pool of tasks from entities OResuIt from task performed C] Entity working on project
(Schwingenschloegl, 2007)

Figure 1.2 Types of Task Accomplishm