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ABSTRACT

At the Sikorsky Aircraft and Xerox Corporations, project decisions may be made on a project to
project basis and often neglect to account for the complex interactions that exist between
projects. Often the current decision process results in a less than optimal return to the
corporation. This return may be measured in terms of organizational capability or intellectual
capital. Exploration of the effects of decisions with regard to the alocation of manpower in a
multiple engineering project setting is required. Also, an understanding is required as to how
these daily decisions effect the development of organizational capability or intellectual capital.

The authors propose to describe and model the product devel opment processes currently in use at
the Sikorsky Aircraft and Xerox Corporations. The system dynamics method has been employed
extensively in the development and application of single project models. However, the
application of the system dynamics method in the understanding of multi-project systems is
limited. The authors developed an origina multi-project model, utilizing the Vensim toolkit,
which permits the exploration of manpower resource allocation decisions based on experience of
current practice at the Sikorsky Aircraft and Xerox Corporations. This model was exercised to
determine the effects of proactive and reactive resource allocation decisions on an organization's
ability to complete projects and expand intellectual capital. This learning environment will
further the understanding of management at both organizations.

Methodologies learned from the various aspects of the System Design and Management
curriculum served the purpose of problem framing and provided validation that a multi-project
system dynamics model would serve as a valuable decision support tool. This holistic perspective
provides a basis for process improvement and the development of recommendations applicable to
the Sikorsky Aircraft and Xerox Corporations.

Recommendations for policy change are categorized with respect to anticipated payback in the
near-term, intermediate and long-term time horizons. Near-term recommendations relate to
overtime and project prioritization. Policies regarding resource alocation at the beginning and
end of projects, as well as a project cancellation policy comprise the intermediate term
recommendations. Long-term recommendations include policy that emphasizes scheduling
proj ects with a gap between and a policy that seeks portfolio balance based on intellectual capital
growth as well as monetary return on investment.
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Chapter 1: Introduction

Managers at the Sikorsky Aircraft and Xerox Corporations must make decisions daily with
respect to resource alocation across a range of projects within an overall portfolio. Project
decisions made on a project to project basis do not always account for how single decisions can
help one project while simultaneously hurting several more projects. This single project focus
can lead to less than optimal returns to the corporation. This return may be measured in terms of
organizational capability or intellectual capital. An understanding is required as to how
firefighting, the fractional rate of movement of people, between projects effects the ability of the
corporation to deliver projects on time and the development of corporate intellectual capital. A

brief description of these two measures of successis as follows:

Projects Delivered on Time

Projects must be delivered on time in order to exceed customer expectations. Also, the ability of
an organization to deliver projects on time is an overal indication of the effectiveness of
company processes. Completed projects also contribute to organizational learning through the

success stories that they leave as alegacy.

Corporate Intellectual Capital
Growth in organizational capability is necessary in order for firms involved with advanced
technologies to be competitive in the future. Organizationa structure and product development

process should enable learning that permits the achievement of strategic goals.
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Competitive pressures in both the document imaging and the helicopter industries require that
customer expectations be exceeded every time. Employee expectations must also be met through
continued development of skills. However, project extensions as aresult of missed delivery dates
as well as employee attrition due to a lack of challenging work are increasingly more
commonplace. This trend exhibited at both Sikorsky Aircraft and Xerox is opposite the goal

required in order to remain profitable, viable businesses.

A A
Projects Corporate
Delivered Intellectual
on Time Capital
Fear Fear
> 2001 >
2001 Time Time

Figurel - Reference Modes

Reference modeéj-'| are developed in order to characterize the problem dynamically. These
reference modes will be utilized to describe how the pattern of behavior might evolve in the
future. depicts the two possibilities that exist for on-time product delivery and
intellectual capital. Let us first consider projects delivered on time. Historically, projects at both
companies are increasingly missing the target delivery date. The hope is that from this point
forward that improvement will result, the trend may be reduced, and projects delivered on time

every time. The fear isthat the trend will continue.

The second portion of refers to the development of intellectual capital. The focus hereis
on the development of human capital as measured by the advancement of individuals from the
novice skill ranking to intermediate and then to expert. The hope is that individual skills develop
such that the corporation is capable of performing on more technologically advanced projects.
The fear is that technical skill, hence organizational capability, will continue to diminish leading
to the inability to complete projects.

! Reference Appendix C for a primer on the System Dynamics Method.
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Chapter 2: Problem Statement

"Shhh, do you hear that!" exclaimed one manager as he was being interviewed. A cheer was
heard faintly in the background. "That's the Falcon Teanﬁ' the manager went on to say. "They
are in the process of amajor milestone review with the customer. The news must be good and the
customer pleased." Later as we walked past the conference area, we could see that indeed the
customer and project manager were smiling. However, the major participants from the project
team were not. This was not a troubling site, however. It has become more and more
commonplace in the work environment. Employees being driven like a square peg into a round
hole trying to catch up ground such that the project milestones will be met. We later learned that
the Falcon Team review was a success with the customer. However the team attrition rate tells a

different story with respect to the employees.

High attrition, employee and customer dissatisfaction are often the result of good projects gone
bad. No one intentionally planned for the bad performance. Although the reasons for poor
performance may differ, post mortem reviews usually tell the same result. Ineffective and
inefficient technology development work caused by a lack of focus. This lack of focus results
from insufficient time allocation to tasks. But the workers assigned to perform the tasks often

estimate the time to complete. Could they be so wrong each time?

The project manager, who compiles these estimates into the program plan, is often faced with
difficult decisions regarding pushing the technical professionals to do a greater number of tasks
under time pressure. This compression of schedule and stretching of the workforce is the reality
of the competitive document imaging and aerospace marketplaces of today. A study of over two
hundred technology development and transition projects at nine companies in the automotive and
aerospace industries reveals that over commitment of technical professionals and under-
representation of key skills is present in 40 percent of the projects studied. These practices
seriously impair team performance. So much so that the weak staffing is found to be associated

with a doubling of the failure rate to reach full production. However, when the managers were

% Project name disguised.
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interviewed, they felt that they provided just the right amount of resources to complete thejob.EI

Why does the project manager see things differently?

Perhaps some of the explanation rests with the tools available to the manager for project
planning. These tools, such as Pert and Critical Path Method, are static in nature. They provide
the best deterministic means for project planning and are widespread in use. The success in the
application and use of these tools in addressing singular project plans is well documented. The
breakdown in success lies in the use of these tools within this singular project mindset. Each
project manager believes that he is doing his best in assuring success for his team through this
myopic view. It is this lack of understanding of the dynamics that exist between projects and the
lack of perspective regarding total enterprise resource allocation requirements that is the root of

the problem.

Tools that permit a systemic and dynamic view of the resource allocation decisions on project
outcomes need to become more widespread in use. The benefit will be a paradigm shift for

managers and new organizational synergy.

I nvestigation Scope

The goal of this research is to be qualitative in nature regarding the current mental models that
are applied in the planning and management of technology development projects at the Sikorsky
Aircraft and Xerox corporations. The leading theories suggest that a systems approach should be
used that considers resource allocation decisions in the context of the enterprise, not on a project
to project basis. This research seeks to extend the application of these theories with specific
application to the product development process that exists within the military project

environment at Sikorsky Aircraft and within the commercial setting at Xerox.

A system dynamics model that represents the current product development processes at both
corporations will be developed. This model will serve as a tool to enable any manager in these

environments to readily visualize the impact on the total project portfolio as a result of their

% Lucas, William A., et al. "The Wrong Kind of Lean: Over-Commitment and Under-represented  Skillson
Technology Teams', The LeanTEC Project, Sloan School of Management Massachusetts Institute
of Technology, May 2000., pp. 1 - 23.
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singular project resource alocation decisions. The impact will be measured with respect to

completion of projects and development of human intellectual capital.

The overall objective of this research will be to develop policy recommendations that encourage
well managed resource allocation processes. Also, the implications of these policy
recommendations with respect to the effective development of knowledge will be presented. The
work that follows will demonstrate the potential for improvement in the mental models regarding
project management. The combination of commercial and military project experience in the

model development leads to more universal application of the policy recommendations.

Key Questions

The assertion of the authors is that a systemic approach to resource allocation is required for
improved project performance and development of human capital. Structural enablers that
involve organizational form or processes are not sufficient to ensure project success. These
structural enablers when coupled with an understanding of project interdependencies that result
from the application of scarce resources are what is required for success, success in terms of
project completion and advancement of individual skills. Key questions being addressed by this

research are;

» What factors are important to consider in the project portfolio when making singular project

decisions?

»  What factors affect the development of human intellectual capital ?

e How sensitive is the product development process to project complexity, employee

experience level and employee fatigue?
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Deliverables

There are two primary products of this research.

e A system dynamics computer model. This computer model developed with the Vensim
software envelops both the structure and processes that represent technology product
development at the Sikorsky Aircraft and Xerox corporations. This model will facilitate
understanding of resource allocation decisions and the associated interdependencies that
result in a multi-project setting. The model is stylized to represent four projects with varying
duration and technical complexity. A user-friendly front end in spreadsheet format permits

the manipulation of project characteristics for scenario analysis.

* Recommendations for policy change at Sikorsky Aircraft and Xerox. Also, qualitative
implications with regard to the policy impact on intellectual capital.

Summary

An efficient product development process that leads to successful project completion is desirable
given the competitive nature of the document imaging and helicopter marketplaces. Projects
completed successfully contribute to individual skill advancement and corporate intellectual
capital growth through the legacy data, both tacit and explicit, retained in the organization. The
contribution of effective resource alocation to this efficiency needs to be explored. The
interdependencies that exist between projects as a result of allocation of scarce resources are

difficult to understand without a project portfolio perspective.

The development of a system dynamic model of the product development processis an attempt to
provide that project portfolio perspective. Application of the model will demonstrate how the
current system really works in a multi-project environment. This model aims to provide the

decision-maker with atool such that existing policies may be eval uated.
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Chapter 3: Background

Overview

In this chapter, the human, structural and customer capital components of intellectual capital are
defined. Increased strategic importance is being placed on a skilled and motivated workforce at a
time when the traditional sources of competitive advantage are easily imitated. The evolution of
the role of human capital in strategy is creating a need to measure the value to the organization.
A value scheme that represents the relationship between the types of capital is presented. This
value scheme brings our attention to the renewal and development process as a key to future
business success. This value measurement will be translated into practice within the systems

dynamic model.

Workflow is discussed next. Maintaining the information flow throughout the product
development process by utilizing standardized work practices that result from structured decision

making methodol ogies ensures value and is an artifact that reflects lean practice.

Background is presented regarding the structure of the product development organization that
attracts, develops, and retains human capital at both Sikorsky and Xerox. This discussion
provides a basis for understanding the efforts associated with creating the structural capital
necessary to extract value from the knowledge workers within the enterprise. The discussion
follows a past and present presentation format. This format was chosen such that the reader may
gain an understanding of the organizational dynamics that result from a shift in structure. An
understanding of the organizational structures isimportant in that the system dynamics model is
developed with these structures and processes as a basis. The discussion regarding the change in
structure at Sikorsky Aircraft is presented first followed by that of Xerox. The Sikorsky
structural change is relatively recent and is discussed in more detail in an attempt to capture the
intent of the organizational architects to evade the possibility of eroding functional expertise and

encourage cross discipline communication.
The renewa and development process may be placed in jeopardy as a result of management

practices that are reactionary. These practices favor resource allocation decisions that encourage

investment in current projects at the expense of future projects. The static nature of current
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project management techniques that treat development projects as independent entities may very
well be the primary impetus in the formulation of the managers mental models. A system
dynamics approach is discussed as a paradigm shift mechanism that can serve as a daily decision

support tool in a multi-project development environment.
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Intellectual Capital

In this section intellectual capital is introduced. The relationship between the different types of
intellectual capital; human, structural and customer is discussed. The emphasis is placed on
human capital as it is the source of innovation and renewal for the corporation. Inter-project
dynamics that effect the ability of the individual to learn will be explored through the use of a
system dynamics model. This learning impact will be measured as growth in human intellectual
capital, the advancement of individuals from novice to expert skill levels, and serve as an

indicator of the organization's ability to compete for future projects.

The market value of a company is often measured in terms of its financia capital reflected in
tangible assets. However, many companies are coming to realize that the real value rests in what
is considered hidden, those assets that are not traditionally measured in the corporate
bookkeeping scheme. These hidden assets are predominantly characterized as the knowledge of
employees and customer relationships that lead to brand loyalty. It is individuals, not the
company, who own and control the chief source of competitive advantage - the knowledge of
organizational members. The greatest challenge for the manager is to keep the information
flowing through value creating processes and organizational infrastructure in order to leverage
employee knowledge. At this point one may expand the previous definition of intellectual capital
to include what isin the heads of the employees as well as what is |eft in the company when they

A

leave.

The subtleties regarding the interplay between the sources of intellectual capital need to be
understood when considering the development of high performance work systems. In order to
realize the opportunity that a shift to knowledge intensive services provides; individuals must
supply skills to meet the customers needs, skills and experience must be capitalized and
leveraged through organizational structure and processes, and the strength of the franchise or
brand must be expl oited.EI

* Roos, Goran, and Roos, Johan, "Measuring your Company's Intellectual Performance”, Long
Range Planning, Vol. 30, No. 3, 1997., pp. 413 - 415.

® Stewart, Thomas A., "'Y our Company's Most Valuable Asset: Intellectual Capital", Fortune,
Octaober 3, 1994., pp. 71 - 73.
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Human capital is considered to be the skills and experience that serve as the source of innovation
from within the firm. Growth in human capital is created through hiring, training and applied
experience. Structural capital is the tools that capture the knowledge. These range from
information systems, customer databases, tools, internal processes and management focus. In
short, all things that can be used again and again to create value. Customer capital is the
relationship with the customer and the perception of the brand in the marketplace. The
relationships between the three types of intellectual capital are best represented pictorially
through the use of the Skandia Value Scheme shown in

Skandia, the largest financial services group in Scandinavia, has performed much of the
pioneering work with regard to classification and measurement of intellectual capital. This Value

Scheme depicts the balance between the financia and non-financial issues. The past is

represented
Market Value
I
I I
Financial Capital Intellectual Capital
I I
Human Capital Organizational Capital Customer Capital
I
I I
Innovation Capital Process Capital

Intellectual Property Intangible Assets

Figure 2 - Skandia Value Scheme

through the financial measures. The present is characterized through a focus on the customer,
human resources and processes. The future is depicted as a focus on renewal and development.
This renewal and development focus involves innovation capital and may be considered as the
foundation for the long-term sustainability of the enterprise.IH An additional study performed by

the Ernst and Young Center for Business Innovation and the Wharton Research Program on

® Edvinsson, Leif, " Developing Intellectual Capital at Skandia", Long Range Planning, Vol. 30, June
1997., pp. 369 - 371.
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Vaue Creation in Organizations confirms that corporate value is driven through innovation and

the ability of the firm to attract talented empl oyees.lzI

The work of Skandia and others teaches us that knowledge assets can be identified and that
intellectual performance can be measured. Measurement methods assign indicators to categories
of intellectual capital and are in static, a balance sheet approach, as well as dynamic forms. The
dynamic form measures intellectual capital growth or decline over time. Regardless of the

method, it is through this measurement that subsequent financial performance may be predicted.

Intellectual capital is an important factor in this research in that it serves as an indicator of the
organization's ability to address potential future work. Organizational design and processes that
impair innovation should be identified and corrected. However, intellectual capital needs to be
measured first. This measurement will be made specifically through the application of a systems
dynamic model that will capture the growth or decline in human intellectual capital. This growth
or decline measurement will be reflective of human resource allocation decisions and alow for
improvement in mental models regarding the dynamics associated with a multi-project

environment.

Intellectual capital creates value through activity and process, which includes the structure of the
engineering process. The section that follows will proceed to discuss how those engineering

processes function.

" Baum, Geoff, et al. "Introduci ng the New Value Creation Index ", Forbes ASAP, April 3, 2000.
pp. 140 - 143.
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Workflow in the Engineering Enterprise

This discussion stimulates model development as it is based around the flow of work in the
enterprise and is of primary importance in the completion of projects. Model structure will be
created to allow for the simulation of work completion, both correctly and incorrectly, and its

movement through the four phases of a representative product devel opment process.

The multi-disciplinary, cross-functional product development teams that exist at both Sikorsky
and Xerox were architected with the intention of reduced coordination and improved information
flow. This organizational design reflects current practice in the area of lean thinking. In the quest
for reducing waste the value stream is analyzed to minimize handoffs and increase knowledge
retention. This leads teams to standardize work that results in continuous improvement of design
methodology. The design moves forward and rework is eliminated through the application of
decision-making methodologies that ensure val uel.3 The Quality Function Deployment method is
an example that is employed at both companies to insure information flow in the product
development process. |[Figure 3 represents value and product development information flow at
both the Sikorsky and Xerox organizations and is an adaptation of the basic framework
established by SIa;:k.E| This information flow framework serves as a visua tool that depicts the
creation of value at Sikorsky Aircraft and Xerox through the transformation of customer

requirements into product form.

Product development information flow is represented through a series of processes. These
processes however, also trandate into functional disciplines. At Xerox virtual product teams are
created to address specific project requirements. The teams consist of functional core specialists
in the areas of requirements, development and test. The development function comprises two
disciplines, high-level design and implementation. The product platform teams at Sikorsky as

discussed earlier comprise co-located functional speciaists. Requirements specialists address the

8 Womack, James P., and Jones, Daniel T., Lean Thinking: Banish Waste and Create Wealth in
Your Corporation. New York: Simon & Shuster, 1996., p. 54

° Slack, R., "The Application of Lean Principles to the Military Aerospace Product Development
Process®, Unpublished Master’s Thesis. Cambridge, MA.: Massachusetts Institute of
Technology, December 1998, p. 31.
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requirements definition with overlap in participation from high level design and test functions.
Specialists from the advanced design and development function carry out high level design.
Detail design is accomplished by the myriad of team specialists resident. The project type
determines the required mix from airframe, dynamic systems, electrical, avionics, system
integration and so forth. This information flow process mapped with the functional makeup of
the virtual and co-located teams will serve as the foundation that describes engineering value

adding activity in the simulation model that follows.

| Requirements Phase | | High-Level Design Phase | | Development Phase | | Test Phase |
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Figure 3 - Quality Function Deployment Information Flow Framework
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Background: Sikorsky Aircraft

Sikorsky Aircraft, a division of United Technologies Corporation, is a world leader in the
technology of vertical flight. This status has been challenged in recent years due to a decline in
United States Military sales and increased competitive pressures in the International Military and

Commercial markets.

In response to this challenge, Sikorsky Aircraft has committed to a change intended to realign
division resources in order to maximize value to the customer and improve competitive
advantage. This change, consisting of a shift from a functional organization to a platform team

organization, was initiated within the engineering department in February 1998.

Platform Team Change I nitiative

The platform team concept is not new to Sikorsky Aircraft. During the 1960’s this was the
organizational structure of the company. However, in the early 1970's, a concern for the
standardization of technology among product lines as well as the requirement to increase
efficiency with groups of technical specialties led to a change to the functionally based
organization that existed until February 1998.

The functional organization was effective in addressing customer needs and requirements
characteristic of large United States Military aircraft production orders. However, the cost plus
type of contracts inherent to this environment offered little incentive or necessity for efficient
operation. This became apparent as the market shifted to smaller U.S. military and international
orders. As Sikorsky increased efforts to compete in the global market place where fixed price
contracts, small quantities, varied configurations and short lead times are the norm, the need for

decisive change became apparent.

Recognizing this need, Donald Gover, the Vice President of Production Engineering at the time,
had advocated a dramatic change that was challenging the employee’s view of how Sikorsky
Aircraft will compete in the future. On three separate occasions, the entire engineering staff of
over one thousand individuals, was assembled for a series of presentations where he

communicated his vision of the new engineering organization. Coincident with the change
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initiative a new slogan, from Ken Blanchard’'s book “Raving Fans’, was adopted. This slogan,

kol

which was intended to represent our new corporate vision statement, was expressed as follows;

Sikorsky Vision

“Make every customer araving fan”

e By understanding our Customers needs as well as they do to deliver products and services
that exceed expectations

* By implementing a team-based design, development and production process that achieves
decisive market speed, cost, and quality advantage

» By attracting and retaining the best people

» By using technology to maximize value to the customer

» By fostering and embracing change

The three meetings with the entire engineering staff took place over a three-month period. Don
Gover explained the five elements of his vision at the first meeting in February 1998. The
impending organizational change from a functional base to a team base, as emphasized in tenet
two above, was explained at length. The second meeting took place in March 1998 after most of
the platform teams had been formed and collocation of individuals from the dispersed
engineering groups had begun. Here the Vision was re-emphasized and platform team definition
was presented. The third meeting, in April 1998, addressed the co-location concerns and
reaffirmed the competitive necessity for the platform team change.

Functional Organization

The engineering functional organization as it had evolved over the twenty-year period prior to
implementation of the subject change initiative is depicted in Seven functiona
branches were required to address all aspects of the production engineering process. Each
branch consisted of groupings of similar functional competencies. Within a functional branch,

individual functional groups often had common employee skill requirements. Despite this

19 Gover, D.; “Vice President of Production Engineering, New Engineering Organization Address
to Engineering Staff”. Sikorsky Aircraft Corporation, February 1998.
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commonality of requirements within the functional branch, resources were seldom shared among

different disciplines.

To attain a high level of expertise within a particular functional competency, long tenure was
normally required. Generally, advancement within the functional group was directly associated
with tenure and competence. Because of this incentive system, individuals rarely moved across
functional groups thus developing strong group loyalty. Broad and effective informal
communication networks were established across functional groups as a result of this constancy
of employees within the differing functional disciplines. In genera, an atmosphere of
cooperation existed between functional groups within a branch, however, communication
between branches was often less than satisfactory. The functions that were largest in scope and

number of employees were given the primary allocation of resources.

Within this organizational structure, direct communication between the Engineering community
and the customer was virtually nonexistent. Customer reguirements and objectives were relayed
to the functional groups by the Product Line Program Engineering Management (PEM)
department. This was the singular engineering link to the customer. Individuas received
direction from both their functional supervision as well as the PEM. Conflicting instructions
from functional management and the PEM were a common occurrence. Since the functional
manager controlled incentives, functional group or branch instructions were often given

precedence over customer requirements.
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Figure 4 - Functional Product Development OrganizatioAEI

Platform Teams

The product platform team process was developed in order to provide a single point of focus for
the customer. Additionally, the collocated platform team should eliminate confusion, by
enabling team membersto focus their efforts on a specific set of customer requirements and team
objectives. The Product Platform Teams represent the full-scale implementation of a prototype
platform team that was established within the Development Manufacturing Engineering
department. The goal of this prototype effort was to create an autonomous team, comprised of
highly skilled individuals from each functional branch that would be responsible for all aspects
of the entire aircraft development process from requirement definition to product delivery. This
team would also interact directly with the customer throughout the entire project cycle. A

process benchmark of industry competitors served as the basis for this prototype platform team.

1 Ambrose, M., et al; Organizational Initiative Analysis, Sikorsky Aircraft Reengineering”. MIT Sloan
School of Management Organizational Processes Course, March 1998.
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The new team based organization depicted in comprises functional core competency
groups as well as product platform teams. Readily apparent is an approximately fifty-percent
reduction in the number of functional groups within the functional branches. The most notable
change is the reduction of resource groups within the Air Vehicle branch from fourteen to five.
The intent was to eliminate the duplication of skills and consolidate resources that required
extensive interface. In certain instances the existing functional core group leader assumed the
new responsibility of technical consultant and a replacement group leader was introduced from
outside of the group competence. The new role of the functional core competencies will be to
provide a skilled manpower base, through core competency development, for deployment to the
product platform teams.

Vice President
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I
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Functional Core Competencies Product Platform Teams

Figure 5 - Production Engineering Organization 1998"1_?'|

The organizational basis for the individual platform teams is a specific product line. The intent
of this arrangement is to enhance team focus and management control to ensure that customer
expectations are met or exceeded. Collocation of the product team resources enables the team
leader to efficiently utilize member skills without the limitations and restrictions normally
imposed by functional boundaries. Improved cross-functional communication results as
functional “stovepipes’ are eliminated.  Collocation provides opportunities for better
communication between individuals of interfacing departments throughout the design process.
The “over the fence” handoff effect of the previous functional organization is eliminated thus

resulting in a better-integrated product. Collocation also provides a means of cross training team

2 Ambrose, M., et al; “ Organizational Initiative Analysis, Sikorsky Aircraft Reengineering”.
MIT Sloan School of Management Organizational Processes Course, March 1998.
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members in functional core areas that they may not have been exposed to previously.
Reallocation and relocation of resources also signifies an important shift in authority from the
Functional Group Manager to the Platform Team Leader. Eugene Buckley, Chairman and Chief
Executive Officer of Sikorsky Aircraft at that time, characterized the role of the product platform
teams, as havElg the sole responsibility for each aircraft program and delivery of the product to

the customer.

The new engineering organization was designed with careful consideration of the
interrelationships of the entire enterprise. is arepresentation of the dynamic interaction
of the core competency functional groups and product platform teams within the engineering
department, and other areas of the corporation with enterprise leadership providing the required
strategic direction.

The New
Dyn am | C Enterprise
Process Leadership

Avionics/
Electrical

Air Vehicle

Purchasing

Operations Pilots
Finance

Commercia
Product

Production L

Line

Seahawk
Product

Figure 6 - The New Dynamic Proce&@

3 Buckley, E.; “ Corporate Chairman Commentary Regarding Product Platform Team
Responsibility” . Executive Management Council Meeting, Sikorsky Aircraft
Corporation, March 1999.

4 Ambrose, M., et a; “Organizational Initiative Analysis, Sikorsky Aircraft Reengineering”.
MIT Sloan School of Management Organizational Processes Course, March 1998.

31



Background: Xerox

Xerox is considered to be a primary source of innovation in the document imaging, document
management and document reproduction marketplace. Xerox has a global presence in
manufacturing, distribution and marketing and sales. Product development activities are divided
primarily between facilities located in Rochester New York and El Segundo California. This

discussion will focus on product development structures in these two locations.

The history of the organization at Xerox differs from that of Sikorsky in that the product
development organization has transitioned from teams centered around single Product focus, to
that of a Platform team centered around platforms that drive several devices within a family of
products. The platform business team more closely resembles the functional organizational past
of Sikorsky.

Product Teams

The engineering product development organization that existed from 1970 to mid 1990's is
depicted in Groups of functional specialists were co-located and organized around
product lines. Each product team was comprised of functional specialists from requirements,
high level design, development and implementation, and test. Product organizations could be 250
people or more in size. The product teams functioned as independent autonomous units with

specific focus on a particular set of customers.

Because of the diverse nature of the product lines, functional specialists of the same discipline
worked independently from their peers. This resulted in organizational duplication as well as
produced little transfer of knowledge between products. This organization was effective
however, at developing solutions to address specific customer desires. Thus the result was high
customer satisfaction as suggestions for product features were often implemented to the fullest
extent. The byproduct of this behavior was products that |acked the same look and fed!.
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Figure 7 - The Xerox Product Team Organization

Platform Team

In the mid 1990’ s the product teams began to be combined to form platform teams. This was a

result of efforts to reduce the structural inertia within the product development process. An

Platform Team

Requirements High Level Design Development

Figure 8 - The Xerox Platform Team
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additional impetus was the need for commonality across all product lines that could provide the
benefit of software reuse leading to reductions in time to market. The new organization has
approximately half of the manpower as the old. The platform team resembles an engineering
functional organization with four functional branches required to address al aspects of the
production engineering process, reference . However, al customer requirements are
addressed concurrently within this singular organization. Deep rooted functional competence that
insures innovation may be developed yet communication is encouraged across functions. Product
families with common features now result. Commonality in employee skill requirements within

the functional branches encourages resource sharing among the different disciplines.

Summary

The different approaches to organizational design at Sikorsky Aircraft and Xerox reflect the
strategic significance of identifying core competence, focus on the products as a system, and
attention to the customer. However, the combination of core functional and product platform
organizations at Sikorsky or the platform teams at Xerox are not enough to evade the possibility
of eroding functiona expertise. Competition for scarce resources creates project
interdependencies. It is these interdependencies coupled with the organizationa structure that
must be understood. Application of the system dynamics method may help to refresh existing

mental models with a dynamic perspective.



Dynamic M odeling

Many authors have recognized that product development processes are complex systems with
interdependent elements. The traditional tools available to describe development activities in
terms of precedence and duration reinforce a deterministic and myopic view of project
management. It is documented that managers have the greatest ability to influence product
outcomes through early involvement in decisions. Unfortunately, their involvement in programs
is inversely proportional to their ability to influence the outcome, reference The end
effect is disruptive reactionary practices late in the product development cycle. More effective

tools are required that provide for a systemic as well as dynamic approach to project
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The system dynamics method has been applied to the single project environment with great
success. Mental models regarding the drivers of project performance have been significantly
influenced as a result of this work. Ford and Stermam have explored the multi-phase project

> Hayes, R.H., Wheelwright, S.C. and Clark, K.B. Dynamic Manufacturing. New Y ork: The
Free Press, 1988., p. 279.

1® Ford, David N., and Sterman, John D. "Dynamic modeling of product development processes’,
System Dynamic Review, Vol. 14, No. 1, Spring 1998., pp. 31 - 68.
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model in order to provide insight into the dynamics of development processes. Task sequencing
constraints that result from within a single phase or from upstream development phases coupled
with iteration in the work flow and the effect on resources and delivery dates capture how
development processes affect project performance. These intra-phase effects that exist within a
project signal the importance of exploration of the effects that are aresult of interactions between

multiple projects within the company development portfolio.

There exist few formal models that explore project interdependence in the development
environment. Allocation of scarce resources is of particular interest as a source of
interdependence. It is understood in practice, that in this multi-project environment, policy favors
allocation of scarce resources to projects in the later stages of development at the expense of
those projects in early phases of development. Repenni néﬁ explores the self-reinforcing effects
of this type of policy. The cascading effect of resource allocation decisions that address the
immediacy of existing projects at the expense of future work is demonstrated. The failure of
managers in this type of decision-making environment, where the dynamic effects are

predominant, reinforces the need for a systemic perspective regarding human resource allocation.

! Repenning, Nelson P., "A Dynamic Model of Resource Allocation in Multi-Project Research
and Development Systems”, Sloan School of Management Massachusetts Institute of
Technology, Version 2.0, September 1999., pp. 1 - 49.
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Summary

The strategic importance of intellectual capital, specifically human capital, has been presented. In
order to determine value, the need for measurement is identified. This measurement within the
framework of a system dynamics model will serve as a useful outcome indicator for comparison

of project resource allocation decisions in a multi-project environment.

A review of the Sikorsky and Xerox product development organizations and the flow of work
was presented to serve as a basis for model development. The flow of work and the structure of
the organization contribute to the development of intellectual capital. However, the presence of

structure and processes do not guarantee advances in technical capability.

The long-term investment in renewal and development is placed in jeopardy at the expense of
short-term gain. The Repenning model, based on simplifying assumptions, will be extended to
reflect the product development processes common to Sikorsky Aircraft and Xerox. The
expanded model can be exercised to determine the effects of proactive and reactive resource
allocation decisions on an organization's ability to complete projects and expand intellectual
capital. This learning environment will further the understanding of management at both
organizations.
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Chapter 4. Dynamic Hypothesis

Hypothesis Development

The cumulative project management experience of the authors is the primary source of insight
into the difficulty surrounding the execution of desired product design processes. Thisinsight is
supplemented with qualitative data collection in the form of informal interviews with individuals
in the requirements, high level design, development, and test functions. Also, additional insight is
provided as a result of process participant observation and archival data in the form of project

manpower planning charts.

Time after time large engineering projects are planned for perfect execution despite early
warning from engineers and developers that live in the trenches. More often than not, large
engineering projects fail to deliver either on time or within the originally allocated budget. In
fact, many projects get canceled before completion. During post-mortem examination of failed
projects, managers respond with “how could this have happened” while the engineers associated
with the project typically reply with “I told you so”. This phenomenon has repeated itself many
times at both Sikorsky and Xerox.

Exploration into the cause of project failure suggests that an unfavorable allocation of resources
persists. The product development process involves time-phased activities that, in order for
successful completion, may require allocation of desired manpower resources early within the
development cycle with a reduction as the project approaches completion. The contrary may be
true however in that the allocation of resources up front is often less than optimal. This may
result in a reactive manpower allocation practice in later phases of the product development
cycle. This reactive practice, often referred to as firefighting, may create a cascading effect

across all projects within the engineering project portfolio.
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Dynamic Hypotheses

The dynamic hypoth%e@ relating to Projects Delivered on Time and Corporate Intellectual
Capital are listed below. Each hypothesis is developed from the system-of-projects perspective
and further defined in this chapter.

Attrition

Productivity

Project on Time Completion

Resource Progression from Novice to Intermediate to Expert Skill Level

Timing of Hiring

Attrition
The first dynamic hypothesis is that firefighting drives the attrition of good people. Firefighting

is described as the fractional rate of movement of people between projects. This causes an

overall decrease in corporate intellectual capital.

This attrition is predominantly the result of fatigue due to increased workloads. Due to the long
product cycles in the low volume high dollar product document imaging and helicopter
industries, change requests are often introduced into the work cycle that increase the total
workload. These change requests may be the result of rework to correct design issues, address
safety concerns or customization to meet customer expectations. The causal structure is
represented in There are three elements to this causal structure; work to do, work
errors, and fatigue.

As the work-to-do increases, the workforce required increases. The new-hires into the workforce
are often inexperienced and produce more errors in their work as they learn while doing. The
increase in errors leads to an increase in rework that requires additional staffing to address. Since
the additional staff takes time to hire the rework needs to be addressed through the enforcement
of overtime. As overtime increases this balancing loop is closed as more work will be completed

which leads to |ess work-to-do.

18 Reference Appendix C for a primer on the System Dynamics Method.
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A reinforcing loop is introduced as a result of an increase in work errors that produce more
rework and overtime. Working overtime creates fatigue. The overworked and tired workers

continue to produce more errors closing out the loop.
Continued fatigue encourages the formulation of the mental model that the work environment

will not change which leads to attrition and an overall reduction in the workforce. This completes

the second balancing |oop.

/ e Do\

Completed Work
+ Workforce,

o

Overti me Work Errors

Rework

+

+
Fatigu
+ Attrltlon

Figure 10 - Attrition Causal L oop
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Productivity
The second dynamic hypothesis is that firefighting drives the loss of productivity. The loss of

productivity is primarily the result of a loss of focus created by overburdening employees. This
leads to a decrease in the corporate intellectual capital because employees are unproductive and

not advancing their skills. The productivity causal loop is depicted in

Work to Do
/Y
Employee
Unproductive Time
+
+ Workforce
Context Switching @
+
+
ReAssignment of Work Errors
People
+
+
Rework

Figure 11 - Productivity Causal L oop

An increase in work-to-do requires additional workforce. The new workforce practices learning
while doing and produces an increase in errors. This increase in errors leads to additional work
classified as rework. In order to keep up, people are reassigned from other projects to address
this rework. This reassignment is one of the central mechanisms for enabling the interaction
between multiple projects within a multi-project portfolio. In addition, this reassignment requires
that the employees adjust their skill reference frame to get in synch with the new project.
Essentially the employee is unproductive as aresult of a potential physical change in location or
while waiting for enabling information regarding the new assignment. Work continues to go

unattended while employees are unproductive. This completes the productivity reinforcing loop.
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Project On-Time Completion
The third dynamic hypothesis is related to project on-time completion. Project on-time

completion is negatively affected due to schedule dips that result from delays due to errors
discovered in completed work. This causal structure comprises five loops, three reinforcing and

two balancing.

The first loop is the balancing work-to-do loop that was previously described in the attrition

section above. No additional explanation is necessary.

Three different loops are represented by work errors. The first of the three loopsis areinforcing
loop that reflects more rework and overtime as a result of error production. The additional
overtime increases employee fatigue and increases attrition that reduce intellectual capital.

Reduced intellectual capital means less skill available and a greater production of errors.

The second work error loop is also a reinforcing loop. Project schedule dlip is the result of the
increased amount of errors. As schedule dlip increases, project on-time completion decreases.
Completed projects serve as a means for learning. Therefore, intellectual capital is decreased as

well. A decrease in skills produces a organization that is more error prone.

A balancing loop, the third loop associated with work errors, is created as a result of learning
when work is completed. Improved learning increases intellectual capital and subsequently

reduces work errors.

The fifth loop is reinforcing and a result of employee attrition due to fatigue. Senior level
employees are required to perform more multi-tasking that reduces productive work time and
leads to work errors. This increases fatigue as more hours must be worked to accommodate for
the shortfall due to time spent on rework. The continual catch-up mode of operation causes
attrition that produces more hiring in order to offset. More hiring increases the workforce.
Reference
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Figure 12 - Project Completion Causal L oop

Resour ce Progression from Noviceto Intermediate to Expert Skill L evel
Resource progression is the basis for the fourth dynamic hypothesis. One method for intellectual

capital growth is through employee learning. This learning can be a result of informal on-the-job
application of existing skill sets while adapting to new work processes. Mentoring serves as a
more structured transference of tacit knowledge from senior level employees to the junior level.
Cost reduction measures at both Sikorsky Aircraft and Xerox have created an increased reliance
on personnel with the highest levels of experience. The attrition losses at this level combined
with a lack of time and a lack of focus that results from context switching all lead to reduce

efficiency and reductions in intellectual capital and project on-time completion.
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