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Preface

| his text is an introduction to the theory and practice involved in the design and manage-
ment of technically oriented projects. It is a merger of our personal experiences as designers,
engineers, and technical managers of projects whose values have ranged from several thousand
to afew million dollars. We have assumed that you are

* A student studying science, engineering, or technology
e Interested in the planning, performing, and monitoring of projects
. Expecting to become involved in projects that will grow in size and complexity

Other textsdiscuss project design and technical management. However, many of these texts
are theory oriented and lack practical examples. (Texts that we feel would be useful to you as
references are noted in the bibliography.) We have mcd to achieve a balance between theory
and practice by including amajor case study that isintroduced in chapter 1 and continues through
chapter 5.

Our years of experience have taught us that the best theoretical knowledgeis of little value
until you apply it to practical problems. These problems include

«  Estimating costs and schedules accurately at the beginning of a project
. Determining and fulfilling the expectations of the client

*  Imparting theoretical and practical knowledge to new employees

*  Guiding diverse groups of people toward a common goal

e Earning a profit so other projects can be pursued

e Enjoying the work as it progresses

What is the value of life experiences if they do not include (1) learning, (2) having fun
while learning, and (3) earning the trust and respect of your superiors, fellow employees, sub-
contractors, and clients? Not much, we say!

The Northeastern University Cooperative Education Department's motto is " Learn while
you earn.” We add, " Enjoy your work, enjoy your employ,” and prepare for your next opportu-
nity. Test your new skills outside the classroom and practice the theoretical principlesyou have
learned.

The philosophical basis of this book is the systematic approach to project design and man-
agement. This approach requires continually considering and reevaluating how each portion of a
project interacts with the entire project. Its use can lead to an efficient, useful, and cost-effective
product, process, or service.
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Preface

A typical project using the systematic approach consists of four phases:

The Conception Phase, in which ideas are devised and brainstormed

The Study Phase, in which potential designs are investigated

The Design Phase, in which the system is actually designed in detail

The Implementation Phase, in which the system is constructed and delivered

A wDpnp

investigate
develop design design consiruct
ideas options product product

implementation
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These phases may overlap. However, for discussion purposes, we consider them to be separate
in time and cover them in separate chapters.
Chapters 2, 3, 4, and 5 each deal with one of these phases. The four chapters have the
same organizational structure, with the following sections:
1. Purpose and god of the phase
Activities occurring during the phase
Documentation for the phase
Defining the completion of the phase
Exercises

ok~ wN

The example we use for the major case study is the result of our experiencesin working with
local business, industry, government agencies, and charitable foundations. In this example, North-
eastern University engineering and technology students become involved in a community project
in the town of Bedford, Massachusetts. The names of students used in the case study are fictitious.

Chapters 6, 7, 8, and Y are specialty chapters. They describe our approach to systematic
management, documentation, documentation interaction, and modeling. These chapters are an
introduction to topics that may be of value to you in later years.

Colleges and universities using this book may need to adapt the sequence in which infor-
mation is presented so that it dovetails with a variety of courses. The topics covered in the ap-
pendixes alow for the flexibility in presentation. The topics are

Appendii A VaueAnalysis and Engineering

Appendix B Objectives, Task Descriptions, and Active Verbs

Appendix C Specification for the Town of Bedford: ""An Activity Center”
-~ Appendix D Bedford Activity Center Contract

Appendix E Bedford Activity Center Contract Change Notice (CCN)

Appendix F Records and Their Interactions

Appendix G System-Level Specifications

Appendix H Student Activity Center As-Built Plans

Note that appendixes C, D, E, and H relate specifically to the mgjor case study, the activity
center for the town of Bedford.



Preface  vii

A free full-product 120-day evaluation version of Microsoft Project 2000 software is pro-
vided on a CD-ROM at the back of the text. This CD-ROM allows users to apply the project
management and documentation concepts presented in the text using this powerful project man-
agement software tool. Sample printouts from Microsoft Project are included in chapter 7.
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2 Chapter 1 The Systematic Approach

1. Why are planning, performance,
and control important in the exe-
cution of projects?

2. What is a project, and what is a
program?

3. How are projects managed and
evaluated?

N\

Monit

investigate

. Why is teamwork important on

projects?

. What are the steps in the life cy-

cle of a project?

. What are the four phases of a

project that uses a systematic
approach?

It is best to do things systematically, since we are only human,

and disorder is our worst enemy.

Hesiod, 8th century B.C.

This book is intended to pro- I— arge and small projects require planning and control so they are completed

vide information on methods
to plan, perform, and control
a project.

* On time

2. Within budget
3. According to specifications
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The achievement of these three goals enhances the reputation of the team, the
manager, and the organization. Those who have successfully completed a proj-
ect are in a better position to obtain new projects from any person or organiza-
tion that wants quality work. In this book, we will discuss how projects can be
initiated, planned, and controlled so that they are completed on time, within
budget, and according to specifications. The specifications need to describe a
product that is functional and constructable, as well as safe.

SECTION 1.1

The purpose of this book is to
present a systematic approach
to theplanning performance,
and control of projects.

PLANNING AHEAD}

Yau will see thissymbol in
many places within this text.
It indicates some of the im-
portant areas where you
should pause and plan ahead

The case-study project will
assist you in understanding
the general concepts.

THE PURPOSE AND GOALS OF THIS BOOK

The purpose of this book is to present a systematic approach to the planning, perfor-
mance, and control of projects. One goa of this book is to introduce you to techniques that
will allow you to start, develop, and complete prajects more efficiently and effectively. Another
goa isto guide you in working as a member of ateam. Thisis important because the global
workplace requires people who are team workers.

Planning is the development of a method for converting ideas into a product or service.
Scientists, engineers, and technologists learn to organize a collection of ideas into plans as part
of their training. Projects are most successful when plans are carefully developed and prepared
well in advance of design initiation (start).

Performance of a project requires ateam of pcople working together to achieve the desired
goa. Each team member needs to understand the plans and problems of other team members.
As you study the material in the following chapters, you will become more aware of the rela-
tionship between your contribution and the successful performance of the entire project.

Control of a project includes seeing that it proceeds according to a well-prepared plan.
However, we human beings do not devise perfect plans, since every possible circumstance
cannot be known in advance, nor do we execute plans perfectly. Therefore, control includes
recognizing when and why a project is not proceeding according to plan. Control also in-
cludes knowing if the plan needs to be revised or replaced with one that is more realistic,
particularly if the client's expectations have changed.

Our approach in this book has three parts, as shown in figure 1.1:

1. Describe the general requirements for planning, performing, and controlling projects.

2. Explain how those requirements are applied through use of an example, a case study that
we follow through several chapters.

3. Assign exercises that assist you in learning as you work on your own project.
The example project we have chosen is a combination of our personal experiences and

those of others with whom we have worked. This project will assist you in understanding the
more general concepts described in chapters 2 through 5 by means of a concrete example.

Figure 1.1 General
approach of this book
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SECTION 1.2

There are three reasons for

initiating a project:

e A bright idea

e A perceived need

e Theneed to improvea
product

PROJECTS, PROGRAMS, AND PEOPLE

What Is a Project? A project isan organized effort to do something useful or attain a use-
ful end result. It is sometimes referred to as a plan, venture, or enterprise. A project is usually
guided by aleader known as the project manager.

There are three general reasons for initiating a project:

1. Someone has a bright idea worth being considered.
2. Thereis a perceived need to be fulfilled.
3. A product needs to be improved.

These reasons lead to the seven steps described in section 1.3.

Results may include such items as designs, plans, procedures, software, equipment, and
structures. We later discuss how projects are initiated (conceived and started), planned (studied
and designed), and accomplished (implemented and delivered).

How Do You Organize a Project Administratively? To be successful, a project needs
the following: (1) the project must be staffed with people who are able to direct it; (2) there
must be sufficient funds to accomplish the project; and (3) there should be potential customers
(clients and/or owners) to purchase and use the end product. A staff is required to plan, per-
form, and monitor the project. Experts are needed to provide advice. Performance of a project
requires materials, equipment, and workspace (figure 1.2). These are internal influences. Ad-
ministering a project isdiscussed at length in Fisk (1992). Thisand all other references are given
in the bibliography.

Someone must be chosen to lead and guide a project. Committees can offer advice;
however, they do not provide leadership. We will refer to the project leader as the manager
of the effort. The manager's role is to organize people, parts, and procedures. The project
manager must firmly establish the project's purpose and goal, as well as organize the group's
resources. These resources include staff, ideas, experts, materials, workspace, and equip-
ment. The manager must also focus on the needs of the customer and the funds available for
the project.

Figure 1.2 The interrelated
parts of a project



A project is organized into
,OOfinnS that can be easily
accomplished,

and controlled.

A project's success is judged
by the project's design useful-
ness and its cost.
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Figure 1.3 External
influences that affect a
project

There are external influences that affect a project. Among them are the following:

e  Client deadlines

e Liability issues

. Public and ethical concerns

. Government and socictal issues and laws

It is the responsibility of the project team to continually weigh al these interrelated parts and
externa influences (figurc 1.3) so that thefinal product is appropriate from both a technical and
a social viewpoint.

How Do You Organize a Project Technically? A project is organized into portions
that can be easily understood, accomplished, and controlled. For instance, a building to be
constructed is organized as an overall shell having one or more floors. The plan for each floor
is then designed separately. The floors require common subsystems, such as electrical power,
air conditioning, and stairs, which are designed into an integrated system. A manager
watches over the total system design, while technical specialists design the various common
subsystems. Skilled drafters and designerslay out each floor and prepare acomplete set of con-
struction plans.

How Do You Evaluate a Project? The performance evaluation of small projects is usu-
ally accomplished viaperformance reviews conducted by asenior staff member. The performance
evaluation of large projects may require a separate staff of specialists who report to higher man-
agement. A project's success is judged by its design usefulness and its cost. Other factors in-
volved in project evaluation will be discussed in this book in chapters 2, 3, 5, 6, 7, and 9.

What Is a Program? A programisagroup of related projects. A program usually requires
a management team to oversee each of the projects and ensure that al the projects are coordi-
nated. A program title might be " Devise and Implement a Housing Redevelopment Plan.” That
plan might consist of agroup of projects, such as arevitalization of the community center, park
improvements. and building painting. Each of these related projects is considered a separate
project within the overall housing redevelopment program.

As a project or program becomes more complicated, the time required to accomplish it
increases. Successful performance requires not only a plan, but also continual monitoring to
verify that it is being followed or to identify when and where the plan must be modified as new
information becomes available. For example, the assistance of additional people may be needed
to complete a project. The effective coordination of people, parts, and procedures requires ex-
perienced management.
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A project is devised, de-
signed, managed, and per-
formed by a group of people
interacting with one another.
These individuals are ex-
pected to place the needs of
the team above their personal
needs.

conception 5 444 |’

many creators; few creators, dl performers, dl performers,
few performers; few performers; cost estimators; aborers,

What Types of Skills Do Team Members Need? The skills of team members should
relate to the types of projects being planned and to the status of the project design. Examine
figure 1.4, which is discussed in detail in chapter 6.

It is highly desirable for those involved in a project to understand technical subjects be-
sides one's own specialty. Team members can then better evaluate the contributions of fellow
team members whose skills may be different from theirs. Priest, Bodensteiner, and Muir (1994,
p. 13) wrote that ""[a major study was conducted of over 1000 professionals from 22 high-
technology companies to assess the educational and training needs of technical professionals
engaged in the transition process from design to production. Eighty-six percent of the respon-
dents believe that a technically based and multidisciplined engineering approach i sfundamental
to ensure a successful transition."

Another skill that is necessary is the ability of contributors to document and explain their
work. Clear, concise, and timely documentation allowsindividuals' work to he evaluated, revised,
and continued by other team members. For larger projects, the documentation is usually exten-
sive. For some larger projects, the cost and quantity of documentation may be greater than the
cost and size of the system being designed.

The project manager's skills must include the ability to (1) communicate with team mem-
bers, clients, and other managers; and (2) evaluate and balance a variety of priorities as pre-
sented by others.

How Do Teams of People Work Together? A project is devised, designed, managed,
and performed by a group of people interacting with one another. These individuals are ex-
pected to place the needs of the team above their personal needs. This does not mean that
the personal preferences and directions of each person should be ignored. On the contrary,
each team member must learn to recognize thar other people approach their work differently.
All persons should respect the right of othersto perform their assignments in different ways,
aslong as they contribute to the timely and successful completion of the project and do not
interfere with the overall project effort. Each individual must realize that, when people work
together, a better product will result, and it will contain the best ideas and efforts of each
team member.

For the many . . . when they meet together may very likely be better than the outstanding few,
if regarded not individualy but collectively . . . for each individua among the many have their
share of virtue and prudence, and when they megt together, they become, in a manner, one
[person], who has many feet and hands and senses. . . for some understand one part, and some
another, and among them they understand the whole.

Aristotle, 4th century B.c.
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SECTION 1.3

PLANNING FOR PERFORMANCE
Sepsin a Proect

The seven steps of a project start with an idea and extend through sales and distribution:

Idea

Applied research

Design

Development

Marketing

Production (or construction)
7. Sales and distribution

o U s~ wDN R

This text is concerned with thefirst six steps. The steps for successful project performance are
iterative rather than linear and are explained below. The sequence of steps may differ from one
project to another.

Idea. Anideaisaconcept first formulated in the mind of one or more persons. It may be a
concept that can be designed or developed immediately, or it may require further study.

Applied Research. Research. from "search again," is careful, patient, systematic, diligent,
and organized inquiry or examination in some ficld of knowledge. It is undertaken to establish
facts or principles. It is alaborious or continued search after truth or information. Applied re-
search is an investigation whose goal is to convert an idea into a practical plan. If the applied
research produces negative results, then the project will be terminated without further expendi-
ture of funds and time.

Design. Design refers to the conversion of an ideainto a plan for a product, process, or pro-
cedure by arranging the parts of a system via drawings or computer models so that the parts
will perform the desired functions when converted to an actual product.

Development. Development refers to the activity of modifying a design, product, process,
or procedure. It may include new features, a different appearance, or only minor cosmetic
changes as it progressesfrom an idea to an actual product, process, or procedure. Development
starts with a design and converts it into a product, process, or procedure. There may be severa
stages of experimental models, breadboard models, experimental prototypes, and production
prototypes. The redesigned product, process, or procedure is now ready for production.

Marketing. Marketing (or market research) involves determining the need for a new prod-
uct, process, or procedure, and the amount of money that potential customers are willing to in-
vest in that new product, process, or procedure. Tr is from a marketing study that the number of
potential salesis estimated. The focus of the marketing effort is to determine if the new prod-
uct will sell in sutficient quantities to meet the total project costs, as well as earn a profit. Mar-
keting may occur prior to or during the design and development efforts.

Production. Production is the act of making numerous, identical copies of an item that has
been designed and developed. Production is more efficient and less costly when specialized
manufacturing equipment and processes are used to produce the quantities required. However,
the quantities to be produced must be great enough to justify the expense of specialized equip-
ment and processes.
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The lifecycle of the project
plan is complete when the
initial idea has been con-
verted, via applied research,
design, development, market-
ing, production, and sales and
distribution, into a successful
and profitable product.
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Sales and Distribution. Selling is required if a project is to be financially profitable. For
items manufactured in small quantities, sales consists of contacting those select customers who
are willing to pay for the item. For items manufactured in large quantities, many customers are
involved. Items often are packaged and sent to distributors, who then supply the productsto re-
tail outlets for final sale of the item to customers.

The Life Cycle

Thelife cycle of the project plan is now complete. Theinitial idea has been converted, via
applied research, design, development, marketing, production, and sales and distribution, into a
successful and profitable product. To accomplish thisresult, effective planning is necessary. The
life cycle flow is shown in figure 1.5.

Concurrent Engineering

Concurrent engineering is a systematic approach that integrates the initial ideafor a proj-
ect with its applied research, design, development, marketing, production, sales, and distribution.
Concurrent enginecring leads to a more efficient and shorter design cycle while maintaining or
improving product quality and reliability. See Banios (1992). Incorporated are:

e customer requests and ideas,

»  market research regarding the potential product,
e design and development of models,

e manufacturing prototypes and a pilot run, and

* sdes-materia preparation and testing.

See figure 1.5 for an example of the overall cycle.

Concurrent enginecring compresses the schedule; thus, many activities can be performed
either simultaneously or with some overlap. The result is a shortening of the overall cycle time
without adversely affecting the project quality, material delivery, and customer sales.

Schedules are devised that indicate when the normally sequential steps and phases of a
project can be performed concurrently — thatis, overlapped. Planning is based upon interim and
final project goals, methods are then devised to achieve these goals. Next, the results are coor-
dinated, and priorities are assigned and tied to customer needs. Engineering, manufacturing, and
marketing must work together from the outset to anticipate problems and bottlenecks and to
eliminate them promptly. However, no matter how streamlined the schedule, it needs to be re-
membered that a design actually desired by potential customers succeeds much better in the
marketplace than a design that is merely acceptable.

Concurrent engineering recognizes the roles of marketing, manufacturing, and servicing in
bringing products to market and in supporting them throughout their life cycle. It emphasizes
the need for shared understanding of problems to be solved—as well as meeting the customer
expectations as they evolve.

By using electronic communications networks, engineers have greatly reduced the time
spent in reviewing designs with remotely located manufacturers. Technology alows design
changes to be reviewed and implemented in a quick and systematic manner.

SECTION 1.4

APPLYING THE SYSTEMATIC APPROACH

This section describes in more detail the systematic approach to projects and programs
first documented by Goode and Machol (1957). When applied wisely to both design and man-
agement, this approach most often leads to a less costly and more acceptable, efficient, and ef-
fective product or process.
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The life cycle of a typical
system consists of research,

conception, engineering,
production, and,

finally, retirement or decom-

missioning.

Figure 1.6 Component
interrelation

Applying the system concept requires maintaining an objective view of how each portion
of a project interacts, or fitsin, with the entire project. The life cycle of a typical system con-
sists of research, conception, engineering, production, operation, and, finally, retirement or de-
commissioning. These steps are described in more detail in An Engineering Practices Course
by E. W. Banios (1992). Our presentation focuses upon the conception, engineering, and pro-
duction portion of the life cycle.

Definitions

Asyou progressthroughthis book, you will encounter new wordsand phrases, as well as many
wdrgls that are familiar to you from other contexts but that are used in the book in a specialized, or
tec  cd, way. Toaid your understanding, hereis alist of technical definitionsof basic terms used
in this book. These words have special meaningsfor scientists, engineers, and technologists.

Our Definitions

A function is the capability of an individual or equipment to perform in a given manner.

A system isany combination of things that actively work together to serve a common pur-
pose. Systems are composed of combinations of parts, people, and procedures.

A subsystem is any portion of a system that performs one or more functions that can,
alone or in a system, operate separately.

A device is that portion of a subsystem that can, alone or in that subsystem, perform an
identifiable function.

A compenent or part is a portion of a device that normally performs a useful function
only when used within that device.

Definitions of all other terms are given in the glossary.

Figure 1.6 shows how aircraft components, devices, and subsystemsrelate. The aircraftis the
primary system for theaircraft designers. Three of its subsystemsconsist of theairframe, theinternal
electronics, and the people involved. The airframe subsystem consists of the body, wings, tail, and
engines. The electronics subsystem consists of communications, navigation, and control devices.
The people subsystem consists of the crew, passengers, and support personnel.

Here is another example from the aviation industry. The Federal Aviation Authority consid-
ersits traffic management system to be the primary system. Each participating airline and airport
is a subsystem to be managed. Thus, at this level of consideration, each aircraft is a device to be
guided, whether the aircraft is on the ground taxiing, taking off, in the air, or landing.

airfran
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Phases of Project

A typical project or program A typical project or program that uses the systematic approach consists of four phases be-
that utilizes the systematic tween the consideration of an original idea and its delivery as a product or service. The four
approach consists of four phases with their general descriptions are shown in figure 1.7 and are explained below.
phases.

Conception Phase: |deas are developed and evaluated. Such practical considerations as
technica feasibility and sources of funding need to be kept in mind.

The definition of an activity is given following the listing of the activities for the four
phases. For the Conception Phase, they are:
e OrganizeaTeam
*  Formulate a Concept and Select the Project
*  TInitiate Conception Phase Documents
e  Expand Team and Identify Supporting Organisations
e Complete the Planning of the Next Phases of Work
e Convert Document Drafts into Final Documents
Study Phase: [deas developed in the conception phase are studied. One idea (or solution

or direction) is selected and becomes the chosen system. Potential designs areinvestigated.
Where necessary, applied research is performed.

For the Study Phase, the activities are:

*  Organize the Study Phase Work
«  Establish Ground Rules for Study and Design Phases
*  Study Solutions to be Considered for Design
*  Gather and Evaluate Information
*  Select and Plan One Solution to the Project
*  Document the Selected Solution
*  Veify and Obtain Funding
Design Phase: The chosen system is designed in detail so that it can be constructed.

Parts of the system design may need to be modified. More detailed cost information is
available. Marketing can now establish a price and determine if the product will sell at

that price.
Figure 1.7 Thefour phases
d the systematic approach -
invegigate
develop design design congtruct
ideas options product product

PLANNING AHEAD
EREEEESEENEREN } conception stu design implementation

[ N . = ae, se
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The four phases of a project

that uses the systematic ap-
proach—Conception, Study,

Design, Implementation—may

overlap.

For the Design Phase, the activities are:

*  Organize the Design Phase Work

*  Select the Solution Details to be Implemented
*  Document the Design Solution

*  Prepare for the Implementation Phase Work

e Obtain Implementation Phase Funding

Implementation Phase: The chosen system is constructed and delivered.
Implementation Phase Activities are:

e Obtain Implementation Phase Funds

. Review Design Phase Documents

*  Allocate Tasks to the Implementation Phase Team
. Prepare to Produce the Designed Article

. Produce and Evaluate Product

. Revise, Review, and Deliver Final Documentation

and, where applicable

*  Operate and Maintain Customer-Contracted Articles
. Review the Results of the Implementation Phase
. Pursue New Projects

When a new project consists simply of a slight modification of a previously completed
project, the Conception Phase will require less time and attention. Also, the Study Phase can
either be shortened or merged with the Design Phase.

In chapters 2 through 5, the activities associated with each phase are described in detail.
Even if a project is a small one, it will involve all or most of the activities described in these
chapters. These phases may overlap. For discussion purposes, we will consider them to be sep-
arate in time, as mutually exclusive phases.

In chapters 2 through 5, we will discuss the purpose and goal for each phase. First, let us
examine the definitions of the words purpose and goal.

Purpose: That which one proposes to accomplish or perform; the reason that you want to
do something; an aim, intention, design, or plan.

Goal: An object of desire or intent; that which a person sets as an objective to be reached
or accomplished; the end or final purpose; an ambition, aim, mark, objective, or target.

Note that there is some overlap between these two definitions. Purpose indicates the
direction in which you want to proceed; geal indicates the end you want to achieve.

Before a project can be completed, it must be selected and started; the project must be ini-
tiated. We will discuss how projects are initiated in chapter 2 and include a case study as an
example. In subsequent chapters, we will cover project planning, performance, and control—
through a discussion of project phases and a project example.

Project Activities

We have divided a project into Sour phases—conception, study, design, and implementa-
tion. Each phase is subdivided into activities with one group of activities per phase. An activity
is an active process. such as searching, learning, doing, or writing, that involves the application
of both mental and physical energy. Each activity is further subdivided into smaller, more man-
ageable steps or components until the deliverable products and documents are defined in enough
detail to alow better management control.
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The Case Study —Project Example

We have devised an example that will be used to illustrate the project phases, described in

chapters 2, 3, 4, and 5. In the project example, first-year engineering and technology students
apply their skills, capabilities, and interests to a project of their selection. We have selected
Northeastern University in Boston as their school. The cities and towns described are suburbs
of Boston, Massachusetts. All the student names are fictitious.

CHAPTER OBJECTIVESSUMMARY

o 0~ BN

Now that you have finished this chapter, you should be able to:

Explain the importance of planning, performance, and control in the execution of projects.
Define a project and a program; explain their similarities and differences.

Explain how projects are managed and evaluated.

Explain why teamwork is important on projects.

Name the steps in the life cycle of a project.

Describe the four phases of a project that uses a systematic approach.

EXERCISES

11

12

1.3

14

15

Choose a system that you have encountered during your daily activities. For that sys-
tem, list some of its subsystems, devices, and components. Sketch a figure that pre-
sents the rel ationship among the subrystems, devices, and components. Consider what
parts of your system could be considered a subsystem or device in another primary
system.

Acquire atechnical dictionary if you do not already have one. Compare the definitions
given in section 1.4 with those given in your technical dictionary. Discuss with other
students how and why they differ from the ones we have offered in this book.

List at least five projects and programs that you have either encountered or read about
recently. For those projects and programs, write a brief paragraph on why they are la-
beled project or program.

Projects and programs might involve one or more of the following engineering and
science specialties:

architectural, chemical, civil, computer (hardware and/or software), electrical, elec-
tronic, environmental, industrial, information systems, marine science, mechanical,
systems engineering, and transportation.

Prepare a list of your persona interests and skills that would apply to working as a
member of a team on a class project. Describe your previous experiences in perform-
ing and documenting work that yon have accomplished. Consider at least the follow-
ing questions:

Do you enjoy writing and sketching?

Are you able to devise and document original material?

Do you prefer to edit the writing of others?

With your instructor or faculty advisor, organize one or more teams to search for one
or more class projects. Each project should require the application of more than one
specialty. In the search for a project, ask, ""Who will verify that all of the designs and
activities are accomplished satisfactorily?"
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1. What are the purpose and goal 4. How are teams for projects orga-
of the Conception Phase of a nized, utilized, and expanded?
iect?
project: 5. What kinds of risks may be in-
2. What tasks are involved in the volved in projects, and how are
Conception Phase of a project, alternative solutions found?

and what activities or steps are
performed to complete these
tasks?

6. How are tasks, schedules, and
budget constraints identified for
a project?

3. What is the process of selecting 7
a project? How is brainstorming
involved in the process?What
criteria can be used to evaluate
the choice of projects?

. What documents are prepared
during the Conception Phase?

deliver
project
results

1y study rinnl design vistimplementations >
Sodne * - l Ao e I

construct

| have learned throughout my life as a composer chiefly
through my mistakes and pursuits of false assumptions, not by
my exposure to founts of wisdom and knowledge.

lgor Stravinsky, 7966

I his chapter discusses how projects are first selected, how teams are assem-
bled, and how tasks, costs, and' schedules are estimated so project funding can
be pursued.
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SECTION 2.1

The project team for the Con-
ception phase consists primar-

ily of diverse creators.

CONCEPTION PHASE PURPOSE AND GOAL

The purpaoseof the Conception Phase is to develop ideasfor projectsthat are of interest and
value to you, to potential funding sources. and to your project team. The goal of the Conception
Phase is the preparation of alist of practical ideas that will lead to a viable project.

At the end of the Conception Phase, you should know how to accomplish the following:

*  Define a problem and the risks involved.

*  ldentify both your customers and potential funding sources.

«  Improveyour skills and abilities, aswell as those of the team, to meet the needs of the project.
» ldentify others who have the skills and abilities that you and your team lack.

e Prepare documentation for your proposed solutions.

*  Devise aplan that includes the work you must perform.

The plan produced at theinitiation of a project will determine the remainder of the Conception
Phase, as well as the work to be accomplished during the Study, Design, and |mplementation
Phases. The associated costs for converting the plan to practical ideas must be included during
the Conception Phase. If the project is not selected until the beginning of the Study Phase, then
the approximate costs of al plans must be included here.

During this phase, you will continually revise al plans, including cost estimates, when yon
obtain significant new information or when you develop new ideas. If you are part of a profit-
oriented organization, you must plan to earn money,in excess of your expenditures so that you
and your team will have thefinancial resourcestoidentify, propose, and accomplish new projects
at alater time.

The project team for the Conception Phase consists primarily of diverse creators (Kim,
1990). (Seefigure 1.4.) A few performers are added later to provide the necessary details. Asa
project progresses from one phase to another, the number of creatorsis decreased. They are re-
placed by planners, performers, and administrators who are experienced in (1) working with the
ultimate users and (2) performing various aspects of the project life cycle. (The project life cycle
was discussed in sections 1.3 and 1.4.)

Once the creators' work on a project is over, the manager who does not want to lose their
expertise must provide different work for them. This way they will be available as creators for
future projects. Thus, the organization chart showing the interaction among people is often a
fluid one. It must be adapted to the work being performed at the moment.

SECTION 2.2

CONCEPTION PHASE ACTIVITIES

The activities for the Conception Phase consist of the following:

Activity 1: Organize a Team and Formulate a Concept
Activity 2: Select the Project
2A: Identify customers with a need to be fulfilled.
2B: Locate sources of funds to fulfill that need.
2C: Brainstorm to select projects to be considered.
2D: Identify risks for each potential project.
2E: Select one project and gather more information.
2F: Search for and document alternative solutions.
Activity 3: Initiate Conception Phase Documents
3A: Prepare the Project Selection Rationale.
3B: Prepare the Preliminary Specification.
3C: Prepare the Project Description.
3D: List task, schedule, and budget constraints.



18 Chapter 2 The Conception Phase

The tasks of the Conception
Phase are these:

* Develop ideas for projects

* Prepare budget and sched-
ule estimates

e \Write task descriptions
* Organize a team

Projects must be practical.
They should

« Meet the needs of the
community

* improve skills of team
members

® Be capable of being
funded

Activity 4: Expand Team and Identify Supporting Organizations
Activity 5. Complete the Planning of the Next Phases of Work
Activity 6: Convert Document Drafts into Final Documents

The sequence of activities given below may change from one project to another. However, all
of these activities must be completed during the Conception Phase.

Activity 1. Organize a Team and Formulate a Concept

During the Conception Phase, you develop ideas, prepare accompanying budget estimates,
write approximate task descriptions, and devise approximate schedules for each of the projects
under considcration. If the project is complicated, you may devise a model. See chapter 9.

You must also select and organize a project team. The team members should be compati-
ble, with complementary skillsand abilities. They must all contribute to and investigate the pro-
posed ideas.

Some individuals prefer to work alone on an assignment. However, someone must moni-
tor thework of these individuals so that it remains on schedule, within budget, and is performed
to meet the technical requirements of the project. These "loners” should be encouraged to
interchange ideas with the other team members.

Realizein advancethat the membersof your team may haveto be changed. Personnel changes
are often required to meet the changing needs of your proposed project so that the project remains
viable. Changes may also have to occur if significant personality conflicts arise. Remember —a
team that can work together effectively is being assembled, organized, and assessed.

One team member must be designated as team leader or project manager. This person has
the responsibility of organizing and directing the efforts of al the other team members, as de-
scribed in chapter 6. This manager (or leader) should be a decisive person with both technical
and people skills. The manager directs, controls, and verifies project performance and status.
The manager also adds new team members as the need for new skills and abilitiesis identified
and terminates or transfers them to other projects when they are no longer needed.

The typical sequence for project conception is shown in figure2.1. Your proposed projects
should focus upon those ideas that

1. Consider the needs of the local community;

2. Usc and improve your personal and team skills, abilities, and interests;

3. Concentrate on what you and your team can do well;

4. Identify projects that can be funded by intcrcsted people and organizations.
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Figure 2.2 The key
guestions in project
planning
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During this phase you will continue to gather applicable technical data that will assist you in
arriving at a realistic concept while you prepare rough plans, and cost and schedule estimates.
Later, you will examine how to use the brainstorming concept to expand upon your initial ideas
for projectsin a positive way. Brainstorming occurs before you select a specific project. Brain-
storming is the most commonly applied of the many varied techniquesfor idea generation. Some
of these techniques are described in appendix A.

While you consider and evaluate a variety of projects, you are actually developing ideas
that might becomethe selected project. Expand all ideas and gather enough information for each
potential project to allow you and your team to select one project to pursue in detail. Team
members should refrain from criticizing evolving ideas during the brainstorming or any other
idea-generation process. Asyou consider potential projects, you should also explore related proj-
ects and gather additional information associated with them.

As you plan a project, your plans will include answers to questions that start with who,

what, when, where, why, and”how (see figure 2.2):
Who will be responsible for the work?
What is to be accomplished and by whom?
When is it to bc implemented?
Whereisit to be performed?
Why should it be performed?
How will the performance of the project be controlled?
Before you formally initiate a project, you must justify that project. Consider these questions:
Who would be the potential customer and is the proposed project worthwhile to the
potential customer?
What will be the approximate cost of the project?
When does the customer require the project to be completed?
Where will the funds for the project originate?
Why should this project be pursued instead of another project?
How will be the project be accomplished?
You and your team must answer these questions, and perhaps other questions, before asignificant
amount of money and effort is expended.

Convene meetings during which various proposed projects are compared and the questions
who, what, when, where, why, and how are asked. Often, if you combine several proposed projects,






Three categories of nearby
potential customers are estab-
lished for the student teams:
business, government, and in-
dustry —ne for each of the
three teams. Each team is to
work through the contacts of
their professors and establish
potential projects.
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I money is a significant 'A€tor
in developing a project, then
project requirements must be
separated into needs, desires,

and luxuries.
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Activity 2: Select the Project
During this activity, you perform the following tasks:
1. ldentify customers who indicate they have a need: establish the technical problems and
risks associated with their need.

Determine if the potential customers have the funds for fulfilling that need and separate
from the stated "'need" their actual desires and luxuries.

Locate the source of those funds.

Brainstorm to determine what projects should be considered.
Identify the problems and risks associated with each project.

Search for acceptable alternative solutions to cach proposed project.

N

o ok W

The process of selecting a project is often known as synthesis (Pugh, 1993, p. 68). The
synthesis process includes two major cyclica components:

e The generation of concepts that are solutions to meet the stated need.

*  Theevauation of these concepts to select the one that is most suited to matching the stated
need.

Concepts are often best generated by individuals; concept selection and enhancement is often
best performed in groups. The outcome of the [Conception] Phase is a complete concept, engi-
neered to an acceptable level to establish its practicality. Details are saved for the Study and
Design Phases.

Activity 2A: Identify Customers with a Need to Be Fulfilled

Your projects must have a,useful purpose. Therefore, as you evaluate potential projects,
members of your team should determine the requirements of the loca community and
industry. These requirements are often categorized as needs, desires. or luxuries. If money
is no object, then the distinctions between needs, desires, and luxuries are unimportant. Tf
money is a significant factor, then the requirements must be separated into needs, desires,
and luxuries.

What are the applicable definitions of needs, desires, and luxuries?



Figure 23 Comparing
needs, desires, and
luxuries
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Needs. A need issomething that is considered necessary or essential. During World Wer 11,

Dr. Abraham Maslow studied the hierarchy of needs. He claimed that certain needs become

dominant when more basic needs are satisfied. Thus, the lower-level needs must be satisfied be-

fore the higher-level needs become apparent. Thelist below indicates his hierarchy:

»  Physiological needs: air, food, water

-  Sdofety needs: protection against danger, threat, deprivation, arbitrary management deci-
sions; the need for security in a dependent relationship

e Socia needs. belonging, association, acceptance, giving and receiving of love and friendship

« Ego needs: sdlf-respect and confidence, achievement, self-image, group image and repu-
tation, status, recognition, appreciation

o Saf-fulfillment needs. realizing self potential, self-development, creativity
Some persons or groups may believe that they have a need. The following questions may

help you test if aneed is rea or imagined:

»  Canyou determine if the need isreal or imagined?

- Arethey or you able to express that need in writing?

e Can the need be separated into parts?

e Iseach part important enough to continue to be considered as a separate need?

e How serious are you about committing funding to fulfill the need?

The persons or groups may wish to have their " need" fulfilled, yet they may not be able to jus-
tify the time and money to do so. In this case, the “need” may be merely a desire.

Desires. A desireissimilar toawish. It isalonging for something that promises enjoyment
or satisfaction. A desire, by definition, is not a need. A strong desire may eventually become a
need; a weak desire may be considered a luxury.

Luxuries. A luxury is the use and enjoyment of the best and most costly things which offer
themost physical, intellectual, or emotional comfort, pleasure, and satisfaction. A luxury is con-
sidered to be unnecessary to life and health.

The interrelationship of needs, desires, and luxuriesisillustrated in figure 2.3. The three
definitions given are qualitative, not quantitative. One of your most difficult tasks during the
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Systems are normally imple-
mented to provide for needs,
rather than for desires and

luxuries.

Conception Phase is to assign numerical values to needs, desires, and luxuries, and to weigh
them with regard to the total system concept as described by von Oech (1993). However, if the
customer (client) is willing to pay for it and the luxury is ethical, then the project can include
the luxury.

Systems are normally implemented to provide for needs. However, if you, the contractor,
can include the desires and luxuries at minimal additional cost, you may he selected as the win-
ning bidder. You must use judgment to determine the proper emphasis among needs, desires,
and Inxurics because it is unlikely that the potential customers will express their requirements
in a clear and concise manner. The proposal evaluator, or team of evaluators of all competing
proposals, will also be using judgment regarding the selection of the winning proposal. AsWilde
(1978) notes: "Asin life, instinct often precedes wisdom."

Market research is best initiated during the Conception Phase. People who specialize in
market research have abilitiesthat range from examining patents, trademarks, registered designs,
copyrights, scientific journal proceedings, and reference books to less technical skills that in-
clude determining the need for a new product, process, or procedure—a new item—and the
amount of money that potential customers are willing to invest in that new item. Because mar-
ket researchers must often estimate the sales potential of a proposed item, they must try to de-
termine if the new item will sell in sufficient quantities to meet the expected total project costs
and earn a profit for the company. They must be involved in, or kept informed of, the total
design status. However, they are often not trained in a background of total design and are thus
unlikely to ask the right questions. See Pugh (1993, pp. 155-157). Some typical questions to
ask potential customers or clients are the following:

*  What performance do you require, and in what operating environment?
*  What are you prepared to pay for this performance?
*  How soon do you want the product, process, or procedure?

*  What are your expectationsregarding quality, reliability, life expectancy, and level of main-
tenance and documentation?

*  What do yon like best, or dislike most, about your competitor's designs?

*  What safety factors and ergonomic features do you expect to be a part of the new prod-
uct, process, or procedure, and how are they to interact with your related systems?

All design should start with a need that, when satisfied, will either fit into an existing market
or creatc a market of its own. From the statement of that need, a Preliminary Specification is
prepared during the Conception Phase that will evolve into the Design Specification in the Study
Phase. Pugh (p. 104) provides a design sequence that starts with a market analysis, includes
study, design, development, and production, and ends with selling the product.

Alice s, through her uncle, that the pl B
Bedford, Massachusetts, has devised a town redevelopment plan tha
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ojects {figure 2.4 n might
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Activity 2B: Locate Sources of Funds to Fulfill That Need

There are three types of funding sources to be considered: gover nment, charitable organi-
zations, and lending ingtitutions. Money to fund the project may come from one or more local,
state, or federa government agencies. It may be an investment from a bank or other funding or
lending agency. It may also be a donation from a corporation or foundation.

When foundations donate funds to a worthy project, the foundation executives must be-
lieve that the image of their foundation will he enhanced in the minds of the general public when
its donation to that project is announced. Organizations that donate money usually want to see
the results of their donation within a preestablished length of time. They want their gift to pro-
vide something useful to the world asthey envision it; they want to know that their donation was
not wasted.

Institutions that invest their money want it repaid within an agreed time and with in-
terest payments for its use—their return on investment (Heyne, 1991). The borrower may
also he required to pay for a perceived risk, which would originate from the lender's worry
that the borrower might not be able to repay the borrowed funds if the project should fail.
In a case of perceived risk, some lenders may require that the borrower provide loan collat-
eral, a security given as a pledge for the repayment of an ohligation. This security may be
in the form of bonds, stock certificates, or other property of value, and the loan would then
be referred to as a'*secured loan." Other lenders may rely on the reputation of the borrower,
the credit rating of those involved, or the perceived merits of the project itself to guarantee
repayment.
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Authorization must be obtained
from the funding source before
maney can be transferred from

the source to a project.

Brainstorming is the unre-
strained offering of ideas and
suggestions by all members of
a team during a meeting that

focuses on a predetermined
range Of potential projects.
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Normally you must acquire a small amount of funding from an initial funding source for
all or most of the Conception Phase. If the labor of team members is your only significant ini-
tial reguirement, then perhaps all the funding you need would be to pay for office supplies.
These supplies might be borrowed. For example, you may be able to utilize computers on a
time-available basis from other projects.

At the same time that you are seeking funding for the Conception Phase, you are also iden-
tifying potential sources of funding for the entire project. Your project can begin when money
is available for it. You must obtain authorization from your funding source before money can
be transferred from the source to your project.

Activity 2C: Brainstorm to Select Projects to Be Considered

The team must develop project options that are acceptable to all members. One technique
for devising new ideas is brainstorming, defined as an unrestrained offering of ideas or sug-
gestions by all members of a group, typically during a meeting that focuses upon a predeter-
mined problem or arange Of items,

Brainstorming involves creativity, which is an important part of the Conception Phase
(Kim, 1990). We use the word "creativity" to indicate a new way of thinking or looking at
a problem. When new ideas are being considered, they often lead to an invention or inno-
vation. Albert Szent-Gyorgyi once said, " Discovery consists of seeing what everybody has
seen, and thinking what nobody has thought.” The invention or innovation may be a new
product, process, or procedure, or it may be the improvement, revision, or redesign of an
existing one.

Young children are naturally creative because their minds arc relatively unrestrained. In
adulthood, our range of thinking narrows because we have been trained to conform, "play it
safe,'" and follow the rules. Roger von Oech, in his book A Whack on the Side of the Head



Chapter 2 The Conception Phase 27

{1993), providesalist of common ways of thinking that block creativity and explains why these
ways of thinking should be discarded when we are trying to generate new ideas:

1. Find the "right" answer: There's often more than one "'right™ answer.

That's not logical: Note that logic can eliminate alternatives that seem to be contradictory,
but they may turn out to be good ones.

Follow the rules: Change or break those rules that are no longer sensible.

Be practical: Ideas initially need the wide realm of the possible rather than the narrow
realm of the practical. Think: “what i f. .. 7" because useful ideas often occur to people
while considering many useless ideas.

Don't be foolish: Behavior that is silly or humorous often leads to new idess.
Don't make mistakes: Mistakes can be stepping stones in the creative process.

That's not my area: This attitude often keeps people from trying new paths. You already
know what cannot be done and this can restrict the creative process. New ideas often orig-
inate when you venture outside your field of specialization.

I'm not creative: Self-esteem is essential to being creative; you must be willing to take
risks and accept the consequences, which may be ridiculed by less creative people. If you
believe that you are creative, or can be creative, then you will be creative!

Most adults need to be stimulated into new thinking; it seldom occurs spontaneously. We

need to perform exercises to remove the mental blocks to new thinking. Here are some tech-
niques you can use to help yourself to become more creative:

1

Stimulate your thinking by reversing the sequence in which you put on your clothes, such
asshoes, underwear, shirts, sweaters. Reverse theright and left sequencefor inserting hands
and feet; it will stimulate your rusty brain cells.

Imagine (or observe) how a preschool child thinks about something. Children are lesslim-
ited in their creativity because their school peers have yet to tease them and discourage
their creativity.

Record your ideas as soon as you think of them. For instance, have a pad and pencil beside
your bed and document your dreams.

Eliminate themental blocksthat prevent you from being creative. Focusupon positivethoughts.
Thereisan old song that starts, " Accentuate the positive; eliminate the negative. . . .

Prepare questions that will stimulate a variety of answers. Remember: Answers depend
upon the questions asked.

Read something outside your area of specialty, preferably something different that you will
enjoy, such asfiction or poems.

Laugh at yourself. A sense of humor helps because acting silly can lead to new ideas.

For your team project, initiate a nonjudgmental brainstorming session to develop alist of

potential projects. The session can be structured or unstructured. A structured session requires
that each person in the group be solicited in sequence and provide an idea each time, or " pass"
until the next time. An unstructured session allows group members to offer ideas spontaneously.
In order for the session to be successful, the team must agree to follow certain rules that have
been found to be effective in promoting the uninhibited flow of ideas. In hisbook Applied Imag-
ination (1993), Osborn recommends that brainstorming groups follow these four basic rules:

Defer al criticism of ideas: Participantsmust withhold negative judgments about suggestions.
Osborn writes, ""When driving for ideas, you go farther if you keep your foot off the brake."

Encourage a "'free-wheeling" approach: The wilder the idea, the better; it is easier to tame
down than to think up.

Gofor quantity: The greater the number of ideas, the morelikely therewill be some winners
in the bunch.

Combine and improve on others' suggestions: In addition to contributing ideas of their
own, participants should try to add their own ideas to the suggestions of others.
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In addition to Osborn's four rules, the authors and other practitioners experienced in or-

ganizing brainstorming sessions recommend the following guidelines published in the ASEE
Prism magazine (March, 1998). These techniques have proven effective when applied to both
large and small projects:

1.

10.

Carefully define the problem at the start of the brainstorming session to avoid wasting time
on the wrong problem.

Allow individuals five minutes to consider the problem before the group tacklesit to prevent
a "follow-the-leader" thought process.

Create a comfortable, casual environment where participants do not feel intimidated so
they won't speak up. A circle arrangement is a good setup. If a non-circular table is used,
have the "leaders” sit in the middle of a long side to reduce any intimidation that may
occur from sitting at the ""head" of the table.

Record all suggestions. Suggestions may be lost otherwise, and documenting each one lets
the participants know that the group accepts and acknowledges every idea

Appoint someone, a group member or another individual, to serve as a facilitator. This
person ensures that all members are [ollowing the rules.

Encourage participants to combine and piggyback if idea generation lags aftcr a session
starts. Ideas begin as traditional and tend to become more innovative later in the meeting.
Stop the session before the group fades on idea generation. Identifying the best stopping
time requires practice and experience on the part of the leader.

Keep brainstorming groups small, from six to twelve members. It is also helpful to have
participants whose backgrounds range from total familiarity with the problem to total
separation from the problem.

After the session, classify the solutions using ABC: A for feasible solutions, B for ideas
requiring further development, and C for long-term development and technology.

Report results to participants and thank them for their time and effort.

Checklists help brainstorming participants develop a budding idea or alter an old one. Run

through a checklist of ways to change a current product or process. Osborn has devel oped the
following checklist for change:

Adapt: What €else is like this? What other idea does this suggest? Does the past offer a
parallel? What could | copy? Whom could T emulate?

Modify: Could | add a new twist? Could | change the meaning, color, motion, sound, odor,
form, or shape? What other changes could | make?

Magnify: Could | add something, such as more time or greater frequency? Could T make
it stronger, higher, longer, or thicker? Could | add more ingredients? Could 1 duplicate,
multiply, or exaggerate it?

Minify: Could | subtract something? Could | make acondensed or miniature version?Could
I makeit lower, smaller, shorter, or lighter? What if | omit something or streamline, divide,
or understate it?

Put it to other uses: Are there new ways to use this as it is? Does it have other uses if |
modify it?

Substitute: What if | used a different ingredient, material, person, process, power source,
place, approach, or tone of voice?

Rearrange: Could | interchange components? Could | use a different pattern, layout, or
sequence? What if 1 transpose the cause and effect? What if | change the pace or the
schedule?

Reverse: Could | transpose positive and negative? What if | tried the opposite or reversed
roles? What if | turn it backwards, upside down, or inside out?

Combine: Could | use a blend, an aloy, an assortment, or a combination? Could 1 com-
bine units, purposes, appeals, or ideas?
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Brainstorming can be performed at two levels. Thefirst level concerns brainstorming ideas
that could become projects. All ideas are documented and studied later so the better ones can
be pursued in more detail. Once a potential project is selected, brainstorming can be applied to
devising clever solutionsfor the selected project (see chapter 3). This second level concerns de-
veloping the details within the selected project (figure 2.5). The brainstorming approach is the
samefor both levels.

The following examples of projects require different sets of skills. Choosing one of these
projects represents the first level of brainstorming.

o Design land usage for a housing project

o Design and construct a community center

o Design and build a model railroad control system

o Design and construct a solar-powered car

. Develop equipment for handling hazardous waste materials

o Develop procedures for handling recyclable materials

*  Write new software program for

*  Develop a better procedure for . . .

On completion of the brainstorming session for these projects, each idea must be evaluated.
Now reality must be added to the creative effort resulting from the brainstorming session.

Developing a list of project selection criteria such as the following represents the second

level of brainstorming.

*  What are the needs of the local community and industry?

*  Arefunds avallable to suppart the selected project?

*  Where are potential sources for funds?

*  Which projects are of interest to the team?

* Do these projects apply and improve the team members' skills and abilities?

*  For the skillsthat the team needs, can the team acquire them through outside assistance?
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The team should try to invest
a minimal amount of time in
the effort of deciding on one
project and see that project
selection is performed as effi-
ciently as possible.

Approximately how long will it take to study, design, and implement the project?
*  Can each project be completed within the time and funds available?

There are, of course, other criteria depending on the projects you are considering. You can
assign quantitative values (rating numbers) for these criteria to assist in the project selection
process. You should try to invest a minimal amount of time in this effort and see that one spe-
cific project is selected as efficiently as possible.

Each project under consideration is evaluated in terms of the criteria. As your group eval-
uates its combined skills, various team members will recommend pmjects that can be accom-
plished with these skills. Your team must also identify those skills they lack. You may have to
revise your list of projects and the plans associated with each one depending upon the skills of
team members. Sometimes a project concept may grow beyond the funds available to imple-
ment it. Again, the plans for the project may have to be revised.

Finally, select a project that you believeis worthy of theinvestment in planning time, peo-
ple resources, and client money.

Thefollowing are descriptionsof additional approachesfor solving problems. They arethe
bionic approach and the Delphi method.

Bionics, also known as nature analysis, uses analogies that involve animals and plants. An
example of creativity that has applied the bionic approach is the study of how birds are
able to fly. That information was used to design aircraft.

The Delphi method may be used when numeric measures are applied to potential prob-
lem solutions. A qualitative questionnaireis devised by acoordinator to solicit each par-
ticipant's independent opinion. (The coordinator must remain neutral in questionnaire
preparation, analysis, and revision.) Participants are selected whose skills are different,
yet their experiences are applicable to the problem. They are asked to "weigh" or “rank”
each potential solution. The coordinator then analyzes the results and distributes them
again to the participants. The participants vote again on the presented alternatives, and
these results are then analyzed and distributed once more. This process continues until
at least 75 percent of the participants agree on the design direction to be pursued.

Brainstorming is often used to devise new (creative) solutions to selected projects. It has
become a formalized approach that allows only positive contributions to devising solutions to
a problem. Another approach to devising solutions is the bionic approach, sometimes known as
nature analysis. These and other approaches can be evaluated using the Delphi method. Project
solutions are more apt to be practical if one or more of these approachesisapplied to the problem
under consideration.
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Once the team brainstorms
ideas, each project must be
analyzed according to a set of
criteria, which includes the
need for the project, the fund-
ing available, and the skills of
team members.

High-risk areas are those por-
tions of a proposed solution
that may be difficult to imple-
ment and may cause the proj-
ect to fail. For example, new
technology may need to be
developed.
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Activity 2D Identify Risks for Each Potential Project

Formulate alist of the problems and risks involved for each potential project. To formu-
late a problem is to convey your ideas via words and diagrams— you prepare a document de-
scribing your ideas and opinions. Technical problems require quantitative descriptions that can
be assessed by you and others. List the areas, for each potential project, that will require later
detailed analysis. Prepare a document that identifies and describes these problems to the ex-
tent that they are now known. Indicate how the risks can be evaluated during the Study Phase.

High-risk areas are those portions of a proposed solution that may be difficult to imple-
ment and may cause the project to fail. High-risk areas require further investigation. High-risk
areas generally fitinto one of the following four categories:

1. Anunusua approach must be considered.
2. Advancesin technology are required.
3. Personnel must develop new skills.
4. New equipment, forms, and procedures must be developed and tested.
It is essential that you study and resolve each high-risk area before you proceed with the

more expensive Design and Implementation Phaces. Therefore, at the beginning of the Study
Phase, you must assign a high priority to the investigation of al high-risk areas.
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Once the project is selected,

the information-gathering
process focuses on obtaining
detailed information for that

project.
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Compare the problems and associated risks of each potential project. Select one project
from the list based upon your evaluation of the technical risks involved and the availability of
funding. During this portion of the Conception Phase, the teams continually revise their plans
as soon as significant amounts of new information or new ideas are either obtained or proposed.

Activity 2E: Select One Project and Gather More Information

Before large amounts of time and money are invested in the selection process, it is advisable to
focus on one project. This is not always possible. However, one project should be selected as
soon as possible, but no later than near the begining of the Study Phase.

More detailed information that directly concerns the selected project should now be gathered.
Questionnaires can be developed so that interviews can be conducted with applicable personnel.
Where people will be using a facility, demographic information should be obtained. Where equip-
ment is to be designed, existing and proposed technology must be investigated. A mode! for sim-
ulation of all or a portion of the proposed equipment design may be necessary. (See section 9.3.)
Thisinformation will be required so that practical design alternativesfor implementing the project
can be proposed and tested.
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Activity 2F: Search for and Document Alternative Solutions

Initiate a second brainstorming session. Prepare a list of alternative solutions for the se-
lected project to be examined during the Study Phase. At the conclusion of this brainstorming
session, identify those proposed solutions that will satisfy both your customer and your funding
source. See the Project Example that follows for more detail on how this step works.

PLANNING AHEAD By determining the overall requirements of a project, you can apply restrictionsto the results

ffERREEEEERREETE of your brainstorming session. Split your team into smaller groups so each group can pursue
information that will help it establish the project requirements. Prepare an outline of a question-
naire that can be used to evaluate alternative solutions during the Study Phase. You should also
establish the general content of the questionnaire at thistime,

The strategy that you apply to solve a problem often depends upon your education and
experiences.

e Scientists solve problems by analyzing totry to arrive at a solution
«  Designers choose solutions and iry to see if one fits the problem.
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The Project Selection Ratio-
nale lists the tasks to be per-
formed, the time required to
accomplish each task, and the
cost of performing each task.

Activity 3: Initiate Conception Phase Documents

Develop project plans that again include questions such aswho, what, when, where, why,
and how:

Who will be responsible for the work?

What is to be accomplished and by whom?

When is it to be implemented?

Whereis it to be performed?

Why should it be performed?

How will the performance of the project be controlled?
The answers to these questions may have changed now that one project has been selected and
more information relating to that project has been gathered.

Outlines for the documents for the Conception Phase should now be prepared. If the out-
lines are begun now, they can be expanded and revised to become the final documents for the

Conception Phase. See activity 6 later in this chapter for a more complete discussion of thefinal
documentation.

Activity 3A: Prepare the Project Selection Rationale

The Project Selection Rational e document explains and justifies the selected project. It also
contains an outline for performing that project. In order to plan the remainder of the Concep-
tion Phase and the three remaining phases, all team members involved must assume that the
work will proceed as described in this evolving document. They have examined, and are
examining the following questions:

1. Who investigated alternatives?
What led to the accepted conclusion?
When should one project be selected?
Where did we search for data?
Why did we select this particular project?
6. How do we plan to proceed from here?

o s~ w DN

The answers to these questions justify choosing the selected project.

The completed Project Selection Rationale document lists the tasks that were performed during
the Conception Phase, explains the time and costs expended to perform them, and also explains
why they were performed. (See sections 7.1 and 7.5.) See activity 6 of this chapter for an ex-
ample of an outline of a Project Selection Rationale document that could be produced for the
activity center project.
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Activity 3B: Prepare the Preliminary Specification

The Preliminary Specification establishes the bounds of investigation for the Study Phase.
Specificationstraditionally fall into one of six categories:

*  Residentia

. Commercial

. Municipal
. Industrial
. Military

. Aerospace

Contents of typical specifications are given in section 8.1. Design specifications are considered
to be complete at the end of the Study Phase.

Specificationsshould not be confused with requirements. Specifications, as described in
this book, are documents that contain, among other things, a description of the work to be ac-
complished. Specificationsinclude requirements, but they contain more than just regquirements.
Requirements are conditions that must be fulfilled in order to complete a task or project. Design
specifications also include design preferences.
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Descriptions of tasks required
to complete the project are

now ready to be written. The
tasks are arranged in a logical

sequence, with time and cost
estimates included.
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Activity 3C: Prepare the Project Description

The Project Description document describes the Project Plan. It divides the remaining work
for the Conception Phase into two parts:

1. Forma task descriptions, which include skills, schedule, cost information, and the risks
involved for each task

2. The plans for the Study, Design, and Implementation Phases

See section 2.3 for requirement details in the Project Description.

Team members use their combined skills to identify the work to be performed and com-
pleted. (Thisis also known as the Work Breakdown Structure. See chapter 7.) The following

procedures are a uide.
Identify and document the work to be accomplished in the form of tasks. See appendix B.

o  Decidewhere onetask ends and another begins, based upon theease with whichit becomes
obvious when the task has to be started and when the task is complete.

«  Write the descriptions of these tasks so that a logical sequence exists.
*  Describe, for each task, the skills required to perform that task.
*  Identify and list the materials and equipment required to perform each task.
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»  Estimate the time required to perform each task (East and Kirby, 1990; Lewis, 1991).

Estimate the cost to perform each task, using the various cost categories given in
section 7.5.

Salicit the skills of consulting specialists, where necessary, to work with team members during
the writing of task descriptions. Tasks are first listed in an outline format. The interaction of
one task with all others can be expressed via a schedule that connects the start, performance,
and completion of each task. Then begin initiating task descriptions, which areimproved on a
continuing basis as more information becomes available.

Miles (1972) notes that the Conception (problem-setting) Phase and the Study (problem-
solving) Phase often overlap. Team members must gather much information before the actual
problem to be solved can begin to be identified. The task descriptions indicate the understand-
ing of the problem at a given moment in time.

The search for more information and problem (value) analysis continues. (See appen-
dix A.) Asthe project progresses, there are fewer questions and fewer missing partial solu-
tions. The existing problem may be divided into two or more separate problems, or changed
altogether. Disciplined thinking, combined with creativity, leads to solving the remaining
portions of a problem until it evolves into the actual problem and its solution. Thus, the Pro-
ject Description is a living, changing document that evolves during the Conception Phase.
It becomes the Design Description during the Study Phase. The Design Description is mod-
ified during the Study Phase as more information becomes available. The Design Descrip-
tion is the guide to the development of Working and Detail Drawings. The content of these
drawings will be discussed during the Design Phase.

For this Conception Phase, include the following for each task description within the Pro-
PLANNING AHEAD ject Description document:
[

»  Theidentity and objective of the task

e Therelation of the task to the overall project

e A description of the work to be accomplished

e Theskills required to accomplish each task

*  The specifications that define the quality of work and materials
* A schedulefor the performance of the tasks

e The costs associated with accomplishing each task

Connect the tasks to skilled individuals and organizations willing to participate in implement-
ing the project.

Carefully review how each task interacts with al others. Identify those tasks whose com-
pletion will affect the overall costs and schedule so they can be carefully monitored.

Examine the costs for each task. How do you know what is a reasonable cost estimate?
Experience is the best teacher. Therefore, retain good records of previous work and examine
these records for applicability to the new project. Gather and consult catalogs containing infor-
mation regarding materials and their costs. Obtain, where practical, arange of costs and sched-
ule times for each task. Investigate aternative solutions by comparing schedule and costs. Also
realize that costs control choices, and choices control costs.

Tabulate the estimated income and expenses for the project during this planning stage.
Thistabulation is afinancial statement that summarizes the assets, liabilities, and net worth
of a project, business, or individual at a given date. By preparing these tabulated data using
a computer spreadsheet program, you will be able to obtain immediate information on the
effect of changes on the project. (See section 6.5.) If a spreadsheet program is not available,
then prepare the cost estimates manually. Only ruled paper and a calculator are necessary.
However, considerable time is required, and mathematical errors are more likely to occur
when the spreadsheet is prepared manually.



Approximate costs and sched-
ules are developed based on
the initial list of tasks needed
to implement the project.
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Activity 3D: List Tasks, Schedule, and Budget Constraints

All projects are finite in time and costs. Identify those parts of a planned project that are
most likely to deviate from your plan or will require further study. Identify especially any areas
that will require detailed analysis during the Study Phase. These areas, along with the involved
time and costs, are the constraints on this project.

Approximate schedules need to be devised based upon the list of tasks developed. See
chapter 7 for information on this topic.

The expression contingencyfeeis used in cost estimating to cover unforeseen expenses.
It describes the amount of money that is set aside to cover the cost of complications that are
suspected or likely to arise, but have not yet been isolated and resolved. For the Conception
Phase, these categories are the project uncertainties. The greater the expectation that all
design complications have not yet been identified and resolved, the greater the contingency
amount.
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It is customary to add a percentage to the initial cost estimates to include items whose
complexity is not yet understood. The greater the risk involved, the greater the contingency
percent. This helps ensure that the final estimates, which are determined during the Implemen-
tation Phase, are likely to be within the original estimates determined during the Conception
Phase. The actual percentage chosen depends upon the experiences of the estimators and the
degree of uncertainty of the data used for estimating.
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Toward the end of the
Conception Phase, the skills
required to perform the
chosen project are reevalu-
ated, as are the skills of exist-
ing team members. New team
members may be added, and
sources of outside help are
identified.
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Activity 4. Expand Team and Identify
Supporting Organizations

Identify additional persons who want to be members of the team for the remainder of the
project. Establish aformal organization of all team members. Decide upon atime and place for
these new persons to get together and meet the existing team members. Thisinitial meeting is
often referred to as a project ""kickoff meeting."

Verify your choice of team leader. For same projects, the team leader may be appointed
by the organization involved in overseeing the project. The team leader should have both
technical and managerial skills and should be a decisive person. For groups of individuals
whose focus is on learning to work together, it may he desirable to periodically change the
team leaders. This provides good training for those who want to test their management and
organizing skills. It also alows the team members to become acquainted with different
management styles.
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Designate the team leader as manager if the team size exceeds nine persons. (This prin-
ciple derives from management texts and is referred to as the"'rule of ten.") At this point, skills
and abilities needed to complete the project are reexamined, and additional ones needed are
identified. Once again, the manager may need to invite additional personsto become team mem-
bers. New members are often recommended by existing team memhers. Projects conceived by
college teams may attract retired individuals, who may contribute their skills at a very low cost
or at no cost. There also may be other options that could be considered.

Identify other persons or organizations who have the additional skills and abilities re-
quired to perform the planned project. These persons or organizations may become involved
via a contract, as discussed in section 8.3. Someone may discover that the required addi-
tional skills are available from a local company that has access to funds available for the
planned project.
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Plans should be realistic with
regard to timely performance
and reasonable cost. Meeting
these criteria ensures that the
actual project will be per-
formed successfully within the
scheduled time and financia
constraints.

Activity 5: Complete the Planning
of the Next Phases of Work

Good planning requires (1) that there is sufficient information available for planning pur-
poses and (2) that the person or persons planning have sufficient experience to use the infor-
mation wisely. Plans should be realistic with regard to timely performance and reasonable cost.
Meeting these criteria ensures that the actual project will be performed successfully within the
scheduled time and financial constraints. Information useful to planning, such as actual sched-
ules and costs from similar projects, is often gathered during the Conception Phase. It is then
available for use during the Study, Design, and I mplementation Phases.

Determine the approximate amount of work necessary to perform the Study, Design, and
Implementation Phases. Prepare schedules and estimate costs for performing the remaining ac-
tivity (final documentation) of the Conception Phase, review al of the activities for the Study,
Design, and mplementation Phases, and prepare documentation. The documentation at this point
should be restricted to rough estimates until the Study Phase isin progress.

The documents for the Design and Implementation Phases are considered to be ap-
proximate in content. They are often labeled " Draft," because further information is neces-
sary to expand and complete plans. The time and cost to do more in-depth evaluations, and
the effect of these evaluations on the project, will be examined in more detail during the
Study Phase.

The managers and reviewers within the organization will want to know that the project
will cost no less than, and no more than, specific dollar amounts. Establish the boundaries of
low and high project costs before beginning the Study Phase. This process is referred to as
bracketing the project costs.

e  Thelow-end costs can often be established by examining the data from previously completed
projects whose tasks are comparable; unusual development effort is not required.

e  The high-end costs can be roughly estimated by interviewing those persons who will
be responsible for performing those new tasks whose content requires research and de-
velopment effort. It then becomes the responsibility of the manager to decide upon a
final price for the project. Managers should include contingency funds (see activity 3D)
where they suspect the research and development personnel have not provided realistic
estimates.

It then becomes the responsibility of the manager to decide upon a final price for the project.
Why? Because most funding agenciesrespond more favorably when only one amount of money
is requested. For a funded project, enough money must be earned in excess of expenditures to
fund the first stages of future projects that may be identified and proposed later.

Often, funding for only the Study Phase will be authorized. The reason for withholding
fundsfor later phasesis that persons responsible for allotting funds want to be assured that the
cost of the later phases will not exceed the available money.

Identify any areas that may require detailed analysis during the Study Phase. The time and
cost to evaluate these areas, and the impact the results will have upon the project, must be iden-
tified now. As an example, human-factor requirements should be included. (See section 9.2.)
Revise al plans as soon as significant amounts of new information are obtained or new ideas
are conceived and developed.

At some point, the chosen leader must decide when the Conception Phase will end. Tt is
possible that new information may be gathered during the Study Phase that may require briefly
reviewing the results of the Conception Phase.
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Documents for the Concep-
tion Phase typically include
the following:

o One that explains why the
project was selected

¢ One that contains all the
specifications for the project

o A general document that de-

scribes the project and that

contains prefiminary pro-
posed costs and schedules
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Activity 6. Convert Document Drafts
into Final Documents

A phase is not finished until the documentation (paperwork) is complete. Here are the
documents to be completed during the Conception Phase:
1. Project Selection Rationale
2. Preliminary Specification
3. Project Description (with an artist's concept)

Simple projects may merge these documents. More complicated projects may require
additional documents. The content of each of the above documents is described in section 2.3.
These documents can be modified to become portions of the Study Phase documents; see
section 3.3.



50 Chapter 2 The Conception Phase

gure 21:2  Artist'! t of stude y center
Design, «
ve the 5.
Ideas vestigate
Buildi options
\ n, snow,

ing mat



Chapter 2 The Conception Phase 51

SECTION 2.3 CONCEPTION PHASE DOCUMENTS

The Conception Phase begins when an ideais conceived or a need isidentified. There may
be more than one idea or need and several solutions being considered. Eventually, the project
team selects one idea or need and begins to develop a project. The flow from the idea or need
to the Conception Phase documents is shown in figure 2.13.

Team members compare their concepts of how the project should progress. Papers are writ-
ten, circulated, and criticized. Meetings are held to compare the various concepts; meeting re-
ports (see section 8.3) are written. These papers and meeting reports eventually lead to the three
Conception Phase documents (figure 2.13).

At the end of the Conception Phase, the completed documents are the following:

1. The Project Selection Rationale: an explanatory document

2. The Preliminary Specification: the beginning of the specification for the project
3. The Project Description with Artist's Concept: the first drawings and plans

The content of each of these documents is described below. (More complicated projects and
programs may reguire additional documents.)

The Project Selection Rationale consists of the following:

An analysis of the market, where applicable

A description of the potential projects explored

The attributes of each potentia project

Approximate tasks, schedules, and budgets for each project explored

Justification for the project selected

g s~ DN PR

This document typically consists of less than fifty pages for a modest-size project. For a large
program, this document may consist of several volumes of information.
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Figure 213 Documents prepared by the end of the Conception Phase

The Conception Phase docu-
ments contain preliminary in-
formation about a project:

* The Project Selection Ra-
tionale explains why the
project was chosen and
contains a preliminary fist
of tasks, schedules, and
budgets.

® The Preliminary Specifica-
tion document establishes
the bounds of investigation
for the Study Phase.

e The Project Description
contains the first drawings
or plans.

The Preliminary Specification document establishes the bounds of investigation for the
Study Phase. Specifications traditionally fall into one or more of these four categories:

1. Residential or Commercial
2. Municipal or Industrial
3. Military
4. Aerospace
Specifications are documents that contain, among other things, a description of the work to be

accomplished. There are standard contents for specifications written for each of these categories.
Specifications are described in section 8.1.

Specifications should not be confused with requirements. Specifications contain require-
ments, as indicated in chapter 8. Requirements are conditions that must be fulfilled in order to
complete a task, project, or program. However, specifications may also contain preferencesfor
the way the project is to be implemented.

The Project Description with Artist's Concept consists of the following:

1 Judtification for the project from the Project Selection Rationale document

2. A semitechnical description of the project that nontechnical financial persons can
comprehend
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An estimated schedule per phase

Estimated costs per phase

Potential sources of funding

Directions for the Study Phase

ideas to he investigated

problems to he explored

7. Staffing skills required for the next phases
internal: persons either available or to he hired
external: vendors and subcontractors

8. Resources needed for the next phases

facilities

equipment

computer support

o 0k w

The artist's concept of the selected project's physical appearance should be included where ap-
plicable. For software projects, a sample of the expected hard-copy output is often supplied. For
physically large projects or programs, a scale model of the artist's concept is often constructed,
or a computer model may be devised.

When preparing three separate documents, it is important that the contents overlap. For
small projects, only one combined document is necessary.

SECTION 2.4

Sometimes the end of the
Conception Phase occurs
when the documentation for
the phase is completed; the
manager must decide when
the phase is complete, or a
schedule may signal its
completion.

DEFINING PHASE COMPLETION

The moment when the Conception Phase can be considered complete may not he obvious
to those directly involved. Sometimes its end is defined by the completion of the required doc-
uments (see previous activity 6). Other times, the team may continue to examine potential pro-
jects or continue to evaluate the cost of the chosen project.

The team could now be split into two groups. One group, primarily consisting of creators,
would continue to explore aternatives. (These efforts are known as feasibility studies.) The sec-
ond group, primarily consisting of performers, would begin to study one or two selected proj-
ects and their potential solutions. This approach, however, can be very dangerous because it can
lead to conflicts between the two teams. Also, any new ideas that the first group of creators pre-
sents may cause the performers to realize that they have been performing tasksthat may no longer
be relevant to the project.

The manager must:

e decide when and how the Conception Phase will be terminated,

e ingist that all participants proceed on mutually acceptable paths, and

. be certain that all plans are documented in the appropriate reports described in activity 6.
The Conception Phase schedule should indicate specifically when each output document is to

be ready in draft form, when the review cycle will occur, and when these documents are ready
to be published.

CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter, you should be able to:

1. Describe the purpose and goa of the Conception Phase of a project.

2. Explain the tasks involved in the Conception Phase of a project and the six activities or
steps through which these tasks are performed.
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Describe the process of selecting a project, including brainstorming and the criteria for
evaluating projects.

Describe the process of organizing a team, utilizing skills of team members, and expand-
ing the team when needed.

Explain the nature of risks involved in projects and how to search for alternative solutions.
Explain the process of listing tasks, schedules, and budget constraints for a project.
Describe the documents prepared during the Conception Phase.

EXERCISES

Revisethe Purpose and Goal statement given in section 2.1 to match each of your (mul-
tidisciplinary) class project options.
Examine the activities listed and described in section 2.2 carefully; adapt them to each
of your options for a class project.

Select a team leader by secret ballot. Assist that chosen leader in formulating a team
for developing the class project options.

Devise a matrix for comparing the skills and interests versus the specialty of each po-
tential team member. Apply weights, from | to 5, for each entry in the matrix, where
5 is the most important and 1 is the least important. Use these weights to assign team
members to portions of the Conception Phase.

Develop a project concept statement that requires minimal support from outside the
team. Expand upon theideas offered and gather additional information associated with
these idess.

Identify projects that are related to the initial list of class projects under consideration.
Brainstorm to develop plans that answer the questions: who, what, when, where, why,
and how.

Identify those individuals who will be the most capable of judging the details of the
initial list of class projects.

Visit those individuals or organizations that might participate in the funding of each of
the projects on the initial list of class projects. Prepare a written report that describes
each visit.

Initiate the development of alist that can be used to establish the actual needs, desires,
and luxuries for each of the customers who indicate they have a need to be fulfilled.
For each entry, indicate the risks involved in meeting these needs.

Match the list of potential funding sources with your initial list of class projects. Pre-
pare asimple presentation that describes each project from your initial list of class pro-
jects. Visit the potential funding sources and deliver your presentation.

Convene a meeting of all team members with your faculty advisor. Discuss all of the
project selection criterialisted in activity 2C. Use these criteriato assist in selecting a
project for each team.

Formulate the problems for each project and identify the associated risks. Attempt to
answer these questions:

Are we certain that we have identified the problems to be solved?

Are these the actual problems or the perceived problems?

How can we distinguish between the actual and the perceived problems?

Select one project from that list based on your evaluation of the technical risks and
the availability of funding. Searchfor and propose aternative solutions to the selected
project.
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Identify high-risk areas for the selected project. Indicate the effort necessary to ana-
lyze those areas during the Study Phase.

Determine the work to be accomplished that will lead to the proposed solution. De-
velop approximate tasks, schedutes, and budgets for the Conception Phase work. (See
appendix B.) Indicate any constraints that must be imposed upon the planned effort.

Enhance your project team to fulfill the work to he performed during the Study Phase.
Identify any supporting organizations needed to perform your project. Contact those
organizations and verify their willingness to participate.

Prepare the approximate tasks, schedules, and budgets for the Study, Design, and
Implementation Phases. Establish low and high project cost estimates. |dentify those
areas that will require detailed analysis during the Study Phase.

Document the proposed solutions for the selected project and the reasons for their
choices. Prepare the three documents described in activity 6.

Identify the responsibilities for each member of the project team and for any supporting
organizations.

Identify the actual sources that will fund your selected project. Prepare and deliver a
presentation to them. Obtain written verification that they will fund your project, in-
cluding alist of their criteria for project-funding acceptability.

Review all of the Conception Phase effort. Complete all documents referred to in the
exercises above. Terminate the Conception Phase.

Describe how you would identify the optimum time to terminate the Conception Phase.










Chapter 3 The Study Phase

. What are the purpose and goal
of the Study Phase of a project?

. What tasks are involved in the
Study Phase of a project, and
what activities or steps are per-
formed to complete these tasks?

. What is the process of reviewing
the Conception Phase and plan-
ning for the Study Phase?

. How can team members' skills
be utilized to complete the
Study Phase, and what can be
done to manage team members
so they keep to the overall goals
of the project?

. What are the ground rules for a
project, and how they are estab-
lished?

initiate

. How are various solutions for

implementing a project investi-
gated and studied, and how are
the associated risks and trade-
offs evaluated?

. How can the selection among

design alternatives be performed
as a group process?

. What relationships are there with

funding sources and potential
vendors during the Study Phase?

. What documents are prepared

during the Study Phase, and
how do they evolve from the
Conception Phase documents?

potential g%lj\éirt

project results
~_conception 1111 study ' I design 11111 implementation |'
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Crafty men [despise] studies; simple men admire them; and
wise men use them.
Sir Francis Bacon (156 7—1626)

I his chapter evaluates the possible directions that the project may pursue. It
is less costly to evaluate these directions at this time and select one approach
to the following phases.
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SECTION 3.1

During the Study Phase, the

ways to implement the proj-
ect chosen in the Conception

Phase are studied and devel-
oped.

STUDY PHASE PURPOSE AND COAL

The purpose of the Study Phase is to develop and evaluate ways to implement the proj-

ect selected during the Conception Phase. The goal of the Study Phaseis to produce a study
that effectively directs the final design of a chosen project, which is developed in the Design
Phase. The probability of successfully completing a project is lowest, and hence the risk and
uncertainty are highest, at the start of a project. The probability of successful project comple-
tion should improve as the Study Phase continues.

At the end of the Study Phase, you should know how to accomplish the following:

Review the Conception Phase results and organize the Study Phase work.
Establish aternative solution requirements and accompanying constraints.

Devise criteriafor judging the Study Phase outcomes that are compatible with the expec-
tations of the client and funding sources.

Develop solution aternatives that satisfy the devised criteria.

Identify and evaluate risks and trade-offs for each proposed aternative.
Contact and involve vendors and subcontractors that will support the team.
Prepare documentation describing proposed design alternatives.

Refine previously devised task descriptions, schedules, and cost estimates for the Design
and Implementation Phases.

Obtain approval, and funding, for the Design Phase.

During the Study Phase, you must continually revise all plans related to your selected project
as you develop new solutions.

Note: The Study and Design phases may overlap. See section 3.4.

SECTION 3.2

STUDY PHASE ACTIVITIES

The activitiesfor the Study Phase consist of the following:

Activity 1. Organize the Study Phase Work

1A: Review the Conception Phase effort.

1B: Develop the Study Phase details.

1C: Organize teams into small groups.

1D: Assign each group a set of tasks to investigate.
Activity 2: Establish Ground Rules for Study and Design Phases
Activity 3. Study Solutions to Be Considered for Design

3A: Study potential solutions.

3B: Determine functions to be included in the solutions.

3C: Determine risks and trade-offs.
Activity 4: Gather and Evauate Information

4A: Contact potential vendors for their input.

4B: Evaluate design aternatives and refine estimates.
Activity 5: Select and Plan One Solution

5A: Select a solution.

5B: Plan the Design and Implementation Phases.
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Team members need to re-
view documents from the
Conception Phase so that
everyone understands the
overall nature of the project
and the proposed solutions.

The word consensusimplies
that all the persons involvedin
the project agree on a common
goal. It is the best approach for
project decision making be
cause al persons involved are
more willing to work towards
that common god.

Activity 6: Document the Selected Solution
6A: Refine the task, schedule, and budget documents.
6B: Document the proposed solution and rationale.
Activity 7: Verify and Obtain Funding
7TA: Veify actua availability of funding.
7B: Obtain Design Phase funding.

As istruefor the Conception Phase, the purpose and goal you define for the Study Phase
determine the activities that you are to accomplish. You may change the sequence of the activ-
ities described in this chapter from one project to another. However, you must accomplish al
of the activities before the Study Phase is complete.

For small, well-defined projects that require a minimum of conception and study. the Con-
ception Phase may be merged with the Study Phase. However, all the activities must be exam-
ined and considered. For those projects that require a minimum of study and design, the Study
Phase may he merged with the Design Phase. Again, all activities must be considered.

Activity 1: Organize the Study Phase Work

During this activity, you will focus upon reviewing the Conception Phase documentation,
developing the details for the Study Phase, organizing the team members into small groups, and
assigning each group a set of tasks.

Activity TA: Review the Conception Phase Effort

Read and review the content of the Project Selection Rationale, Preliminary Specifica-
tion, and Project Description documents. Some statements in them may seem new to you
because time has elapsed since they were written. Also, new members may have been added
to the team for this phase. At this time, the team needs to evaluate the results of any feasi-
bility studies (alternative approaches) as well. Some team members may he stimulated to
suggest new ideas or paths for the Study Phase, many of which can be very useful to the
project. Review the tasks, schedules, and budgets prior to the start of the Study Phase work.
Prepare and issue a memorandum, if necessary, that indicates your revisions to the original
Study Phase plans.

You must how review these questions:

Who will be responsible for each portion of the work?
What is to be accomplished and by whom?

When isit to be implemented?

Whereisit to be performed?

Why should it be performed?

How will the performance of the project be controlled?

You must determine if the answers to these questions (figure 3.1) have changed from the Con-
ception Phase.

Request a meeting and review project status on a periodic basis. Thisis often referred to
as a progress or status review meeting. If the team is a large one, the group leaders may be the
only ones who attend this review. At such a progress or status meeting, you are all expected to
express your opinions regarding the direction being followed. Project redirection should also be
considered.

Work towards consensus. The word consensus implies that all the persons involved in
the project agree on a common goal. It is the best approach for project decision making
because all personsinvolved arc more willing to work towards that common goal. However,
factors over which designers have no control may require the managers to select a non-
consensus option.
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Figure 31 The continuing
key questions for a team

Activity 1B: Develop the Study Phase Details

Review the planning information that was gathered during the Conception Phase. Deter-
mine if the Study Phase tasks (appendix B), schedules, and budgets should be revised. Con-
strain the schedules to a time span, and budgets to an amount, that is equal to or less than was
estimated during the Conception Phase.

Prepare the tasks in an outline format. The interaction of each task with all others can be
expressed via a schedule. The schedule connects together the start, performance, and comple-
tion of each task. (See chapters 6 and 7.) Task descriptions are begun and improved on a con-
tinuing basis as more information becomes available.

Continually examine the cost of the overal project, particularly those of the Desigh and
Implementation Phases. As the Study Phase progresses, the complexity of your project usually
becomes more apparent. With a growth in project complexity, costs will grow proportionally. If
the money required to complete the project increases significantly, then thereis a greater chance
that the project will be terminated by the funding source.

Visit the personnel at the funding source on a periodic basis. As the project progresses,
sometimes the people a your funding source will have decided to invest the money set aside
for your project in a more advantageous project, may have changed their priorities, or perhaps
the money they allotted is not available to them as quickly as they had expected. Thus, even if
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Plans should be devised so
that they are versatile and so
that one or more tasks may
be eliminated without a seri-
ous effect on the project. This
will allow for completion of a
project if some expected
funding is lost.

One of the important steps

in the Study Phase is fo orga-
nize the work to be done
during the phase and to
assign team members to the
various tasks.

your project team has stayed within their previously allotted funds, those funds may no longer
be available.

Devise your plansfor the later phases so that there is some versatility to those plans. These
areoften referred to as design optionsor planning with performancemeasur es (Nadler, 1970,
p. 768). The tasks are arranged in such a way that one or more of them may be eliminated with-
out a serious effect on the entire project. That is a reason for continuing to plan your design
functions so that they are arranged according to the apparent needs, desires, and luxuries as per-
ceived by the people within your funding source. Avoid the temptation to prejudge the chang-
ing priorities of your client but continually monitor those changes.

The versatility of your plans for the later phases should not be openly noted in any pre-
sentation that precedes later-phase funding. Otherwise, the personnel at the funding source may
decide to retain some of the funds desired for your project and let you work with aless versa-
tile design.

Continue to compare your Study Phase project expenditures with your total accomplish-
ments and overall goals of the projects. The project manager is held responsible for the effects
of accumulated costs and projected cost estimates. Time also represents money. How much time
should be alotted for project design and implementation? The longer the time a project
requires— fromconception to delivery — thegreater areits costs. As noted in chapter 2, the writ-
ten documentation must be clear and concise. It isthe only material usually available to the proj-
ect evaluators at the funding source.
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Activity 1C: Organize Teams into Small Groups

Examine the work to be accomplished during the Study Phase, as modified during the
above activities 1A and 1B, Examine further the skills, compatibility, and availability of your
team members. Organize your team into small groups in preparation for activity 1D. Choose a
leader for each group.

It is the project manager's responsibility to assign people to the activities to be performed
during the Study Phase. At this time, the manager may also decide to add more people with a
wider variety of skills to the Study Phase team. Recall from chapter 2 that the specific types of
skills required for the Study Phase are more performers and fewer creators and that the coordi-
nation required among members for teams containing more than three persons can be significant
(figure 3.2).

You need to consider two groups when planning the Design and Implementation Phases:

*  Onegroup for project needs for these two later phases
*  Onegroup for your client who will be using the final product

These two groups of people, working together, will contribute to a more orderly product trans-
fer at the end of the project.

The plans for your project groups may lead to the hiring of new members or reassignment
of some of your existing team members. It may lead you to search further for vendors who are
more adaptable and less costly than are other members of your team. Consider employing some
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Progress begins by getting a
clear view of the obstacles.
Lenkurt Electric Co., Demodu-
lator, Vol. 19, No. 4
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many creators; few creators; all performers; all performers;
few performers; some planners; cost estimators; laborers;
administrator many performers; aaministrator adm nistrator

administrator

of the people who will eventually use your product as members of your Design Phase team or
at least include some of them on your periodic review panel. Thus, they will gradually accept
responsibility for ownership of the project.

If there are too many personsinvolved during the Study Phase who are primarily creators,
they may continue to conceive new ideas. That may inhibit the progress of the Study Phase.
It is important to maintain the balance between creators and planners for a given project
(figure 3.2).

Organize your project team into small groups. Ask the following questions to assist in this
process.

*  What are the necessary skills for performing the Study Phase?

*  Which of the team members' skills apply to completion of the Study Phase?
*  What local applicable skilled labor could assist you?

*  Who would supervise the work?

In al probability, the composition of your groups will change as the Study Phase progresses.
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Partial work matrix

Activity 1D: Assign Each Croup a Set of Tasks to Investigate

Distribute work assignments to each group of team members. Explain to each group how
its work relates to that of all the other groups. Allot each team both time and money to perform
its part of the Study Phase.

Synthesize your project so the parts can be individually examined and brought together
into a coordinated unit. New ideas often occur as each group studiesits assignments while noting
the work to be performed by the other groups. Periodic review sessions, often referred to as
design reviews, are required to ensure that you and all other team members are aware of the
progress of the other groups, and how this progress relates to the overall project plan
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The team memners all agree to meet each Mdnda
tus. Any documents that arc to he reviewed by the entire team wil be provided
to Laura via a computer disk or e-mail by § a.m. each Monday morning for print-
ing and distribution that Monday aiternoon.
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Activity 2: Establish Ground Rules
for the Study and Design Phases

Prepare the output of the Study Phase in a manner that is acceptable to those who will be
reviewing the project's progress and its output. In technical matters, a set of rules— often re-
ferred to as ground rules— governs the conduct, the procedures, and the final products of the
Study Phase, as well asthe work for the Design Phase (Hosny, Benjamin, and Omurtag, 1994).
Ground rules are an established guide for the conduct of the various remaining activities.

When developing ground rules for a product, it is important to agree in advance on that
product's attributes. Cross (1944, p. 150) notes that product attributes include:

»  Utility — performance aspects such as capacity, power, speed, accuracy, or versdtility
*  Safety — secure, hazard-free operation

*  Easeof use—more user friendly (See human factors, section 9.2.)

e Aesthetics— the appearance: color, form, style, surface finish, feel to the touch

Reliahility — freedom from breakdown or malfunction; performance under a variety of en-
vironmental conditions

e Maintenance— simple, infrequent, or no maintenance requirements

= Lifetime— except for disposable products, along lifetime offers good vaue for the initial
purchase price

*  Pollution—little or no unpleasant or unwanted byproducts, including noise and heat

Ground-rule examples are given in the case study. When should ground rules be established?

Establish the ground rules in advance so that al team members involved will know what
the parameters of the projects will be and how their work will be judged. Sometimes you must
establish the ground rules during the Conception Phase, modify them during the Study Phase,
and further modify them during the early portion of the Design Phase. Thus, team members can
examine their work in advance of theformal design reviews to see if they are designing to meet
the ground-rule requirements.

As the ground rules are being established, the objectives prepared during the Conception
Phase task preparation can beexpanded. For smaller projects, most of these objectives are merely
stated. For larger projects, where there may be a variety of choices, alternative objectives are
prepared, documented, and compared.

One way to assess and compare alternative objectives is known as weighting objectives
(Cmss, 1944, pp. 128—139). He presents a system, with an example, of quantitatively evauat-
ing alternative objectives so you can select the appropriate one. Objectives can include techni-
cal and economic factors, user and safety requirements, and so on. Scores, weights, or rank-
i n g may be alocated to each entry, including the qualitative entries.
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A key part of the Study Phase
occurs when various groups
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Activity 3. Study Solutions to Be Considered for Design

During this activity, you will investigate potential solutions or waysto implement the proj-
ect and determine the functions to be included in each potential solution. Brainstorming or a
similar creative technique (chapter 1) can be applied to devise alternative solutions. You must
also determine the risks associated with each potential solution.

Activity 3A: Study Potential Solutions

Investigate a variety of solutions to implementing the project. Most ideas can he imple-
mented in more than one way. Where the new solutions represent significant changesin project
direction, you should require each group to devise accompanying tasks, schedules, and budgets.
The new information, along with the new technical direction, is then evaluated as a part of
activity 4B.

Devise approaches that remove the need for technological improvements for projectsto be
accomplished. If complicated portions of a project concept require a significant improvement
in technology, materials, or software, they may behigh-risk areas. A simulation may he required.
See section 9.3.

Investigate whether potential solutions have been previously devised for other projects.
Perhaps no one ever considered applying them to the specific problem involved in your
project.

As an example, in electronics, a new type of integrated circuit with a new set of spec-
ifications may be needed for the project. You may be asked to prove that this new integrated
circuit

*  Will be satisfactory

. Can be manufactured in the desired quantity and at a reasonable cost
*  Will continue to perform satisfactorily as it ages

The testing effort could require much more investigative time than is available, However, stan-
dard accelerated aging processes have been devised and accepted via such organizations as the
EIA (Electronics Industries Association). End-of-life characteristics can be approximated
through an accelerated aging process so that the time required to force the aging of an inte-
grated circuit is but a fraction of its normal expected life.

Avoid investigating approaches that require excessive expenditure of time and money.
Where money isin short supply and time frames require prompt solutions, innovative, untested
approaches are usually best avoided. However, some very creative solutions that have been au-
thorized by a team manager have resulted in the savings of large amounts of time and money.
For such situations, simpler solutions are often pursued simultaneously along with the more cre-
ative solutions that at first seem more risky. Thus, the project will not fail or be terminated be-
cause of the risk involved in pursuing only one solution.
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Illustration: An electronic component and its testing equipment and procedures were de-
veloped by a design team. Considerable testing time was required to verify the performance
characteristics of the component. The analysis of the data occurred after the component was
shipped to the customer; it required several additional weeks of analysis.

A separate design team of software specialists devised a method to monitor the compo-
nent as it was being assembled and tested; the acquired data were then analyzed as it was
gathered. The results were available to ship with the component, thus saving production-and-
shipping time and increasing customer satisfaction.
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As time passes, the actual
outcomes of the original proj-
ect may either be forgotten or
may need to he evaluated
again. Team members may
become so involved with
their particular tasks that they
forget to consider how their
work will meet the needs of
the overall project.

Activity 3B: Determine Functions to Be Included in the Solutions

Continually examine the functions of your project with respect to all ongoing tasks. Astime
passes, the actual outcomes of your original project may either be forgotten or may need to be
evaluated again. Team members may become so involved with their particular tasks that they
forget to consider how their work will meet the needs of the overall project. The goals of the
overall project must be continually examined with respect to the assigned tasks to ensure that
tasks are directly and efficiently contributing to the accomplishment of the overall project.

Ilustration: In the 1960s, the president of a supermarket chain requested the designers of
a major high-tech corporation to devise a system (1)for placing coded labels on grocery-store
products and (2) for scanning and reading those labels. The system was to be connected to the
cash register. The objective was to decrease customer check-out time.

After spending $1.5M of company funds, the treasurer of the same chain indicated that the
moreimportant need wasto keep track of inventory leaving thestore. Thus, the sold inventory could
be replaced overnight on the shelves. At that time, the storage capacity of computing equipment
could not handle the additional inventory-tracking requirement, so the design was terminated.
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Determine trade-offs among
your problem solutions. A
trade-off is an exchange; it is
the sacrificing of one benefit
or advantage to gain another
benefit or advantage that you
consider to be more desirable.
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Activity 3C: Determine Risks and Trade-offs

Develop alternate solutions to the high-risk areas identified during the Conception Phase.
Evaluate these solutions by performing a risk analysis. During the Conception Phase, the prob-
lems and their associated risks were identified. Assess the risks for each proposed alternate
solution during this Study Phase. A risk analysisis an analytical technique. It is a quantitative
approach used to compare a variety of potential solutions versus their probability of success as
a solution. It is a branch of engineering science. For further technical information, see Chase
{1974), chapter 9.

Duncan (1996) notes that risk identification consists of determining which risks are likely to
affect the project. Each of theserisksisthen documented and assessed. Risk identificationis not a
one-time event; it should be performed on aregular basisthroughout the project phases. Risk iden-
tificationis concerned with both opportunities (positiveoutcomes) and threats (negative outcomes).
Checklists are often devised and used for comparison purposes during trade-off studies.

Determine trade-offs among your problem solutions. A trade-off is an exchange; it is the
sacrificing of one benefit or advantage to gain another benefit or advantage that you consider
to be more desirable. List and compare the advantages and disadvantages of each potential so-
Iution. A trade-off is a qualitative version of arisk anaysis.

In performing atrade-off analysis, you are behaving in amanner similar toacircustightrope
walker. Tightrope walkers sometimes have a safety net under them to catch them if they fall.
Projects seldom contain safety nets. There are many competitors— the equivalent of lions and
tigers on the circus floor—waiting for your project to falter or fail so they may acquire the
work. Therefore, those persons involved in active projects must continually walk the four
tightropes noted below.

1. Staffing: the selection of individuals who can plan and perform a project. The g&ff isa
combination of (1) highly skilled people who can visualize money-saving changes during
implementation and (2) unskilled people who are less costly and need more supervision. Tightrope
walking, as related to staffing, is the selection of the optimum combination of these people.

2. Documentation: the drawings and written descriptions of a project. It isfrequently the
desire of some designers to be more specific than is necessary. They overdocument a design to
please financial and legal people.

Other designerstend to underdocument in order to save time, provide flexibility, and reduce
cost. Tightrope walking, as related to documentation, is the balancing of the amount of docu-
mentation desired versus its cost and risks.

3. Pricing: the cost of labor, material, and services to be involved in a project. An esti-
mator may prefer to overestimate the cost of various portions of a potential project in order to
avoid cost overruns. At the same time, the person who is to manage the project may prefer to
underprice a project in order to be competitive and win the contract.

Tightrope walking, asrelated to pricing, isthe weighing of the possibility of being awarded
a project that loses money versus losing the project that might have earned a profit. This deci-
sion is probably the most critical decision to be faced by the team leader and the team.
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4. Cost control: the project manager's concern once the project is funded. 1t is the re-
sponsibility of the project manager to watch every penny that is being spent and how it is
planned to be spent. Some managers may not observe that many dollars are being wasted
while only afew pennies are being saved. Other managers allow some flexibility in group ex-
penditures so that the ingenuity of the team members may be used to keep total expenditures
to a minimum.

Tightrope walking, as related to cost control, is the balancing of authorized expenditures
versus the work to be performed. It is a nontechnical activity and depends greatly upon the at-
titudes of the manager and team members concerning money.

Select the best option for each of the above categories. Examine the result of combining
these options. Verify that this combination is the optimum combination. Thiseffort is known as
performing a trade-off among the various options. The selection of the optimum combination
of these options continues to be more of an art than a science.
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Cost estimates need to be re-

viewed to ensure that pricing
data are up-to-date and realis-

tic. This activity is primarily a
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Activity 4. Gather and Evaluate Information

During this activity, you will contact potential vendors for their technical and financial in-
put, and then evaluate design alternatives. Along with this evaluation, you will be refining your
cost estimates.

Activity 4A: Contact Potential Vendors for Their Input

Activity 4B: Evaluate Design Alternatives and Refine Estimates

Examine the outcomes of your previous Study Phase activities. Valueanalysis may be help-
ful. (See appendix A.) Compare all of the proposed solutions to your project with one another.
Prepare comparison documentation in one standard format in preparation for thework of activity
5A on page 72. The designers will evaluate these aternatives. If cost estimators are involved,
they will provide information that will guide the designers. Review cost estimates to ensure that
pricing data are up-to-date and realistic. This activity isprimarily atechnical activity, with some
emphasis on cost and schedule changes.

At their next Monday afternoon meeting, al activity center design alterna-
tives are examined and evaluated. The ground rules are used as the judgment ve-
hicle ior both the feam members and the work they accomplished. On the board,
a matrix is developed that compares each alternative solution with the previously
devised ground rules. It is noted that no one has evaluated the efiect ol the ap=
plicable building codes upon each proposed design solution.

CHery and Manuel obtain a copy o the local and state building cocles,
inctuding the plumbing and electrical codes. Ihey cliscover that tlie various
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Activity 5: Sdect and Plan One Solution

During this activity, you will select one solution for your project, and then plan the Design
and Implementation Phases based upon your solution.

Activity 5A: Sdect a Solution

Select the project solution from your previously devised options and design alternatives by
comparing the following factors:

*  Complexity (technicaly complicated and intricate)

*  Costs (labor and material)

*  Urgency (time to investigate versus limited time available)
*  Preferences of clients

e Availability of materials

Such decisions are often nontechnical ones.

Your options represent choices that must be weighed both separately and together because
they interact, as noted in figure 3.4.

Decision making is a continuous effort of analyzing, assessing, and choosing. Technical
information is gathered and compared. Financial information may fluctuate rapidly or may
change slowly. The perceptions of your client may be different from your team's preferred tech-
nical solution—the client's input must also be considered. The project manager must " smooth
the ripples™ of change so that team members do not frequently proceed in different directions.
During the decision-making process, individuals may become confused and frustrated and no
longer perform as a team!

When you are involved in large projects or programs, a formal mathematical or statistical
model may be needed for making decisions. See chapter 9. For smaller projects, you can develop
amatrix of information in theform of adecision trec for comparison and consideration purposes.
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Figure 34 Decision basis
for project choices
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The task descriptions, costs,
and schedules for the project
can pow contain more detail,
as the project moves nearer to
the Design Phase.
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Activity 5B: Plan the Design and Implementation Phases

Review and revise the Conception Phase plans for the Design and Implementation Phases.
Include applicable results from the Value Analysis (see appendix A). Ensure that the revised
plans remain realistic with regard to task description content, schedules, and budgets.

For the task descriptions, state the content of each task in enough detail that there are no
misunderstandings among the potential workers and managers. Task descriptions define the con-
tent that is indicated in the task title. See appendix B.

More detail must be added to the schedules devised during the Conception Phase. Poten-
tial vendor and subcontractor plans must also be included in the revised schedules. Schedule
headings should coincide with the task headings. Often the titles for the task descriptions are
used as headingsin schedules so that schedules and tasks coincide. They are often shortened so
they fit in the space available.

Budgets must be updated with justification provided in the form of price quotations from
both vendors and materials suppliers. These budgets should include headings that coincide with
the task and schedule headings.
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Documentation becomes
more crucial as more people

are involved in a project. De-

scriptions of tasks and sub-
tasks must be easily under-
stood by the Design Phase
designers and the Implemen-
tation Phase builders.
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Activity 6: Document the Selected Solution

As a part of your documentation, you will refine your tasks, schedules, and budgets for
the Design and Implementation Phases. You will also prepare a description of your proposed
solution and the rationale for its choice.

Activity 6A: Refine the Task, Schedule, and Budget Documents

Individual team members, and groups of team members, have developed the details re-
garding the selection of the Study Phase project solution and the Design Phase options. Refine
your tasks, schedules, and budgets for the Design and Implementation Phases. (See chapter 7.)
Note within your documentation that the Implementation Phase documents are best estimates
based on available information.

Rearrange your tasks and subtasks so they are more easily understood by the Design Phase
designers and the Implementation Phase builders. Information that you gather and examine dur-
ing this Study Phase may cause new tasks to replace tasks previously documented. Thus, your
task descriptions, schedules, and costs for the next phases may change in both content and
sequence.
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The documents for the Study
Phase are similar to those
from the Conception Phase,
except they are much more
detailed.
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The content of each of these documents is described in section 3.3 on page 83. Preliminary
sketches from the solution section process are included. (See activity 5A.) The Design
Description should also avoid assumptions that direct the Design Phase team toward consider-
ing only one design.
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The continuing availability of
funds from sources needs to
be constantly monitored, so
that the project can obtain
funds when they are needed.

Activity 7: Verify and Obtain Funding

During this activity, you will first verify the actual availability of the funding identified
during the Conception Phase, and then request the Design Phase funding in an official manner.

Activity 7A: Verify Actual Availability of Funding

Confirm periodically how much funding continues to be available for your selected proj-
ect. Determine the latest time that it will be available. During the Study Phase, this activity
should be performed by the team manager or a small group of individuals from your Concep-
tion Phase team. Why? Because funding may be reassigned to other financially needy groups
or organizations while your Study Phase team is still working to devise a project solution that
will satisfy both your team and the funding source.

‘er that the Commonwea setts has
reduced the %15 00U intunding to $10 000 because oi state bu -
Miss Kewer's $5 000 continues to be available. Thus, the Study
must either revise its options and construct an activity center for $1
else seek an additional $5 000 elsewhere. Roger, lose, and Profess
other s« te the ne¢
100.

center

Activity 7B: Obtain Design Phase Funding

Provide a presentation to the previously identified funding source. Verify that your project
can be funded promptly. It is customary for funding sources to retain control over their funds
until their personnel have reviewed the results of your Study Phase. Now revise those portions
of the project as requested by the personnel from the funding source. If it is necessary to have
no lost time between the Study and Design phases, then provide a preliminary presentation to
the funding source prior to the completion of your Study Phase work.

Funding authorization may occur in one of two ways. Such authorization is usualy in the
form of aletter. For foundations, a check for the agreed amount is often included with the let-
ter of authorization. This. in effect, pays for the work in advance. For government agencies or
within the parent organization of the project team, a purchase order may be issued to authorize
the project to proceed.
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As the Study Phase progresscs, more idem are circulated via papers and memoranda; more
meetings are held to compare and evaluate the various proposed solutions, and more meeting re-
ports (section 8.2) are written. These memorandaand meeting reportseventually lead to three Study
Phase documents. The documents completed by the end of the Study Phase are the following:

1. The Project Description (with design options): explanatory documents
2. The Design Specifications: the second phase of specification development
3. The Design Description with preliminary sketches: more detailed drawings and plans

The content of each of these documentsis described below. The flow from the Conception Phase
documents to the Study Phase documents is shown in figure 3.10.

The Project Description consists of the following:

1. A description of the potential project solutions that were explored

2. The attributes of each explored potential project solution

3. The tasks, schedule, and budget for the selected project solution

4. Justification for the selected project solution
This document is often a modified and expanded version of the Project Selection Rationale doc-
ument from the Conception Phase. This new document typically consists of less than fifty pages

for a modest-size project. For alarge, complicated program, this document may consist of sev-
eral volumes of applicable information.
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Figure3.10 Documents prepared by the end of the Study Phase

The documents fram the

Study Phase guide the Design
Phase. The Design Specifica-
tion yocument establishes the

constraints for the Design
Phase.

The Design Specification document establishesthe constraintsfor the Design Phase. It evolves
from the Preliminary Specification. The content of the Design Specification is described in chap-
ter 8. The Design Specification must reflect only those functions desired for the selected solution.
However, it should avoid directing the Design Phase team toward only one design approach.

The Design Description should contain the following:

Justification for the project selection developed from the Project Description document
A semitechnical description that nontechnical persons can comprehend

Estimated schedules per phase

Estimated costs per phase

P w D=
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5. Directions for the Design Phase
6. Staffing skills required for the Design Phase
7. Resources needed for the Design Phase
Preliminary sketches for proposed solutions that evolve from the Study Phase should be in-

cluded. However, the Design Description must avoid guidance that directs the team toward only
one solution during the Design Phase.

SECTION 3.4

The Study Phase is considered
complete when the documen-
tation has been written, re-
viewed, and revised as rec-
ommended during its review.
The review team should in-
clude individualsfrom your
funding source.

The Study and Design Phases
may overlap as some mem-
bers begin to prepare more
detailed designsfor the
project.

DEFINING PHASE COMPLETION

The Study Phaseis considered complete when the documentation has been written, reviewed,
and revised as recommended during its review. The review team should include individuals from
your funding source. Wherever it is possible, include as reviewers some experts in the field who
will not beresponsiblefor thefunding of thelater phases. Why?Because they have not been ' close™
to the project on a daily basis and may notice problems that have not been considered.

Someone within your organization needs to monitor the total project costs on a continu-
ing basis. Thisis necessary for all phases of a project because you do not want to overspend,
you must stay on schedule, and you want your total effort to be performed according to the
specifications previously developed.

The completed documents for the Study Phase consist of an expansion and revision of doc-
uments originally devised during the Conception Phase. They are the following:

»  The Project Description with design options, which has evolved from the Project Selec-
tion Rationale and includes the refined cost estimates

*  The Design Specification, which has evolved from the Preliminary Specification

e The Design Description with preliminary sketches, which has evolved from the Project
Description (with the artist's concept)

Often, these three documents are initiated during the beginning of the Study Phase. They grad-
ually evolve into their final content by the end of the Study Phase.

The Study and Design Phases may overlap because of the following:

= Some members of the group are still investigating questions remaining from the Concep-
tion Phase

*  Other group membersarestarting to sketch potential designs and select the material s needed
for the Design Phase

*  Other group members are starting to prepare the Design Specification
e  Other group members are writing portions of the Production Specification

Decide when the overall Study Phase will end. Realize that more information may need
to be gathered as the design is being devel oped.

Revise the entire project if very unusual information suddenly becomes available. How-
ever, such a revision may discourage the funding source. Thus, a significant project revision
should be avoided except during extreme situations. Personnel from the funding source should
be kept aware of any significant changes, as well as of the reasons for those changes.

Increase the detail of the tasks and task descriptions devised during the Study Phase as
more information is gathered. For some projects, the tasks may also be resequenced. The first
three phases of a project may interact as shown in figure 3.11.

Start at the top of figure 3.11 where the concept is determined. For aYes answer to Con-
cept Determined, you may proceed to the Study Phase. However, if the answer to Concept De-
termined is No, then you must return to the Conception Phase and revise the appropriate activ-
ities. Once the project is selected during the Study Phase, you may proceed to the Design Phase.
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project

There will be times when, during the Design Phase, the design may not be acceptable. If
the answer to Design Acceptableis No, then you must return to the Study Phase and revise the
appropriate activities.

Continue to walk the tightrope of deciding when a phase is complete. Note any problems
that linger from the Study Phase that could adversely affect your Design Phase. Assign problem-
solving responsibility to a small but proficient team to rapidly resolve the remaining problems.

CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter, you should be able to:

1. Describe the purpose and goal of the Study Phase of a project.

2. Explain thetasks involved inthe Study Phase of aproject and the activities or steps through
which these tasks are performed.

3. Describe the process of reviewing the Conception Phase and planning for the Study Phase.
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4. Describe the process of utilizing skills of team members to complete the Study Phase and

managing team members to achieve the overal goals of the project.

5. Explain what ground rules for a project are and how they are established.

6. Explain how to investigate and study solutions for ways to implement the project and to

evaluate the risks and trade-offs involved with various solutions.

7. Describe how to select among design alternatives as a group process.

8. Discuss relationships with funding sources and potential vendors during the Study Phase.

9. Describe the documents prepared during the Study Phase and how they evolve from the

Conception Phase documents.
EXERCISES

3.1  RevisethePurpose and Goa statement given in section 3.1 to match each of your class-
project options.

3.2 For your revised Purpose and Goal statement, review your Conception Phase results
and organize your Study Phase work. Establish alternative solution requirements and
accompanying constraints.

3.3  Carefully examine the activities listed and described in section 3.2; adapt them to each
of your options for a class project.

34  Write and review the ground rules (criteria) for judging your Study and Design Phase
results. Verify that these ground rules are compatible with the expectations of your
client and funding sources.

35  Review your Conception Phase effort with all team members and other interested par-
ties. Develop the Study Phase content details with dl individuals concerned.

3.6 Organize the team into small groups based on their skills, compatibility, and avail-

ability. Verify or revise your choice of team leader. Assign each small group a set of
tasks to investigate. Develop aternative solutions that satisfy the devised criteria.

Identify and evaluate risks and trade-offs for each of your proposed dternative solu-
tions.

Examine the effort required to revise the Conception Phase tasks, schedules, and bud-
gets. Compare this effort with the time and personnel available. Discuss how you might
perform this effort without a significant loss of end-product quality. )

Study potential solutions to the selected class project. Develop alist of functions and
investigate those forms (solutions) that will satisfy those functions.

Determine the necessary risks and trade-offs required to implement the project solu-
tions. Devise new tasks, schedules, and budgets where necessary. Contact potential ven-
dorsfor their technical and financial input.

Request that the previously identified judges evaluate your proposed solutions. Evalu-
ate accepted design alternatives and refine cost estimates where necessary. Select a pro-
ject solution.

Verify the continued existence, actual availability, and method of receiving funding.

Refine all task, schedule, and budget documents for the Design and Implementation
Phases. Document the proposed project solution and the reasons for its choice.

Prepare documentation describing your proposed design aternatives.
Obtain Design Phase funding and terminate the Study Phase.
Describe how you would determine the optimum time to terminate the Study Phase.

STUDY
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1. What are the purpose and goal 7. How are function and form

of the Design Phase of a project? linked in developing design
2

2. What tasks are involved in the plans?
Design Phase of a project, and 8. What are make-or-buy decisions,
what are the activities or steps and how are they decided?
through which these tasks are 9. What documents should be pre-
performed?

pared for the Design Phase?
3. What is the role of a manager in

the Design Phase? 10. Who should participate in re-

viewing and approving the doc-

4. How can a team be organized uments from the Design Phase?
for the Design Phase and tasks
be assigned to individual team
members?

11. What are the uses of the docu-
ments prepared in the Design
Phase?

5. What is a typical schedule for

. . 12. How can it be determined when
the Design Phase of a project?

the Design Phase is completed?
6. What human factors are in-
volved in designing a product?

project results
conception yugy  Study  ygx _design implementation 5
e e i e 5 o I T

...[DJesign is a polishing job. Much as the potter's wheel is
used to mold and shape the first-hewn piece of clay, so the
system-design process, through repetition of its steps, molds
and shapes the final system.

H. H. Goode and R. E. Machol, 1957

I his chapter emphasizes the development of the plans for the project intro-
duced in Chapter 2 and expanded in Chapter 3.
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SECTION 4.1

The Design Phase of a project
develops the working plans.

DESIGN PHASE PURPOSE AND GOAL

The purpose of the Design Phase is to develop the details for the working plans for your
proposed project solution. The goal of the Design Phase is to prepare a complete set of work-
ing plans for the selected design. During this phase, it will be necessary to continually review
the working plans for the selected design, including cost estimates, as the design evolves.

At the end of the Design Phase you should know how to accomplish the following:

*  Organize your teams into groups for performing design tasks.
e Study potential implementation solutions.
e Develop adesign that will satisfy you, your funding source, and the users of your product.

e Refine your previoudly estimated task, schedule, and budget documents so that they are
well developed for the Implementation Phase.

«  Document your proposed project design and the reasons for its choice.

*  Verify that both your customer and your funding source will accept the Implementation
Phase solution.

*  Veify availability of funding for the Implementation Phase.

SECTION 4.2

DESIGN PHASE ACTIVITIES

The activities for the Design Phase consist of the following:

Activity 1: Organize the Design Phase Work
1A: Review the Study Phase effort.
1B: Develop Design Phase details.
1C: Organize teams and assign design tasks.
Activity 2: Select the Solution Details to Be Implemented
2A: Study potential implementation solutions.
2B: Contact vendors for make-or-buy information.
2C: Determine make-or-buy decisions.
Activity 3: Document the Design Solution
3A: Prepare the Production Specification.
3B: Prepare the Working and Detail Drawings.
3C: Refine tasks, schedules, and budgets.
3D: Document the design and reasons for its choice.
Activity 4: Prepare for the Implementation Phase Work
4A: Review the Design Phase results.
4B: Verify availability of Implementation Phase funds.
4C: Plan the Implementation Phase.
Activity 5: Obtain Implementation Phase Funding
Asistruefor the Conception and Study Phases, the purpose and goal you define for the
Design Phase determine the activities that you are to accomplish. The sequence of activities
given in this chapter may change from one project to another. However, all the activities must
be accomplished before the Design Phase is complete.

As was true during the Study Phase, there will be (design) risks involved with each alter-
native solution you consider. You will have to assess those risksin relation to their benefits.
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It is the role of the manager
to see that the work flows
well. For a large program, the
manager will have a group of
people in a systems office

one or more project
and support functions.

Activity 1: Organize the Design Phase Work

Prior toinitiating the actual work of the Design Phase, you should review your Study Phase
effort and develop Design Phase details with al team members. Then you are in a position to
organize the teams and assign them the actual tasks that are to be performed.

It is the role of the manager to see that the work flows well. The manager must be con-
cerned with everyday details, including the following:

Providing additional systems-related information where lacking
*  Assisting in resolving system uncertainties
e Assisting in resolving new-member personnel conflicts
*  Creating an atmosphere of open-mindedness

System-related information and uncertainties occur from the interaction of component parts of
projects or programs of all sizes. For a small project, the manager will perform all the above
functions. For alarge program, the manager will have a group of people in a systems office
handling one or more project and support functions.

Activity 1A: Review the Study Phase Effort

The Design Phase requires team members skilled in preparing documentation. Potential
contractors are also added. Since the end of your Study Phase, time may have elapsed while the
Design Phase funding is being approved. Review the Study Phase effort and its documentation
in a project meeting with al involved persons.

Many of the added team members are responsible for preparing the design documents.
They are often referred to as technicians, even though their skills may include design and de-
velopment. These experienced individuals ensure that no technical or semilegal information is
missing from documents. However, they are often accustomed to working with considerable
guidance from the designers regarding design content.

I is now the first Monday arternoon in January. Roger Stein, Jose | lernandez,
and Protessor Hulbert meet informally to discuss the situation oi the additional
45 000 that is needed. Their results to date are not promising. They decide how

Roger will present rrnation to the team the next day.
It is now the f day aitcrnoon in January. Several potential new mem-
bers have been inv nis first meeting or the Design Phase. Also invited by

Protessor Hulbert are two faculty members who have heen consu tants to local

industry in the review of technical and semilegal documentation. Roger \\'el-

comes all returning team members back rrom vacation, and he introduces and

welcomes the potential new members oi the team. hlost Oi the team members
led on tt , schedu 1e schoo



PLANNING AHEAD

11111111111111

During the Design Phase, the

design team must explore
trade-offs between preplanned

and new ones
now The
Imple-

mentation Phase should pro-
ceed with a minimum (negli-
gible) risk of significant
change.
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Activity 1B: Develop Design Phase Details
Develop the Design Phase content, where necessary, by performing the following:

Preparing more detailed Design Phase task descriptions
. Devising a more extensive Design Phase schedule
*  Allotting the Design Phase budget to individual groups

The groups are organized in activity 1C on the following page.

For most projects, delivery at or below the previously accepted cost is usualy a require-
ment. However, some projects have deadlines that must be met. For these projects, the client
may be willing to accept acost greater than that originally contracted in order to meet arequired
schedule. Before spending additional money, obtain written agreement for any verbally discussed
cost increase.

During the Design Phase, the design team must explore trade-offs between preplanned ap-
proaches and new ones now available. The Implementation Phase should proceed with a mini-
mum (negligible) risk of significant change. Therefore, design trade-offs are examined to the
level of detail required to minimize changes at alater stage. Design trade-offs must also be cost
effective— theclient wants the most *'bang for the buck.”" Thus, all functions must be satisfac-
torily fulfilled at the least cost. Remember that sometimes an extrainitial cost is acceptable to
obtain a higher quality product that will have lower than expected maintenance costs.

Some tasks may require all the time allotted; other tasks can be performed faster. It may
be possible to perform a task more quickly but at an additional cost. Thus, it becomes the re-
sponsibility of the project manager to decide the trade-offs among tasks, schedules, and bud-
gets for the entire project.

Think about the nervousness that an astronaut must feel sitting in a complicated spacecraft
on top of arocket, knowing that all the craft's component3 were fabricated and assembled by the
lowest bidders. The total system succeeds because the specifications, drawings, and plans have
been carefully prepared by systems engineers who are responsible for devising aleast-cost, high- .
quality, cost-effective system. You are learning to devise such designs viamuch smaller projects.
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Activity 1C: Organize Teams and Assign Design Tasks

Examine the skills, experience, and personalities of those who will be directly involved in
the remaining activities of the Design Phase. Include in each group at |east one person who has
been involved in the Study Phase, to provide continuity from one phase to another.

Assign the various team members to developing each task, or group of tasks, for the Im-
plementation Phase. This effort will convert all of the Study Phase documentation into the doc-
uments that will guide the Implementation Phase.

Develop the project plans for the selected project. Define the tasks in more detail so that each
team member knows what is to he accomplished. Task descriptions are written and reviewed by
the Design Phase group leaders and by those persons who will perferm the tasks. Ideally, team
members should have no questions about the following points relating to their assigned tasks:

*  When atask should start

*  What isto be accomplished by that task

*  Which other tasks are to be coordinated with that particular task

*  When that task is complete

Ensure that each group understands how its assigned design tasks interact with the design tasks

of al other groups. The work breakdown structure and content of task descriptions are described
in section 7.1 and appendix B.

Human factors (ergonomics) must be considered during the design of both equipment and
software. Theinteractions of human operators or users with equipment and the environment are
examined. These factors include the following:

»  Location of displays and controls, meters, dials, and knobs on equipment

»  Useof color coding

*  Shape coding in both display icons and control knobs

*  Work space design, including seating, location of work space, and illumination
»  Effect of the environment on the users' performance and well-being

e  Physical capabilities of human beings who will use the design; consider such factors as
chair design, wrist position (to avoid carpal tunnel syndrome), and spinal column and back
injuries

*  Avoidance of distracting noises and colors where possible

*  Expected sociological atmosphere and its effect upon operators

The physical capabilities and limitations of the human beings who will use your design must
be recognized. The relationship between the effectiveness of operations of the system and the
users safety, comfort, and well-being must be kept in mind. See section 9.2 for further discus-
sion of the influence of human factors on design.
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Remember: an important goal
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Activity 2: Select the Solution Details to Be Implemented

A variety of implementation solutions should be examined before one solution is chosen.
Vendors who will be providing materials must be contacted to determine the best schedule and
cost options for their products. Make-or-buy decisions must first be identified and then one
solution selected. Only after careful study of theentiredesign isit advisableto select one solution
for the design.

Activity 2A: Study Potential Implementation Solutions

Examine each Study Phase document and then develop a design. Test this design against
the Project Description, Design Specification, and Design Description that were prepared dur-
ing the Study Phase. As each part in the design evolves, start to prepare the Production Speci-
fication. Test all recommended design changes against the original task descriptions, schedules,
and cost estimates and against the expectations of your clients. Prepare a plan to develop the
Working and Detail Drawings. Compare the effect of the recommended design changes and their
details with your original task descriptions, schedules, and budgets from previous project phases
(Nadler, 1970, p. 768).

Before proceeding to the design of a specific item or system, it is necessary to examine
the availability of new materials, circuitry, and software that may not yet be described in even
the most recent technical handbooks or literature. Changes occur so rapidly that it may be nec-
essary to investigate "what's new" via the World Wide Web (Pugh, 1993, p. 177).
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Begin the preparation of a schedule for assigning personnel and for delivery of materials
for the Implementation Phase. The schedule should include the following:
*  Project personnel assignments
*  Contractors performance
*  Materids deliveries
*  Vendor deliveries
It is this second and more detailed schedule that may cause changes in the preliminary sched-
ules. Why? Because people (including contractors) may not have the staff or facilities to work

on more than one pmject at the same time. Merge all schedules into one master schedule be-
fore you complete the Design Phase.

For the Implementation Phase, the following items should be analyzed:

*  Estimates of project staffing and additional personnel needed

*  Estimates of work space needs

*  Required project furnishings, fixtures, and equipment

*  Needed project-support supplies and materials, such as portable toilets

Indicate these items in a separate document rather than as a portion of the actual product im-

plementation documents. They are considered as a part of your project overhead. As such, the
costs are not presented to the client.
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Activity 2C: Determine Make-or-Buy Decisions

Examine all the make-or-buy information you have gathered. With this information, you
can now do the following:
. Develop design details for the project
*  Review and revise the overall design where necessary
. Decide what portions will be fabricated by the designers ("Make")
*  Decide what portions will he purchased from vendors ("Buy")

Revise the content of the task descriptions, aswell as estimates of costs and schedules, to agree
with your make-or-buy decisions.

A "make-or-buy" decision concerning the construction of a set of stairs can serve as an
example. (See figure 4.2.)

Make Students design the stairs, purchase the lumber, and construct the stairs.
Buy: Students (school) purchase prefabricated set of stairs from a lumber supplier.

All the following factors must he considered: total labor and materials costs, convenience,
and availability. If the cost differential is close betwecu using the original contractor versos buy-
ing an item from another source or performing the work oneself, it may not be worth the effort
to""go outside™ to a contractor. Also be careful not to invest more time (and, therefore, money) in
reaching a decision than will be saved by awarding the work to a contractor.

The make-or-buy decision sequence is given in figure 4.3.

laura and Kim devise a matrix of information comparison for the activity
center frade-off decisions. For the activity center, the areas tor decision mak ng
are shown in Jigure 4.4,

roof
shingles

Figure4.4 Information comparison matrix
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At thispoint in the project,
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Activity 3: Document the Design Solution

Itistime to prepare the Production Specification, as well as the Working and Detail Draw-
ings. Refine the forthcoming Implementation Phase tasks, schedules, and budgets. (See chapter
7.) In effect, you are documenting your project design and the reason for its choices.

Activity 3A: Prepare the Production Specification

The Production Specification originatesfrom the Design Specification, prepared during the
Study Phase. Here are suggested steps for preparing this document:
1. Study the Design Specification.
2. Devise, as necessary, an outline of the Production Specification.

3. Extract, wherever possible, the appropriate portions of the referenced specifications for
inclusion. The Design Specification may only refer to environmental and other more gen-
eral specifications, rather than contain the actual wording.

4. Modify the Design Specification paragraphs to become new paragraphs within the Pro-
duction Specification.

5. Refer to theWorking and Detail Drawings where appropriate.
6. Review and revise the results, where necessary, during activity 3D.

The Production Specification may include the applicable excerptsfromthereferenced general
specifications. Typical specifications contain the following paragraphs or groups of paragraphs:
e Scope of Specifications
e Applicable Documents
*  Requirements
e Quality Assurance Provisions
*  Preparation for Delivery
*  Notes and Appendixes

Government specifications are the most complex; industrial specificationsare usually much sim-
pler. See section 81, page 205.



Specifications, including those
for construction, follow stan-
dard formats. They ensure
that contractors perform their
portions of the project ac-
cording to what the client
wants.
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Activity 3B: Prepare the Working and Detail Drawings

Study your Design Description. Devise, as necessary, a list of drawings to be prepared,
typicaly entitled " Top-Down Breakdown." (The development of this list of drawingsis usualy
iterative.) Expand your preliminary sketches. See figures 4.8 and 4.9 on pages 112 and 113.
Provide detail s for each of the portions of your project, as well as interface information between
and among interconnecting and interrelated items. Refer to the Production Specification where
appropriate. Review and revise your results, as necessary, during activity 3C on the next page.

TheWorking and Detail Drawingsoriginate with the Design Descriptionin the Study Phase
and its accompanying preliminary sketches. The Design Description should contain general
information. The Working and Detail Drawings include specific information as needed.
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Activity 3C: Refine Tasks, Schedules, and Budgets

The final documentation for Review the Implementation Phase task descriptions with respect to any changes that result

the Design Phase must in- from your review with the funding source. Revise the task descriptions where necessary. Ver-

clude r Ev’ii.ol_f;;f detailed de- ity that the individuals and groups who will be responsible for the Implementation Phase agree

o on the meaning of their assigned task descriptions. (See sections 7.1, 7.2, and appendix B.)

and budgets. Prepare your final Implementation Phase tasks, schedules, and budgets after questioning
those persons who will be responsible for each task. Verify or revise total costs after examining
the new budgets. Review how tasks and schedules intertwine. Revise the tasks and schedules as
required. Then negotiate any necessary task and schedule changes with those team members or
contractors who will be responsible for them.

Review all costsrelated to the completed design. Verify that the costs are acceptable to the
team members or contractors to whom each task will be assigned. Only then is it possible for
you to be certain that no one can later say, "I didn't know that" or "It cannot be done for that
amount of money."

The work ot the design ior the activity center as reviewed is considered
complete. During the latter part of the seventh week and the entire eignth week
of the Design Phase, tho Tinal documentation must be prepared. As the team
members review the results of the previous activities, they discover, 1o their
embarrassment, that an extra two weeks of time will be needed to construct tho
activity center, and the project will extend inlo Seprember. The team members
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Note Jm Sullivan (plumber) and Jim Stanoer (electric an) offer to donate some of their time to keep
tne total costs within the $20 000 allotted for the project.
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Activity 3D: Document the Design and Reasons for Its Choice
The completed documents from the Design Phase consist of the following:

. Letter of Transmittal, which for the activity center will be a Contract Letter
. Production Specification
*  Working and Detail Drawings

The content of each of these documents is described in section 4.3

Prepare the Letter of Transmittal (or Contract Letter). The contents of this document are
described in section 4.3. Before this document is signed, it should be reviewed by the client,
the team manager, and by appropriate legal personnel.

Complete the Production Specification. Contents for this document are described in detail
in section 8.1 on page 205.

Devise either abill of materials or a partslist, and prepare the Working and Detail Draw-
ings. The Working and Detail Drawings consist of the following:

*  Presentation Drawing, containing little or no structural information
*  Models where appropriate

e Working Drawings, containing all necessary details

Depending on the product or software to be delivered, the drawings may require several sheets.
See the next section for more information. When only experienced contractors are alowed to
bid on a project, the need for detailed information may be greatly reduced.

As noted in chapters 5 and 7, documents must be prepared at the end of every phase. All
deliverables must be defined and prepared. What are deliverables? According to Duncan (1996)
a"deliverable” is a tangible, verifiable product such as a feasibility study, a detailed design, or a
working prototype. The conclusion of a project phaseis generally marked by a review of deliver-
abl e+such as end-of-phase documents) and project status. Thus, it is possible to (a) determine if
the project should continue into its next phase and (b) detect and correct etrors in a cost-effective
manner. Deliverables include both equipment and documents that are delivered to the client.

Deliverables that may not be quite so obvious include copies of govemment-required per-
mitsfor wiring and plumbing, equipment and its operation and maintenance manuals, recycling
data to be implemented at the end of equipment life, and copies of warranties for equipment
purchased by the contractor. These items are installed as part of the project implementation;
their warranties are passed along to the client to protect the client in the case of a failure.
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Costs for the Implementation Phase are now known quite accurately. Also, the money that
was spent during the first three phases is known. Now Marketing can establish a price for any
product that will be produced in quantity and determine if the product will sell at that price and
provide a profit.
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PLANNING AHEAD} Activity 4: Prepare for the Implementation Phase Work

As the design is being devel-
oped, it needs to be reviewed
by experts and clients for re-
visions and oversights.

It is time to review the Design Phase results. You should also verify the availability of

Implementation Phase funding and then complete the planning for the Implementation Phase.

Activity 4A: Review the Design Phase Results

The Design Phase results must be carefully reviewed and compared with the Study Phase

documents. Hereis one sequence for accomplishing this task:

1.
2.

»

Examine your newly designed product or software from a total system viewpoint.
Compare this design with the Study Phase documents. Project Description, Design Spec-
ification, and Design Description.

Verify that the Design Phase forms match the Study Phase functions.

Verify that the ground rules (Study Phase activity 2) were followed.

Review any revised ground rules.

DESIGN
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The detailed design and plans
need to be presented to the
funding sources for approval

and review.

Before the Implementation
Phase begins, the plans
should be reviewed 1o see
that they are realistic. All par-
ticipants should realize that
design work stops once the
Implementation Phase begins.

Activity 4B: Verify Availability of Implementation Phase Funds

Inform funding sources regarding the status of the Design Phase. Prepare and give a pre-
sentation if necessary. Obtain both general and detailed reactions from the representatives of the
funding source. Verify the availability of the needed Implementation Phase funds and their pay-
ment schedule.
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Activity 4C: Plan the Implementation Phase

Verify that the sequence of work to be accomplished during the Implementation Phase is
realistic. Devise and verify the content of a schedule of personnel assignments and material
delivery that coincides with the Implementation Phase tasks and schedules. Management sub-
tasks (Implementation Phase activity 3A) should be planned at this time.

Once the Implementation (Construction) Phase starts, any revisions to previous phases will
be both expensive and time-consuming. You should make every effort to have all your designs
and documentation completed during the Design Phase. The team should not continue design-
ing once the Implementation Phase is initiated.

Thereis an expression often used by engineers and technologists: "' Never deliver drawings
and specifications to a manufacturing organization and then go away and forget them." Per-
sonnel in manufacturing may need assistance to interpret the words and drawings developed by
the design team. Why? Because English is not a preciselanguage for communication purposes.
Thus, some design-team members and project management personnel need to be a part of the
Implementation Phase to ensure project continuity.
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Activity 5: Obtain Implementation Phase Funding

All the steps necessary to ob- At this time, the tasks, schedules, and budgets for a project will be the most accurate. Any
tain funding and to obtain for-  further changes will occur during the Implementation Phase. Now it isimperative to obtain fund-
mal agreement to the Plans ing for that phase. The typical steps to obtain that funding are the following:

from funding sources and . . . .
clients must be completed at 1. Review refinement of tasks, schedules, and budgets; design documentation; and Imple-

this time in the project. mentation Phase plans with your client and/or funding source. See Design Phase activities
3C, 3D, and 4C.

2. Agree on the content of your Letter of Transmittal or Contract Letter.

3. Obtain signatures from those individuals who are designated to be legally responsible for
the work and its payment.

4. Review your construction and/or delivery and payment schedule as applicable.
5. Prepare to initiate the Implementation Phase.
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Terminate the Design Phase effort as soon as the work has been completed and reviewed.
A purchase order or other authorization should have arrived for funding the Implementation
Phase. If afoundation is a source of funds, then a check for the Implementation Phase will be
provided at this time.

SECTION 4.3 DESIGN PHASE DOCUMENTS

The documentation prepared during the Design Phase will be used to guide the Imple-
mentation Phase. Typically the Design Phase documentation is delivered from the engineering
team to the manufacturing team. As noted in figure 4.10, manufacturing personnel may be
assigned to the Design Phase team to participate in the development of documentation. Since
humans read and interpret documents, documents run the risk of being misinterpreted. When
the document users are involved in document preparation, this helps to reduce the chances of
misinterpretation. Likewise, engineering personnel are assigned to the Implementation Phase
manufacturing team to assist in documentation interpretation.

There are at |east two approaches to ensuring a quality product. One approach istoin-
vite some of those persons who will be involved in the manufacturing process to become a
part of the design team. Another approach is to designate in the early phases of the project
those individuals who are involved in the design phase as persons who will become a part
of the manufacturing team. Include persons familiar with the various aspects of maintenance
necessary for support of the final product. This may include out-year requirements (after
warranty expiration). lllustration: Many akitchen in a slab-foundation ranch-style home has
been ruined by leaking pipe joints buried in concrete. No one planned for out-of-warranty
access to these potential failures.

Figure 4.10 Interaction PERSONNEL ON LOAN

between the design and | TO DESIGN TEAM |
manufacturing teams in

preparing documentation

| PERSONNEL ON LOAN
TO MANUFACTURING TEAM
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Figure 411 Maintenance factors
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Consider both the hierarchy (level) and class (type) of maintenance needed (figure 4.11).
Audio units, such as CD players, mixers, speakers, and receivers connscted together become a
specific audio system. Unit vendor warranty is of no use until system maintenance determines
a malfunctioning unit. On-scene, or vendor, maintenance personnel miist test internal circuitry
to isolate unit failures. Circuitry may be located on replacement type subassemblies or hard-
wired motherboards. Maintenance timeis reduced when unit developer : plan for ease of access.
Identified faulty subassemblies or individual components are then replaced. Orientation, phys-
ical size, and electronic specifications must be duplicated. Good maint :nance planning ensures
these parts are available for a specific time frame.

[lustration: After a motor burned out in an HVAC system for the third time, customer
service representatives began their own research. Nowhere in the prctotype-system test doc-
umentation was this defect recorded. Neither was it recorded as a problem in any literature.
They discovered that the documentation delivered to the client did 1ot contain any user, or
operator, requirements to lubricate this motor's unsealed bearing every ninety days (normally
found in maintenance manuals). No engineering change for this different type of motor (due
to load requirements) had ever been submitted during the system design phase. The end re-
sult was incomplete documentation with no contract change being submitted to the client.
Once the client followed the user requirements for lubrication, no further burn-out was ever
noted.

Be prepared for those clients, purchasing agents, or individual contractors who never think
about the important question *Who will fix it?* Discover maintenance requirements as early as
amake-rather-than-buy situation. Determine the level of maintenance thit will be needed. Obtain
answers to the now-familiar questions:

Who will perform the maintenance?

What type of maintenance will be required?

Where will it be performed?

When will it be performed?

Why will it be necessary?

How will it be accomplished?
(Include the requirements of the manufacturer warranty, and also what maintenance the
warranty states that the user not do initially.)

Use answers to the above questions to determine the class, or level, of maintenance to be
performed (figure 4.11).

Plan for the level of maintenance to be recommended. Will the user perform it? Will the
client plan for an in-house person to perform periodic maintenance and testing? |s an outside
contractor's customer service representative needed? Will the client need to develop a mainte-
nance team? Will the devices, units, or the total system ever need to be returned to the manu-
facturer or vendor? If so, will replacement items maintain customer conscientiousness? Note
that these maintenance decisions in all end-of-phase reports are included in the documentation
delivered to the client.



During the Design Phase, the
solutions proposed and docu-
mented during the Study
Phase are examined in more
detail. Using the Design
Description with Preliminary
Sketches and the Design
Specification as a guide, the
team proceeds with develop-
ing and completing the
design.

The Letter of Transmittal or
Contract Letter summarizes
the obligations of the client
and group implementing the
project. It includes informa-

tion on the nature of the proj-
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Ask how an item will be fixed during the Conception and Study Phases. In the Design
Phase, the answers to the "who, what, when, where, why, and how" maintenance questions
should become an integral part of the design process. Plan maintenance access to key parts of
the system (including its software), and determine those points of access prior to manufactur-
ing. This will save repair time and money at some future date. Be ready to present the client
with procedures or, with large systems, total maintenance requirements, including specifications
and maintenance manuals.

Use maintenance planning to impress a client, to enhance sales, and to capture repeat
business. Team |eaders must remember to budget for maintenance planning in addition to other
normal expenses.

During the Design Phase, the solutions proposed and documented during the Study Phase
are examined in more detail. Using the Design Description with Preliminary Sketches and the
Design Specification as a guide, the team proceeds with the design. The tasks, schedules, and
costs to construct the selected project are estimated and modified as a variety of design details
are proposed and pursued. The chosen design details lead to afinal design. Estimates are now
as accurate asis possible.

Proposed project designs are circulated in the form of reports and drawings. More meet-
ings are held to compare and evaluate the various proposed designs, and more meeting reports
(section 8.2) are written. These reports and drawings eventually lead to three Design Phase
documents. The documents completed during the Design Phase are the following:

1. The Letter of Transmittal or Contract Letter: the explanatory document
2. The Production Specification: thefinal specification
3. TheWorking and Detail Drawings. the drawings and plans
The content of each of these documents is described below. The flow from the Conception

Phase documents and the Study Phase documents to the Design Phase documents is shown in
figure 4.12.

The Letter of Transmittal or Contract Letter contains both legal and technical terminology.
Typicaly, its content includes the following:

=

Theidentity of the client

Theidentity of the group implementing the project

A list of the applicable documents (such as specifications)

The documents that describe the project and a scale model where appropriate
The means for ownership transfer

Warranties, actual or implied

The cost of the project to be implemented and a payment schedule

How task, schedule, and cost changes will be processed

The signatures of those persons representing the client and the team or its parent organi-
zation

© ©o N A~ LD

Beforeit issigned, this document should bereviewed by both the client and the project manager,
as well as by appropriate legal personnel. An example Contract L etter, one for the activity center
project used in chapters 2 through 5, is given in appendix D.

The Production Specification content is describedin detail in section 8.1 on page 205. A typical
Production Specification contains the following paragraphs or groups of paragraphs:

I. Scope of the Specification

2. Applicable Documents

3. Requirements
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project
escriptio
with
design design
options secificati

explanatory specifications
documents '
Figure 412 Documents prepared by the end d the Design Phase

4. Quality Assurance Provisions
5. Preparation for Delivery
6. Notes and Appendixes

with
prelimin;
sketche

drawings
and
plans

Government specifications are more complex; industrial specifications are usually simpler.

The Working and Detail Drawings consist of the following:

. A Presentation Drawing, similar to artist's sketches, that contains little or no structural in-

formation
2. Models where appropriate

3. Working Drawings, containing all necessary details

Depending on the product or software to be delivered, these drawings may require several pages
or sheets or may require several volumes. When only experienced contractors are allowed to
bid such a project, the detailed information may be significantly reduced.
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SECTION 4.4

Many project managers feel
that the Design Phase is not

complete until those individu-

als designated to be legally
responsible for the work and
its payment have signed the
contracts.

DEFINING PHASE COMPLETION

The Design Phase is considered " complete™ when the documentation has been written, re-
viewed, and revised as recommended during the review. Again, the review team should include
individuals from the funding sources and, wherever possible, experts in the field who are not
responsible for the funding of the Implementation Phase. As noted in section 6.7, a designated
person should continually monitor the expended costs and the projected remaining costs for the
total effort.

The completed documents of the Design Phase consist of an expansion of documents orig-

inally devised during the Study Phase. These are the following:

e  TheLetter of Transmittal or Contract Letter

*  The Production Specification

e TheWorking and Detail Drawings

Often, these three docnments are initiated during the beginning of the Design Phase. They grad-
ually evolve into their fina content by the end of the Design Phase. See activity 3D on page
107.

Many project managers feel that the Design Phase is not complete until those individuals
designated to he legally responsible for the work and its payment have signed the contract. Only
then can the Design Phase be considered complete and the |mplementation Phase initiated. Some-
timesitis more redistic to terminate the Design Phase and reassign personnel until Implementa-
tion Phase funding is received. The project manager may save money in the short term. However,
after alapse of several weeks, obtaining the services of those who have previously worked on the
project may not be possible. Then the cost of training new personnel represents a significant in-
crease in the cost. So deciding when the Design Phase is ended may be a complicated decision.

Again note that, once the Implementation (Construction) Phase starts, any revisions to pre-
vious phases may be both expensive and time-consuming. Therefore, every effort should be

made to have al designs and documentation completed during the Design Phase and before the
start of the Implementation Phase.

CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter, you should be able to:

1. Define the purpose and goal of the Design Phase of a project.

Explain the tasks involved in the Design Phase of a project and the activities or steps
through which these tasks are performed.

Describe the role of a manager in the Design Phase.

Explain how a team should be organized for the Design Phase.

Outline a typical schedule for the Design Phase of a project.

Explain why human factors need to be considered in designing a product.
Describe how function and form are Linked in developing design plans.
Define make-or-buy decisions, and explain how they are determined.
Describe the documents that should be prepared for the Design Phase.

10. List those who should participate in reviewing and approving the documents from the
Design Phase.

11. Describe the documents prepared in the Design Phase and their uses.
12. Describe when the Design Phase is completed.

N

© ® N AW
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EXERCISES

44

4.10

411

For each of your optionsfor a class project, reviseand include the general Purpose and
Goal statements given in section 4.1.

Examine the activities listed and described in section 4.2. Adapt them to each of your
options for a class project.

Review the Study Phase effort with all team members; develop any required additional
Design Phase details with the assistance of all team members. Organize the team into
groups for the Design Phase. Assign each group a set of design tasks to perform.

Develop a design that will satisfy yourselves, your funding source, and the users of
your product. Review the design with your previously identified judges. Evaluate their
suggestions; decide which suggestions to incorporate into your design.

Study potential implementation solutions for the project design. Prepare the Contract
Letter or Letter of Transmittal, Production Specification, and Working and Detail
Drawings.
Contact potential vendors regarding make-or-buy information; determine make-or-buy
decisions.

Review the Design Phase results and verify actual availability of Implementation Phase
funding.

Refine the Implementation Phase tasks, schedule, and budget documents; plan the Im-
plementation Phase. Include personnel assignments.

Verify that both your customer and your funding source will accept the Implementa-
tion Phase solution. Revise your solution as necessary.

Document the proposed project design and the reasons for its choice. Obtain Imple-
mentation Phase funding.

Describe how you would determine the optimum time to terminate the Design Phase.
Terminate the Design Phase.
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. What are the purpose and goal
of the Implementation Phase of
a project?

. What tasks are involved in the
Implementation Phase, and what
are the activities or steps
through which these tasks are
performed?

. How is money needed for proj-
ects typically obtained and
delivered?

. How are documents prepared
during the Design Phase used in
the Implementation Phase?

. What tasks are typically part of
the Implementation Phase, and
how are they assigned?

. What is the role of the project
manager during the Implementa-
tion Phase?

. Why are periodic meetings
important during the Implemen-
tation Phase?

initiate
potential
project
investigate
develop design

10.

11.

12.

13.

14.

What are the common tasks that
should be accomplished before
actual implementation or manu-
facturing begins?

Why are prototypes developed?

What is the learning curve, and
how does it relate to manufac-
turing production?

What documents should be pre-
pared for the Implementation
Phase and which should be
delivered to the client?

What is "delivery" of a project,
and what problems may occur
at that stage?

What are supplier/manufacturer
responsibilities and opportunities
after the delivery of a product?

Why is having a review meeting
at the end of a project impor-
tant?

design

The reward of a thing well done is to have done it.

Ralph Waldo Emerson, 7844
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-I-he name for this phase — Implementation —impliesthat, after the three
phases of conceiving, studying, and designing, it is time to construct and de-
liver your product or products. When this phase IS complete, you will "have
done it" (Graham, 1985).

SECTION 5.1

During the Implementation

Phase, the design from the
previous phases is converted
into a finished ,roduct Im-
plementation costs are

the greatest costs for the en-
tire project.

IMPLEMENTATION PHASE PURPOSE AND GOAL

The purpose of the Implementation Phase is to provide the means, facilities, materials,
and personnel for producing the end product. The goal of the Implementation Phase is to pro-
duce the completed design in accordance with the results of the previous phases. During this
phase, you will continually review the product and its construction costs to ensure that they re-
main acceptable to the customer and the funding sources. Implementation costs are usually the
greatest part of the costs for the entire project.

At the end of the Implementation Phase, you should know how to do the following:

*  Review the Design Phase results after funding is received.
«  Allocate tasks to team members and contractors as previously planned.
e Produce and control the quality of the previously designed product(s).

* Reviseand prepare for delivery all documentation that will allow the client to operate and
maintain the delivered product(s).

»  Deliver the contracted product(s).
»  Search for new work that will return a profit and enhance team skills.

Any changes offered during the Implementation Phase usualy cause project delays and
cost overruns. By now, no significant changes should he considered. Y ou want to complete your
project according to the specifications, on time, and within the money allotted.

As stated in chapters 1 and 2, the on-time completion of a project — accordingto specifi-
cations and within allotted funds— enhancesthe reputation of the manager, the team members,
and the organization. This information quickly becomes known to those persons and groups
who want quality work.

SECTION 5.2

IMPLEMENTATION PHASE ACTIVITIES

The activities for the Implementation Phase consist of the following:

Activity 1: Obtain Implementation Phase Funds
Activity 2: Review Design Phase Documents
Activity 3: Allocate Tasks to the Implementation Phase Team
3A: Develop and monitor Implementation Phase details.
3B: Organize the team into task groups.
~ 3C: Assign each group a set of tasks to perform.
Activity 4: Prepare to Produce the Designed Article
4A: Define vendor schedules and deliveries.
4B: Sign contracts with contractors and vendors.
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After the contract is signed
with the funding source and
before construction is initiated,
the Implementation Phase
team must be assembled, tools
and materials purchased, and
the work space prepared.

4C: Obtain applicable construction permits.

4D: Provide temporary on-site facilities, tools, and equipment.
Activity 5: Produce and Evaluate Product

5A: Fabricate and evaluate prototype model (if necessary).

5B: Fabricate the designed article.

5C: Produce and evaluate items to be produced in quantities.
Activity 6. Revise, Review, and Deliver Final Documentation

6A: Correct Working and Detail Drawings.

6B: Deliver Implementation Phase documents.

6C: Deliver warranties and associated invoices.

6D: Deliver final product and instruction manuals.
Activity 7: Operate and Maintain Customer-Contracted Items
Activity 8: Review the Results of the Implementation Phase
Activity 9 Pursue New Projects

9A: Prepare public relations material.

9B: Offer presentations to prospective customers.

9C: Construct speculative products.

Activity 9 isincluded for those organizations that wish to pursue follow-on business.

As was true for the previous three phases, the purpose and goal for the Implementation
Phase lead to defining the activities for that phase. The sequence of activities given below may
changefrom one project to another. However, all of these activities must be accomplished before
the Implementation Phase can be considered complete.

After the prime contract is signed with the funding source (activity 1) and before con-
struction begins, the Implementation Phase team must be assembled (activity 3B), work space
prepared (activity 4D), and tools and materials purchased (activity 4D). The project flow is
indicated in figure 5.1.

Figure 5.1 Preconstruction sequence



Money is required to purchase
parts and/or materials before
construction starts. It can
come from an advance pay-
ment provided by the cus-
tomer or funding sources or
from a loan given by a bank.

Unplanned changes that re-
quire additional money might
occur during the Implementa-
tion Phase. There should be
contingency funds to cover
unplanned expenses.
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Activity 1. Obtain Implementation Phase Funds

Money is required to purchase parts andfor materials before construction starts. If you do
not receive an advance payment from the customer or funding sources, you may have to apply
for a loan from a bank or other lending agency. Foundations usually donate all the necessary
funds in advance of the Implementation Phase.

If the contract includes an advance payment, then you can deposit the money in a bank
account to fund the cost of labor and the purchase of tools and materials. If the contract con-
tains either a clause regarding progress payments— to be paid when a specified portion of the
work is completed — or payment upon completion, then you may take the signed contract to
a banker who will lend money against the contract. If a contract depends on a government or
foundation grant, signing of the contract results in either a portion or al of the contract value
being turned over to a bank or to the parent organization for the project. It then becomes the
responsibility of a senior officia in the government agency, foundation, or parent organization
to monitor the progress of the contract and approve the disbursement of funds.

The signed contract may include or refer to the performance schedule and the specifica-
tion. The project manager and each team leader should continually review these documents to
ensure adherence to both costs and schedules.

Once the contract is signed, changes require extra time and effort. Team-initiated changes
add to contract costs. These costs must be taken out of the contract profit, if there isa profit. A
change initiated by the funding source must be paid for by the funding source. Such a change
is known as a changein (contract) scope.

Unplanned changes might occur during the Implementation Phase. There should be con-
tingency funds to cover unplanned expenses. Banks, parent organizations, and foundations do
not Like being informed that more money is required to complete a project. Depending upon the
wording of the contract, unused contingency funds may be either returned to the client, retained
by the project, or included as a part of the project's profit.

Again, it becomes the responsibility of the project manager to analyze the effects of
unplanned changes upon tasks, schedules, and budgets for an entire project and evaluate the
trade-offs. The manager must select an appropriate course of action. The manager, in conjunc-
tion with a sales-oriented person, must convince the customer or funding source that contin-
gency funds are important for flexible implementation. The customer or funding source should
not have to be bothered each time an unplanned change occurs.

Activity 2: Review Design Phase Documents

Time may have elapsed while funding for the Implementation Phase was being approved.
New team members need to be added and the selected contractors need to be informed and in-
vited to participate. Each participant must now review the effects of any delay on the schedule.
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Both tean» members and con-
tractors need to review the
Design Phase documents so
that they understand the tasks

they are to . mplich S

well®  cost @ 5€ edule

constraints.

For the Irnplernentafion Phase,
team members skilled in con-
struction and manufacturing
are usualy added to the
team.
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The schedules for delivery of work and materials may have to be revised. The selected
contractors and subcontractors and specific members of the project team are assigned to per-
form the tasks that were carefully prepared during the Study Phase and revised during the Design
Phase. However, because time has passed, some of the contractors and some members of the
project team may no longer be available. Thus, assignments must be reviewed. Replacement in-
dividuals and companies must study the task descriptions and agree to their content. They must
verify al of the following:

*  What they are to accomplish (tasks)
*  When they should start and finish each task (schedules)
e What their financia responsibilities are (budgets)

All team members and contractors should be given copies of the applicable task and sched-
ule documents. Budgets of labor hours and materials costs should be accessible to each
responsible team member. For small projects, estimates and actuals may be continually com-
pared viawall charts. For larger projects, those personsin charge should be continually updated,
perhaps by computer and Local Area Networks, to ensure that each group within the larger
organization is staying within its budget and schedule as it performs the assigned tasks. As men-
tioned previoudly, the work may be coordinated by a separate group not directly involved in the
construction (or fabrication).

Periodic project review meetings are often helpful. At these meetings, all those involved
have the opportunity to meet and compare their ideas in detail on exactly how their individual
tasks will be accomplished. The peopleinvolved must discuss and determine how various tasks
are to be coordinated.

low the in Bedfc
lem: 1he foundation footing mwst be placed below the rmst line.

The first meeling of the Implementation Phase team was on the afternoon of
the first Monday in March. Dur'ng the second part of that meeting, Professor
Hulbert intorms the team members that all urders for significan! materials must hc
verified weekly to confirm that thev will be delivered on schedule! | le rurther
remindecl them that, with completion o1 the Design Phase the previous week, the
activity center project is now scheduled tu be completed in mid-September, The
schedule cnnnnt slip any further since classes 1or next year start the last week in
September.

Activity 3. Allocate Tasks to the
Implementation Phase Team

The Implementation Phase normally adds team members who are skilled in construction
and manufacturing. These performers are often referred to as blue-collar workers. These expe-
rienced individuals ensure that proper construction and manufacturing techniques are applied to
the project. They are skilled in reading the Design Phase drawings and capable of implement-
ing them.

Activity 3A: Develop and Monitor Implementation Phase Details

People with implementati on experience enjoy building or manufacturing. They seldom need
detailed guidance with regard to a particular task. However, since they may tend to focus on the
details of their particular task, their efforts must be monitored to ensure that everyone's tasks
are being implemented in the proper sequence and on atimely basis.



For all projects, implementa-
tion needs to be checked to
verify that

1.

2.

Tasks are being accom-
plished properly
Schedules are being fol-
lowed and achieved

Costs are being contained

within their established
upper limits
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On small projects, the project manager is directly involved with day-to-day detailed
activities and continually monitors the project's performance to verify that (1) tasks are being
accomplished properly, (2) schedules are being followed and met, and (3) costs are being con-
tained within their established upper limits. On larger projects, this function is performed by a
person or group of personsin a project office. Monitoring and controlling alarge project or pro-
gram in great detail is a major effort.

Periodic review meetings are held to see if the project documents are being interpreted cor-
rectly. Changes may be considered during these meetings. Detailed documentation concerning any
changes is prepared and distributed to all parties involved in the changes. Here again, it is the
responsibility of the manager to approve, deny, or reviseany proposed changesthat will affect tasks,
schedules, or budgets. No small detail can be neglected because it could affect the entire effort.

Beforeinitiating activity 5 (Produce and Evaluate Product), the manager must initiateman-
agement subtasks, including the following:

»  Assign project personnel to tasks
*  Hire additional personnel as needed
*  Hold project indoctrination meeting(s) for newly assigned personnel
e Sign contracts with selected contractors
*  Notify materials vendors regarding start of contract
e Coordinate and obtain permits
e  Acquire safety equipment required by OSHA:
hard hats, safety ropes, safety glasses, and specia tools
»  Select and obtain work space furnishings, fixtures, and equipment
provide first-aid kit
obtain outdoor toilets
rent or |ease supervisor's trailer if necessary
e Purchase tools, construction supplies, and materials
e Occupy work space
Construction (or manufacturing) can now be started. Some planners prefer to identify the above

set of management subtasks as a separate task. They include it as the first task on the Imple-
mentation Phase schedule prior to activity 5.

Activity 3B: Organize the Team into Task Groups

The project manager must now accomplish the following:

e Hiresemiskilled people to replace the creative people and the cost estimators.

»  Discharge most of the creative people and some cost estimators, or pass them on to new
projects. (See activity 9.)

e Conduct indoctrination meetings for al team members.
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When construction personnel are involved, they should be treated as part of the team, even
though they may be contractors or subcontractors.

On Saturday, ementati
signs team members o a )
ments. She then intervi
contractors and suppli

Activity 3C: Assign Each Group a Set of Tasks to Perform

PLANNING AHEAD ~ The project manager, with the assistanced others, converts al the documentation developed
during the Design Phase into tasks for each team and contractor (This conversion could be done

during the Design Phase.) The project manager is responsible for making sure that each group un-
derstandshow its assigned tasksinteract with the tasks assigned to other groups and the contractors.

1y afternoon in March. Alice expla
and schedule siuvenn 1 ngure 5.2. She notes that EHery, Klm, clllu. Jjose
some support during the framing and plumbing tasks. The remaind
fers to take turns assisting the assighed personnel, based upon t
and obtaining transportation to Bedford. A bus schedule is obtained and distributed.

¢ plumb
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vendors must be contacted to
determine if Lhey are still
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bid.
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Activity 4: Prepare to Produce the Designed Article

The Implementation Phase has been initiated and funds are available that can now be
committed. Vendors must be informed, and their delivery dates must be confirmed.
Construction permits, requested in advance to allow the town committees to review and com-
ment on them, must be obtained before the start of construction. On-site temporary facili-
tiesfor the construction workers must be provided. Now construction and/or production can
begin.

Activity 4A: Define Vendor Schedules and Deliveries
Types of vendors include these:

e Profit-making companies that are incorporated

e Groups and individuals "doing business as" (DBA) themselves

e Independent contractors who prefer not to incorporate but to work as sole proprietors

*  Nonprofit organizations, such as a vocationa school

Various state and local agencies and departments watch over each type of vendor to ensure that
vendors perform only that type of work for which they are licensed.

Contractors providing labor, materials, and expertise must be contacted (by telephone,
letter, fax, or e-mail) to determine if their bid is still in effect—and at their quoted price.
Vendors providing supplies and services must be contacted to determine if they are still avail-
able at the price they bid. It is also vital that labor, materials, supplies, and services be
provided on time and at the quoted prices so the project can be completed on schedule and
within budget.

Activity 4B: Sign Contracts with Contractors and Vendors

Contracts identify, in a legal manner, the participants in the project, and the respective
responsibilitiesof those participants. The contractor and vendor contract or purchase order typi-
cally contains the following information:

e Responsible persons: their names, organizations with which they are affiliated, and
addresses

e Contract costs and authorized signatures

*  Applicable reference documents and warranties

e Material or services to be provided

e  Schedule of performance and progress payments where applicable

Thesignatoriesto contractsinclude thefunding source (optiona), the prime contractor, and sub-

contractors. (See appendix D.) Vendors usualy receive purchase orders from the prime con-
tractor or a subcontractor.
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For projects involving work
on land and buildings, con-
struction and other permits
must be oblained in a fimely

manne; Y & 2
anner so that they are Gt

able when construction is
ready to Start.

Temporary facilities, such as
work space, office space, and
storage space, must be pro-
vided at a new construction

or manufacturing site.

It istl id Friday
eastern University treasurer meets with Protessor Hulhert and th
and vendors who can attend. The participants sign, and are give
contracts. The lumber vendor brings sandwiches for al and invite
the lumber yard. The vendors who could not attend this meeting

SI§ itracts. T

Activity 4C: Obtain Applicable Construction Permits

For projectsinvolving work on land and buildings, construction and other permits must be
obtained. The length of time required for processing applications for these permits must be
known in advance because any delays will cause work slippage. Thus, the project manager or
other team member assigned to the task must request applications from the appropriate licens-
ing boards or other governmental agencies in a timely manner. In this way, the actual permits
will be available when needed.

In some situations, the government officials involved must inspect the property prior to the
issuance of permits. They must also inspect the work in progress and perform code inspections
to certify that the work is being performed according to the applicable government rules and
regulations and the information stated in the permits.

Many of these rules and regulations overlap or require interpretation. Thus, it is necessary
for the project manager to coordinate the actions among the various government agencies because
overlapping authority and disagreement may exist. At times, face-to-face meetings must occur.
Then the various government representatives can agree on an acceptable solution to conflicting
reguirements, and the project can continue.

Fortunately, during the early days of th | of the per-
it forms required had been obtained by A immedi ately

Activity 4D: Provide Temporary On-Site Facilities,
Tools, and Equipment

Temporary facilities, such as work space, office space, and storage space, must be provided
at a new construction or manufacturing site. Portable toilets and first-aid facilities must also be
provided for theworkers. Furnishings and fixtures for use by contractors, such as desks and chairs,
are necessary, and they should be included as a part of the cost and schedule estimates devel oped
during the Design Phase. OSHA-required safety equipment must be determined and purchased.

Also, tools and other suppliesrequired by the project team must be ordered and purchased,;
these should be so noted in the task descriptions and accompanying budgets. Temporary tele-
phones and electrical power connections must be provided viathe local utility companies.

Decisions regarding renting, leasing, and purchasing the above items are a part of the
Design Phase planning for the Implementation Phase. Any last-minute changes in these plans
must be made before construction and manufacturing can begin.

Note: If management tasks and subtasks are extensive, then they should be inserted here.
See page 127.
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Activity 5: Produce and Evaluate Product

For complicated devices and Finaly, the time has come to actually start construction. All of the planning must now

software, proof of perfor- result in aquality product, constructed in a timely manner, in accordance with the Design Spec-

mance may be accomplished ification, and within budget. Every project will be different; some of the problems encountered

by first constructing one item, . . . L
are included in the activity center example (see activity 5A below).

known as a prototype. M anufacturing occurs when quantities of the same product are produced (Kaplan, 1993). For
complicated devices and software, there are times when proof of performance must be accom-
plished by first constructing one item (activity 5B). That item is often referred to as a prototype
of the production units that will be fabricated later, once tests of the prototype are successful.

After prototype construction, evaluation, and revision where necessary, production can

begin. The first production models (activity 5C) are evaluated to ensure that al new production
tooling and procedures are performing as designed. Larger production items are tested as sub-
assemblies prior to final assembly

Activity 5A: Fabricate and Evaluate Prototype Model (if necessary)

Activities 5A and 5C apply to the fabrication and evauation of severa items of the same

Prototypes may be con- design. These activities do not apply to the activity center, unless the team decides to construct

structed (1) to verify design

. a scale model.
assumptions or {2) to test pro- L . . .
duction techniques. _ For production items, prototype construction may be required for either one or both of two
major reasons:

1. Design assumptions and costs may need to be verified.
2. Production techniques may need to be tested.

Sometimes these two "' proof via prototype™ reasons occur sequentially (figure 5.3). When the
costs of production tooling are excessive, then the production techniques are improved via the
first production models, as discussed next and in chapter 9.

Prototype construction provides a model that allows for verification of the design draw-
ings and accompanying specifications. Human factors— how humans and the product (hardware
or software) interact— can also be tested. How the operators behave under stress or when they
are tired can be determined by simulating problem situations and applying them in a sequence
that causes operators to experience stress and fatigue.

Prototype units can also be tested in laboratories under simulated operating conditions to
verify that they meet performance specifications. Environmental tests include shock and vibra-
tion, also known as "' shake, rattle, and roll™ testing. Temperature and humidity variations can
also be simulated; salt-spray testing—to determine resistance to corrosion — may be performed.

Field conditions may be simulated by using the prototype unit in a location that closely
approximates the environmental extremes to which the production units will be exposed. It is
not possible to test for every variation that can occur. However, experienced professionals can
often predict what may occur during extreme conditions by extrapolating from the test results.
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Figure 5.3 Prototype
development and
evaluation

Whenever possible, a produc-
tion protolype is constructed
using the same or similar
techniques equipment, and
processes that will be used in
final production.

As the product s about to be
fabricated, the physical condi-
tions needed for efficient pro-

duction Must be reviewed.
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Whenever possible, a production prototype is constructed using the same or similar tech-
niques, equipment, and processes that will be used in final production. This approach may be
expensive and/or time-consuming. Thus, decisions regarding the techniques, equipment, or pro-
cesses to be used in final production require the advice of experienced manufacturing personnel.

Activity 5B: Fabricate the Designed Article

Fabrication of a product may require preparing a site or building space. Room must be
provided for the work about to be accomplished. Revisionsto the existing site must occur before
fabrication can begin. Environmental impact may need to be assessed, and measures to protect
the environment may be required. Material storage areas may be needed. Security needs will
have to be assessed to eliminate— or at least control — theft.

The workers involved on a project vary greatly in their need for supervision. Some work-
ers have performed the same type of work so many times that they may need only genera
supervision. However, with the advent of monitoring environmental impact upon the location,
additional training of these workers on environmental issues may be required.

Aswork progresses, the designated tasks are performed. Budgets and schedules areclosely
monitored to ensure that the Implementation Phase plans are either followed carefully or mod-
ified to fit the actual need.

The site for the activity cent
s, who hlave removed the topsoil
thitrd-year civil engineering stucent, Josephand Manuel survey the Toundation area,
acfine the location ot the foundation corners, and install the batter boards. (See
appendix B.) Then the foundation contractor arrives with the excavation equipment
and digs the hole for the foundation. Fortunately, no ledge is encountered.

Tho iorms for the foundation spreacl foolings arc then constructed and braced:
the cancrete slump is tested; the footing is then poured. A iew days later, the foln:
dation and chinney iorms are installed. 1he foundation concrete is slurlip-tested
and then poured. Plastic drain pipe and pea stone arrive and are placed around the
foundation footings. The pipes are then connccted to an existing storm drain.

A few days later, the foundation iorms are removed. Six inches of hay is
firmly packed on top oi the pea stone by Kim. After the foundation buter walls
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The learning curve refers to
the ability of operators to gain
in productivity as they learn
how to use tools more effi-
ciently and as they gain dex-

terity.

The last steps in manufactur-
ing items involve ingpecting,
testing, and shipping them
promptly.

Figure 54 The learning
curve
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Activity 5C: Produce and Evaluate Items
to Be Produced in Quantities

The production of many identical items requires additional planning. The first few mod-
els require more time to manufacture; later ones benefit from the learning curve (figure 5.4).
Production specialists are responsible for including learning-curve information in their Design
Phase estimates of production costs.

A learning curve can be graphed as a curve of productivity versus time. When an individ-
ual is starting to learn to operate a machine or to perform an assembly operation, the level of
performanceislow at first until level A is reached. As the operator gains experience, the level
of performance increases from level A to level B. This change is caused by increased experi-
ence and familiarity with the tooling and processes. Further experience gradually improves the
rate of performance from level B to level C. This change is caused by increased dexterity. Ad-
ditional experience will lead to a minimal improvement in performance from level C to level
D. After level D, the improvement in performance is negligible. If greater productivity is de-
sired, a change in manufacturing technique, procedure, or equipment is required. When proto-
types are built, different manufacturing techniques can be tested and evaluated to determine the
most productive ones.

The last tasks of a manufacturing plan involve inspection, testing, and shipping.

1. Inspection is usually done near the production facilities so that defective items can be
quickly returned to the production group for correction and adjustment. For simple items, only
selected samples are tested; however, for complex items, each manufactured example is thor-
oughly tested. The tolerances, which are the deviations alowed from the design-specified val-
ues, are established during the Design Phase. Measuring equipment must be available to check
any variations from the tolerance values specified. The selection of inspection and test equip-
ment is done by quality control specialists.
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2. Tegting may involve using equipment to verify that it meets all performance specifi-
cations. Pilot units may he used to establish that the manufacturing personnel correctly fabri-
cate and assemble the equipment.

3. Shipping isan additional factor to be considered in preparing products. For small, del-
icate items, shipping materials are available to protect them from being damaged in transit. For
large, delicate items, crates are often used to protect the equipment. Recording devices can be
installed in these crates to record the time and amount of shock and vibration so that the loca-
tion where damage occurred can be established (since time can be converted to location).

The Lmplementation Phase may apply to units, devices, or systems and procedures. Where
large-scale manufacturing isinvolved, the Implementation Phase is often divided into three sub-
phases shown in figure 5.5:

1. Construction: Fabricate sample items and evaluate results. Only one or afew items
may be constructed. These items are normally referred to as prototype models or pilot runs.

2. Production: Manufacturea significant quantity of items. Several or many items may be
constructed. A manufacturing line may be designed and established to produce large quantities of
the chosen item in order to apply the learning curve concept to cost and schedule efficiencies.

3. Employment: Operate and maintain items. A simple example of egquipment employ-
ment is a copier machine. The equipment manufacturer and/or copier seller perform both pre-
ventive and emergency maintenance. These machines may beleased or purchased from the man-
ufacturer's or distributor's sales office.

Some engineering texts consider employment to be a separate phase following delivery.
This makes sense because different parts of the company, or different companies, may provide
the operation and maintenance services. (See activity 7.)

Production tooling is evaluated through exhaustive testing of a significant quantity of the first
items off the production line. A balance must be achieved between the cost of this testing and the
loss of reputation and business caused by products that do not meet specifications or customer

P ¥N“-N-|N 8 99} expectations. The manufacturer may have placed higher expectationsin tbe mind of the customer, via
product marketing and advertising, than the product is able to deliver. Thus, there must be significant
coordination between marketing and engineeringif the customer is to recelve what is advertised.

Automobile recalls are a result of insufficient product testing under very specific condi-
tions. The incorporation of the technique known as ""tota quality control” greatly reduces
manufacturing errors. The technique stresses the importance of doing things right the first time.
Total quality control must be included at the beginning of the design process to reduce the
occurrence of design and production deficiencies.

fabricate one or more items

proauctio -
manufacture a ¢ of items




A Change Notice is prepared
when changes are being made
to the original design plans
during implementation; these
changes must be documented.

All those involved should par-
ticipate in the discussions
about changes so each person
(or group of persons) realizes
the effect of changes upon the
project. This is known as
bottom-up management.
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It is desirable to minimize the need for storing and maintaining large inventories. Large
inventories require increased space and additional financial investment. A scheduling technique
known as " Just-In-Time Performance” can be applied. Thistechnique providesfor shipping the
needed components at arate just equal to the rate of consumption. Only a very small inventory
is required to continue the operation of the assembly line in a smooth and effective manner.

Activity 6: Revise, Review, and
Deliver Final Documentation

During implementation, documentation corrections are often neglected. Sometimes changes
are decided at the construction site and are approved verbally. People are busy and may neglect
to prepare a formal change notice. However, any documentation to be delivered to the customer
must represent the actual, final product. Therefore, all documentation should reflect the changes
made at the site.

A portion of the delivery may contain materia that has been purchased from a vendor and
that is under warranty. That warranty must be passed on to the customer so that the customer
can directly contact the vendor without bothering the project's parent organization.

Activity 6A: Correct Working and Detail Drawings

A Change Notice is prepared when changes are being made to the origina design plans
during implementation; these changes must be documented. This noticeis sent to all those in-
volved in design, construction, or manufacturing, and to the person or group in charge of doc-
umentation. It may bc initiated by the design group, the construction organization, or the man-
ufacturing organization. A meeting of al involved personnel may be necessary to explain the
need for the change and to further explain how the change is to be implemented.

During construction, changes may be required that could not be predicted in advance. Bud-
gets may have to be changed; however, the total dollars should be kept close to or within the
contracted amount. Tasks and schedules may have to be revised. These changes are the re-
sponsibility of the project manager and, in much larger projects and programs, the project con-
trol people. Whenever possible, al those involved should participate in discussions. In this way,
all persons (or groups) realize the effect of changes upon their part of the project. Thisis known
as bottom-up management, which is discussed in section 6.3.
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Clients should receive docu-
ments that assist in the use of
the product. These include

instruction manuals and main-
tenance specifications.
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Activity 6B: Deliver Implementation Phase Documents

For the Implementation Phase, the completed documents to be delivered to the clients for
their use are (1) instruction manuals, (2) warranties, (3) maintenance specifications, and (4) As-
Built Plans. The content of these documents is described in section 5.3.

A package of the corrected Working and Detail Drawings (activity 6A) has been gathered
together. It must be accompanied with written material that (1) describes what changes occurred
during construction (or manufacturing), and (2) explains why these changes occurred. Thus,
both the client and the funding source(s) will have documentation that is correct and up-to-date.
Included are explanations regarding the changes that occurred during the Implementation Phase.

Examine all change notices and incorporate information on the revisions in the documen-
tation being prepared for delivery to the client and/or funding source(s). Review all construc-
tion or manufacturing drawings for changes that were not properly documented with change
notices. Insert these changes into the proper place in the overall documentation. It may be nec-
essary, during more formal and large projects or programs, to issue additional change notices
upon construction completion to document all changes.

Once the product is deliv-
ered, manufacturers need to
provide repair service. Some-
times even modifications are
made to the product to ensure
customer satisfaction.

a table in the loaned tra

Activity 6C: Deliver Warranties and Associated Invoices

Promptly after receipt of goods, you must obtain warranties and copies of the applicable
invoices that verify proof of purchase by you or your team. Thus, if an item that you have pur-
chased fails, it can be repaired or replaced by the original source or manufacturer — usually with-
out an extra cost to your team.

For companies that look forward to "'repeat budness' as well asfor good recommenda-
tions from their current customers to attract new customers, it is desirable to ensure customer
satisfaction. This can be accomplished by trying to meet the following criteria:

*  Support warranties faithfully
e Perform design revisions that improve the product
*  Prepare service contracts for product maintenance

A satisfied customer usually speaks well of the team who performed the work; that customer
will recommend the team to others. If modifications to the equipment or software lead to more
use of product and more flexibility in its use, follow-on contracts are likely to occur.

Many manufacturers provide servicing of products. This work may be covered by a ser-
vice contract. Such a contract may cover both periodic and emergency maintenance and repair.

Warranties should be clear and specific. The equipment now belongs to a user who may
not want to be concerned with its maintenance and repair. For continuous and reliable equip-
ment performance, most users are willing to purchase a service contract from the manufacturer
rather than having to maintain that equipment within their organization.

As con ed the responsibility of gathering
together all warranties and instruction manuals and filing them for fater delivery to
the town oi Bedford. She soan learns to also obtain and copy the applicable invoices
before they are sent to the university for payment. | he invoice copies then become
a part of the documentation package to he delivered to the town oi Bedford.



Delivery formally occurs
when the applicable docu-
ments are signed. The associ-
ated paperwork transfers the
responsibility for, and owner-
ship of, the project to the cus-
tomer for whom it was pro-
duced.

PLANNING AHEAD}
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Activity 6D: Deliver Final Product and Instruction Manuals

Delivery is considered to be an instant of time at the end of the Implementation Phase.
There are three conditions associated with delivery:

1. Delivery may be refused by the customer until al questions and misunderstandings are
resolved.

2. Dédlivery may be "conditional" while customer-requested revisions are being completed.
3. Delivery may occur with acceptance by the customer.

Delivery formally occurs when the applicable documents are signed. The associated paperwork
transfers the responsibility for, and ownership of, the project to the customer for whom it was
produced. This delivery and acceptance should include payment, or an agreement to pay, for
the work satisfactorily accomplished.

Where manufactured products are involved, the customer may inspect the product at the
customer's plant. This function is known as incoming inspection.

When the product is either large or complicated, then the customer may prefer to have a
quality control inspector at the manufacturer's plant, as shown in figure 5.6. Thisis known as
"inspection at the vendor's facility.” Thus, necessary changes and/or repairs can be performed
at the vendor's manufacturing facility withoutinvolving extrashipping costsand significant time
delays.

It is very important to realize that the customer often accepts individual items or por-
tions of a project as they are completed. Customer reviews may also have been a part of the
design and development process. However, when it is time to deliver the product(s), the
results may not be acceptable to the customer. Unplanned changes may be required to satisfy
the customer.

A strncture, equipment, or item of software often appears different once it is completed,
even if the item accurately implements the drawings and specifications. Some people have a
difficult time visualizing an outcome. They may have an idedlistic picture in their mind re-
garding results— fantasy versus reality. For these customers, scale models and prototypes can
be helpful.

Those persons accepting delivery may believe they were going to receive something dif-
ferent from the item(s) constructed. The project manager must apply personal skills to convince
the customers that they have received the items for which they contracted. The aternative is a
legal battle that may consume considerable time and funds. Thisis another reason why itisim-
portant to continually involve the customer in the development of a project.

vendor user
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Customer satisfaction can lead

to more opportunities for an
organization that wants to be

profitable and grow in
and reputation.

service

Prior to asking a customer to accept a project, one or more team members must review the
plans and specifications to ensure that the completed project actually complies with them. They
must place themselvesin the shoes of the customer. I n this manner, the team is trying to avoid sur-
prises when it requests customer acceptance. Persons who represent the customer may be involved
because they will later be accepting responsibility for the finished product or project.

Delivery may have occurred satisfactorily. However, on initially working with the deliv-
ered project or items, the customer may decide that some portions are not performing as ex-
pected. Whether the contractor should assist in the desired (or even demanded) changes at no
cost is a difficult decision. Some loss of profit may be less costly than an extended legal bat-
tle. There is also a possible loss of follow-on business as the result of a poor, even if unde-
served, reputation for the project team.

Examine the following unfortunate example: The prime contractor for a military mobile dig-
ital computer system designed and tested the computer. Another company, under a separate gov-
ernment contract, designed and constructed the tape drive to be used with that computer and with
other government computers. Contractually, thefederal government accepted responsibility for the
two separate specifications. However, when the computer and tape drive did not operate together
properly, the federal govemment blamed the prime contractor. The prime contractor then had a very
difficuit time obtaining contracts to supply mobile computers to other federal agencies. The prime
contractor was perceived to be at fault because of the failure of the computer and the tape driveto
operate as one system. Thus, perception and reality may bein con ct. Someone must decide: Is
the customer always right? and How will other potential customers perceive the problem?

Customer satisfaction can lead to more opportunities for an organization that wants to be
profitable and grow in service and reputation. Recall that any project or program, from selec-
tion to delivery, consists of four relatively distinct phases. Conception, Study, Design, and Im-
plementation. Note that, in each phase, documentation has been stressed. This helps to ensure
that there are no unhappy surprises.

Lawyers are retained when people do not agree on the interpretation of documents. There-
fore, it is vita to prepare brief, smple, yet complete documentation so that a project can be
successful, satisfying all those involved. The funding sources, as well as those who will formally
receive delivery of the project and its documentation, must especially be satisfied with the results.

Mr. Williams, who 1s superintendent of the Department of Public Warks (DPW)
for, the town oi Bedford, visits the site of the aclivity center from t'rnc to time. Roger
and Alice soon learn that ai least une of them should be available to answer any of
his questions. At ea he is shown the changes to the drawings and specif ca-
tions so that the tea ured that they will be acceptable to him at “delivery
tirne." 1 le advises team members on how he would prefer delivery of the warranties
and accompanying invoice copies I0r easv use by town employees.

It is late Scptemhcer. 1he activity center project s complele. Building inspec-
tors perform the final inspections, verifi \ng that the completed structure conforms
with all applicable local, state, and national huilding codgl§. The team receives a
verbal commendation irom the inspectors for a job well clone.

A plaque is designed with the names of the Northeastern University team mem-

be tivity center bencfactors, and the town oificials. A friend of Ellery’s offers
lo the plague in time for the formal activity center delivery. Mr. Williams is
ca the date for formal delivery of the activity center is established.

Activity 7: Operate and Maintain
Customer-Contracted Items

The responsibility for maintenance and repair of one item or product (such as an aircraft)
or many items (such as copier machines) becomes an important income opportunity. If a group



A contractor can plan for both

preventive maintenance and

random maintenance, and it

can estimate the number of
and supervisors re-

quired.

On completion of the work,

all involved individuals
should meet and review the

work and the
problems that arose during .

implementation —known as
lessons learned.
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of students from a technical school, college, or university construct an item, then it must be
agreed in advance that the educational organization will not be held responsible for maintenance
and repair. (Why? Once the individual students have graduated, their skills and knowledge are
no longer available.) For situationsin which an existing company wishes to service its prod-
ucts, then a separate maintenance division or a separate service company may already exist or
must be formed.

Maintenance is grouped in two categories:

1. Routine preventive maintenance, to ensure that the equipment operates as designed and
that worn parts are replaced before they fail

2. Random maintenance, which cannot be predicted in advance but can be estimated on a sta-
tistical basis
A contractor can plan for both preventive maintenance and random maintenance, and it can es-
timate the number of employees and supervisors required. However, there will be times when
two or more random failures will occur at the sametime. A good reputation is earned when ef-
fective routine preventive maintenance prevents such simultaneous multiple random failures.
Thisis not an easy assignment for afirrh

Activity 8: Review the Results
of the Implementation Phase

When people are busy working on a project, they may miss some important learning op-
portunities. "It is difficult to see the forest for the trees.” On completion of the work, all in-
volved individuals should meet and review the work accomplished and the problems that arose
during its implementation — known &s lessons learned. Such a meeting should not be an op-
portunity for individuals to blame others for the problems that had to be solved. Rather, the
group should focus on what to do differently so the next project with which they are involved
will flow more smoothly.
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Good public relations may be
achieved if an open house or
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some kind of ceremony oc-

curs to mark the f,,,,5) deliv-

€

ry of the

project.

Activity 9A: Prepare Public Relations Material

Good public relations may be achieved if an open house or some kind of ceremony occurs
to mark the formal delivery of the completed project. Speeches, ribbon cuttings, buffets, or even
banguets are an opportunity to focus public attention on the completed project and to thank the
workers, managers, and funding sources involved in project development. Photo opportunities
may also be planned so a visual record of delivery and acceptance exists.

An open hous activity center is held to transfer
the facility. Town ¢ representatives from the and sup
ive Northeastern facuny auend. f brief Ceremony occurs wiere respunsmity 1w
the activity is transferred from the team members to Lhe town
The docun transfers responsibility to the town is signed, anc ¢
ers a box to Mr. Williams that contains these items:

. ~0d recent copy ot the Fro
A con it of corr

A buffet—paid for out of tt

svansana ta aniog

tudents request Mr. William D*Annslfo to step for
hrm a certiticate of appreciation that they have secretly pr

Activity 9B: Offer Presentations to Prospective Customers

Prior to completion of any current project, new customers are needed. Individuals who had
been active in the Study and Design Phases and whose abilities could apply to similar projects
can be transferred to a sales and marketing group so they can pursue new business opportuni-
ties together. Presentations are planned, rehearsed, and given to potential customers. These cus-
tomers may sometimes want to examine previously completed projects. Permission should be
requested from previous customers for site visits by the potential new customers.

Activity 9C: Construct Speculative Products

In some instances a contractor will build a structure without having an identified buyer.
This is known as building on speculation. It means that
*  The builder's business " contracts” with itself
*  The builder defines what is to he built
e The builder obtains the financing
For example, software programs can be devised by individuals, groups, or companies on spec-

ulation. These programs can be demonstrated at conventions or seminars. Mailing lists may be
purchased, and advertising literature prepared and sent to potential customers. Follow-up calls
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are then made to determine if potential customers are interested in purchasing the software. For
more complicated software programs, demonstrations of software at a potential customer's
location may be planned and made via a so-called mad show.

SECTION 5.3

Although the project docu-
ments from the Design Phase
define the project, implementa-
tion, of course, never perfectly
proceeds according to what is
described in them. Thus, Con-
tract Change Notices (CCN5s)
and Engineering Change
Notices (FCNs) are prepared,
& approvals to modify the
design are obtained.

During the Implementation
Phase, documents need to be
prepared to deliver to the
client. Most important are in-
struction manuals, which de-
scribe how to use the product.

IMPLEMENTATION PHASE DOCUMENTS

During the Implementation Phase, implementation or construction proceeds with the Produc-
tion Specification and Working and Detail Drawings as a guide. Implementation, of course, never
perfectly proceeds according to what is described in the above documents. Thus, Contract Change
Notices (CCNs) and Engineering Change Notices (ECNs) are prepared, as approvalsto modify the
design or design approach are obtained. An example of a change is given in appendix E

The content of each of these documents is described below. The flow from the Concep-
tion Phase documents to the Implementation Phase documents is shown in figure 5.7.

As implementation progresses, the approved Contract Change Notices are gathered. The
Working and Detail Drawings are modified to agree with these design changes. Instruction man-
uals are written to explain how to operate and maintain the equipment. More meetings are held
to evaluate progress, more meeting reports (section 8.3) are written. These reports and modi-
fied drawings eventually lead to three Implementation Phase documents. At the end of the
Implementation Phase, the completed documents are the following:

1. Instruction Manuals and Warranties
2. Maintenance Specifications
3. As-Built Plans

The content of each ol these documents is described below:

Here is how to prepare the Instruction Manual s and Warranties:

1. Promptly after receipt of goods, instruction manuals must be obtained for each piece
of equipment that is a part of the implementation. For the other portions of the implementation,
typicaly those that the team devel oped as project-specific, the team must writeits own system-
oriented instruction manuals. These manuals might reference the manuals supplied by your ven-
dors, including page and paragraph number. When a simpler set of instruction manuals is desired
and al information is being gathered into one document, those parts of vendors manuals that
apply to the particular equipment or system can be extracted.

2. Promptly after receipt of goods, warrantiesfrom vendors must be obtained, and warranties
must he written for equipment the team developed. For equipment supplied by vendors, the team
must provide to the client copies of the applicable vendor invoices that show proof of purchase.
Thus, if an item that the project team purchasedfails, it can be repaired or replaced at a client's lo-
cation by the original source or manufaciurer—usually at no cost to the project team's firm.

The Maintenance Specifications are prepared for large systems during the Implementation
Phase. For small systems, maintenance information is delivered to the user in the form of one
or more manuals.

1. For large systems, a study is performed near the end of the Design Phase. It identifies

potential singlefailuresand potential multiplefailurescaused by thefirst (single) failure. Thisstudy ==

then leads to the outline and preparation of one or more interrelated Maintenance Specifications.
These specifications are often divided into routine preventive maintenance, which can be sched-
uled, and random maintenance whose need cannot be predicted in advance. (See appendix G.)

2. For small systems, copies of vendor-supplied maintenance and troubleshooting man-
uals are provided to the user. The designers may prepare an overview document that guides the
user to the proper vendor-supplied manuals and may also includeinterfaceinformation regarding
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Figure 5.7 Documents prepared by the end d the Implementation Phase

routine maintenance and random maintenance. This additional documentation ties together the
small system parts.

The As-Built Plansare prepared as follows:

1. All change notices must be examined and these revisions included in the documenta-
tion being prepared for delivery to the client and/or funding source(s). All construction or man-
ufacturing drawings containing changes that were not properly documented with change notices
should be determined; descriptions of each change need to he inserted into their proper place
in theoverall documentation. For large projectsor programs, it may be necessary toissue change
noticesfor any undocumented changes. (People who are busy working often forget to document
their changes.)



The As-Built Plans describe
the project as it was actually
completed, with all revisions
to plans included. These
plans and accompanying
records are valuable to the
client as help in using the
product and to the group that
performed the project.
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2. When a package of the corrected working and detail drawings has been gathered to-
gether, it must be accompanied with written material that describes the changes that have occurred
during construction (or manufacturing). The written material must explain why these changes oc-
curred. Thus, both the client and the funding source(s) will have documentation that is correct and
up-to-date and that also includes explanations as to why the changes occurred during the Imple-
mentation Phase. Appendix H lists the content of the Student Activity Center As-Built Plans.

Upon completion of a project, a final report should be prepared. It should contain a de-
scription of the project as it evolved and progressed. Tt should also include information regard-
ing how the final design became the specific product that was implemented. The physical and
electronic location of al related data and documents should be noted if it becomes necessary
to refer to them at alater time.

SECTION 5.4 DEFINING PHASE COMPLETION
Thelmplementation Phaseis considered complete when dl of thefollowing are accomplished.
e  The documentation of the project implementation is complete.
e  The customer has accepted the project.
*  Final payment has been received for the project.
Now the project team can be disbanded. The team members can go on to a new project.
SECTION 5.5 ACCOMPLISHMENTS OF THE SYSTEMATIC APPROACH

As areview of chapters 2 through 5, a systems approach to a project requires that you ac-
complish the following:

»  Formulate the problem versus its symptoms, recognizing the real versus percelved scope
of the problem (Conception Phase)

*  Anayze the data (Conception Phase)

. Search for alternatives (Conception Phase)

e Evaluate aternatives (Study Phase)

e Devise asolution (Design Phase)

*  Implement the solution (Implementation Phase)

e Review the results (Implementation Phase)
Projects that operate by methodicaly applying a systematic approach will more likely

achieve all three of the following desired outcomes:

»  Complete al assigned tasks

*  Remain on schedule

e Complete the project within budget

Projects are more successful when they are approached and performed in a systematic manner.

CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter, you should be able to:

1. Define the purpose and goa of the Implementation Phase of a project.

2 Explain the tasks involved in the Implementation Phase of a project and the activities or
steps through which these tasks are performed.
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10.
11.

12.
13.

14.

Describe ways in which money needed for projects is typically obtained and delivered.

Explain how documents prepared during the Design Phase are used in the Implementation
Phase.

Describe tasks that are typically part of the Implementation Phase and how they are
assigned.
Describe the role of the project manager during the Implementation Phase.

. Explain why periodic meetings areimportant during the Implementation Phase of aproject.

List common tasks that should be accomplished before actua implementation or manu-
facturing begins.

Describe what prototypes are and why they are developed.

Define the learning curve, and explain how it relates to manufacturing production.

Describe the documents that should be prepared for the Implementation Phase and which
should be delivered to the client.

Define " delivery" of a project, and describe what problems may occur at that stage.

Outline the responsibilities and opportunities for a supplierfmanufactucer after the deliv-
ery of a product.

Explain why a review meeting at the end of a project is important.

EXERCISES

5.9

Revise the Purpose and Goal statement given in section 5.1 to match each of your op-
tionsfor a class project.

Carefully examine the activities listed and described in section 5.2. Adapt them to each
of your options for a class project.

Review the Design Phase effort with all team members. Develop any required addi-
tional Implementation Phase details with the assistance of all team members. Organize
theteam into task groups for the Implementation Phase, supported by personnel whose
Implementation Phase skills are necessary. Assign each group a set of Implementation
tasks to perform.

Develop an applicable CCN form and procedure for your project.

Contact selected vendors about exact schedule and delivery dates. Verify that all fed-
eral, state, and local requirements are being achieved. Sign contracts with all involved
parties.

Document the Implementation Phase changes. Gather together and deliver warranties
and applicable invoice copies. Review the results of the Implementation Phase.

Formally deliver the final product with its appropriate manuals and warranties. Termi-
nate the Implementation Phase.

Describe how you would supervise contractor workers versus how you would super-
vise your other team members.

Describe how you would determine the optimum time to terminate the | mplementation
Phase.

Write afina report for your completed project.

Write a paper describing what you have learned from your project. Indicate how your
effort has improved your technical and personal skills and how this effort has affected
your choice of a professional career, if applicable. Revise your resume to reflect your
newly acquired skills and experience and, if applicable, a change in your career
direction.
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. What are the four key responsi-
bilities of managers?

. How do the role and responsi-
bilities of a manager change
over the phases of a project?

. What is a typical organizational
structure? What is the role of
each group in the organization
in project planning, perfor-
mance, and implementation?

. What are the two main styles of
management, and how do they
differ? What are the advantages
and disadvantages of each?

. How much should managers

consider individual skills and in-
terests in choosing people to as-
sume certain roles in a project?

. Why are performance reviews

important, and what are the var-
ious ways in which people can
be evaluated?

. What are spreadsheets, and how

can they be used by managers?

. What are common databases,

and how can they be used by
businesses?

. What are the responsibilities of

project and program managers
during the performance of a
project or program? What is
their role in controlling and re-
viewing the project or program?

deliver initiate

project potential

results project

investigate

develop design design construct

ideas options product product
conception _study implementation
- P J Rk P P l o s EE

Nothing is impossible if you do not have to do it yourself.
Adapted from an A. H. Weiler New York Times memo
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-I-his chapter focuses on the skills, requirements, and responsibilities associ-
ated with managing a project. The skills required to manage projects, pro-
grams, and people, combined with technical knowledge, are in great demand.
Individuals who possess a combination of management skills and technical
knowledge are vital to the growth of business and industry, particularly those
organizations involved in highly technical fields. Much has been written on
this subject (Archibald, 1992; Badiru, 1991; Badiru and Whitehouse, 1989;
Chase, 1974; Farkas, 1970; Francks, Testa, and Winegardner, 1992; Lewis,
1991; Samaris and Czerwinski, 1971).

After you complete the study of this chapter, you should be able to ac-
complish the following:

¢ Identify management functions, organizations, and styles.
Select people to staff a project.
* Read a spreadsheet.
e Gather and organize information necessary to monitor and control projects.
e Understand the components of project and program control.

Duncan (1996) observes that both leading and managing are required; one
without the other is likely to produce poor results. Managing is primarily con-
cerned with "consistently producing key results expected by stakeholders."
That is, a successful manager contributes to the financial well-being of the or-
ganization. Leading, on the other hand, involves establishing direction, align-
ing, motivating and inspiring people —helping people to energize themselves to
overcome barriers to change. Success requires the participation of all members
of the team, but it remains the responsibility of managers to provide the re-
sources needed for the team to succeed.

There are several important questions regarding management functions,
organization, and styles. Each question will be presented below, with our opin-
ion as to the answers. For each question, the general answer will be presented
first, followed by a specific example from the activity center project (described
in chapters 2 through 5) where this is applicable.

SECTION 6.1

The group of people known
as managers must plan proj-
ects, organize them, encour-
age workers, and control
projects to ensure quality per-
formance within the allotted
time and budget.

MANAGEMENT FUNCTIONS

What is management, and what is the goal of management? These questions are discussed
in this section.

What Is Management? Management is the name given to the role of guiding and coordi-
nating the activities of a project team. The group of people known as managers must plan
projects, organize them, encourage workers, and control projects to ensure quality performance
within the alotted time and budget. Here are some details of the four key management
functions— plan, organize, encourage, and control:

Plan: Managers must ensure that a project moves smoothly and in its proper direction by
planning the work to be accomplished and selecting the appropriate personnel to perform
the work.

Organize: Managers must establish or enforce the useof standardsfor reporting and record-
keeping in order to approve the purchase of materials, monitor contract performance, and
control expenditures. Managers in an efficient organization need to examine reports and
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It is the responsibility of man-
agers to encourage team be-
havior on the part of their
employees. They also need to
promote training and growth
on the part of employees.

other records without expending a great amount of time and energy interpreting their con-
tent. Therefore, they need reports and other records presented in standard formats. If the
formats are already established, managers merely have to enforce their use; but if these
standards do not exist, the managers must develop them.

The manager of a well-organized project knows that written documentation is im-
portant. It is used to judge the status of a project as it develops. Managers must continu-
ally examine when to end a phase and when to initiate the next phase. They need to ask
questions such as this. How much time should be allowed for project conception, study,
design, and implementation? The longer the time a project requires—from conception
through delivery —the higher the costs. Yet enough time must be allowed to correctly
accomplish the regquirements of each phase.

Managers must participate in the development of contractual documents because the
final responsibility for fulfillment of the contract provisions falls upon them. Managers
must also recognize their lack of knowledge in certain areas and so obtain the consulting
services of specialists. Larger projects and programs often include an attorney and one or
more technical advisors on their staff to help with legal and contractual issues.

Encourage: Employees work best when they work well together, and they need to feel
that they are a part of the team. It is the responsibility of managers to encourage employ-
eesto perform as a team. Special courses are offered to technical managers to assist them
in becoming more sensitive to the needs of employees and to guide them in a positive man-
ner. Notice the use of the word guide rather than the word direct. As will be discussed in
section 6.3, guiding workers is a more effective approach than directing workers. Brown
(1992) offers the following suggestions for positive guidance:

*  Treat people fairly and honestly.

»  Give credit to those who assist yon in any way

*  Beconsistent—thatis, let people know what to expect from you.
Act in ways that avoid personal |oss or embarrassment.

* Beagood listener.

It isgenerally agreed that the training and growth of employees has a positive effect
on the growth of a company. However, there is a continuing debate in the field of man-
agement training regarding how, when, and where to encourage the growth potential of
their employees. Some texts state that excellent technical specialists should be offered
promotions that encourage them to increase their technical abilities. Other texts state that
excellent technical persons can be trained to become good managers. The how can be ac-
complished by offering employees both technical and management courses. The when can
occur during a formal performance review or during a meeting when the employee is re-
porting upon work status. The where may be company-sponsored training sessions at the
office or company-paid courses at local colleges and universities.

Control: Managers monitor and control contract performance (tasks, schedules, and bud-
gets) in order to see that the projects assigned to them are completed on time. They must
also provide a quality product, perform within cost, and see that the people involved con-
tinue to work well and efficiently together.

Managers control expenditures, which include payments to subcontractors, project
workers, and material suppliers. The manager of a project must know if actual expendi-
tures exceed the estimated expenses and the effect of any budget overruns on the ability
to complete the project. They must be able to judge the willingness and the ability of the
lending or sponsoring financial institution to cover such additional expenses. The manager
must continually compare the project expenditures with those funds allotted for the project
accomplishment.

Managers approve the purchase of materials in order to ensure that any significant
material purchase is at a price that agrees with the original estimates. Signature authority
can be used to control these expenditures. Tt is necessary to decide when to insist on
additional signatures and when that requirement leads to slowing down the project's



The manager must become a
skilled negotiator, as compro-
mises are often necessary to
achieve the overall project
goals. In such situations, the
manager may be acting more
like a politician.

The emphasis placed on each
of the four key management

functions —plan, organize, en-

courage, control— shifts dur-
ing the various phases of a
project.
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progress. The decision as to the level of signature authority required may change as the
project progresses from one phase to another.

In order to guide the progress of a project, managers must have access to accurate and
timely information, particularly regarding financial matters. The technology of today provides
the capability for automated computation and revision of financial documents known as
spreadsheets— thetopic of section 6.5. Managers must verify the performance of previously au-
thorized or approved labor, and they must obtain assurance that the material received from sup-
pliers agrees with the description on the purchase order; that is, the received material is correct
in quantity, cost, and quality. The manager must become a skilled negotiator, as compromises
are often necessary to achieve the overall project goals. In such situations, the manager may be
acting more like a politician.

What Is the Goal of Management? The goa of management is to obtain the optimum
quality output from individuals and groups by performing the four key management functions
for the least investment of time, money, and other resources.

All four key management functions are important. However, the emphasis given to each
of these functions may change from one phase of the project to another.

1. Theideas created and the work accomplished during the Conception Phase will set
the tone of the entire project. Thus, the manager must encourage al involved workers to be as
creative as possible. Planning the remainder of this phase and the tasks, schedules, and budgets
for the remaining three phases is also important but will be meaningless unless one or more
creative solutions for the project are devised.

2. The plansthat evolve during the Study Phase will directly affect the direction and cost
of the remainder of the project. Additional human and material resources are being applied at
this time; more will be required later. Planning now becomes important so all tasks are accom-
plished and the project stays within budget and schedule. Encouragement is still important be-
cause new ideas often evolve during the Study Phase. Organizing for the next phase is growing
in importance.

3. The Design Phase must proceed as organized. A plan must be prepared for the
Implementation Phase that is the most effective plan for the proposed design, even while the
design details are being formulated. Control assumes greater importance because the cost of re-
design will cause the cost of the project to increase greatly. Most designers need some super-
vision and encouragement so they will choose the optimum design details while not losing track
of the goal of the entire project.

4. Control is vital during the Implementation Phase. All theoretical work is now being
converted to actual practice. This phase seldom proceeds smoothly without careful control of the
tasks, schedules, and budgets being implemented. Workers must be encouraged to work within
the plan or else promptly report any needed revisions to the manager. The manager must
continually collect dataand comparetheresults of the project work with theexpected performance.
When a difference between the planned or expected performance and the actua performance is
detected, the manager must make the decision to modify the pattern of performance by adding
or removing resources such as people, money, or equipment. Organizing now becomes
reorganizing and should occur only when necessary. Additional planning should seldom occur
except when a detail of the original plan proves to be impractical.

The following explanation shows how the key management functions were implemented
for the activity center project, the example in chapters 2 through 5.

During the Conception Phase, Professor Hulbert encouraged the team and guided the ini-
tial planning. Organizing the team into small groups and controlling the time available were less
important. The team members gradually took over the role of managing the project, with Pro-
fessor Hulbert taking more of an advisory role as he realized that the team approach was oper-
ating successfully.
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During the Study Phase, Professor Hulbert first emphasized planning, followed by encour-
aging the team members to focus upon potential designs. During the Design Phase, he tried to
ensure that teams were effectively organized into groups capable of determining design details.

During the Implementation Phase, Professor Hulbert stressed the need to control the sched-
ule and monitor costs carefully so theteam would stay within the allotted time and budget. Much
of the actual management was taken over by Roger, the project team leader. Later Roger was as-
sisted by Alice, who oversaw the technical aspects of the activity center project.

Managing involvesboth people and paperwork. Peopl e prepare tasks, schedul es, and budgets.
Some people perform, other people evaluate, and other people ultimately accept the results—the
final product. Much coordination is required, even for a project as small as the activity center.

SECTION 6.2

In many corporations, em-
ployees are organized into
groupings known as staff, line,
and support. These categories
describe whether the groups
advise (d&ff), direct and per-
form (line), or provide support
activities for other groups.

showing staff, line, and
support functions

PROJECTORGANIZATIONS

This section addresses the following three questions:

*  How can people be organized to be productive and efficient?
*  How arelarge projects and programs organized?
. How isasmall project organized?

Organizations help managers fulfill the functions described in section 6.1. Organizations assist
managers in handling personnel and organizing projects.

How Can People Be Organized to Be Productive and Efficient? Any organization
that expects to survive and grow after all its existing projects and programs are completed must
consider the issue of preparing personnel for advancement. This is an important part of en-
couraging the personnel, who then will usually act as good team members and become both
more productive and more efficient.

For the organizational chart example shown in figure 6.1, Sales and Marketing (staff)
advises the president and executive staff regarding customers and competition. The Program
Office (staff) watches over programs being performed by the Research, Engineering, Manufac-
turing, and Quality Control (line) operations. Personnel and Purchasing (support) assist both the
staff and line groups.

A firm can organize each one of their functional areas by product line, customer type, or
some other type of grouping. For example, one major manufacturing firm i s organized according
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to type of product. It has a commercial division and a military or government division, each
one of which has its own functional divisions (i.e., manufacturing, sales, marketing).

Projects can emergefrom afirm's organizational structure or they may result from the good
idea of a manager, worker, or consultant. Regardless of who was responsible for the initiation of
a project, the project must be organized to encourage creativity and to promote the achievement
of the goals and objectives of the firm. The next section discusses a range of organizational forms
that are used for organizing projects and relating them to the parent organization.

How Are Large Projects and Programs Organized? Theorganization structure adopted
for a particular project will depend upon the firm, the project goals, and the size of the project.
Generally, it isrecognized that there are three basic organizational forms for projects. Most pro-
jects are organized according to some variation of the standard organizational structures.

Stand-Alone Project Organization This type of project organization is sometimes re-
ferred to as a pure project structure. In the stand-alone organization, the project is organized
similar to a small company. Figure 6.2 illustrates a program that consists of two projects
organized according to the stand-aone configuration. In this organization structure, the project
manager has full and total control of the project. Usually the project has a complete staff of
workers. Therefore, it is unnecessary to "borrow" individuals from other projects or from the
parent organization to complete the work. In small corporate organizations, the project manager
for a stand-alone project will report directly to the highest level of management. Evenin alarge
corporate environment, the manager of a stand-alone project will report at the vice president
level. The organization of a stand-alone project isusualy easy to understand —very flexible with
decentralized decision making, and a strong sense of team spirit.

Some of the features that are considered to be benefits of the stand-alone organizational
structure can become difficult to work within at some point in the life of a project. For example,
the sense of team spirit is good at the beginning of a project, but can be a problem at the end of
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Figure 6.3 Matrix
organization

a project's life. Why? The members of the team become so involved that they do not want to
see the project end. Also, sometimes stand-alone projects result in overstaffing. The utilization
of equipment that isaready available in the parent firm is avoided; the project personnel " want"
their own equipment.

Stand-alone projects are often focused on research with theintent of devel oping something
new for the firm, such as a new product or a new production method. This project organiza-
tional structure is used by many large firms for writing proposals to potential customers. As an
example, a mgjor defense contractor rented a vacant building that had been a supermarket and
assembled a team of several specialists to write a proposal to build a weapons system. The
project was performed entirely "off site" (away from) the parent firm’s buildings.

The Matrix Organization  Unlikethe stand-alone project, the matrix organization is highly
dependent upon the parent organization. The matrix organizational structure is a very popular
form of configuration for firms wih many projects that have very similar labor requirements.
Figure 6.3 illustrates the matrix form of project organization. Generally, in order to usethisform
of project organization effectively, there must be a project manager who is responsible for or-
ganizing and assisting in the implementation of the individual projects. Each project has its own
project manager. The parent firm is organized in such a way that functional areas such as man-
ufacturing, research, and engineering stand alone and provide a " home" for staff members who
have the respective areas of expertise. The managers of theindividual projects are provided with
a budget to complete the work. It is the job of the project manager to negotiate with each func-
tional area manager and obtain thetype of expertise needed to compl ete the tasks on their project.
For example, a project manager may estimate that she needs one thousand hours of software
engineering work to complete the software development aspects of her project. The project man-
ager would go to the Software Engineering Department manager and negotiate for one thou-
sand hours of work from the functional manager. For each of the tasks a project manager needs
completed, she will "buy time'" (purchase services) from the appropriate functional group. At
some point in time, it is pocsible in the matrix structure for the project manager to be the only
full-time person working on the project.

Similar to the stand-alone project organization, the matrix organization has one individual
who assumes the responsibility for completing the project on time and within budget, while




The president of a company
and executive staff must focus
on the long-term goals of the
corporation and prepare jong.
range plans, as well as moni-
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satisfying the customer requirements. The matrix organization has access to as many specialists
and areas of expertise as the parent organization. From an overall corporate view, the matrix-
management approach to managing projectsallowsthefirm to realistically plan for and organize
its resources.

There are some drawbacks in matrix-managed projects. The project manager is required to
continually negotiate with functional managers in order to obtain the required personnel for a
project. Individuals are not always available at exactly the time a project needs them. Schedul-
ing isa major challenge in most matrix-managed projects. Project managers are sometimes com-
peting for the same people, resulting in time-consuming politics and competition among the
project managers.

The Embedded Project Organization In some large organizations, it is common prac-
tice to integrate (embed) projects into the functiona departments of the firm. For example, a
project that involves some research may be assigned to the Vice President of Research and De-
velopment for completion. A project that has afocus on developing variations in existing prod-
ucts can be assigned to the Design Department. Projects organized according to their function
are generally "picked up™ (acquired) by the group that can provide the highest probability of
successful completion. Generally, projects are embedded in the line functions. Figure 6.1 illus-
trates a typical organization chart.

Projects that are embedded in a functional organization can very easily draw upon the
technical expertise of individuals employed within the organization. The biggest drawback to
having a project embedded in a functional division is that corporate-assigned work generally
takes precedence over the project tasks. Response to the client's needs may be less than enthu-
siastic within the organization. Most embedded projects are not in the mainstream of daily
activity. On the other hand, when a project is very important to the corporation, embedding it
in afunctional division will ease the scheduling of necessary resources to get the work done on
time. People with varying levels of expertise can focus on completing the work according to
the customer's reguirements.

Project Organization in Practice It is a very rare instance in which a project is
organized exactly as a stand-alone project, a matrix-organized project, or an embedded
project. Most projects follow a mixed organizational format. Usualy, well organized
project managers adopt the features that promise successful completion of the project. For
example, the manager of a project that requires substantial software development effort may
employ ("'bring on board") several software engineers for the life of the project. From the
software development perspective, the project may appear to be organized as a stand-alone
project. Other functions in the same project — such as manual writing and testing— may be
performed by individuals whose time is negotiated with their functional manager. From
the perspective of the manual-writing function, the project appears to be organized in a
matrix format.

The president of a company must organize employees into efficient and effective groups
and encourage the group managers to explore new paths for the corporation. The president must
focus on the long-term goals of the corporation. The president should insist first on planning
and must continually review plans to verify that they are either being followed or are being re-
vised. Control is exercised only when a group does not meet its goals. This often leads to re-
organizing, replacement of managers, or both. This management technique is known as man-
aging by exception.

Sadles and Marketing personnel are responsible for moving the products into the
marketplace, monitoring the marketplace, and investigating and planning new directionsfor the
corporation. They must also encourage the line groups—particularly Research and
Engineering—to investigate new technologies that will improve the corporation's positionin the
marketplace. . . .

Tﬁe Program Office personnel must plan, control, and verify the status of large projects and
programs. They often support Sales and Marketing in the pursuit of new businers opportunities.
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Figure 64 Organizational
chart for the activity center
project

The Personnel group, often known as Human Resources, retains employee records, in-
cluding periodic evaluation of al employees. They can help employees no longer required on
a project to find other work. They often provide employee guidance and encouragement in
developing new skills via either in-plant seminars or local college and university courses and
programs.

The Purchasing group buys needed materials, equipment, and supplies. Purchasing per-
sonnel should combine the purchase requisitions for common items needed across departments
into asingle purchase order. They can then negotiate the best price and delivery with suppliers
and verify the receipt of the ordered material. They often monitor the Engineering and Manu-
facturing line groups to encourage the use of common items.

The line groups of Research, Engineering, Manufacturing, and Quality Control are
responsible for the performance of day-to-day activities related to company projects. (Quality
Control should report to the president to ensure top management attention.) Line managers or-
ganize, plan, encourage, and control their workers as the workers perform their assigned tasks.

Other support gmups not shown on our simplified organization chart include Shipping and
Receiving, Accounting, and the president's executive staff.

How Is a Small Project Organized? The activity center project described in chapters 2
through 5 was a school project. It provides a good example of how a small project can be
organized. See figure 6.4. The team leader reports to a teacher or dean who is responsible for
encouraging, monitoring, and controlling the project as it develops. Theteacher or dean isequiv-
alent to a project office manager, whose roleisto assure the school administrators that the project
is progressing satisfactorily. The specialty consultants and construction company personnel
support the involved student workersin the performance of the project. Such an organizationis
referred to as project oriented.

The activity center project team is organized as indicated in figure 6.5. The project team
leader (Roger) has three types of groups reporting to him.

= Specialty consultants

*  Student workers

e Construction companies

The speciaty consultants include the following:

*  Professional people who areregistered to perform their profession within the statein which
the work is to occur

*  Tradespeople who are licensed with the state for their particular trade
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project

*registeredprofessional

They agree, via a contract, to assist the activity center team in those areas where their special
skillsand registrations or licenses are required.

The student workers are those personnel whose skills are required to perform the work
scheduled. Most students are flexible enough to perform a variety of duties under the supervi-
sion of the professional people or tradespeople.

In this example, the construction companies consist of two separate organizations:

The construction equipment company that provides
Expertisein congtruction management
Construction equipment
Skilled workers who are capable of operating the construction equipment
e The landscaping company that provides
L andscaping equipment
Landscaping skills
Skilled workers who are capable of implementing the landscaping design in a satis-
factory manner

Thesecompaniesare flexible enough to alow the studentsto perform many of thelaborer duties
under their supervision.

For the activity center project, the workers, laborers, and helpers are supplied from the
student team wherever state and local laws dlow. [n this manner, students participating in the
project gain experience in design, development, and construction.
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SECTION 6.3

In top-down management, a
leader directs and gives or-
ders; the result can he quick
response to problems. In bot-
tom-up management, all lev-
els of workers participate in
decision making; the result
can be that all workers feel
involved in the project.

For any style of management,
managers must be excellent
listeners. Managers must
gather, absorh, and dissemi-
nate information in order to
contribute to and control a
project.

MANAGEMENT STYLES

How Do Managers Manage? There are two different styles of management: top-down
management and bottom-up management. Their advantages and disadvantages are described
in this section. Most organizations apply a combination of these two styles.

1. Top-down management isan organizational structure where the highest-ranking leader
is personaly involved in directing all other personnel. The leader directs through verbal orders
and written directives. The leader does not expect or want to be challenged regarding decisions.
This management approach can result in quick responses to information and to problems that
occur. It is very effective on small projects where the workers report directly to the manager.
However, on large projects, the leader may not be able to provide the level of attention needed
and may lack enough detail to be efficient or effective. Workers morale may often be poor be-
cause the workers do not feel involved.

2. Bottom-up management is an organizational structure where the lowest level of per-
sonnel offers suggestions that are gathered by those individuals on the next level of hierarchy.
This next level of managers examines the ideas of the workers, coordinates these ideas with
other managers, inserts ideas of their own, and recommends these coordinated ideas to the next
level of managers. This management approach is slow in response to information available.
However, it may be more efficient and effective in the long run. Because the workers feel
involved, moraleis usualy high and, as Brown indicates (1992), good human relationsarecrucial
to change and improvement:

«  Getting good information from people requires their cooperation

»  Good ideas come from people who are properly motivated

*  Receptivity to new ideas is more easily generated when people feel part of the decision-
making process

For any style of management, managers must be excellent listeners. Managers must gather,
absorb, and disseminate information in order to contribute to and control a project. Managers
need to work to reduce or eliminate dissension, strife, and perhaps even hostility among team
members. Managers need to analyze significant differences of opinion to avoid alienating in-
dividuals and offer viable solution options. This technique is known as conflict resolution.

Conflicts may occur over the following issues:

Specifications

Schedules

Budgets

Tasks

Activity priorities

Resource alocation

Goals

Expectations

Technical approach

Personnel availability

Personality differences

Administrative procedures

Archibald (1992, p. 99) discusses the types of conflictsthat must be resolved by the project
manager:

1. Conflicts over project priorities
2. Conflicts over administrative procedures
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Conflicts over technical opinions and performance trade-offs
Conflicts over people resources

Conflicts over costs

Conflicts over schedules

7. Persondity conflicts

o 0k w

There may also be an issue regarding how much responsibility is assigned to the project man-
ager, who may not have the authority to resolve a conflict. Such a problem must be resolved
with those to whom the project manager reports.

Project managers can become diverted from their technical tasks when they must focus
upon the supervision of people. Project managers must learn to continually weigh how much
time they can invest in the technical details of a project and how much time they must allot to
personnel problems.

Managers can ignore the conflict for a while and see if it resolves itself. They can also
force a resolution by insisting on a particular solution. One way of resolving conflicts that in-
volves the team membersis to perform the following actions:

*  Reguest memos describing each point of view
e Convene a meeting

e Obtain an agreement for an acceptable compromise

This allows al involved some degree of recognition of their ideas.

During the conflict-resolution process, the manager must continually remind individuals
that everyone is a member of the same team. The overall goal must be to effectively use the
project's resources to complete the project on time and within the allocated budget. Another
goal isto create an environment that results in al persons feeling like they have "won." (The
socalled win-win situation is the best result possible.)

It is important to remember that there would be no conflict if the people involved did not
care about the project. Conflicts can have their benefits if they are handled properly. As a result
of successful conflict mediation, there may be a greater understanding of the project by everyone
involved.

The activity center project was managed using primarily a bottom-up approach. Most of
the time Roger discussed with the other students, in advance, the options for the project that he
and Professor Hulbert had worked through together. Sometimes Roger would announce how the
work should now proceed.

Note that the team was usually given the opportunity to react to Roger's decisions. In this
manner, the team membersfelt involved and could better perceive the reasoning behind all major
decisions. Team membersalso had a better view of how their work related to the work of others
and to the overadl project. This primarily bottom-up approach leads to a more efficient and
effective result, except where personality clashes occur.

The effort of avoiding clashes and the large amount of responsibility given to one indi-
vidual are reasons why many technically oriented persons prefer to avoid management respon-
sibilities and concentrate on the technical effort. However, effective handling of conflicts is a
key responsibility of managers.

SECTION 6.4

PROJECT STAFFING

This section focuses on how to saff a project for the most effective use of the available per-
sonnel and how the manager controlstheassignment of staff members. Two questionsare discussed:

= How are people selected to perform the work involved?
*  How and when should people be evaluated?
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Managers must be able to as-
sess which people are best at
what types of tasks and sense
people whose skills can de-
velop while working on the
project. The manager must
also be able to recognize how
people will work together.
These managerial capabilities
are known as people skills.

People have different skills
and interests. They may be
creators, planners, performers.
laborers, or administrators.
Creators and planners are es-
sential in the early phases of
projects; performers, laborers,
and administrators are instru-
mental in the later phases of
projects.
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Each of thefour phases of a project needs a different combination or "mix™ of skills on the part
of the staff. The needs for creators, planners, performers, laborers, and administrators are also
described in this section. Conflicts and their resolution are discussed in detail.

Managers are responsible for locating properly skilled personnel who are capable of as-
sisting in theimplementation of their project. Sometimes existing empl oyeesrecommend friends
or former colleagues. More often, a manager must either advertise for the personnel needed or
use an employment agency. First the manager prepares a job description detailing the respon-
sibilities and related skills needed. The job description may indicate the level of management
to whom the future employee will report and the type of people the future employee may su-
pervise. Resumes of potential employees' skills and interests are sent to the manager for review.
Those people who appear most qualified based on their resumes are called in for a face-to-face
interview. Based on these interviews, the manager makes a final selection.

In the assignment of tasks, the work preferences of individual personnel should be con-
sidered. However, to counterbalance this desirable goal, costs and schedules on a project must
be controlled, and the required work must be performed and completed properly. All those work-
ing within an organization or working on a project must perform as members of a team rather
than as individuals concerned with only their part in the effort. From time to time, the mix of
skills of individuals within the organization will change; revising this mix will need to be man-
aged effectively and on a continuing basis (Connor and Lake, 1994).

The manager must be able to sense which people are best at what types of tasks and as-
sess people whose skills are most likely to develop as the project planning, performance, and
control progresses. The manager must also be able to recognize how personalities interact, and
thus assign people so that they interact in a positive and constructive manner. These manager-
ial capabilities are known as people skills. The development of the team starts with the man-
ager and that manager's organizational abilities. (The issue of the role of the manager in re-
solving conflict was discussed in section 6.3.)

How Are People Selected to Perform the Work Involved? Each person has certain
skills, capabilities, and interests. One person may like to build, another may prefer to plan, oth-
ers like to negotiate, some enjoy organizing, and others prefer to supervise. People are selected
based on how their training, skills, and interests fit with the needs of the project and which
phase of the project is in progress— asnoted in chapters 2 through 5.

Individuals may be grouped into a variety of categories according to skills and capabili-
ties. Here are some of these categories:

. Creators

. Planners

. Performers

e  Laborers

e Administrators

Each phase of a project requires a different combination of categories (see figure 6.6).

Creators: For the Conception Phase of a project, the necessary skills are those of imagina-
tion and vision. Creators or conceivers are people who can think about a problem and envi-
sion one or more solutions. Sometimes these people are aso capable of developing the de-
tails of a concept. Other times, such people must transfer their ideas to the performers.

Planners: For the Study Phase, the most desirable of the proposed projects are to be devel-
oped into potential design projects. Planners are now very important to the eventual success
of a project. Planners, such as cost estimators, like to work with numbers and analyze them.
They enjoy planning the details of a proposed project and preparing and analyzing estimates.
Performers: For the Design and Implementation Phases, persons who enjoy working with
details and coordinating a variety of activities are the key to success. Performers are often
people who are very comfortable with developing and implementing the ideas of others.



project phase

In some cases, managers have
to be personnel developers to
persuade individuals to accept
different roles for a particular
project. This way employees
act to fulfill the needs of the
team and, at the same time,
they have the opportunity to
develop new skills and be-
come more flexible and more
valuable to the company.
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many creators; few creators; all performers; all performers;

They are usualy people who enjoy the detail work. They are rewarded by observing the
fruits of their efforts in the form of structures, equipment, software, or procedures.

Laborers. For the Implementation Phase, those persons who enjoy working with their
hands and minds, while watching a project convert from paper to redlity, are vital. Labor-
ers are individuals who enjoy working primarily with their hands on physical activities.

Administrators: Monitoring and control of the overall project requires individuals who
can visualize and remember the final goal. Administrators are often people who are ex-
cellent at judging performance and guiding the planners and performers. They are usually
skilled at gathering records, evaluating results, and recognizing problems, thus sensing
when corrective action is necessary. Working with the manager, they must carefully mon-
itor the forward movement of a project from conception through implementation. They
must simultaneously be able to compare the actual work being accomplished with the con-
tracted tasks, schedules, and budgets, as discussed in section 7.5.

Which of these groups of personsis most important to a manager? At first, the creators
are very important. In later phases, the planners and performers grow in importance. Once the
Conception Phase is well underway, the administrators become very important. When there is
work to be accomplished, the laborers are indispensable. Actualy, this question is similar to
asking, Which is more important — the heart, the brain, or the lungs? The answer isthat al are
needed and that they must work together as a team.

Where several projects are in progress at the same time, there should be a labor pool of em-
ployees—the team—that is maintained by a company to avoid continuous hiring and layoffs. A
manager must examine the labor pool for the best combination of individuals to perform the tasks
in progress or the tasks about to be initiated on a project. Sometimesit is necessary to convince
employeesof theimportanceof ateam effort so they agree to work on tasks to promote the needs
of a project, athough the tasks may not match their immediate interest and skill levels. A man-
ager who also enjoys being a personnel developer isoften best at this effort. Acquiring new skills
encourages employees to become more flexible, more valuable, and more enthusiastic.

Managers may need to obtain the services of vendors to assist when the team members do
not have the necessary skills or qualifications to complete the project. Such vendors may be
involved in the Design Phase and perhaps also in the Implementation Phase.

The vendors who are chosen to implement the project may not necessarily be the lowest
bidders, although in many cases the lowest bidder is chosen.

1. Therearetimes when the lowest bidder may not be the highest in quality and dependability.

2. The lowest bidders may have earned their way onto a bidder's list because they had es-
tablished themselves as dependable and quality suppliers.
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Managers must evaluate their
personnel at regular intervals,
via performance reviews, so
the employees have an op-
portunity to iniprove their
performance, attitude, and
self-image.
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One or more members of a project team may be assigned to investigate potential vendors for
their qualifications and recommend which should be used.

How and When Should People Be Evaluated? Personnel are entitled to know how
they are performing. Therefore, managers must evaluate their personnel at regular intervals, via
performance reviews, so the employees have an opportunity to improve their performance, at-
titude, and self-image. In a similar way, managers are judged by their superiors; presidents are
judged by the company stockholders.

There are two types of performance reviews related to projects and programs. contract
performance reviews and personne performance reviews. The terms used vary from one

company to another.

1 A contract performance review involves those who are working on the contract and
evaluates how satisfactorily they are fulfilling the terms of the contract and how well they are
satisfying the customer. This type of review may be written by an individual who is responsi-
ble for the entire contract. Often such a review may result in a memorandum being placed in
the personnel file of the involved management individuals. Such a memorandum may be one of
congratulations for work well performed; it may be a reprimand for neglecting an important
pat of the contract or for offending a client.

2. A personnel performance review involves each individual working for a company and
that individual's supervisor. It is usually aformal document with a number of topics. The review
may involve more than one contract and more than one supervisor. A separate review may be
prepared by each of the involved supervisors, or these supervisors may condense their opinions
into one document. Each person is judged on the basis of skills and on work as a team member.
Personnel performance reviews normally occur regularly at three-, six-, or twelve-month inter-
vals, and also when a significant change occursin the individua's performance or status.

Pay increasesfor an individual are usually decided on the basis of performance as reported
in both formal and informal reviews. They are recommended by the individual's immediate su-
pervisor and usualy require the approval of the personnel department.

People are usualy offered promotions when an opening occurs that requires greater re-
sponsibility or use of skillson the part of theindividual. A promotion may be accompanied by
a pay increase or that increase may be withheld until the individual demonstrates the ability to
perform in the new position.

One of the major drawbacks of using the matrix style of organizationfor a project is that the
project manager does not evauate the employees who are brought in from the functional areas.
The manager of the functional area (i.e., marketing, engineering) generally evaluates the staff for
raises and merit recognition. Theemployee worksfor one person, but isevaluated by another. This
situation often results in unhappy employees who may look elsewhere for a job.

For projects such as the activity center, pay increases and promotions ar e not applicable. Stu-
dents are learning to work together while they gain new skills— both technical and group-related.

SECTION 6.5

Well-trained managers are
those who have learned to
sense when sufficient factors
have changed to require proj-
ect redirection. Information in
reports allows managers to
know when redirection may
be necessary.

PROJECTREPORTING

Managers need reports so they can choose effective directions for projects. They need ac-
curate and timely information. Managers must realize that, as work on a project progresses, in-
formation may change. Well-trained managers are those who have learned to sense when suffi-
cient factors have changed to require project redirection. Reports are often prepared and presented
in the form of spreadsheets.

A spreadsheet is the presentationof an organized arrangement of datain matrix (tabular) form.
Spreadsheets contain elements organized into rows (horizontal) and columns (vertical) of informa-
tion. The individua elements or entries are known as cells. It is easy for people to revise the data



Computer spreadsheets are
important tools for project
managers. Spreadsheets sum-
marize the financial status of
a project. Computers allow
spreadsheets to be updated
quickly and easily. Results are
easy to use and can be trans-
ferred instantaneously to all
those involved in a project.

The problem with updating
computer spreadsheets is typi-
cally obtaining accurate and
up-to-date information to enter
into the computer program.
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month fJan feb mar apr may jun totalsby
category: category
rent 70 70 70 70 70 70 420
utilities 26 28 29 24 18 15 140
auto 30 32 27 36 41 39 205
food 274 241 269 257 272 245 1558

when the spreadshest is prepared on a computer, and computer programs can quickly manipulate
and perform a variety of mathematical operationson those data (Shim and Siegel, 1984).

Expenses may be presented in tabular form. As an example, when a spreadshest is con-
structed using a computer program, the rows can be added automatically across (horizontaly).
Also, the columns can be added automatically down (vertically). Thus, as an entry is changed
in one or more data cells, new totas are available quickly and automatically. The updating of
the spreadsheet cells must be accomplished on aregular and timely basis if spreadsheetsare to
be useful for project monitoring. Examine the spreadsheet in figure 6.7; it contains six months
of information about actual expenditures.

On the example spreadsheet, the computer software computes the Totals by Month col-
umn information and Totals by Category row information. Thus, any changes entered into the
datarentry cells cause al the Totds by Month and Totas by Category cells to be corrected to
reflect the newly entered data.

Thismatrix of four rows and six columnscontains4 X 6, or 24 cells. One can quickly de-
termine that $241 was spent on food during February and $29 was spent on utilities during
March. Also, one can quickly determine that the total expensesfor June were $369 and that the
total cost of utilitiesfor the six months was $140.

During the performance of a project, as actual information becomes available, this new in-
formation can be entered into the spreadsheet program, replacing the estimated information. As
each item of information is entered, the computer software recomputes the spreadsheet and pre-
sents new column and row totals on the screen, providing an immediate and up-to-date review
of the project status. Thisinformation may be printed by the computer equipment as hard copy
and distributed to those who are concerned with the financia status of the project. If preferred,
this information may be offered via such media as files transferred onto a local area network
(LAN), e-mail, or Internet for appropriate personnel to display on their computer screens.

Properly organized information is easy to use, understand, and change. It is easy to ex-
amine entries and compare them with previoudy generated data. In the planning stages of a
project, a tabulation of the estimated income and expenses for the project is prepared. This tab-
ulation is known as a balance sheet. A balance sheet that consistsof estimatescan be automat-
ically updated with actual information on income and expenses, as is discussed below.

Modem computers contain large amounts of memory, and computer programsare flexible.
Most programs can be modified by technical personnel to fit the needs of a given company and
project. For the activity center project, it was necessary for Manuel to devisea specialized spread-
sheet program (Oberlender, 1993) in which datacould be quickly entered and displayed, and the
cost differentialsimmediately computed and displayed. Further, it was necessary for Manuel to
obtain accurate data weekly from both the Northeastern University Treasurer's Office and from
Accounting personnel. Normally, such data are supplied at the end of the month. For the activity
center project, that would have been too late for the necessary cost-control requirements.

The most frustrating problem for any project groupis the need for up-to-date information
to be entered into the spreadsheet. The problem is seldom one of computer time and availabil-
ity. The problemis abtaining data and having the data approved beforetheinformationisentered
on the spreadsheet. The " garbage in, garbage out™ principle suggests that it is better to wait for
verified, final information rather than to permit someone to enter interiminformation that might
be incomplete and mideading.
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rent 70 70 70 70 70 70 420

difference:
estimates:
actuals: litidss 26 2 . B} _
difference: uti -
estimates: 30 35 35 35 200
actuais:

w1

totals by month:

somnaws 400 375 400 390 400 370 2335
actuals 400 371 395 387 401 369 2323
differences -12

As noted above, spreadsheets can also be designed to include both the estimated expendi-
tures from the earlier (Conception, Study, and Design) phases, and the actual expenditures as
they occur during the Implementation Phase. Figure 6.8 is an example spreadsheet where
estimatesare compared to actuals. (Note that estimated values often end in either a 5§ or a 0.)

Managers monitoring " estimates versus actuals™ can quickly determine if their budgets are
within the limits acceptable to them. If there is concern that expenses are exceeding estimates,
then the "estimates versus actuals” inforrnation can be monitored weekly instead of monthly.

Another solution for immediate expenditure information is to enter data that can be pro-
vided by those individuals who are incurring project expenses. These people may be the ones
ordering the materials, receiving the materials, receiving the actual bills, or paying these bills.
Theentries, including labor expenditure entries, should be coordinated through one person and,
if possible, coded to note the information source. Why? The answer is that expected costs may
change once the vendor's bill arrives. No matter when and how data are entered, every effort
must be made to ensure that the data are timely and, at least for the moment, provide enough
inforrnation to alow for a general control of expenditures.

SECTION 6.6

GATHERING AND ORGANIZING DATA

In this section, application of spreadsheets to monitor and control a variety of data is
discussed. Document formats may be standard or unique—that is, prepared especialy for the
project. The use of electronic databases is covered. Finaly, an overview of both corporate and
government reporting requirements is given. Additional details on these topics are available in
chapters 7 and 8, and appendix F.

The use of acomputer provides afast and reliable method of processing different types of
business documents, such as these:

. Personnel records
. Vendor data



Business operations require
the preparation, review, and
retention of various types of

information that relate to indi-

viduas, company projects,
and the company. Much of
this information is available
from existing databases,
which are collections of re-
lated information.
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. Purchase orders
. Invoices

There are also technical records, such as these:

e Engineering change orders {ECOs) and notices (ECNs)
+  Equipment test and evaluation reports
¢ Development and evaluation procedures

Such documents may contain large amounts of written material —text. However, these docu-
ments also contain numerical data that might be extracted for other uses via spreadsheets.

Spreadsheets are valuable documents because a trained user can quickly view essential
information. Therefore, many types of documents can be presented in spreadsheet format, such
as these:

. Time sheets
e Payroll reports
. Profit-and-loss statements

Predetermined sets of software instructions can be written so that computer programs automat-
ically insert the data entries from one type of spreadsheet into other types of spreadsheets.

Standard document formats may be purchased or a special document format may be
developed. See appendix F. A standard document may be modified to suit the needs of a
project. Asan example, Manuel modified several spreadsheet programs for the activity center
project.

Business operations require the preparation, review, and retention of various types of
information that relate to individuals, company projects, and the company. Before computers
became cost effective and user friendly, this information was prepared manually (by hand),
forwarded to other parts of the company, and stored in severa places. Revisions to such infor-
mation were time-consuming and expensive. Often, changes in information were either not for-
warded to the correct place or were not recorded. Reports were prepared that overlapped and
often contained conflicting information because of the inaccuracy and age of the data.

Large quantities of both numeric data and text can now be stored and quickly accessed.
Advances in both hardware and software capabilities have led to the design of an approach to
information storage and retrieval known as a database. A database is a collection of related
information that can be accessed by a variety of usersand that can be updated — modified with
later information— as required.

Thecost of data storageis decreasing significantly every year so that the size and flexibility
of databases continue to prow. A database can be accessed and revised—shared—by authorized
individuals. Such a database is known as acommon database. Reports can be prepared quickly
via this common database.

Thereisinformation that government agenciesinsist must be established and retained, such
as the following:
e Company income
*  Payroll data
e Rent (occupancy) information
*  Materials expenditures
e Trave data

These records are provided to government agencies on request or on a routine basis. The agen-
cies may then verify the information by comparing it with the data supplied by others. As an
example, the Internal Revenue Service (IRS) compares the company-supplied payroll data with
an employee's personal income tax report data.
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A common database would
have information useful for all
departments in the corpora-
tion, such as personnel data

or fma cial regp F’s However,
rvpfm y not all data can be

accessed by all departments.
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Also, thereis information that the company may wish to retain for its own needs, such as
the following:
. Evaluating the work that was accomplished
*  Preparing cost and schedule estimates for later projects
Using this information, company executives are able to prepare more precise cost estimates and
schedules based on the company's past experiences. These documents increase the company's
chances of being awarded other contracts while remaining profitable. On the other hand, a bad

experience on a certain kind of project may cause the executives to decide not to bid on a proj-
ect that has similar characteristics.

The common database and related documents for a project might include information re-
garding the following (see figure 6.9):
e Consultants: individuals hired for brief periods of time for their specialized skills
*  Staff: employees, who represent the continuing skills of the company
. Insurance/taxes: liability, workers compensation, sales, and unemployment taxes
*  Communications: mailings, telephone. and copying expenses
. Occupancy: rent, utilities, and maintenance
* Inventory: materials and supplies used while operating a business.

Other information such as the following may also be of value:

. Potential vendors: names of companies that offer skills that the team does not possess
»  Office supply sources: names of companies that offer needed supplies at reasonable prices

It is customary to alow modification of the database to be performed by one person or by
avery restricted group of persons. The reasoning is that these data should be changed only by
someone who is able to verify that the entries are correct and appropriate. It is also customary
to control accessto the database so it can be used only by persons authorized by the team leader.
Thus, it should be difficult for competitors to gain access to information.

L eaders of a corporation must be able to extract data from a common database. They want
the common database organized to provide appropriate data for the following groups in the cor-
poration:

*  Project-control personnel, to ensure that all contracts are profitable
*  Accounting personnel, to monitor the project and corporate financial status
. Personnel in the Personnel Department, to maintain employee records
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Figure 6.10 Typicd
structure d a corporate
database

555-27-6198
John A Jones

555-39-2176
Nancy D. Hernandez

555-62-3119
Alfred T. Anderson

*  Facilities personnel, to monitor the cost and usage of the buildings and grounds

*  Purchasing personnel, to monitor vendors so they can evaluate their availability, cost, and
performance

Records must be designed to provide corporate executives with data in a form that is of value
to them.

Figure 6.10 examines how a corporate database could be constructed using the Personnel
Department as an example. Note that each of the personnel records for the three people shown
in figure 6.10 is identified by a unique number, in this case, their socia security numbers. These
records are protected by an access code so that only authorized personnel can extract informa-
tion regarding employees. If the corporate officersdo not wish their own personal records to be
accessed by the authorized personnel, then their records can be further coded to alow access
only by a specified corporate officer such as the head of the Personnel or Human Resources
Department. Additional detail is given in appendix F.

Assume that Alfred T. Andersonisa salaried employee at a construction company and that
heis working part of the time assisting Marketing in searching for new business and part of the
time working on the activity center project. The supervisor responsible for the Marketing ac-
tivity will approve Alfred's charges to his efforts for Marketing. The supervisor of the activity
center project will examine Alfred's charges to that project. These two supervisors, or people
working for them, must have access to a portion of the database for Alfred T. Anderson.

Employees usually submit work-related data weekly, either using a completed time sheet
or time card. These hard-copy time data must be approved by someone—ordinarily by their im-
mediate supervisor. Once approved, these data are entered into the common database.

Prior to the beginning of a project effort, numbers are assigned to each task in that project.
These numbers are known as charge numbers. Asindividualswork on a specific task, they record
the number of hours worked, along with its assigned charge number, on their weekly time card.

Alfred isissued one charge number for hiswork on the activity center project and another
charge number for his work in Marketing in searching for new business. Because he is work-
ing on two unrelated projects, two different supervisors must approve his time charges before
they are entered into the common database for automatic data processing.

In addition to the Marketing and activity center project groups, Accounting and Personnel
both need access to Alfred's time charges. Accounting prepares his paycheck and Personnel
must determine when he has used his allotted vacation or sick leave.

Although Accounting personnel must have accessto the payroll portion of Alfred's record,
they have no need to know about his personal nonpayroll data. Restricted access codes can be
used to prevent unauthorized persons from gaining access to other files and items within
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Alfred's record. The Personnel Department normally has access to al of Alfred's record so it
can maintain a continuous record of all aspects of hisemployment history and his contributions
to the company. The time-charge information flow is shown in figure 6.11.

Additional details on various records and their interaction are given both in chapter 8 and
in appendix F

SECTION 6.7

The manager must continually
consider how the present
problems and plans affect the
entire effort. The manager
must not become so lost in
the day-to-day work that the
primary goals and objectives
of the project are forgotten.

PROJECTAND PROGRAM CONTROL

No matter what the status of the effort, or what the latest problems and changes being
considered might be, it is the continuing responsibility of the manager to realize that any
moment in time is but asmall part of the overal work. The manager must continually consider
how the present problems and plans affect the entire effort. The manager must not become so
lost in the day-to-day work that the primary goals and objectives of the project are forgotten:
If you arein aforest, you may not be able to see al the trees.

On small projects, the manager is directly involved with controlling day-to-day activities
and continually monitoring a project's performance.

On larger projects, a project office is established to oversee the proper completion of tasks,
adherence to schedules, and performance within budgets. Some person, or group of persons,
must be assigned to continually monitor and control project performance. For large projects and
al programs, this group of people often has the title of program office. These people perform
the following tasks:

*  Gather data on task, schedule, and budget, and monitor the total effort
*  Anayze and assess progress as compared with the projected schedule and budget

*  Recommend the revision of plans where progress is unsatisfactory
. Identify special accomplishments that should be recognized publicly

The program office may also consist of a larger group of people that includes specialists who
are responsiblefor judging the technical work of contributors. Typically, the program office has
monitoring responsibility only, without the authority to direct or control the daily operations of
the people performing the work. That authority is usually delegated to the line organizations
performing the assigned work.

Note that a project office usually has more authority and control over small projects than
does a program office. The extent of control given to either the project office or program office
depends on the amount of authority and responsibility delegated by corporate management. It
is the responsibility of management personnel (corporate, project office, or program office) to
monitor and/or control the work that a group of peopleisto accomplish. It is the responsibil-
ity of workers to accomplish this work.



Control of a project or pro-
gram s accomplished when
the project managers or
program managers issue in-
structions that ensure better
understanding, coordination,
and follow-through by the
workers.

Managers typically review
projects in portions, such as
tasks and subtasks. Projects
may be reviewed more fre-
quently when the manager
feels that such reviews are
necessary.
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To ensure control, the project or program manager issues directives— orders. These orders
are usualy in the form of new and revised task descriptions, including staff, schedule, budget
assignments, and charge numbers. Control of a project or program is accomplished when the
project managers or program managers issue instructions that ensure better understanding, co-
ordination, and follow-through by the workers.

The monitoring and control process can be viewed as an elementary control system. Asil-
lustrated in figure 6.12, the control process starts with collecting data from the project. The
progress being made on the project, as reflected by the data, is then compared to a standard or
a project plan. The results of these comparisons are evaluated by the project manager or as-
signed senior team members. A decision is made either to modify the work plan or leave it
aone. If the decision is to modify the work plan, then the changes are recorded on the project
plan so that, at the next review, the correct comparisons can be made.

The project initiation meeting is the name often given to the first meeting of those who
will be involved with a project. Thisis the time to acquaint all of those persons on the project
with where they fit into the overall effort. Written task descriptions (see section 7.2 and appendix
B), schedules, budgets, and charge-number lists should be delivered to the invited participants
prior to the meeting. The project plan and schedule must be presented so that al participants
know where they will start and what is expected of them. Questions are often asked; not all of
these questions will have immediate answers, however.

Managers must review the total project or program periodically. Reviewsfor a large project
may include only team leaders or supervisory personnel. These people then report the results of
the meeting to their team members.

A project istypically reviewed in portions, such as tasks and subtasks. It may be reviewed
more frequently when the manager feels that such reviews are necessary. Think of the changesin
a project as small as the activity center project. During its performance, the amount of available
money changed. Also, the sequence of the work to be accomplished had to be changed to match
the schedules of contractors, suppliers, and student workers.

Reviews should begin during the Conception Phase, at that point when progress can be
measured or when decisions must occur regarding changesin direction. Reviews should aways
occur at the end of a phase so that all persons involved in the next phase may become aware of
what has been decided, what was accomplished, and what questions remain to be explored.
Persons presenting information at these reviews must be well prepared to answer questions from
the meeting attendees. These persons should beflexiblein presenting their planned presentations;
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Figure 6.13
Sequence for project
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often a question may lead to an unexpected path of discussion. The project personnel partici-
pating in the review should speak in a neutral manner so that they will not appear defensive of
their views but are willing to accept constructive criticism.

A typical project sequence, showing when reviews might occur for the activity center, is
given in figure 6.13.

It is important to schedule a review after some milestone in a project has been achieved.
Many companies schedule their project reviews according to the number of weeks after pro-
gram start or according to some fixed time period such as the end of the month. Performing re-
views at fixed time intervals is convenient for scheduling the review process, but it often leads
to redundant reports and duplication of effort. Focus on the project deliverables. Schedule pro-
ject reviews at points in the project where adjustment in resources may be required. This ap-
proach is much more effective than specifying a weekly, monthly, or quarterly review.

The responsibility for the project or program finances is normally assigned to its manager.
These responsibilities include the following:

*  Ensure that funds are available when needed.
. Plan in advance so a budget surplus exists should extra funds be required later.

Establish a cost center where cost control can be performed.

Delegate financial responsibility for daily or weekly control to assigned personnel.
. Ensure that the work is completed on time and within the established budget.

Managers are judged by their ability to complete the effort on time, within budget, to the preagreed
specifications, and to the satisfaction of the client. At thecompletion of a project, the manager must
generate enough earnings or profit so that the company can surviveto bid on other contracts.

When a project is nearing completion, there is a large amount of documentation, known
as paperwork, that needs to be prepared, distributed, and filed for future reference. The project
is not complete until the paperwork is finished.
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Typical documentation includes the following:

Engineering and manufacturing reports
Test reports

Instrnction manuals

Financial statements

Cost/volume/profit analyses

Overhead and borrowing costs distribution
Return-on-investment report

These and other contracted reports or company-required reports must be prepared and reviewed
by the manager's staff. Therefore, funds must be reserved to pay for the generation and review
of this documentation. See chapters 7 and 8.

CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter. you should be able to:

1. Explain the four key responsibilities of managers.

2. Discuss how the role of manager changes over the phases of a project.

3. Describe atypical organizationa structure, which includes staff, line, and support person-
nel. Discuss the role of each group in the organization in project planning, performance,
and implementation.

4. Describe the two main styles of management and the advantages and disadvantages of
each.

5. Discuss ways managers consider skills and interests of individuas in choosing people to
assume certain roles in a project.

6. Explain why performance reviews are important. Describe criteria on which people can be
evaluated.

7. Define spreadsheets and explain how they are useful to managers.

8. Define common databases and explain how they are used by businesses.

9. Outline the responsibilitiesof project and program managers during the performance of a
project and program. Describe how they can review and control the project and program.

EXERCISES
6.1  Tak to students who have performed technical work during the summer or while on a
cooperative education assignment to determine why management is necessary. Deter-
mine how the organization is divided into staff and line groups, and how consultants
are used. Ask them about and then list the positives and negatives regarding manage-
ment at the locations where they were working. Also have them analyze how an im-
provement in management could have saved time and money.

6.2  Obtain or sketch an organization chart from the students interviewed in exercise 6.1

above. Identify the staff and line groups.

6.3  List any specialty consultants involved in exercise 6.1 above. Identify whether they

were from within the organization or were hired as outside consultants. Identify their
specialties.
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6.4

6.7

From exercise 6.1, describe whether the management practiced top-down management,
bottom-up management, or a combination of both. Note your opinion of the advan-
tages and disadvantages of the management style applied as related to the work being
managed.

Develop a performance review document that could be applied to evaluate the work of
an employee. Also prepare three additional parts. one for a professional employee, one
for alaborer, and another for a consultant.

Examine pay raises from the point of view of both the employee and management. For
this exercise, ignore the effects of inflation. For a person who works for the same com-
pany for more than twenty years, calculate the salary of that employee at the end of
that time, assuming annual 5 percent pay raises.

Discuss how you, as a manager, would react to an employee who had not taken ad-
vanced courses and yet expected a promotion or a significant pay increase. Also dis-
cuss how much more capability you would expect from an employee who had received
5 percent pay raises every year for twenty years.

Examine the skills of an entering technical employee. Discuss when you would con-
sider that employee to have earned a promotion. For exercise 6.1 above, obtain a list
of technical positions, their titles, and (if possible) ajob description.

Examine at least two spreadsheet computer programs. Describe the advantages and
disadvantages of each, particularly regarding how each spreadsheet is updated and how
that updating affects the common database and presentation of estimates versus actuals.

Discuss how you would react to a project office or program office regarding how closely
their members would want to control your daily work Then discuss how you as a mem-
ber of one of those offices would react if the daily work was not being accomplished
on time and within budget.

Assume you are assigned the duties of a project manager. Develop a two-part plan to
1. improve your managerial skills
2. maintain your technical skills

Also realize that your assignment may require an extensive amount of your working day.

Assume you are assigned the duties of a project manager. The program manager in
charge of your project directs you to focus on efficient and timely project completion.
At the same time, your department manager directs you to apply your team members
in such a manner that their technical skillsincrease. Develop a plan that will satisfy
both of your managers.

Discuss your options for reassigning project personnel on completion of your project.

Write a paper describing what you have learned from your project work. Indicate how
your involvement in this work has affected your choice of a professional career, if ap-
plicable. Revise your resume to reflect your newly acquired skills and experience and,
if necessary, your career-change direction.
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. Can you explain the importance
of project planning?

. Are you able to describe and
develop a Work Breakdown
Structure?

. Have you ever created a Gantt
chart for a project?

. Can you establish who is re-
sponsible for project tasks and,
with their assistance, create a re-
sponsibility matrix?

. Can you build a network dia-
gram for a project?

. Are you able to analyze a net-

work diagram and establish an
acceptable schedule for the
work?

. Can you list the various kinds of

costs that must be monitored in
a budget?

. Do you understand the schedule

adjustment process and how to
use software in making the
adjustments?

investigate
develop design design construct
ideas options product product

What is conceived well is expressed well.
Nicolas Boileau, 1674



Chapter 7 The Prgject Plan 175

I)Ianning, scheduling, and controlling is often referred to as the project
management cycle. Each of these phases of the management cycle are closely
linked together. One objective of this chapter is to illustrate approaches for
developing schedules and budgets, and for monitoring and controlling a project.

One of the first of many challenges faced by a project manager is the de-
velopment of a project plan. A project plan is not a single document. It con-
sists of a Work Breakdown Structure, a responsibility chart, a schedule in the
form of a bar chart and a network diagram, and supporting documentation
describing costs and budgets.

The manager and the members of the project team prepare a project plan
as a road map to provide them with direction and guidance from project kick-
off to the day of delivery. The length and complexity of the project plan de-
pend entirely on the type of project and the level of investment being made in
it. For example, a real estate developer might only prepare a Work Breakdown
Structure and a schedule of subcontractor due dates when building a single
house. However, when the same contractor is building a 300-unit condo-
minium complex, the work is broken down to a level of detail that will assist
in developing detailed schedules and responsibility matrices.

After you complete the study of this chapter, you should know how to do
the following:

* Participate in the preparation of written specifications.
Subdivide a project into a hierarchy of tasks and work packages.
Write clear task descriptions.

Prepare a Work Breakdown Structure and the associated documentation.

Create a responsibility matrix.

Develop a Gantt chart for timing the project.

Draw a network diagram for analyzing the project.

Apply the Critical Path Method of analysis to develop a schedule for'the

project.

Adjust a project schedule to match customer needs.

® Understand the budgeting process.

®* Realize the complexities associated with the interaction of tasks, sched-
ules, and budgets.

® Use a software package to organize data.

SECTION 7.1

THE WORK BREAKDOWN STRUCTURE

The Work Breakdown Structure (WBS) is often the first document developed as the proj-
ect manager and project team formulate a project management plan and schedule. The sched-
ule defines the sequence and duration of tasks that must be done to complete the project on time
and within the cost guidelines established. Developing a Work Breakdown Structure is usualy
an iterative process. At each iteration new personnel get involved and more detail is developed
about the activities, actions, processes, and operations that need to be performed to satisfy the
customer's requirements.

Sometimes a company performs almost identical types of projects for every customer.
Therefore, the project manager has an excellent grasp of the tasks required and the personnel
who can perform these tasks. In these cases the Work Breakdown Structure may be nothing
more than a standard form completed by the project manager. However, such a situation is very
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rid task list

rare. Most projects are one-time occurrences, each with a unique set of characteristics that ul-
timately leads to a well-defined, but very individualized, set of results.

The purpose of the Work Breakdown Structure is to demonstrate clearly to al partiesin-
volved how each task isrelated to the whole project in terms of budgets, schedules, performance,
and responsibility for the physical assetsbelonging to the project. Some project managersinclude
enough detail so that the Work Breakdown Structure can be used as an instrument for sche-
duling, personnel assignments, resource allocations, monitoring project progress, and controlling
how and when tasks are accomplished.

The objective of the Work Breakdown Structure isto partition the project into distinct work
packages, each of which contains detailed workelements. TheWork Breakdown Structure starts
as a project task list, usually an indented list or a node tree, that shows the relationship of the
tasks to each other. The indented list in figure 7.1 is ahierarchical list of tasksthat must be per-
formed to complete the project. The indented position of atask in the list indicates its position
in the hierarchy of tasks. The more atask’s position is indented, the further down it is in the
hierarchy. The node tree shown in figure 7.2 is a hierarchical listing of the functional areas of
the organization required to complete a project.

The Work Breakdown Structure can be developed by either the entire project team or a
subset of the team. The composition of the team depends on the complexity of the project and
the type of knowledge required. However, as the document is drafted, the following features
must be included in the final package:

1. Each project task that forms an element of the Work Breakdown Structure should be big
enough to be identified and assigned to an individual member of the project team.

2. Each task should be defined clearly enough that it can be viewed as a package of work to
be accomplished by the project team.

stake
foundati

prepa

jon form
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3. Each task should be described in such a way that it is possible to define each element of
the task in terms of the money, labor, and resource materials required.

As the team devel ops the Work Breakdown Structure, it is vital for them to remember that
this package of documents will form the foundation for all future work. After work has actually
begun, it is frustrating to discover that an essential task has not been considered. Replanning a
project and developing engineering change orders are both difficult and expensive. A careful
and diligent effort to draft a comprehensive plan initially will reap major dividends. The project
manager should never underestimate the value of developing a thorough understanding of the
project right from the beginning.

As the Work Breakdown Structure evolves, a questioning attitude should prevail. Thosein-
volved should carefully consider not only what needs to be done, but also why it is necessary.
"What'" and "why" questions are critical elementsin forcing the team to focus on the most im-
portant activities associated with project completion. This focus prevents distraction by those
elements that may be unnecessary or even trivial to success. ""Where'" and "when' questions
compel the team to identify those places where the work will take place and the optimum times
during which it will be done. Defining who will do the work and asking how they will do it re-
fines and drives an understanding of the tasks to a more precise level of detail.

A general set of steps to follow when preparing a Work Breakdown Structureis asfollows:

1. Have the people who will be responsible for the tasks prepare alist of work units. Keep
asking the questions. What needs to be done, and Why?
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2. Organizethetasksinthe order in which they must be completed and continueto break thetasks
down into more preciselevelsof detail. Work hard at establishing the beginning and the end-
ing pointsfor each individual task. Remember that the task description must facilitate thefol -
lowing vital elements: scheduling, budgeting, monitoring, and controlling the project.

3. Organize the work packages into a hierarchy of tasks. Thiscan generally be done with the
aid of a node tree diagram. Complete the following steps for each work element:

a. Write a work description that includes data inputs, materials requirements, contract
regquirements, and any unique features associated with completing the work.

b. List the suppliers, vendors, and personnel associated with thetasks. To the extent pos-
sible, specificaly identify individuals and vendors.

c. ldentify the tools required to perform the work. These include types of equipment,
software packages, or unique skill sets requisite to personnel.

d. Specify the output or the products of the task (activity) such as reports, design spec-
ifications, hardware, or other specific items.
e. Develop alist of personnel who will be doing the work associated with each task.

4. Create an indented list of tasks including the task description, the inputs to the tasks, the
outputs from the tasks, the mechanisms or tools required, and personnel responsible for
the work. Figure 7.3 illustrates such a list.

Figure 7.3 Work Breakdown Structure with details

purchase land team listings owned land
11 search for land Tom 5 wks
1.2 assess land quality Tom, realtors 2 wks
1.3 finalize purchase of land lawyers 2 wks
prepare site surveyors site topology | marked plan
21 mark and stake lot lines surveyors 1 wk
2.2 cut and remove brush laborers 2 wks
2.3 level lot excavator 2 wks
2.3.1  bring in fill dirt excavator 1 wk
2.3.2 grade lot excavator 2 wks
excavate site excavator equipment | prepared site
31 stake foundation surveyor 1 wk
3.2 dig foundation hole excavator 2 wks
3.3 stake position of footings surveyor 0.5 wk
contracts
erect foundation concrete contractor completed foundation
4.1 prepare footing frames laborer 0.5 wk
4.2 pour footings concrete contractor 0.5 wk
4.3 install foundation forms laborer 0.5 wk
4.4 pour concrete concrete contractor 0.5 wk
4.5 waterproof exterior walls contractor 05 wk
4.6 allow foundation to dry none 3 wks
4.7 backfill completed foundation | excavator 1 wk
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SECTION 7.2

A major goal of project planning is assigning responsibility for the various elements of the
project before the project is even started. The project manager who attempts to assign tasks as
the project progresses is at serious risk of failure.

Each person who needs to see the work or bears responsibility for completion of the work
must be identified in the project management plan. Although the plan may assign the perfor-
mance of a task to a particular group of individuals, others will generally be involved to some
degree. For example, a project to write a proposal for funding from a government agency may
initially involve two or three members of a project team. Ultimately, however, the proposal may
be checked and edited by the project manager, reviewed by the division director, and evaluated
for approva by the vice president of research.

A responsibility matrix is a particularly useful technique for associating a list of indi-
viduals who will be involved in the project with the tasks that must be completed. Although
there seem to be as many methods of presenting a responsibility matrix as there are project
management consultants, all such matricescontain essentially the same information. The basic
responsibility matrix isagrid whose left-hand column liststhe tasks or work packages defined
in the Work Breakdown Structure. Along the top of the grid, project team members, vendors,
and others responsiblefor various tasks areidentified by job title or name. The matrix is com-
pleted by inserting a code at the intersection of task and person that indicates the person's
type and level of responsibility for that task. Table 7.1 illustrates a responsibility matrix for
asmall project.

A responsibility matrix can be time-consuming and expensive to prepare, but it istime and
energy well invested. The matrix gives the project manager a clear indication of who will be
responsible for the various tasks of the project. It identifies the levels of management that will
be involved and their contribution to the work. If the project manager can obtain agreement
from the individuals identified on the responsibility matrix, misunderstandings with respect to
task assignments or task ownership can be avoided.

A secondary benefit is also derived from a responsibility matrix, because it highlights the
workload assigned to each individual, group, or organization. The project manager can more
easily pinpoint those who may compromise the success of the project because they are either
overloaded or underutilized.

For alarge involved project, the responsibility matrix can become quite complex. Mered-
ith and Mantel (1995) provide illustrations of what they have named linear responsibiliry charts.
One referenceis a''verba responsibility chart,” which lists activities, actions, the action initia-
tive, and the responsible individuals. In this illustration Meredith and Mantel mention that the
original document is thirty pagesin length and contains 116 major activities.

Table 71 Sample responsibility matrix

WBS Activity
Task Listing

\ Responsibility for Task

Proiect Manaqer Administration Crew Chief Contractor

1. Purchase land
2. Prepare Ste

3. Excavate site
4. Erect foundation

N NN U1
RN RO

0
0
1
1

asrweE

Key to Regponghilities
0 = Nore
1 = Accomplish
2= Supervise
3= Mug?%/e notified
4 = Hnd gpprovd
5 = Conault for advice
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SECTION 7.3

The process of scheduling a
project often involves trade-
offs.

THE PROJECT SCHEDULE

The schedule defines specific points in a project when the project manager must bring
in personnel and equipment resources to complete required tasks on time and within bud-
get. Developing a schedulefor a project involves deciding when each task and subtask |isted
in the indented Work Breakdown Structure should begin and how long it should last. The
scheduling process translates the list of project tasksinto a timetable of events or completion
dates.

The scheduling processis similar to the development of a Work Breakdown Structure in
that ahigh-level master scheduleto provide askeletonfor the project i sconstructed and reviewed.
High-level tasks that require a more detailed breakdown are selected, and detailed schedules are
developed. The timing of these subschedules must fit within the time Limits established by the
master schedule.

It is important to realize that the process of scheduling a project often involves making
tradeoffs between the cost of personnel and equipment resources and the adjustment of task
completion dates to satisfy customer requirements. For example, a project task's duration can
be shortened by scheduling overtime work, but the additional labor cost may be too much for
the budget to absorb.

Because a project schedule providesa visual representation of the relationships among the
different pieces of a project, the method chosen to display these relationshipsis very important.
It should be easy to follow and should not add complexity to an understanding of the project.
The Gantt chart or bar chart and the network diagram are two commonly accepted methods for
illustrating the relationships among the project elements. These methods result in two different
types of graphical representations of the project and are very easy to understand once they are
complete. Both of these graphical tools are important and should be used together when build-
ing a schedule for a project that goes beyond five or six activities.

The Gantt Chart

The Gantt chart or bar chart is the oldest and most frequently used chart for plotting work
activities against a timeline. Gantt charts show how long a project will take when tasks that are
independent of each other are performed simultaneoudly.

The most common reason for using a Gantt chart isto monitor the progressof a project. Gantt
charts provide an excellent method for comparing planned work activitieswith the actual progress
made on a project. Note how information is organized on the Gantt chart shown in figure 7.4:

e Thetimein weeks is shown across the top.

e Each project activity is bracketed by inverted triangles (V) that align with the week num-
bers of the activity start and complete dates.

e Solid Lines connecting the inverted triangles show an activity's duration in time.
»  Dashed lines improve the readability of the chart.

A Gantt chart similar to the onein figure 7.4 may be used asan overview for related sched-
ules that include more detail. More detailed schedules would include the titles of the individ-
ual tasks and subtasks {(Callahan, Quackenbush, and Rowings, 1992; Farkas, 1970).

Although it is better tor emai n with the original overall schedule and completion date, most
schedules have to be revised as work on a project progresses. Noninverted (upright) triangles
(A) on the Gantt chart indicate new planned start and finish dates. If, for example, the design-
ers of the project in figure 7.4 discover that an existing design from a previous project can be
modified, they can shorten the " design product™ task by one week. However, because of their
experience with the previous design (the one being modified), the team members also realize
that the construction phase will require an additional week. Therefore, they revise the schedule
as shown in figure 7.5, and the triangles move to the left (earlier start or finish), remain where
they are (no change), or move to the right (later start or finish).



Chapter 7 The Project Plan 181

Figure 74 Gantt chart: Schedule devised during the initid planning effort

The schedule is modified using the upright triangle notation so that changesfrom the origi-
nal schedule are readily apparent. If proposed revisions to the schedule are not accepted by the
project manager or client, or if it is not possible to change the proposed schedule, the chart can
be readily changed back to what it was before.

Gradually the schedule document will include more detail as the task descriptions are ex-
panded to include information regarding materials and labor skills. For each approved task,
rough costs are estimated and verified to the extent possible. An example of a more detailed
schedule, a construction schedule, is given in figure 7.6.

Examine the tasks listed on the chart. Note that each task starts with an active verb (for
example, verify, prepare, inspect) and that the schedule headings are the overall task titles from
the Work Breakdown Structure, shortened where necessary. Task numbers may also beincluded.
Several changes have been made to this detailed schedule, and the schedule scale has been en-
larged so that calendar dates can beinserted if desired. Items that occur repeatedly, such as™'in-
spect work in progress," are indicated as inverted triangles on a dashed Line The construction
schedule now shows a number of tasks to be performed. Some tasks arelisted in sequence; the
schedule lines of others actually overlap.

Figure 75 Gantt chart: Revised schedule
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verify materials list

g; inspé
employ

oceed with constructio
nspect work in progress
>t & acce?atfinal product

Figure 7.6 Detailed schedule for construction

The principal problem with the Gantt chart is that it does not provide enough information
about how varioustasksrelate to each other. The Gantt Chart can be used by itself to create a mas-
ter schedule for very small projects. Project managers encounter pmblems, however, when they try
to create a schedule for a more complex project. Some of the following questions may arise:

*  What parts of the tasks can be done at the same time?
* Isthere any dack time or room for adjustment in the start times for the tasks?
*  Arethere precedent relationshipsfor the wholetask, or do they apply to just parts of the task?

Simply stated, bar charts are awkward to handle. When used in conjunction with a network
diagram, however, the bar chart can be very useful.

The Network Diagram

Network diagrams combined with a set of systematic analysis procedures serve to remedy
the shortcomings of the Gantt chart. Because network diagrams show timing relationships be-
tween various tasks on aproject, they form an excellent framework for planning, scheduling, and
monitoring the progress of a project. They are also communication tools that alow the project
manager to show dependencies among tasks and prevent conflicts in timing. By using an algo-
rithm, a project manager can calculate milestones and determine the probability of completing
the project within a stated time frame. The manager can also experiment with starting dates for
project tasks and predict the impact of certain start dates on the overall project completion date.

The concepts of network analysis and network representation of a project are more easily
explained by using the following terms:

Activity: A task or job that formsacomponent of the project. Activities consume resources
and always have definite start points and endings. This presentation of network diagrams
uses the "activity-on-arrow" approach, that is, al activities will be shown as arrows.

Nodesor Events: The beginning and ending points of activities. A node cannot berealized
(executed) until al activities entering it are complete. A node is shown as a circle with a
label.

MergeNode: A node where more than one activity is completed.
Burst Node: A node where more than one activity is initiated.
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Network: A graphical representation of a project plan with the activities shown asarrows
that terminate at nodes.

Path: A seriesof activities joined together toform adistinct route between any two nodes
in a network.

Critical Path: The limiting path(s) through the network that defines the duration of the
project. Any reduction of the project duration must begin on the critical path.
Precedence Relationship: The order in which activities should be performed. For
example, digging aholefor afoundation must precede the pouring of the foundation. There
is a precedence relationship between the excavation and the cement-pouring tasks.
Dummy Activities:  Fictitious activities that carry a zero time estimate and no cost are
used to illustrate precedence requirements in a network diagram.

Time Duration: The total elapsed time of an activity from start to finish. The Critica
Path Method (CPM) has one estimate of activity duration. The Program Evaluation and
Review Technique (PERT) has three estimates of duration for each activity in the network.

In the activity-on-arrow representation of a project shown in figure 7.7, nodes (circles) are

placed at the tip and tail of the activity arrow to identify the beginning and ending events for
an activity. In the literature, authors often refer to the arrows as arcs and the nodes as events.
Notice that a dummy activity has been inserted between nodes 3 and 5, showing the precedence
requirement between activities B and G.

The following conventions must be observed when developing a network diagram for a

project:

1
2.
3.

Each activity is represented by one and only one arrow.

All activities begin and end in events (nodes shown as circles on the diagrams).

The length of an arrow has no meaning with regard to the duration, cost, or importance of
an activity.

Arrows originating at an event (node) can only begin after all activities terminating at the
event have been completed or, as some authors state, the node has been realized.

The first node of the diagram and the last node of the diagram may have only output ar-
rows and input arrows, respectively. All other nodes must have at least one input arrow
and one output arrow.

No arrow can start and end at the same node.

If one activity takes precedence over ancther, but there are no activities relating them, a
dummy activity can be used. The dummy activity will be shown as a dashed line arrow
with no duration or cost. (Seefigure 7.7.)

activity a represented by arrow 1,2
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project
Activity label and duration ,

Figure 7.8 is an activity-on-arrow representation of the site preparation project described
by the Work Breakdown Structure in table 7.2. (The terminal node is labeled: 6.) Notice that
only high-level functions are modeled in the network diagram. Project managers very often
develop a master schedule for the project from the high-level functions. Then they produce sub-
schedules for the subactivities that fall within the timing established by the master schedule.

Fvllow these steps to develop a project network diagram:

1. Makealist of the activities that will drive the master schedule, that is, the activities on the
Work Breakdown Structure that form major categories of work.

2. Label these activities (for example, A, B, etc.) so that the diagram is easy to read (see fig-
ures 7.7 and 7.8).

3. Determine or estimate the duration of the activity.
4. Note al precedence relationships and check that these relationships are correct.

5. Start with the initial node, label it node I, and move forward, constructing the project
network while continually checking the precedence relationships. For example, develop-
ing a network for the project described in table 7.2 will result in the diagram shown in
figure 7.8.

The two network diagramming techniques to be discussed in this chapter are the Critical
Path Method (CPM) and the Program Evaluation and Review Technique (PERT). CPM was de-
veloped by theindustrial giant DuPont, Inc., for scheduling maintenancein their chemical plants.
PERT was developed by the consulting firm Booz-Allen and Hamilton under contract to the
U.S. Navy as part of the Polaris Program.

PERT and CPM both require that the same type of network diagrams be developed for a
project before any analysis can be performed. Very often in the literature, the PERT and CPM

Table72 Activitiesfor site preparation project

Activity Description Activity Label Duration Preceding Activities
Measure plot and position stakes for foundation none

Identify personnel and equipment needs none
Measure perimeter pointsand bring in fill dirt a

Select and assign crew from existing employees b

Secure and perform maintenance on equipment b

Dig foundation hole and prepare site ¢ d
Grade lot and prepare site for construction 8, f
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techniques will be grouped under the single heading of ** Critical Path Methods." The main dif-
ference between the two techniques isthe method used for cal culating task duration times. CPM
requires that onefixed time-vaue estimate be provided for each task. The CPM analysis results
in a single time-value estimate of the time to complete the entire project. PERT has been for-
mulated to deal with uncertainties or probabilities of the type found in research-and-develop-
ment projects. PERT uses three time estimates to calculate the duration of a task. The PERT
analysis predicts the completion time of a project.

Before discussing each of the project planning tools in detail, it isimportant to mention
that none of these tools is absolutely mandatory for a project manager to develop a good proj-
ect management plan. Some companies and government agencies prescribe project management
strategies that do not involve the development of responsibility charts or network diagrams.
However, the diagramming and analysis tools that are presented in this chapter are used by a
very wide range of project managers and companies. In their text titled Analysis and Control of
Production Systems, Elsayed and Boucher (1985) cite a study that found as many as 80% of
400 construction firms were using the critical path method. In another study, a large percentage
aof the firms using quantitative methods were using PERT or CPM.

Many useful software packages have been developed to apply the PERT/CPM approaches
to a project schedule. See Tapper (1998). Almost daily, software houses announce the availability
of inexpensive, user-friendly personal computer (PC) based packages for managing projects.
Each year PC Magazine reviews the project management software available, much of which is
PERTICPM based.

The Critical Path Method (CPM)

Thecritical path through a project network is the path that definesthe duration of the proj-
ect. The critical path is the limiting path or the longest path found when examining all poten-
tial routes from the initia (first) node to the terminal (last) node. The Critical Path Method
(CPM) of project analysis and scheduling provides a stepwise procedure for combining times
for activities that must be accomplished and for analyzing precedence relationships. In order to
apply CPM, the following definitions must be established.

ES(X): The Earliest Start time for activity X.
tx: Task (activity) duration time

EFE(X): TheEarliest Finishtime = the Earliest Start time plus the task duration time. For
activity X with a duration tx, EF(X) = ES(X) * tx.

LS(X): The Latest Start timefor a task is the latest time that the activity can start with-
out delaying the project.

LE(X): The Latest Finish time for an activity that is started at the Latest Start time. For
activity X, LE(X} = L§(X) + tx.

EOT:  TheEarliest Occurrence Timeisthe earliest time that an event (node) can be rea-
lized. When an event has only one preceding activity, the EOT for the event is
equal to the earliest finish time for the single preceding activity. When more than
one activity enters a node, al activities must be completed before the node is
realized. The EOT is the longest time required for all paths leading to the node
to be compl eted.

LOT: The Latest Occurrence Time is the latest time that an event can be realized with-
out delaying the project. The LOT for an event isdefined by the activities leaving
a node.

To calculate the ES( ) and EF( ) activity times and the EOT event times, we perform what
arereferred to asforward-pass calculations. For these calculationsthe CPM al gorithm assumes
that node | represents time zero—that is, the beginning point for the project. The ES( ) time
for any activity starting at the first node is zero. For the site preparation example illustrated in
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figure 7.8, ES(a) = ES(b) = 0,0. The EF() for the activities starting at node | are calculated
by adding the task duration to the earliest start times:

Since node 2 can be redlized at time 4, then the EOT for node 2 is 4. The earliest
start ES(c) for activity cis4 and theearliest finish EF(c) for activity ciscalculatedas4 + 7 = 11.

The EOT for node 4 is determined by calculating and comparing the earliest finish times
for all activitiesentering the node. EOT cannot occur until all entering activities have finished.
In this case, EOT for node 4 is 11 since that time is the longer of EF(c) and EF{(d). Thisrda
tionship is expressed as.

EOT for node4 = max [EF(c), EF(d}]

where

ES(c) = 4andEF(c) =4t 7=11
ES(d) =6andEF(d) =6t 2 =38
EOT for node 4 = max {11, 8) =11

ES(e} = 11, resulting in thefollowing:

EF(e) =11t 6 =17

EF(f) =618 =14

EQOT for node5 = max {17, 14} = 17
Therefore

ES(g) = 17
EFg)=17+t4=21

The final duration for the network is 21 time units with an EOT for node 5 of 17 time
units and an EOT for node 6 of 21 time units. Recall that the critical path is the longest path
through the network and defines the duration of the project. The critical path for this example
consists of activitiesa, ¢, e, and g.

In order to calculate the LS() and LF() activity timesand the LOT event times, you must
know the duration of the network. The terminal node of the network will define the latest fin-
ish time for activitiesending at that node. To calculate the timesfor LS(), LF(), and LOT we
perform backward-pass calculations.

The backward-passcal cul ationsare required to determine thevalues of the latest start, LS,
and the latest finish, LF, times for the project activities. The latest occurrence time, LOT, for
the nodesis similarly calculated.

The relationship between the LF and the LS is

LF=LS*tt

Therefore, for our example, the latest finish for activity g and the finish time for the proj-
ect is 21 time units. Therefore

LS(g) = LF(g) - t

L3(g)=21-4=17

The LOT for node 5 is equal to 17 since the latest that node 5 could occur and still not

delay the project is time 17.
Moving backward through the network:

LF(e) and LF(f) = 17
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Table7.3 CPM caculationsfor site preparation project activities

EF LF
Activity Duration (t) ES LS (Bs T 1) Ls+t) Slack

Q@ -0 a0 ocw

To obtain the LOT for a node we must obtain the LS for all activities leaving the node.
The minimum activity LS value will define the vaue at which the nodeis redlized (LOT) and,
in turn, the LFfor all activities entering the node. For node 4 the LS{e) = 11 and the LOT for
4 is 11 time units. In the ease of node 3:

Therefore

since
LF(b) = min {LS(d); LS(f)} = min{9, 9}
TheLOT for node 3is9.

Therefore, the node 1 LOT becomes min {LS(b), LS(a)} = min{3,0} =0

Table 7.3 and table 7.4 illustrate the results of the calculations made. Note that many of
the calculations can be done within the tables.

Table7.4 CPM cdculationsfor site preparation project events

Event (node) EOT LOT Slack
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The results of the forward and backward calculations allow the project manager to gain
an understanding of the schedule with the activity duration times originally assigned. Any
changes made to the activity times along the critical path affect the project duration times.
For activities outside the critical path, changes in duration and start time can be made when
certain conditionsexist. If an activity isto beextended intime, then the activitiesto be changed
must have slack time associated with them or the overall project duration will change. The
activity slack time identifies the range of time that i s available to start an activity without de-
laying the completion date of the project. The slack time for activities can be found by tak-
ing the difference between the latest start time, LS, for an activity and the earliest start time,
ES, for an activity. Likewise, the event slack (see table 7.4) provides the project manager with
an understanding of how much time the realization of an event can be delayed without af-
fecting the project completion time. Note that activities on a critica path do not have any
slack associated with them. Any changes to activities on a critical path will change the pro-
ject completion time.

The Program Evaluation and Review Technique (PERT)

In principle the Program Evauation and Review Technique (PERT) and the Critical Path
Method (CPM) are very similar. The overall objective of both of these approaches is to derive
aworkable schedule for a project. Once an estimate of each task time has been established, the
basic PERT procedure for estimating the times for milestone points in the project network is
the same as the CPM approach. The forward-pass calculations and the backward-pass cal cula-
tions are the same for PERT and CPM.

A fundamental difference between PERT and CPM isthe approach used for estimating the
times for the project tasks. The CPM method assumes that the project manager's single esti-
mate of task times is good enough for estimating the project schedule. PERT takes the calcu-
lation of project completion times to a higher level of mathematical sophistication. The PERT
techniques of analysis use the theories of probability and statistics to evaluate project uncer-
tainties. Since this book does not require the reader to have a background in the mathematics
of probability and statistics, we will not attempt a detailed discussion of the many features of
PERT. The reader interested in mathematically based scheduling techniques should refer to El-
sayed and Boucher (1985) or Meredith and Mantel (1995).

In PERT the task times are calculated using a formula based on three time estimates pro-
vided by the project manager or the project team. The three required estimates of the time to
complete the project are the most optimistic estimate, the most pessimistic estimate, and the
most likely time estimate. The early developers of the PERT technique found that by making
some assumptions regarding the probability distribution associated with predicting the task times,
a good single value estimate could be made using these three estimates. The benefit of this ap-
proach is that the derived estimating procedure results in a task time estimate that takes uncer-
tainty into account.

Figure 7.9 illustrates the concept of three time estimates for a task time. The most opti-
mistic task time (a) might be described as a duration that would occur with a frequency of one

ptimistic m = most likelv b = pessimistic

0 I f

time line o0
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in one hundred. The most pessimistic time (b) might also be a time with a duration that would
occur one lime in one hundred. The most likely time (m) is the estimated time that the task will
most often take. Figure 7.9 demonstrates that the optimistic time "d" is less than time “m,” the
most likely time. Thus"m' is less than "'b."

The formula that the early PERT researchers developed for calculating the single time
estimate (T,) for the task is given as:
T, = PERT time estimate for a task
@@t am+ )
e= 5
where
a = most optimistic task time estimate
b = most pessimistic task time estimate
m = most likely task time estimate

See Meredith and Mantel (1995).
Another statistical measure that isanindicator of the variability of the estimate made using
T, isthe variance (Var), which can be calculated as follows:

b _ 2
Var = ( a)
6

Figure 7.10 presents a hypothetical network with associated task times. The next step in
amving a an estimate for the project schedule would be to perform the forward-pass and the
backward-pass calculations using the T, values calculated for each task as the estimates of task
times.
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SECTION 7.4

REFINING AND ADJUSTINGTHE SCHEDULE

The CPM and PERT methods of project analysis can give a project manager considerable
insight into the project tasks' start and complete times. However, there is more to scheduling
than calculating milestones. The project Gantt chart, responsibility chart, and network diagram
provide the project manager with the tools to think beyond just getting the project done and to
focus on finishing the project efficiently and according to specifications. The CPM analysis
shows how the project can be completed in the time specified by the critical path if task times
remain as they were estimated. If the estimated project completion time islater than the time
desired by the customer, adjustments must be made.

The project completion date can only be advanced by reducing the duration of one or more
of the tasks that make up the critical path. This can be done by bringing in new people, equip-
ment, or other resources. Shortening the duration of an activity that is not on the critical path
will not reduce the overall timeit takes to complete the project. Reducing the critica path time
is tricky and must be done very systematicaly. Each task has to be examined to determine how
much each unit of time reduction will cost in terms of the resources required to achieve the
lower time value. The project manager must be aware of the relationship between the time it
takes to perform atask and its cost.

When a project time must be reduced, the project manager should select the task on the
critical path that will cost the least to shorten and then reduce that task by one time unit. Since
the overall project duration will be one time unit less as a result of the task reduction process,
it is possible that one or more other paths on the network have become critical. If a new criti-
cal path has emerged, the tasks on that new path must also be considered in the time reduction
process. The overal project duration can be iteratively reduced one task at atime until either
customer requirements are met or the tasks have reached their limits of reduction. Every task
has a limit of reduction, a point at which the addition of one more worker or another piece of
equipment has no positive effect on the task completion time. To successfully reduce the criti-
cal path, the project manager must evaluate every unit of time reduction with respect to cost,
new critical paths, personnel needs, and equipment needs.

During a CPM analysis, very little thought is usually given to the skill levels required by
the workersinvolved. It is during the post-CPM analysis that the project manager must perform
a skills assessment. A problem arises when more of the same type of skilled worker is needed
than the system can redlistically provide. When too many of a particular class of worker are
needed, the work schedule must be adjusted to accommodate the availability of workers. This
workload leveling is an important part of the scheduling process.

The Gantt chart is a good tool for assessing the number and type of personnel needed for
a project. At any point on the time line of the Gantt chart, draw a vertical line extending up-
ward through the project tasks. For each task that the line passes through, determine the type
of workersrequired to dothe work. A taly of the required number of workers provides a count
of the people involved with the project at that point in time.

Adjustments and refinements made to the project schedule can be very costly if they
are not properly assessed and conscientiously implemented. Rushing through a schedule
evaluation can be very costly in the long run if all of the significant variables are not
considered.

SECTION 7.5

QGOSTS AND BUDGETS

A major concern on every project is the ability to control time and costs, because time,
money, and resources are directly related. Here are some of the issues that affect costs:

1. Theamount of time that is charged to the entire effort by the workers
2. The duration of time from start to completion
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3. Thetine lost due to
a. factors that are within the control of management
b. factors that are beyond the control of management
4. The resources required to perform the project

Costs and Costing

During the beginning phases of a project, the project manager often prepares initial esti-
mates for the time and costs needed to complete a given item within a project. The assumptions
involved in the estimate are noted.

An estimate, which is an educated guess, usually takes into account additional time and money
that may be needed to cover unexpected delays, worker inefficiency, and other factors beyond the
control of management. Including such amounts in estimates is the responsibility of management.

As noted previously, time and money are directly related. However, never assume that the
cost of atask isreduced if that task is completed sooner. Also, it costs less to do a task right
thefirst timethan todo it over again. All thoseinvolved inthe project should continually search
for the most efficient amount of time that requires the least expenditure of money.

When complicated projects and programs are initially devised, managers and designers
plan for some modest changes. It should be noted that specific changes may not be known at
the time that planning occurs. The planners hope that these modest changes will not signifi-
cantly affect tasks, schedules, or costs, and that the client will observe no overall change in the
project plan or performance.

Changes may irritate higher-level managers and clients. They are often more interested in
controlling schedules and costs than in knowing how well the work is performed. It is the re-
sponsihility of the team to perform quality work, aswell as to adhere to the allotted tasks, sched-
ules, and budgets.

The activity center project provides an excellent example of the interaction of time and
costs. During the Study Phase, the activity center size and content were determined. When more
detailed information was obtained during the Design Phase, changes in the overall plan were
made. If the type of lumber originally selected was no longer readily available, itslack of avail-
ability would delay the project schedule and would cause the activity center costs to increase
beyond budget. Therefore, therelated portion of the specifications would be changed viaa Con-
tract Change Notice (appendix E), and the schedule would also be changed to reflect the new
design.

Costs are normally subdivided into a variety of categories. Two of these categories arefixed
costs and variable costs.

1. Fixed costs include rent, loan payments, and property taxes. The exact amount of these
costs can be estimated in advance for a year or more.

2. Variable costs include labor and employer-paid social security taxes, utilities, travel ex-
penses, telephone calls, freight charges, and sales taxes. Costs can also vary when the
amount of work contracted or the effort applied to obtain work (Sales and Marketing)
changes from the original estimate. Such costs can also be controlled by applying limits
(ceilings) beyond which managerial permission must be obtained for further expenditures.

For estimating purposes, these costs are usualy divided into different categories, such as
the following:

Direct Costs: Labor (salary and hourly) and Materials
Overhead Costs and Rates: Indirect Costs, Facilities, Taxes and Insurance

The overhead costs can be subdivided as follows:

Indirect Costs. Benefits, purchasing, sales and marketing, management, travel, enter-

tainment, education and training (in-house, conference attendance, and courses at schools,
colleges, and universities)
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var

projected expenclitures i

Facilities. Rent, lease, or ownership; building maintenance and grounds maintenance

Taxesand Insurance: Federal (social security, persona income, corporate income, and
unemployment); state (unemployment and workers compensation); local (property taxes
and city sales taxes)

These categories will also appear on the appropriate spreadsheets.

Accountants who wish to estimate corporate costs for one or more fiscal years prefer to
use computer programs that convert the above categories into fixed and variable costs. Ac-
countants who are analyzing and projecting costs for one or more fiscal years also develop
charts, such as the one shown in figure 7.11, that present a pictoria description of these
relationships.

The lines on figure 7.11 represent an accountant's summary of sales versus expenditures.
Thefixed costs, described earlier, are shown as a horizonta line because they change minimally
during a given fiscal year. The variable costs increase as more money is spent; they are related
to the amount of money spent for developing projects. The break-even point indicates where
the corporate income changes from aloss to a profit as the income from sales exceeds the costs
incurred.

The comparison of project income versus pmject expenditures is referred to by business
and industry executives as the bottom line. Executives are judged by how much profit is de-
rived from a project — the amount the income exceeds the expenditures. These executives are
judged less by whether the project is performed on time and to the exact specifications. No mat-
ter how well a project is performed and no matter how fast it is completed, if the project ex-
penditures exceed costs, that fact is most remembered by corporate executives.

Sometimes a project is stopped (killed) because it becomes clear that the project is go-
ing to exceed its originally estimated costs. If additional money is not available, then all the
effort and money expended to this point will have been wasted. Most project financial fail-
ures can be avoided if costs are estimated carefully at the beginning, during the Conception
Phase, and fine-tuned during the Study and Design Phases. Costs need to be monitored and
carefully controlled while the actual work is in progress, during the Study, Design, and Im-
plementation Phases.

Budgets

A budget is a plan that describes the authorized expenses for a specified period of time. The
word budget used as a verb means "'to prepare a plan of expected income and expenditures.” A
budget is based upon an estimate of theincome expected so that related expenses can be projected
or controlled and remain within a preagreed limit or celling (Camthers and Weinwurm, 1967).
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Budget estimates, developed by a technical group within a corporation, are prepared with
the assistance of Purchasing Department personnel. The technical people describe the items
desired, often with an approximate price included. The purchasing personnel negotiate with
vendors to obtain the best price for those items.

Technical personnel are usualy required to estimate only the amount of labor required
(such as hours or days by labor category) and the approximate cost of materials needed to per-
form the anticipated project. Accounting personnel then extend those estimates by including the
applicable dollar amounts and overhead costs. These two sets of budget estimates are then
reviewed by management personnel, who may require that the estimates be revised. It isthe re-
sponsibility of the technical personnel to indicate when downward revisions would harm the
quality of work, or require a change in the specifications.

The budget categories described in the previous Costs and Costing section of this chapter
are the ones that are to be used in the cost-estimating effort. Cost estimating for a project is
best performed by the designers who have decided on the labor categories to be involved
and who have selected the materials needed. If the project is large, then some technical
personnel will be assigned to assist the Purchasing personnel in the materials estimation
process.

Once the design direction has been selected, it may be worthwhile to compare both
labor and materials estimates. If 1abor category estimates can be combined, then efficiencies
result. For example, where needed skills are similar on several tasks, fewer employees may
be needed to work on the project, thus reducing administrative and management costs. If
common materials for several parts of the project are selected, lower prices can result from
buying larger quantities. These efficiencies are best achieved by those designers who have
developed the design being estimated. Thus, looking for efficient solutions reguires a team
approach.

The selection of vendors is critical. Costs can increase if vendors are not dependable in
delivering ordered items or if the quality of delivered itemsispoor. Also thedecision to construct
items, rather than purchase preassembled items, is critical. This decision involves comparing
the costs of labor, overhead, and materialsfor constructing an item to thetotal cost of apurchased
preassembled item.

The activity center project provides an example of a make-or-buy decision concerning a
set of steps. Refer to chapter 4 and figure 7.12.

Make: Students design the stairs, purchase the lumber, and construct the stairs.
Buy: Students (school) purchase a prefabricated set of stairs from a lumber supplier.

The totality of labor and materials costs, convenience, and availability must be com-
pared in a make-or-buy decision. If the cost differential issmall, it may not be worth the ef-
fort for the company to build the set of stairs. Also, the availability of personnel (whenitis
time to construct the stairs) is crucial. It isimportant not to invest more time, and therefore,
dollars reaching a decision than will be saved by purchasing the set of stairs from alumber
supplier.

design stairs $200 select standard design $100
purchase lumber $100 purchase prefabricated stairs ~ $350
construct stairs $400 install stairs $100
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The estimates versus actuals spreadsheets are used to monitor the financial progress of
projects as well as corporations. They can be updated weekly, monthly, or quarterly. The
choice of updating periods depends upon how rapidly projected costs are expected to change
and how significantly these costs are affecting the bottom line of the corporation.
A typical estimates versus actuals spreadsheet is described in section 65 and shown in
figure 6.6.

Asindicated previously, charge numbers can be used to coordinate tasks, schedules, costs,
and budgets. A number or coding system—-such as a system that is a combination of letters and
numbers (alphanumeric) — can be used for project planning, monitoring, and control (Samaris
and Czerwinski, 1971).

An example of a numbering system is given below:

XX, YY6.2.1

This simplified example of a numbering system consists, from left to right, of two letters fol-
lowed by a comma (XX,), two more letters also followed by a comma (YY,), and numbers
separated by periods (6.2.1), where

XX identifies the alphanumerics as either a bid effort or an awarded contract
YY identifies the type of document, such as

ET for estimated task

ES for estimated schedule

EC for estimated costs

EB for estimated budget

AT for actual tasks

AS for actual schedule

AC for actua costs
6.2.1 identifies the related tasks, schedules, costs, and budgets

The number sets are separated by periods. This allows a large project or program to increase
the number of digits for a given set of tasks without having to modify previously numbered
items.

The numbering system can, for example, be used to identify computer files that contain
the related information, such asthe document for actual costs. The use of such an alphanumeric
system allows those involved to do the following:

e Quickly access task, schedule, cost, and budget documents
e Modify these documents as necessary

Computer programs can “link™ documents so that changes made to one document will re-
sult in the same changes automatically occurring in related documents. If an individual is not
authorized to change a document, that person is notified by a computer-displayed warning. In
this way, the data are protected from unauthorized changes.

A trial document is a document devised to resolve an uncertainty. Computers permit rapid
preparation of trial task, schedule, and budget documents for management examination and de-
cision making. These trial documents can Ibe manipulated without disturbing the original esti-
mates of tasks, schedules, and budgets. When trial documents are accepted and approved, they
can become the applicable set of documents by merely changing their code to replace the orig-
inal documents.

Sometimes information stored from previously completed work will be similar to that being
hid. Data available in computer storage can be accessed to save the time and effort of preparing
new estimates. However, it is necessary to verify the Labor, overhead, and materials portions of
the costs because they may have changed since the earlier effort was completed. Once these ver-
ifications and modifications are done, the code on the document may be changed to automatically
insert that document into the work being bid. It now becomes an integral part of the proposal.
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Tasks, schedules, costs, and budgets are closely related. They are akey part of project plan-
ning; they become an important part of project control once implementation is initiated.
Experience and teamwork in establishing them and monitoring them are invaluable.

SECTION 7.6

MONITORING AND CONTROLLING A PROJECT

To effectively control a project, the project manager must monitor each task and compare
itsactual results to the expected results. A good method for monitoring a project isto plot actual
progress on the Gantt chart for the entire project. Color coding is very helpful for making
comparisons. For example, black blocks can illustrate the planned activity, while green blocks
illustrate actual progress. To understand how project resources are being used, the project
manager must cal culate the difference between planned or budgeted expenditures and the actual
expenditures. Cost overruns need to be identified early in the project.

When the progress or costs do not agree with the expectations (plans), it is the manager's
responsibility to provide guidance and support in terms of advice and resources. How much ac-
tion to take is a tough management decision. It depends upon the type of project and the size
of the problem. A "loose™ style of project management can result in a project getting so much
out of control that it fails due to cost overruns and perhaps missed deadlines, also. At the other
extreme, overreaction can bring a project to a standstill, and controlling a project too "tightly"
makes team members nervous. They then tend to follow the project requirements and budgets
so closely that they do not try new ideas or attempt to be creative. This situation is the oppo-
site of what any good project manager wants to accomplish. Monitoring and controlling a proj-
ect must be done very carefully.

SECTION 7.7

SOFTWARE SUPPORT FOR PROJECTMANAGEMENT

Planning, monitoring, and controlling even a reasonably sized project requires the organi-
zation of large amounts of data. For the small projects used to illustrate the concepts throughout
this book, the data can be easily organized. However, in the real world most projects consist of
more than forty tasks. Each task has to be monitored, and comparisons must be made between
the planned time and cost and the actual performance of the task. Reports have to be written; the
progress of the project requires documentation.

The project manager must have data available for decision making on atimely basis. When
the customer calls and asks for the status on a certain phase of a project, the project manager
needs accurate data to quickly prepare a satisfactory answer.

The project-management data manipulation and calculations required can be prepared by
available computer software. For this reason, several good project management software pack-
ages have been developed. Today's desktop computers use software that was designed for per-
sonal computers, and they can handle very large projects that contain large amounts of data to
be processed. Surveys by some private marketing groups and a professional society indicate that
Microsoft Project is a very popular project management software package; it is applied by many
project managers. Microsoft Project provides thetoolstographically display aproject viaa Gantt
chart or PERT format. Microsoft Project also offers the project manager a good report-writing
capability. To illustrate the usefulness of a software package for planning, monitoring, and con-
trolling a project, the application of Microsoft Project will be demonstrated in this section.

Before we provide an illustration of the application of software to the challenges of project
management, it is important for the reader to understand that software is only as good as the
data provided by the project manager. The use of software to document and support the pro-
ject-management function can save the project manager many hours of analysis. However, the
manager must be careful to continually check the reasonableness of every calculation performed
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Figure 714 Phase | building project resource data

by the software. A simple human error, such as the transposition of two humbers, can cause er-
roneous results that can destroy a project. The software will accept any data provided and it
will perform the designated calculations whether the data are correct or incorrect.

The greatest benefit of using a software package (such as Microsoft Project) is the ability
to manipulate, modify, and graphically display project schedules. Figure 7.13 illustrates the re-
sults of entering the data from the Student Activity Center project, shown in figure 7.3, into
Microsoft Project. Data regarding each task on the Work Breakdown Structure can be entered
into Microsoft Project using data templates. Figure 7.14 illustrates the set of data stored in the
student project database regarding the resources used to accomplish the project. The data must
be entered by the project manager or by a knowledgeable assistant. Once the project manager
provides the project database with a work breakdown structure, task precedence relationships,
duration of tasks, resources required and the cost of those resources, and any fixed dates the
project must satisfy, most commercially available software can generate afull range of reports.
Figure7.13isaGantt chart for the Phase | Student Activity Center project prepared viaMicmsoft
Project. All of the resources used are shown as labels on the bars of the chart. The precedence
relationships that exist between activities are shown by arrows on the chart.

Within Microsoft Project is the built-in capability to prepare a wide range of reports and
charts. Figure 7.15 is an illustration of a resource utilization chart. This chart outlines, for al
resources used on the project, the number of time units each resource will apply to the project
and to which tasks the named resource will be assigned.

In figure 7.16 there is a demonstration of how Microsoft Project can overlay a project
schedule on a calendar. Further, figure 7.17 is a Gantt chart in which the Critical Path has been
identified and coded. It should he noted that the graphics applied by a particular software package
may reguire some analysis on the part of the user.

Microsoft Project and other software packages offer capabilities beyond the onesillustrated
in this section. In many of the packages, the features allow a project manager to devise a PERT
chart, to perform resource leveling, and to track a project as it is being completed. For large pro-
jects, the project manager must rely on software for planning, monitoring, and controlling the
work.

CHAPTER OBJECTIVESAND SUMMARY

Now that you have finished this chapter, you should be able to:

Explain the importance of project planning.

Describe and develop a Work Breakdown Structure.

Create a Gantt chart for a project.

Establish who is responsible for project tasks and create a responsibility matrix.

Build a network diagram for a project.

Analyze the network diagram and establish an acceptable schedule of the work.

List the various kinds of costs that must be monitored in a budget.

Understand the schedule adjustment process and use software to make the adjustments.
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EXERCISES

7.1  Write atask descriptionfor the work that you are going to do today. Be very specific
as to how you will identify the beginning and ending pointsfor the task.

7.2  Preparing ameal can be avery challenging project. Developa Work Breskdown Struc-
ture for the preparation of a specific meal, such as a backyard cookout.

7.3  Prepare the tasks, schedules, and budgetsfor an instructor-assigned project.

74  Deveopa networkdiagramand performthe CPM forward-passcal culationsand the back-
ward-passcaculationsto arrive a a schedulefor the project assigned in exercise 7.3.

7.5  Describe how you would recommend monitoring the progress of a project utilizing the
Work Breskdown Structure, the Gantt chart, the responsibility chart, and the network
diagram.

7.6 Consider the situation where a member of your family (or yourself) is considering

starting a mail-order business from your home. List al of the fixed and variable costs
associated with such a venture.
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1. How are specifications devel- 5. What kinds of reports are pre-
oped through the phases of a pared for government projects,
project? and what are their typical con-

2. Why are trip and meeting re- tents?
ports useful, and what do they 6. What are the goals of [SO stan-
typically contain? dards?

3. What are the types of contracts
for projects?

4. What are periodic reports for
projects? What are their con-
tents? For whom are they in-
tended?

Progress imposes not only new possibilities for the future but

new restrictions.
Norbert Weiner (1954)

During the last fifty years, project documentation has evolved into several
standard documents, such as specifications, contracts and change notices,
meeting reports, periodic project reports, and government reports. Each of
these documents, or groups of documents, is discussed in this chapter.

Documentation of the individual project phases has been described at the
end of each of the project phase chapters. The present chapter includes a more
in-depth description of the content!; of project specifications and the way in
which specifications change during; the Conception, Study, and Design Phases.
In the Implementation Phase, specifications become critical to the writing of
contracts and change notices.
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Specification descriptions become more detailed with each phase. The
type of information and level of detail required for meeting and project re-
ports remain fairly constant, however, regardless of the specific phase in
which the reports are prepared. Government reports are many and varied.
Often, different types of government reports are associated with different
phases of a project.

After you complete the study of this chapter, you should know how to do
the following:

Participate in the preparation of a specification.

Understand the content of contracts and change notices.

Write meeting reports.

Contribute to periodic project reports.

Provide information to be included in appropriate government reports.

SECTION 8.1

PHANNI
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PREPARING SPECIFICATIONS

At the beginning of the planning process, an overview of the entire sequence of a project
is devised. That overview consists of the following documents:

e Description of the expected final product

e Approximate schedule that leads to the final product

*  Estimate of total costs that will lead to the final product

e Initia list of the work that will eventually lead to the desired product

The simplest and most direct way of moving forward from this initial effort is to assign
team members to write individual task descriptions representing work that will lead to the final
product. These descriptions are trial documents that are circulated among the team members.
Asthey arerevised, they become part of the Conception Phase documentation (see Section 2.3).
However. it is not possible to write detailed task descriptions without reference to standards of
design and workmanship that help to define the final product.

Specifications (specs) are documents that supply those standards. Specifications describe
the desired end result of the work to be accomplished. They contain requirements that are the
conditions to be fulfilled in order to complete a task or project. In addition, specificationstyp-
ically describe desired features for the project. The sequence of specification development is
given in figure 8.1.

Conception, Study, and Design Phase Specifications

During the Conception Phase of a project, a Preliminary Specification is prepared. The content
of this specification depends upon the type of projects being considered. Notes are included that
identify entire standards or specific paragraphs to be referenced.

During the Study Phase, the Design Specification is written to define both design re-
quirements and design limitations or constraints. Although these specifications place constraints
upon the designers, they should not define design methods unless the method is a regulatory re-
quirement. The designer needs as much flexibility as possible.
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prepare develop prepare
preliminary and expand to production
specification become design specification

The object of the Design Specification is to stimulate the designer's imagination. An ex-
ample of adesign-stimulation statement is the following:

The selectedproject isan activity center to be used by children from agesfour throughten

This information is a general guide to the designers.
At the same time, the Design Specitication should note any constraints that must be con-
sidered. An example of a constraint is

The cost of the activity center shall not exceed $20 000.

Depending upon the available land, constraints include: local building-code restrictions, en-
vironmental guidelines, and activity center-site physical conditions.

During the Design Phase, the Design Specification isexpanded to include sufficient detail
to build or manufacture the product. The resulting Production Specification defines the design
requirements and design limitations or constraints. It should not, however, define manufactur-
ing methods. This effort is the responsibility of the manufacturing personnel.

Any questions or options remaining: from the Study or Design Phases must be resolved
prior to thestart of the Implementation (or Production) Phase. Thus the specificationsto be used
during this last phase of the project are now final.

The object of the Production Specification is to guide the manufacturing (or construction)
personnel and, at the same time, note anv constraints that must be considered. An example of
a construction specification statement that allows for flexibility is the following:

The type of lumber may be spruce, ivhite pine, or fir.

An example of a constraint would be the following:

The wall and roof sheathing shall be 5/&8" CDX (X for exterior-glue) plywood.

The Production Specification is the defining document for the entire technical portion of
a project. This specification must be detailed and precise so that once the project is complete,
the finished product will meet the specification. This specification may also contain tests, or
references to tests, that will verify product acceptability.

The Production Specification and the documents that are referenced in it form the techni-
cal portion of a contract. A precise specification ensures that two or more groups bidding on
the same project will be fulfilling the same requirements. This is often referred to as comparing
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apples to apples, rather than apples to oranges. Where a particular equipment or device is
desired, specifications may include a brand-name reference or referencesalong with the phrase
"or equivalent." Then it is the responsibility of the biddersto propose an equivalent replace-
ment for that specified itemif they so desire and if they can show that the replacement is equal
to or better than the brand name(s) referenced.

Specification Content

The organization and content of a typical specification are summarized in figure 8.2. The
termsin figure 8.2 are explained in the following list.

Scope of Specification typically contains a Specification Descriptive Title and a brief nar-
rative description of the specification content.

Applicable Documents reference those documents that are to be considered a part of the
specification. This listing eliminates the need to repeat al the standard requirements al-
ready contained in these documents, which are often referred to as"' boilerplate.” (The term
originates from the boiler design of a steam engine, which requires the use of shong ma-
terial.) These boilerplate documents have been standard reference documents for many
decades.

Requirements consist of many paragraphs that describe the following:

System Definition is a genera description that includes the purpose of the specifica-
tion, a system diagram, interface definitions, and, if government sponsored, the Gov-
ernment Furnished Property List.

System Char acteristicsdescribe the system's physical and performance characteris-
tics, which include: reliability, maintainability, availability, system effectiveness mod-
els, environmental conditions, and transportability where applicable.

Desgn and Congtruction includes: materials, processes, and parts; nameplates and
product markings; workmanship; interchangeability; safety; and human performance/
human engineering information.

scope of specification I

applicable documents I

quality assurance provisions |

preparation for delivery |

notes and appendixes I
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Documentation refers to the complete sets of drawings, instruction manuals, perfor-
mance and acceptance test reports, and scale models (if they have been constructed).

L ogigtics lists maintenance and supply facilities, and facility equipment for use with
the implemented system.

Personnd and Training describes employee skills, training requirements, training
facilities, and instructors with their instructional material necessary to prepare those
people who will operate and maintain the system.

Precedence references those documents that will take precedence over another should
any two or more referenced documents conflict.

Quality Assurance Provisions include specificationsfor tests and procedures to verify that
the equipment and/or system has been designed and constructed to meet the quality-level
requirements.

The " generd™ paragraphs assign responsibility for all tests. They reference any tests
and examinations required by the specification.

Quality Conformance Inspections include on-site inspection of test facilities, test pro-
cedures, and test personnel by qualified inspectors appointed by the client or the
government.

Preparation for Delivery includes specifications for acceptable packaging and shipping
methods.

Notes and Appendixes typically include any comments that apply to the various paragraphs
within the specification.

Drawings are used where words are insufficient. Three-dimensional scale models may be

constructed. Thus, more complicated devices and systems can be examined visualy and un-
derstood by nontechnical personnel who may not be capable of interpreting technical drawings.

Levels and Types of Specifications

There are various levels of specifications (see figure 8.3). The system-level specification

is an overview of the project in terms of its overal performance or function. Design specifica-
tions are more detailed and can be further subdivided into component or device, performance,
installation (such as National Electrical Code), and environmental specifications.

Maintenance information is often either noted or referenced at the design, device (or sub-

assembly), performance, and installation levels (see section 5.3). For large systems or projects,
however, a separate maintenance specification or plan may be prepared. Thisplan, at a minimum,
should contain the following (where applicable):

system

component I performancel installation I environmentall




Chapter 8 Specifications and Reports 209

*  Class, or level, of maintenance involved
Suggested schedules for maintenance and parts replacement
Mechanical parameters, including

Inspection and cleaning

Testing and lubrication

Measurement locations and tolerance factors

Alignment and adjustment recommendations

Related mechanical, assembly, and part-layout drawings, block diagrams and
flowcharts, electrical and/or electronic schematics, and troubleshooting trees

e Electronic test and calibration equipment specifications, including recommended
Specific corrective maintenance activities, as required performance procedures

Include in the maintenance plan, where appropriate, all precautionary information regarding ra-
dio frequency, electromagnetic, or LASER radiation interference. Ensure that instructions never
violate OSHA standards for personnel safety during plan activities. Where standards do not ex-
ist, follow related MIL-SPEC and MIL.-STD practices. These are industry accepted and must
be followed for government contracts. If not part of the maintenance plan, include vendor doc-
umentation as a separate package along with warranty and other related information.

There are also various types of specifications:

. Commercial

e Industria

. Government
Local
State (DOR)
Federal

NIST — National Institute of Standards and Technology

GSA — Genera Services Administration (similar to commercial, and industrial)
DOT — Department of Transportation (including the Coast Guard)

DoD (Department of Defense— military — Army, Navy, Air Force, and Marines
NASA —Nationa Aeronautics and Space Administration

Applicable codes, often published by national associations, are usually referenced within a
specification. For example, the National Electrical Code (NEC) for wiring is published by the
National Fire Protection Association. Military specifications (MI1L-SPECS)often contain references
to military standards (MIL-STDs) for various standard components, devices, and subsystems.

Government specifications are the most complex because they are used for wide and di-
verse application?. Industrial specifications are usually much simpler because they are directed
to more specific applications. The construction industry often follows a format offered by the
Construction Specifications Institute (1998).

Specifications are the most important documents of the family of documents described in
this chapter. They provide the overall and specific guidelines to the designer and to the
management monitoring-and-control team.

SECTION 8.2

CONTRACTS AND CHANGE NOTICES

A contract is an agreement between two or more parties regarding the nature of the prod-
uct to be delivered, the delivery schedule, and the product cost. See Section 4.3. The contract
may be as simple as a Letter of Transmittal or it may be a multipage document prepared by a
team of lawyers. Specifications and cost and schedule documents must be referenced within the
contract.
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There are severd types of contractual agreements, such as

PLANNING AHEAD *  Fixed-price contracts
FEREERERURERAR } «  Cost-plus-fixed-fee (CPFF) contracts
*  Incentive contracts

Each contract type has its unique benefits. These are discussed in more detail in Horgan and
Roulston (1989).Typical terms are defined in the appendixes of their book.

A fixed-price contractis used where the work to be accomplished can be completely spec-
ified in advance. Potential contractors use the supplied documentation to determine the prices
for al materials, equipment, and labor. They then prepare and submit a bid and will be paid the
prices specified in the contract upon completion of various portions of the project. These
payments are known as progress payments. Alternately, the total price of the contract may be
withheld until the entire project is satisfactorily completed. If specificationsare considered final
as a result of careful and complete work during the Design Phase, then a fixed-price contract
may be awarded.

A cost-plus-fixed-fee (CPPF) contract contains two significant groupings of designs—those
designs that will not change and those designs that are incomplete. (The incomplete designs oc-
cur because more technical data and experimentation are necessary before the design stabilizes.)
The contractor is paid for expenses incurred in performing the work, receiving a previously es-
tablished feeinstead of a percentage of the estimated contract cost at various intervals. A contract
for work to be done during the Study Phase or the Design Phase is often a CPFF contract.

An incentive contract is one in which the contractor is rewarded with extra money for
completing the work within a preagreed time or for less cost than originally estimated. The in-
centive contract is very valuable to the awarding organization when the contract is one of many
interrelated contracts. Failure of one contractor to complete a contract on time may cause very
expensive averruns because the other contractors cannot depend upon their start date. Typical
contract content is given in the activity center example of appendix D.

Production specifications are seldom perfect. Thus, an Engineering Change Notice (ECN)
or Contract Change Notice (CCN) is usualy necessary. The wording and content of a typical
CCN for the activity center is given in appendix E. The wording and content of a typical ECN
is similar.

SECTION 8.3 TRIP AND MEETING REPORTS

When a project isfirst conceived, it is necessary to gather information and exchange ideas
if progress is to be made. Both of these activities usually involve trips and meetings. Visits to
libraries, to potentia clients, and to other persons or groups must be documented in the form
of a Trip Report. In order to cover any type of visit, a simplified form, known as a Contact
Report Form, is often used. That form typically contains the following information:

How the contact was made (trip, visit, telephone, or other)

Name and address of the organization visited

Purpose and date of the contact and the person reporting

Name, title, and telephone numbers of persons contacted

Summary of any discussions

How the contact was initiated, the source of the "lead"

Materials collected and where they are filed

Action items and person(s) responsible for taking action

Distribution list of persons who should receive a copy of this Contact Report Form

A sample Contact Report Form is shown in figure 84. (The name on the right-hand edge isfor
hard-copy filing purposes.)
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Figure 8.4 Contact Report CONTACT REPORT FORM

Form
Contact was made by: trip O, visitd, telephoneEl, or

Organization Name

Address City. State Zip

Purpose of Contact:

Person Reporting: —— Date

Persons Contacted Title Telephone

J3Aroyd

39

Summary of Discussion:

Purpose of Visits:

Source of Lead:

Materials Collected Where Filed

Action Items Person(s) to Take Action

Report Recipients:

Project progress also requires comparisons; comparisons reguire examining trade-offs.
Ideas are discussed and debated during group meetings of team members, sponsors, and lead-
ers. As shown in figure 8.5, the project team together examines the project concept. The team
then studies the various ideas offered and compares them by developing trade-off information.
The conclusion is the selected project.

People can spend many hours at meetings arguing about how to proceed and which way
to proceed. A meeting report records the minutes of each meeting. Copies of the minutes are
distributed to each participant and to other involved persons. If no one records the discussions
and the decision-making process, then the same arguments may be repeated later and meeting
time will be wasted. On the positive side, these documented arguments may become valuable
resources. If new information becomes available that changes the basis for previous decisions,
then these decisions may be modified.

Typical contentsfor a meeting report include the following:

*  Names of meeting attendees
e Topics discussed
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v
project concept

N
.

comparison _

v

selected

S held it rence Room B i

Figure 86 Sample meeting report
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action responsible completion
item person date
I

prepare minutes of meeting W. Jones June 3
order floor tile material R. Wells June 8
select colors and order paint for each room F. Eagle June 8
select and order game room equipment T. Marsh June 13
install floor material R. Wells July 5
complete painting of walls and ceiling F Eagle July 13

*  Progress achieved

*  Directions chosen

*  Decisions agreed upon or made
*  Actionitemsto be performed

The document shown in figure 8.6 is considered to be a meseting report.

Action items are very important. They not only describeactionsto be taken, they alsoiden-
tify the persons assigned the responsibility for performing the specified action. Thus project
progress is ensured. The list of action itemsin figure 8.7 includes the persons responsible for
implementing the items and the required completion dates.

Written words contribute to progress. They can be read when the meeting is over. They
can lead to ideas not considered during these meetings. A meeting report isarecord of the ideas
and progress of the group.

SECTION 8.4

PERIODIC PROJECTREPORTS

Documentation of work on a project includes periodic reports such asdaily charges, weekly ex-
penditures, monthly progress reports, and quarterly and annua summary reports. Additiond docu-
mentation is required a the end of each phase asdescribed in section 3 of chapters 2 through 5. The
typesof the periodic reports may vary greatly; typica report titlesare providedas alist in figure 88.

Periodic reports are grouped into three categories:

. Financial reports
*  Technica reports
= Manageria reports



214 Chapter 8 Specifications and Reports

Figure 89 Manageria

report content and follow-up

PLANNING AHEADI’

next stage | problem I
of activity I solving

Such reports can be prepared on a computer and are often transmitted over a network to the
persons or groups who have an interest in their content.

Financia reports are primarily spreadsheets of detailed data. Where appropriate, this in-
formation may he preceded by a summary that compares the original cost estimatesto the actual
financial data. These spreadsheets contain such items asdaily charges and weekly expenditures.
Attachments may include explanatory statements where necessary.

Technical reports combine words, diagrams, and drawings. These reports are of greatest
interest to the technical manager, whether that manager is part of the design team or part of a
Project or Program Office.

Managerial reports combine words, graphics, and summary financial spreadsheets. Man-
agers may not be technical experts and may therefore be more interested in the overall progress
of the project and its adherence to schedules and budgets. The content of manageria reports,
summarized in figure 8.9, is typically the following:

*  Satus: Work accomplished during the reporting period
e  Problems: Problems and their proposed solutions
o Plans. Work to be accomplished during the next reporting period
When the planning portion of a managerial report is being prepared, an assessment of any
risks involved should be included. As noted, managerial reports either include or refer to the

applicable financial reports. Often, summaries of those financial reports are included in the
managerial reports.

SECTION 8.5

GOVERNMENT REPORTS

Most projects, even those involving only private companies, require some type of
government reporting. Each level of government requires the submission of reports or other doc-
uments and, where applicable, accompanying money. These levels of government are
1. Loca (including towns, cities, counties, or parishes)
2. State

3. Federad

4. International
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Documents and financial payments must be prepared and submittedin atimely manner to satisfy
government requirements. Typical contents of these reports are described below.

The reports for local town, city, and county —or, in Louisiana, parish— typically include
information regarding compliance with building, sanitary, and environmental codes. Other re-
ports indicate the payment of personal property taxes, real estate taxes, and local income taxes,
where applicable.

State reports may include information regarding compliance with hazardous waste dis-
posal. They also typicaly contain payroll, sales, or purchasing information for the payment of
state income, sales, unemployment, and other taxes.

Federal reports may include information regarding compliance with OSHA (Occupational
Safety and Health Act), ADA (Americanswith DisabilitiesAct), and many other actsthat have been
passed by Congress. The federal government also has appointed the IRS (Internal Revenue Ser-
vice) to collect thefederal portion of the national unemployment tax, thefederal portion of thewith-
held income tax, and the Social Security and Medicare taxes (FICA and OASDT or FICA-HI).

International reports may include information regarding compliance with standards devel-
oped and distributed by ISO (International Standards Organization). Their headquarters in
Geneva, Switzerland, is a consortium of 130 contributing countries whose goal isto promote
quality standards on a global basis, and to improve the exchange of quality and environmen-
tally acceptable goods and services. These standards contain guidelines prepared by the stan-
dards organizationsof the contributing countries. Theinternational reportsrequired of companies
who sell outside their country are based upon ISO9000 and 1SCQ14000.

Duncan (1996, p. 24) excerpts two 1SO definitionsthat distinguish between a standard and
a regulation.

A standard [such as the Size of computer disks] is adocument developed by arecognized pro-
fessiona body. A standard promotes common and repeated use by providing rules, guiddines,
or characteristicsfor products, processes, or services. Compliancewith agtandard is not manda
tory. A regulation [such as a building code] is a document thet lays down product, process, or
service characterigtics including the applicable administrative provisions. Compliance with a
regulationis mandatory.

1S09%001 and 1S09002 focus on manufacturing and quality control. Companies must prove

they employ an effective quality management system to attain product uniformity and pre-
dictability. Any company that manufactures a product falling within a specified industry cate-
gory must certify that its quality system meets the appropriate ISO standard. Such certification
reduces or eliminates customer quality audits. This compliance requirement is part of the prod-
uct safety laws of many European countries and is being considered for inclusion in other coun-
tries around the world. ISO14000 is a similar series of international standards that concentrate
on the protection, preservation, improvement, and reconstruction of the environment. To comply
with this standard, products must meet the following requirements.
e Material selection should be based on the following criteria to reduce waste:

Minimize toxic waste content

Incorporate recycled and recyclable materials

Use more durable materials

Reduce total material use
e Production standards and procedures should have the following effects:

Reduce process waste

Reduce energy consumption

Reduce use of toxic materias
*  Designsfor recycling and reuse should include these features:

Incorporate recyclable materials

Disassemble easily

Reduce materials diversity

Include labeled parts

Use standard material types
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*  Designs that extend the useful life of products and components should include the fol-
lowing features:

Design for remanufacture
Design to permit upgrades
Designs that make maintenance and repair techniques and procedures easier
Designs that incorporate reconditioned parts and assemblies
= Designs should describe end-of-life safe-disposal techniques.
There are two aspects of the 1S014000 series. The first aspect is the organizational ele-
ment that addresses environmental management systems. The second aspect addresses product-

oriented issues. 1S014001 describes environmental management systems; 1S014010 is the
guideline for environmental auditing.

CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter, you should be able to:

Describe how specifications are developed through the phases of a project.
2. Describe the types of contracts for projects.

3. Explain the importance of trip and meeting reports, and describe the typical contents of
these reports.

4. Name the categories of periodic reports and describe their contents. Identify who receives
them.

5. Name the various levels of government for which reports are prepared. Describe the typ-
ica contents of these reports.

6. Describe the goals of ISQ standards.

EXERCISES

8.1 Write a meeting report based upon a group of your peers who have worked together
and have met to describe that work. Identify the action items that are to be accom-
plished before they meet again.

8.2 Develop a change notice form that would be applicable to the work with which you
are involved.

8.3  Write a project report describing your monthly accomplishments for either a project
or for this course.

8.4 Develop the outline of a specification for a project to which you have been assigned
that describesand constrainsthat project. Indicate how that specification could be mod-
ified to become the final specification.

85 From your previous work, develop a set of documents that describes your work. De-
scribe how it could be presented to future employees so they can improve their con-
tributions based upon your experiences.
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1. What are models, and why are 6. What are block diagrams and
they used in the development of flow diagrams, and how can
designs? they be useful in preparing mod-

2. What kinds of models are typi- els for projects?

cally used in the development of 7. What kinds of activities are per-
designs, and what are examples formed in relation to models
of each? during the four phases of a
C . iect?
3. Why is it important to decide projects
early in a project what to model? 8. What is the study of human fac-
4. What criteria should a model tors,' and why is it important in
design?

meet?

5. What are modules, and why is it
advantageous for models to be
designed as modules?

problt

need

performance | statistical applications
data , data
- iR T

What is false in the science of facts may be true in the
science of values.
George Santayana, 1900



Simulation models may be
used to replicate a portion of
a proposed or existing system.
They may also be used to
replicate an entire system.
The selection of appropriate
models for a project occurs as
part of the system develop-
ment process.
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I his chapter focuses on the values and uses of modeling as related to a
system design. Simulation models may be used to replicate a portion of a
proposed or existing system. They may even be used to replicate an entire
system.

After you complete the study of this chapter, you should know how to do
the following:

Realize when the use of a model would be advantageous.

Determine where a simulation would be helpful during design.

Develop a system block diagram that can be used for a model design.

Examine the applicability of a model to design needs.

Understand how various models can be interconnected and tested simulta-

neously.

® Comprehend how modeling can be applied throughout the phases of a
project.

* Learn when to apply human factors techniques and guidelines to either a

model or to the actual device or system

Rechtin (1997) defines a model as a representation of selected features of
a system. It may be a physical scale model of a proposed structure, it may be a
defining set of equations, or it may be an operating prototype of a product.

When do we stop modeling and start building our product? Modeling of-
ten lasts for the entire life of the project! The initial model is gradually im-
proved until it closely simulates the final product. Models help identify those
characteristics that are not immediately evident to the designers. The decision
about how much modeling is needed as a part of the system development
process must be considered by all designers. See Reutlinger (1970) and section
9.7 in this chapter.

SECTION 9.1

Since the purpose of a model 5
to simulate the actual system—
or a portion of that system —in
an effective and efficient man-
ner, a model must represent the
key system characteristics as
closely as possible.

THE NEED FOR MODELS

Modeling is similar to a miniature project to be performed within the overall project. Mod-
els are used when thereis a significant concern regarding the feasibility of all or a part of the
design approach being considered. Modeling a proposed design should be considered when the
cost in labor, time, and materialsinvolved in designing and implementing the model is signifi-
cantly less than that of constructing the actual product. The usefulness of the model in testing
the effectiveness of a design must be proportional to the costs involved.

A model is both an abstraction and a simplification of an event or function in the so-called
real world. The purpose of a model is to simulate the actual system—or a portion of that sys-
tem—in an effective and efficient manner. A model must represent the key system characteris-
tics as closely as possible.

The model is not the actual system, nor a portion of that system. Models are simplifica-
tions of events and functions in the real world. However, a model that is too simple may lead
toincorrect or incompl ete results because it does not accurately reflect the real-world situation.
Such results would then guide the designers improperly. Therefore, it is mandatory to evaluate
the limitations of a proposed model before using the information gained from the study of the
model.
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Figure 91 Typesd
models

Models can be devised for
items as varied es metalwork-
ing, insurance policies, chem-
ical processes, and transporta-
tion systems. For each area of
application, specialized ex-
pertise is needed to design a
model.

Modeling often occurs during a feasibility study. Studying the operation of a model can
lead to ideas that improve a system design. These designs can then be tested before being ap-
plied to a project. Some benefits of a model are these:

. Models can demonstrate that a design is unsatisfactory, which can prevent waste of design
and implementation costs on products that would not be acceptable.

. Design direction can be obtained from the data gathered from testing the model.

Models can be devised for items as varied as metalworking, insurance policies, chemical
processes, and transportation systems. For each area of application, specialized expertise is
needed to design a model.

The purpose of a model is to simulate the actual system, or portion of that system, in an
effective and efficient manner. There are four types of models (see figure 9.1):

*  Scale (reduced-size) models: both static and dynamic

. Full-size models or mock-ups: for technique and process evaluation
*  Simulation models: for design, evaluation, and training purposes

. Mathematical models. for test and evaluation via computers

For each type of model, many options exist. Each model typically offers special features, which
may be more suited to particular applications. Also, note that a prototype is a type of model. It
is a sample of the production version. Prototypes are used to test system and equipment func-
tions. They may not look like the final production version; for example, they might be con-
structed with different materials.

Here are examples of each type of model:

e Scale model of aradar, for evaluation of radar beam patterns
*  Full-size model of the same radar, for evaluation of construction techniques and materials

Simulation model, for evaluating how many radars are needed to ensure adequate cover-
age of the specified surface areaor volume

*  Mathematical models, for analysis of risk (Raferty, 1994) and for data analysis via com-
puter simulations

In addition, design-deficiency monitoring and evaluation models can be used for data gathering
and analysis, for example, for studying automotive vehicle safety. Each model should be as mod-
ular as possible so it can later be adapted and applied to other design situations.

It is the responsibility of the team leader or manager to decide which modeling approach
to apply, for example, weighing the effects of relying totally on a computer simulation rather
than constructing a prototype model. The trade-offs include time and money. An inaccurate or
poorly designed model may ultimately result in the canceling of the entire project.

During the Conception and Study Phases, models can be developed and manipulated to
predict performance outcomes. These outcomes can be used to guide the work of the Design
Phase.



Figure 9.2 A typical mode

Figure 9.3 A model
showing data merging
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In figure 9.2, Function 1 combines and modifies input A and input B. Function 2 com-
bines and modifies input C and input D. Function 3 modifies inputs from function 1 and func-
tion 2. Here is a more specific explanation:

=  Theinputs to function 1 (input A and input B} might be the outputs of two sensors that
are monitoring temperature.

* The inputs to function 2 (input C and input D) might be the outputs of two shaft-to-
position transducers.

= Functions 1 and 2 subsystems calibrate the input data and convert these datato digital in-
formation.

«  Function 3 would then merge or multiplex the digital datainto one digital word that will
become the output of function 3.

A computer or physical simulation of this subsystem (see figure 9.3) would include the
characteristics of a variety of sensors and transducers to ensure that the design works and to
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establish the effects of error on the remainder of the system. In this example the temperature
sensors, shaft-to-position transducers, and digital-word-merging (multiplexer) are simulated.
The data flow rate of the inputs and merging of the data can now be studied without actual
construction of equipment.

SECTION 9.2

A product will be more effi-
cient and safer to use if the
characteristics and limitations
of the users are considered in
its design. The application of
knowledge about human be-
ings to the design of products
is variously referred to as hu-
man factors or ergonomics.

HUMAN FACTORS CONSIDERATIONS

Most products will interact in some way with people. People may operate them, maintain
them, be served by them, or be otherwise influenced by them. A product will be more efficient
and safer to use if the characteristics and limitations of the users are considered in its design.
The application of knowledge about human beings to the design of products is variously re-
ferred to as human factorsor ergonomics.

The physical capabilities and limitations, such as size and strength of the people who will
use a design, must always be considered. For lifting or moving heavy objects, people may re-
quire training in using the optimum procedures to do so. People may require assistance in the
form of devices such as mechanical levers or powered lifts.

The scheduling of work-rest cycles can profoundly affect the performance and well-being
of workers. For example, much attention has been given to determining optimum rest and ex-
ercise periods in jobs that require continuous operation of computer keyboards.

The operation of human senses needs to be considered in designs. For display informa-
tion—relating to sense of sight—size, shape, brightness, color, and more legible written char-
acters can all be used to improve transfer of information.

In many applications, the meaning of color codes has been standardized. Here are some
examples:

green = safe
amber or yellow = caution or warning
red = danger

white = status (ON, STANDBY)

Critical elements should be coded in other ways aso, since some people are color-blind.

Aircraft pilots and navigators complain about the color coding used in cars. Imagine the
nervousness experienced by these aircraft-cockpit-oriented persons when they are driving a car
in which red lights are used as merely indicators, rather than as warnings!

Information may be conveyed to senses other than sight. Vision works only when an op-
erator is looking at a display; audible alarms can attract attention no matter where the operator
is looking. Odor-producing substances are added to odorless toxic gases so that the gases can
be detected. Attention has also been given to coding items through touch and vibration so that
they can be distinguished.

In Western cultures, people learn to read from left to right and from the top to the bottom
of apage. Thus, people from these cultures tend to scan computer displays or meters, dialsand
knobs, the controls, and readouts in the same way. Such items should be designed to exploit
this manner of scanning. For example, the most frequently used or most basic information might
be located at the upper left. Similarly, controls should match expectations. For example, con-
trols should move to the right or up for ON and to the left or down for OFF. Moving elements
in displays should move in the same direction as the controls that activate them.

Controls must be designed and located to be compatible with the size and strength of
expected users. Often, requirements must be developed for the selection and training of per-
sonnel. This ensures that they have the skills and knowledge needed for safe and effective
operation of products and systems.

The environment needs to be designed so those persons controlling system processes, op-
erating important equipment, or monitoring systems are able to concentrate their attention on
their assigned tasks. Distracting noises and colors should be avoided wherever possible. How-
ever, the environment must be neither so quiet nor so monotonous that an operator falls asleep.
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Considerable attention has been devoted recently to problems arising from long hours spent
at computer work stations. These include back and neck problems that might be alleviated by
improved design of seats to provide adequate support; carpal tunnel syndrome (arm pains, hand
numbness) from inadequate support of wrists during continuous operation of keyboards; and
headaches resulting from glare spots and inadequate character size and contrast on display
screens.

To theextent that the environment affects people, it will also affect design. Workspace de-
sign should consider amount of space, illumination, accessibility of work and maintenance ar-
eas, temperature, humidity, noise, and vibration. For example, some manual controls may bein-
operable by gloved or cold hands.

These analyses are intended to determine how best to design equipment so that it will ac-
commodate the operators expected to use it. The purpose isto disover how to make the equip-
ment " user friendly", easy to use, and "idiot-proof." For example, a large amount of human
factors analysis is applied in the design of aircraft, submarine, and NASA cockpits, not so
much to make them comfortable for the pilots, but to make information instantly available to
them when they need it. Whatever the specific intent, the general intent is to determine meth-
ods that improve human performance.

Specialists who apply knowledge about human behavior to design are known as human
factors or ergonomics speciaists. They are generally educated in both psychology and engi-
neering and are often additionally educated in anthropometry, physiology, sociology, medicine,
or other human-related sciences. Human factors specialists help to design products and sys-
tems that can be operated and maintained more accurately and easily and, hence, more effi-
ciently and effectively. These specialists also strive to ensure users' safety and comfort in op-
erating products and systems, as well as to prevent long-term deleterious effects on the user's
well-being.

Very large systems or project teams have their own human factors groups. Smaller effort?
may employ one or more temporary consultants. Engineers on small projects may have to do their
own designing and evaluating. They can refer to textbooks and handbooks that describe human
factors or ergonomics. However, they should have a consultant review and critique their efforts.

Representative textbooksin human factors include Dinsmore (1990) and Sanders and Mc-
Cormick (1992). Two sources for data related to human factors are Karwowski (2000) and
Salvendy (1997).

SECTION 9.3

PLANNING AHEAD}

111111111111.1

During the Conception Phase,
areas are identified in the pro-
posed design that may cost
too much to implement or
that might even cause the de-
sign to fail. If such areas are
modeled and tested early in a
project, the results can be a
workable —or even improved—
end product.

TO MODEL OR NOT TO MODEL

Examine figure 9.4. The Conception Phase requires planning the Study, Design, and Im-
plementation Phases of a project. At this time, areas within the proposed design that may cost
too much to implement or that might even cause the design to fail are identified. If such areas
can be modeled and tested and if useful and accurate results are obtained, then the Study and
Design Phases—and thus the entire project — will benefit.

During the Conception Phase, any questionable system characteristics, poorly defined vari-
ables, unusua design conditions, and vague assumptions need to be identified. The value of us-
ing a model isexamined early in the project. Why?Modifications at | ater stages are more costly
because they usually affect work already done. In fact, the project may even be delayed as the
modifications to the design are studied and implemented. The system specifications must also
be revised to reflect the results of the modeling.

When past experience is not considered a sufficient guide to a new design, then feasibility
studies should be performed that include modeling. A trade-off must occur between the cost
of designing and evaluating an exact replica of a portion of the system to be studied versus
studying a less expensive equivalent model. The word equival ent is the key word. The
Conception Phase team must continually compare the cost of a more accurate model versus
the expected savings in time, money, and design complexity that a less accurate model could
offer.
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Figure 94 Modding
sequence

PLANNING AHEAD}

The Conception Phase team
must continually compare the
cost of accurate modeling
versus the expected savings in
time, money, and design com-
plexity that a more accurate
model could offer.
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Any model to be considered must be worth the investment of time, money, and designer

talent. An appropriate model should meet most of the following criteria:

It should be relevant to the system design.

The output from building and testing the model should result in useful and accurate pre-
dictions.

Realistic relations should exist among the various system components.
There should be a minimum of complexity.

The format of the model should be flexible and simple to change.

The model results should be easy to compare with real-world observations.

Devising and applying the model should cost significantly less than construction of the ac-
tual device.

The result of using the model should lead to cost reductions in system design.
The result of using the model should lead to improved performance of the system.

Modeling can be applied to research, management, education and training, plant layout, pro-
duction facilities, equipment design, and equipment operation.

SECTION 9.4

A desirable feature in models
is that they be modular. Mod-
els that are modular ca.” be
tested and validated for the
current project, as well 35 he
available for use in future
projects.

MODELING APPLICATIONS

A company or team that expects to continue its existence beyond the present project will

develop models that are modular. Why'?The module—or the information obtained from de-
signing the module— can be carried to other projects or systems.

In the field of computer programming, for example, the concept of modularity has led to

object-oriented modular programs. These modular programs are designed to be used over and

over again as parts of different programs. The modular programs can be used flexibly, and they
can be adapted for use in other more extensive and sophisticated programs.



The continually decreasing
cost of computers and their
increasing use allows many
designers to consider com-
puter simulation for more
rapid and less costly evalua-
tions of proposed designs for
automobiles and aircraft.
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Radar design can only be accurately evaluated by scale models or full-size models. For
large airports where a number of radar systems may be operating simultaneously, computer
simulations of their interaction continue to be too approximate. Scale models of radar equip-
ment are still used to more accurately simulate expected airport conditions. The data gathered
are then compared with measurements taken after the full-size radar equipment is constructed
and installed. Then the value and accuracy of the scale models can be evaluated and revised to
be more accurate for the next simulation.

In the area of building construction, different types of materials, such as woods, metals,
and plastics, are used. Some buildings are constructed, monitored, and evaluated over a num-
ber of years. For example, for buildings constructed in desert climates or at shoreline locations,
the effect of the climate on different materials can be studied. Data regarding temperature, sun
exposure, humidity, salt spray, and other variables are gathered. The materials and construction
techniques used are then evaluated for the purpose of determining the most appropriate mate-
rials and of developing better construction materials and techniques.

Mathematical modelslend themselves to computer implementation and analysis. The con-
tinually decreasing cost of computer use alows many designers to consider computer simula-
tion for more rapid and less costly evaluations of proposed designs. Computer simulation can
be very flexible and is often quickly adapted to new concepts, such as the following:

e Wind tunnel testing of skyscraper scale models

*  Architects /4, Scale model presentation via models of buildings
*  Process plant piping layout

e ASTME-119 standard fire resistance rating tests

*  Failure mode and effect analysis (Pugh, 1993, p. 208)

The general limitations regarding computer modeling are these:

*  The amount of computer Random Access Memory (RAM) available
e The computational speed of the computer

Also, if acomputer model is extremely complicated, then it may be very slow and difficult to
operate.

Where a design requires repetitive use (figure 9.5), such as a program for analyzing the
output of an assembly line that produces semiconductors, the statistics gathered on wafer size,
conductivity, response time, and so on, can be presented in a tabular format. The statistical ta-
bles can then be activated by the programmer or operator to analyze the performance and trends
of the existing production line. Thus, corrective action can be taken before the semiconductor
output no longer meets the design specifications.

Automotive vehicles are similarly monitored. The U.S. federal government has devel oped
anevaluation and "recall" procedure. This procedureassures thedriving public that noted vehicle
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deficiencies are corrected once the problem has been identified and evaluated. Corrective parts and
replacement procedures are developed and distributed to local repair stations. The public is then
notified to bring in their vehicles for correction. (The federal government has become involved
because of the harmful effect of vehicle malfunction on a large portion of society.)

Pugh (1993, p. 208) suggests asking the following general question: What area, if im-
proved, would likely yield the greatest reduction in severity of failure and the frequency of its
occurrence, and would also increase failure detectability? Brown (1992, p. 36) offers the fol-
lowing nine specific questions:

Can the design be changed to eliminate parts?

Can the present design be purchased at lower cost?

Can a standard part, or a modified standard part, be used?
If the part is to improve appearance, is its use justified?
Can the design be changed to simplify it?

Can standard inspection equipment be used?

Can a part designed for other equipment be used?

O N U~ oODN =

Can a less expensive, or newly developed, material be used?
Can the design be modified to permit manufacture on automated equipment?

©

Cross (1944, pp. 24-32) warns that the "real"" problems must be identified prior to performing
avaue anaysis. It is not aways easy to identify the real problems until the design is partialy
complete.

SECTION 9.5

Block diagrams are useful in
visually dividing a product
into its component parts. The
blocks can be analvzed to see
whether new models should
be developed and tested or
whether models that have
een for other proj-

ects can be used or adapted.

BLOCK DIAGRAMS

Prior to deciding what portion of a proposed design is to be modeled, the entire design should
be translated into a block diagram. Such a diagram defines the input to each block, the functions
of the block, and the output from the block. Each block represents a part of the product. The inter-
connections of the various blocks indicate the relationships among the parts of the product.

The Conception Phase team can now ask such questions as these:

Which blocks within the design are well known and understood?
. Are there blocks that have been used elsewhere in a similar fashion?
*  Which blocks consist of newly proposed designs?
e Arethe blocks interconnected in a manner previously used?

Based on the answers to these questions, the Conception Phase team may decide that some de-
sign issues need to be further explored. Research into existing similar designs may need to be
performed.

Examine the block diagram for a bread toaster (figure 9.6) that is to be designed for pro-
duction. This block diagram shows the designers the functional relationship of each part of the
toaster to the other parts. Manufacturing, however, requires a different diagram—one that de-
scribes the flow of the toaster's construction and assembly. This flow isillustrated in figure 9.7.

From this flow diagram, the manufacturing functions of purchasing (make-or-buy deci-
sions), tooling, fabrication, assembly, inspection, and testing may be planned.

First, theideal system solution is proposed. For the above manufacturing functions, mod-
els are devised. The typical sequenceis as follows:

Define the problem
Identify potential solutions

Evaluate alternatives
Select one solution
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Designerscan develop block
diagrams that show the flow
for manufacturing a product.
Such diagramsare useful in
planning the manufacturing
functions of purchasing
(make-or-buy decisions), tool-
ing, fabrication, assembly, in-
spection, and testing.

PLANNING AHEAD}

Designers can develop block diagrams that show the flow for manufacturing a product. Such
diagrams are useful in planning the manufacturing functions of purchasing (make-or-buy deci-
sions), tooling, fabrication, assembly, inspection, and testing.

Creativity is needed in developing solutions for the various parts of the manufacturing
process. If large quantities of toasters are to be manufactured, then less expensive and more re-
liable assembly line and quality control techniques are investigated and trade-offs examined.

Manufacturers are willing to invest money in research and planning because the results of
the studies and plans will provide worthwhile savings. The large savings obtained in the pro-
duction of thousands of toasters can provide money for further studies and savings. Accoun-
tants amortize the cost of research and planning across all of the toasters produced. The money
saved by designing more efficient and reliable production facilities lowers the production cost
of each toaster. Thus, the selling price of each toaster may be decreased.

The toaster construction and assembly flow diagram (figure 9.7 on p. 227) becomes the
production flow diagram. It identifies the individual steps required for efficient and reliable pro-
duction. Such a diagram shows the sequence of assembly line relationships. Pugh (1993,p. 211)
provides another example that involves a car door.

The production-line designers next commit to paper their ideas regarding the following:

Who (workers or subcontractors) will produce which parts of the process?

e What isto be accomplished at each work station of the production line?

e When istheincoming material needed?

*  Where will theincoming materials, partial assemblies, and final product be stored?
¢ Why should a new toaster design be considered?

*  How can a new design meet consumer needs?

= How can a new design eliminate current production problems?

*  How much could a new design contribute to overall company profits?

These questions— who, what, when, where, why, and how — are used to guide the investigators
in a manner that will direct their work along productive paths.

The above questions may be used as a means of examining nearly any situation where sev-
eral choices are available. The answers then provide the justification for investing money in the
development and production of a new product.

SECTION 9.6

EXPANDING THE MODELING

This section continues the example of the use of block diagrams to help in effective de-
sign throughout the phases of a project. During the Conception Phase, the overall product or
system block diagram is developed, as shown in the toaster example in section 9.5. The Con-
ception Phase team may have devised a new approach to the solution. Sometimes, more than
one block diagram is developed. Those diagrams are then expanded and evaluated during the
Study Phase. From a block diagram, task lists, schedules, and cost data can be prepared.

Portions of the block diagram may be in question. Each questionable portion of the solu-
tion needs to be investigated before it is accepted as a workable solution. Whenever possible,
the questionable portion of the solution should be either simulated and evaluated, or actually
constructed and tested.

At the beginning of the Study Phase, information is gathered regarding existing models,
which are used or modified for use whenever possible. For those portions of the block diagram
where no existing models can be easily modified, new simulations or prototype models must
be devised. The models are then used or tested and data are gathered. For models that were
newly devised, data are often gathered over the life of the project during field trials of new
units and during equipment and system operation. The information gathered can lead to
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modifications in later stages of the project and can be useful in preparing new designs of similar
equipment.

The Design Phase takes advantage of the knowledge gained during the Study Phase mod-
eling. The modeling results now point in the direction of the preferred design. If the design di-
rection is still not clear, then the prototype of the entire system may need to be constructed. In
this case, the remaining portions of the modeled system may then be constructed. They are con-
nected to the partial-system prototypes previously constructed and evaluated. Additional data
can now be gathered and examined for the entire system. Last-minute design changes may be
needed prior to system construction.

As computers become more sophisticated and can simulate real-world situations more ac-
curately, the need for prototype models decreases. However, it would be incorrect to assume
that all prototype models are unnecessary. First, most production tooling cannot be evaluated
without the construction of a production prototype. Second, human-machine interaction that
accurately reflects the effects of human boredom or tiredness upon the system cannot yet be
simulated. Third, computer models are often not as accurate or all-encompassing as their de-
signers may claim.

The Implementation Phase involves constrncting and proving the actual system. Verifica-
tion of the design for quantity production units may lead to some changes when thefirst pro-
duction units reach thefield. These changes are usually sent out to the usersin “kit” form. More
complicated changes to products may require field-service technicians to implement them.

There are times when it is necessary to run asimulation in real time. Such a smulation is
connected to a portion of the prototype system. It must function at a speed that is at least as
fast as the connected prototype. It must also be an accurate simulation; otherwise there will be
GIGO (garbage in, garbage out). As an example, imagine a computer program for weather fore-
casting that operates so slowly that the actual weather has occurred by the time the weather pre-
dictions become available from the computer simulation.

Human beings have awide variety of skills, abilities, and limitations. Machines with which
humans interact must be designed with attention paid to these skills, abilities, and limitations.

Training can improve many of the skills and abilities of machine operators. Simulated
emergencies can test and evaluate improvement in skills. Simulation of seldom-occurring prob-
lems can be helpful in further improving an operator's skills.

People react differently when rested, when tired, and when under stress. These three situ-
ations require study and, where possible, simulation, test, and evaluation.

According to Nadler (1970, p. 327), “ . . . human agents represent any human resources
used in or between any steps of the sequence or as part of the environment that aid in convert-
ing the inputsinto . . . outputs without becoming part of the outputs." He identified the fol-
lowing typical human agents in a system:

Machine Operator Tool and Die Maker Fork Lift Truck Operator
Secretary Computer Programmer Janitor

Teacher Nurse Telephone Operator

Vice President Supervisor Engineer

Doctor Clerk Attomey

SECTION 9.7

MODEL INTERCONNECTING AND TESTING

When large systems are being modeled, initially subsystems may be devised separately.
After each subsystem model is designed, constructed, debugged, and tested, then the subsys-
tems must be interconnected — preferably two at a time.

Prior to designing the individual subsystem models, agreement must be reached on how
they will eventually be interconnected. These interconnections are often referred to as inter-
faces. (Interfaces are the mechanical and electrical boundary for two or more pieces of equip-
ment; cables, connectors, transmitting and receiving circuits, signal-line descriptions, and timing
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and control information are included.) Interfaces contain information related to electrical, me-
chanical, hydraulic, thermal, and environmental parameters. (The dynamic portion of these
interfacesis known as handshaking.)

Theindividual subsystems are tested separately. Once the models are revised to reflect the
final product as closely as possible, then it is time to interconnect the subsystems—two at a
time. First the overall test information is gathered. Then the results are compared with the ini-
tially determined individual test results. When any deviation is noted, the models must be mod-
ified to reflect the corrections. The interfaces are now considered verified.

Now additional subsystems can be connected with the tested pair of subsystems. The pro-
cedure is repeated until al of the modeled subsystems are connected into the entire system, if
thisisfeasible.

These subsystems are developed in a modular manner so they can be used later with other
system designs with or without modification. Many people devote their professional careers to
subsystem modeling and testing.

SECTION 9.8

Figure 9.8 Sequence d
Modeing

MODELING THROUGHOUT THE PROJECTPHASES

A summary and sequence of the application of models is given below, by project phase.
The flow is further summarized in figure 9.8.
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Conception Phase

2.

3.
4.

Devise and develop the system block diagram.
Use old blocks where possible; devise new blocks where needed.
Select or devise new models for newly devised subsystem blocks.
Identify critical subsystem blocks that could cause system failure.
Devise and expand critical-block solutions.

simulate and evaluate

construct and test
Investigate model types that would apply to identified blocks.
Establish system and subsystem performance goals.

Study Phase

1

o gk w DN

Select old models that apply to the identified blocks.
Gather information from existing models.

simulate prototype

construct prototype
Design new models that are needed.
Examine the effect upon the system of each model individually.
Interconnect models; test and evaluate model interactions.
Modify design specification based upon modeling results.
Establish system performance standards within that specification.

Design Phase

1

2.
3.
4.

Design actua contents of each subsystem block.

Construct and test new subsystem designs.

Evauate subsystem test results.

Revise designs as necessary.

Compare subsystem design performance to design specification.
Revise Production Specification as necessary.

Revise Working and Detail Drawings as necessary.

Implementation Phase

L.
2
3.
4. |Improve the models so they are more redistic when used again.

Construct prototype of new subsystem designs.
Incorporate new subsystems into origina system.
Compare total system performance with modeling results.

As computers and the companion software become faster, more powerful, and more flex-

ible, the application of simulations to modeling will increase. Therefore, it is advisable for per-
sons interested in technical careers to learn one or more programming languages and become
familiar with the capabilities of a wide variety of application programs.

Since it is not granted us to live long, let us transmit to poster-
ity some memorial that we have at least lived.

Pliny the Younger (61 to 114 A.D.)
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CHAPTER OBJECTIVESSUMMARY

Now that you have finished this chapter, you should be able to:

1. Define models and tell why they are used in development of designs.

2. List the kinds of models that are typically used in development of designs and give an

example of each.

3. Explain why it is important to decide early in a project what to model.

4. Describe the criteria that a model should meet.

5. Define modules and tell why it is advantageous for models to be designed as modules.

6. Define block diagrams and flow diagrams and tell how they might be useful in preparing

models for projects.

7. Describe what kinds of activities are appropriate in relation to models during the four

phases of a project.

8. Define the study of human factors and tell why it is important in the design of projects.

EXERCISES

91 Describe the inputs, processes (functions), and outputs for a model assigned by your
instructor.

9.2 Develop a modeling sequence that describes, in more detail, the applicable sequence
by applying or adapting the blocks shown in figure 9.3 for a project assigned by your
instructor.

9.3 Indicate which of the models indicated in figure 9.1 applies to your assignment for
exercise 9.2 above.

9.4 Develop aflow diagram and/or block diagram for exercise 9.2 above.

9.5 Discuss how you would interconnect your model with those of other studentsinvolved
in other parts of the same project. Note how the overall interconnection could betested.

9.6  Write a paper describing how you could apply human factors considerations to your
project.

9.7  Write a paper describing what yon have learned from this text. Indicate how this text

has improved your technical and personal skills, and how this text has affected your
choice of a professional career, if applicable. Revise your resume to reflect your newly
acquired skills and experience and, if necessary, your career-change direction.
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HISTORY

Lawrence D. Miles developed value engineering in 1949 at General Electric. Materials
were scarce because of the War effort. Thus, other materials were substituted to produce es-
sential products. Informal analysis indicated that substitutes often performed better than the
specified materials. From these findings, Miles organized and established the procedure, method,
or approach known as Value Analysis/Engineering (VA/E).

The main focus of this method is to identify the functions of the product, design, or ser-
vice under consideration. Alternate ways to fulfill each function are brainstormed. (See chapter
2.) Cost reduction is achieved through critical evaluation to find the best aternative (and least
expensive way) for meeting those functions. Because the goal is to provide the essential func-
tions at low cost while maintaining or increasing user acceptance and acceptable quality, the
target of the Vaue Analysis effort is not fixed. In traditional cost reduction programs, the focus
is merely on substituting less expensive parts into a product, without changing the basic con-
figuration (Miles, 1972). Therefore, the objective of a Value Analysis study is to achieve the
function with increased user acceptance and higher quality at alower cost. Thiswould be equiv-
aent to increasing the ratio of function at a higher quality and greater user acceptability to the
cost. An equation representing value can be expressed as

Function T Greater User Acceptance + Acceptable Quality
Cost

Value =

I'n the 1960s, the Department of Defense embraced the Value Analysis concept and inserted
incentive clauses into all government contracts. Programs meeting the guidelines and achieving
savings on the contracts received extra money. Companies established new departments. Civil-
ian projects in the private sector followed the military approach and established the process in
the manufacturing and construction area {Dell’Isola, 1982).

As the military programs ended following the Korean and Vietham conflicts, Value
Analysis programs were scaled down or eliminated. However, as with al worthwhile tech-
niques and ideas, the programs came back in all sectors of the economy, including manu-
facturing (both civilian and military businesses), service, financial, and construction.
Reengineering and Concurrent Engineering concepts and programs brought back Vaue Ana-
lysis. The process starts at the beginning and continues throughout the design cycle. This
replaced a design review after the product, process, or system was nearing completion or in
production.

The term Value Analysis will be used in the rest of this appendix to describe the process.
It employsteams, with three to seven people on each team. Mixed groups are composed of people
from different departments. Individuals familiar with the problems and others with no previous
background appear to be the most successful team members. Initial communications barriers
may exist. An experienced leader is essential. The total procedure, with examples, is included
in the following paragraphs.



234

Appendix A Value Analysis and Engineering

THE VALUE ANALYSIS PROCESS

Poor value is designed into a product when functions are not analyzed. This occurs
because individuals follow tradition. They lack information or make the wrong assumptions
or do not think creatively. Value Analysis does not accept a designed part, process, or sys-
tem; it stresses cost reduction by defining the function. A product or service increases in
value when its basic functions, as well asits secondary functions, perform better than those
of competing products or services. Vaue analysis answers the following questions (Brown,
1992):

What are the parts, processes, or pieces?
*  What doesit do?
What does it cost?
*  What else will do the job?
*  What will that cost?

Value Analysis has been successfully used in all engineering disciplines and special-
ties, and in organizations within the human and social services fields. The processis a struc-
tured sequential plan or strategy that consists of four phases. the information phase, the spec-
ulation phase, the evaluation and analysis phase, and the implementation phase (Miles, 1972;
Fasal, 1972; and Mudge, 1971). It is best taught and learned by limited lecturing and with
many exercises, demonstrations, and projects. Each of these phases will bediscussed in more
detail.

THE INFORMATION PHASE

In creative problem solving, the emphasis is on the creative thinking activities: idea gen-
eration and evaluation of creative ideas. In Vaue Analysis, as in any design process, the first
(and the hardest) step is problem formulation or definition. The four tasks of the information
phase are as follows:

Data collection
Function identification
Cost analysis

User reaction surveys

A w DN

Task 1. Data collection focuses on identifying accurate user data about the product, part,
object, or service. These words will be used in different situations but will apply to all prob-
lems. Market surveys on consumer satisfaction and attitudes, user expectations and experi-
ences, customer wants and needs, as well as competitive comparisons are very important in
obtaining complete and accurate information. Three distinct groups of users must be con-
sulted:

1. Consumers, customers, or clients who have experience with the product

2. Managers or administrators who are involved in supervising the production or acquisition
of the product

3. People who are directly involved in the manufacture or execution of the product.
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Task 2. Function identification is a difficult and time-consuming task. The primary rule is;

ALL FUNCTIONS ARE EXPRESSED IN TWO-WORD (VERB-NOUN) PHRASES.

Functional analysisis similar to the development of task descriptionsfor projects such as those
described in chapter 7. All functions that the product does or is expected to do are expressed in
verb-noun phrases in Vaue Analysis studies. Verbs are action words (see appendix B). Nouns
are measurable and must be used in primary functions. Nonmeasurable nouns represent basic
or supporting functions.

First, the primary function must be identified. Thisfunction is the reason for all other ba-
sic and supporting functions. For example, the primary function of a pencil is to make marks;
the primary function of a lawn mower is to cut grass; the primary function of an engine isto
supply power; the primary function of a window is to provide light.

Next, basic and supporting functions must beidentified. This activity is surprisingly diffi-
cult and requires a lot of brainstorming by the teams. Basic functions are critical to the perfor-
mance of the primary function. Supporting functions are subordinate to the basic functions. In
many products, these are "' perks” added to increase buyer appeal. However, they can add sig-
nificantly to the cost of the product. Basic and supportive functions are then subdivided into
secondary and tertiary (third level) groupings. In brainstorming, combining ideasis encouraged.
In function identification, separation is the goal.

A chart is prepared that shows how the different functions are connected. It is known as
the FAST (Function Analysis System Technique) diagram and isorganized horizontally. Each
phrase branches to answer how the function directly adjacent to it is to be performed; each
phrase along the chart answers why. For example, in figure A.1 "'scribearc™ is the primary func-
tion of the compass. To perform that function, the secondary functions of "position™ and "'ro-
late the marker™ must be accomplished. To position marker, we must " have marker," ""hold
make: “separate legs" and "anchor center' (tertiary functions).

This chart can be developed as a group activity. Each phrase is written on a small card.
These cards are moved around and new phrases are added. The group must be satisfied that all
the functions of the product have been identified and organized in their correct relations pon
the chart.

For example, the primary function of a pencil is to make marks. Several secondary func-
tions are identified. One of these is to contain advertising and another is to correct mistakes; an
eraser is included. Tertiary functions are not necessary in a design as basic as a pencil. A com-
pleted FAST diagram—figure A.l — shows a sketch of a compass, dl its functions, and the
boundary conditions (scope) of this study (Salvendy, 1992).

Let's look at another example. The primary function of a window is to provide daylight.
Secondary functionsareto allow air circulation, provide security, and keep out undesired weather.
A tertiary function would be to repel insects.

Task 3. Cost analysisis very detailed and analytical, and it can be tedious and boring. Var-
ious strategies and costing procedures are available for this task. The most appropriate or eas-
iest one should be used to yield a reasonable allocation of cost to each item in the function
tree. Labor, material, design, and overhead costs must be included. Other factors may be in-
volved as well. Accounting specialists use a variety of equations to allocate costs. Accounting
functions within the organizations should be consulted. The use and allocation of the data,
however, must be relevant to the function. All costs must be tabulated and included under the
appropriate function.

Task 4  User reaction surveys are a diagnostic tool. When the function tree has been com-
pleted, the team must determine which of the functions are most important to product per-
formance and customer or client acceptance. Feedback should be obtained from all
stakeholder groups. Functions that are relatively high in cost but are judged unimportant by
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[ | scope of study l
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user primary secondary tertiary functions input

functionl function (or design concept functions) functions
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Figure A.l Completed FAST diagram with sketch of compass
Salvendy, G., Handbook of /ndustrial Engineering, € 1992. Reprinted by permission of John Wiley & Sons, Inc
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stakeholders are prime candidates for cost reduction. This identification of high, low, and
indifferent acceptance (or A, B, C classification) of function categories is essential to the
next phase. Development of user-desired product criteriais an activity that requires creative
thinking and data analysis.

SPECULATION OR SEARCH PHASE

Brainstorming is used to generate ideas. The questions to be answered about each func-
tion are:

*  What else could do the job?
* In what other ways can each function be performed?

Great emphasis is placed on deferred judgment; the group members are not alowed to assess,
evaluate, or criticize. Individuals are encouraged to note their ideas before verba brainstorm-
ing begins. All ideas are recorded. These ideas are shared, additional ideas are generated, and
all ideas are written on large charts for al to see. (Refer to chapter 2 for additional guidance
on brainstorming.)

EVALUATION AND ANALYSIS PHASE

Brainstormed ideas are evauated in terms of cost, feasibility, and other relevant criteria
The key objective for this phase is to improve ideas. Ideas are only eliminated if a better solu-
tion is developed. Although critical judgment is used, people are encouraged to maintain a pos-
itive attitude. The cost figures and the importance ratings developed earlier are very useful for
focusing this effort. This phase is very important for those functions that have a high accep-
tance or a high cost.

IMPLEMENTATION PHASE

The objective of this phaseis to sell the recommended improvements to stakeholders for
the product resulting from the Value Analysis study. A proposa is prepared that demonstrates
that the proposed changes are technically feasible and meet the management objectives. Sub-
stantial cost savings are aso documented. Schedules and budgets for implementation need to
be prepared, as well as an assessment of the new skills and employee training that will be
required. Long-range and short-range feedback and monitoring plans must be established to
evaluate the results of the effort. The proposal presentation is then made to management and
administrators using good presentation techniques and visual aids. The "sales" presentation
should be brief and should focus on the highlights.

Implementation of creative problem solving through vaue analysis requires support from
top management. Cooperation and teamwork among departments make it a multidisciplinary
approach. Vaue Analysis requires the allocation of necessary resources. A variety of forms, data
collection and analysis procedures, and computer programs can be developed so the process will
be more efficient (Brown, 1992).
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ADDITIONAL THOUGHTS AND IDEAS

Some supporters of ValueAnalysis recommend that the Implementation Phase be split into

three phases:

1

Program Planning involves summarizing additional sources of ideas or solutionsfrom plant
personnel and vendors.

Execution involves preparing and evaluating additional proposals.
Summary and Conclusion is when the formal report and presentations are given.

Training employees in creative thinking and problem solving is effective and productive

only when top management is committed to these activities and provides a supportive environ-
ment. Special techniques are available to make you become a better problem solver without hav-
ing to develop a new procedure for your work. See Allen (1962), Lumsdaine, E. & M. (1990),
Pugh (1993), and von Qech (1993).

SUMMARY

The following techniques or phrases are used in any Value Analysis study. Use them in

your studies as a checklist.

Set up the Vaue Analysis job plan.

Practice creative thinking to overcome roadblocks; then refine the new functions.
Evaluate each function by comparison.

Get data and facts from the best sources using actual costs and standards.

Put dollar signs on the main idea and key tolerances.

Use specidty products, materials, and processes.

Spend company money as you would your own.

Work on specifics, not generalities.

Use your own judgment with good human relations.

The Value Analysis process is simple and organized. Implementing it will lead to an improved
design at a lower cost.
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WRITING OBJECTIVESFOR TASKS

Written objectives are used to guide a project. Some describe activities that have been
accomplished many times previoudly. If thisis the case, then the previously written and used
objectives may be applied directly or modified to suit the current project. Also, written objec-
tives may describe a new, unique, and untried activity to be undertaken. It may be uncertain that
the goals of the activity can be met without a further, more precise description.

The written-objective technique was devised under the direction of the late Admiral Rick-
over. He was assigned responsibility for the design, development, construction, and testing of
nuclear-powered submarines. At approximately the sametime, Robert Mager developed the writ-
ten-objective technique for education.

Many school systems use the written-objective technique to define the material to be taught
and learned. At the end of the school term or year, special exams are given to determine both
the new abilities and specific shortcomings of individual students. These exams also evaluate
the instructor's success in teaching the material.

In business and industry, written objectives are prepared to describe the intended outcome,
or result, of the work to be performed. They describe what the results should look like, or act
like, when the tasks have been completed successfully. They areincluded either within a Spec-
ification document or in a separate Project Task Description document.

The work to be performed is divided into tasks that are included in the Project Task
Description. Today, objectives are a key portion of each task in a project. Many objectives are
written with the measurable goals to be achieved clearly stated. Results are judged by how
closely the design agrees with the numbers that are a part of a measurable objective. The use
of numbers permits persons contracting for the construction of equipment and systems to eval-
uate the progress of the engineering and management team performing the design. There are,
therefore, fewer lawsuits when objectives are defined and negotiated in advance.

An objective describes the destination, or end result, of a task. Task analysis documents
describe the details, such as: when the task isto begin (the origin), the work to be performed (the
route), and the end result (the destination). An objectiveindicates the direction to be pursued with-
out restricting the designer to a specific final result. An objective may also mention related goals.
Thus, al persons involved can verify that the documented goals have been achieved.

The Mager Six-Pack (1996) isan excellent guideto writing objectives. It contains both in-
structions and examples, with built-in fe dback.

Note that a written objective contains the following descriptions:

*  The conditions under which the task will be performed

*  What you want someone to be able to do (the necessary skills)

*  The criteria that describe successful performance; the definition of the measurable final
result(s)

The objective within a task should alow evaluation of the end result. All personsinvolved will
know when the documented goals have been achieved because the objectiveis writtenin a clear
manner.

239
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Figure B.1
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There are three types of written objectives (figure B.1):

1 Behavioral objectives broadly describe the goals of a project or portion of a project and
cannot be measured with numbers.

2. Performance objectives describe the goals of a project or portion of a project by means of
numbers. All persons involved agree that the goals can be measured with numbers to de-
termine that they have been satisfactorily achieved.

3. Technica objectives precisely describe, in technical terms, the work to be accomplished.
They can be measured with numbers.

An objective that describes the desired end result is aterminal objective.

Behavioral objectives provide the qualitative goals for a project. An example of a behav-
ioral objective for the activity center would be the following:

Design an activity center for children that provides a pleasant atmosphere leading to
friendly interactions with their companions and their adult supervisors.

Performance objectives should be key portions of a task description. Equipment and pro-
cedures are judged by how closely their design agrees with the numbers that are a part of each
performance objective. They permit persons contracting for equipment and systems to evaluate
the progress of the engineering and management team performing the design. Therefore, there
should be fewer recriminations, hard feelings, and lawsuits when objectives are defined in
advance: Everyone agrees in advance on what the outcomes should be. For the activity center,
an example of a performance objective would be the following:

There shall be a minimum of |' clearance between the exterior walls of the founda-
tion and the interior walls of the excavation.

The specifications for projects contain many technical objectives. (See figure B.2.) Terms
are used that are meaningful to those professional persons involved in achieving those objec-
tives. Designers have flexibility of choice within the broad constraints provided by the techni-
cal design criteria.

For the activity center, hereis an example of the evolution of atechnical objective through
the various phases of a project. For the Conception Phase, the wording is often most general:

Select flooring whose cost is less than 50¢ per square foot.



Appendix B Objectives, Task Descriptions, and Active Verbs 241

phase technical objective

Select flooring whose cost is less than 50C per square foot.

Select the least expensive flooring whose cost a less than 50C
per square foot and has a life expectancy of at least ten years.

Construct the floor with 314-inch CDX plywood.

Construct the floor with 314-inch CDX plywood.

Figure B.2 Development in the content d objectives through the project phases

For the Study Phase, the technical objective should not include a conclusion or result.

Wrong: _
Construct the floor with */;-inch CDX plywood.

Right:
Select the bust expensive ,flooring whose cost is less than 50¢ per square foot and
has a life expectancy of at least 10 years.

With the more general objective, during the Study Phase, designers should evaluate only those
types of flooring that will be within the price and life-expectancy limits given in the Design
Specification being developed.

The"wrong'" Study Phase technical objective provides both the direction and the result or
conclusion. The " correct' Study Phase technical objective indicates only the direction toward a
conclusion.

The Study Phase ""'wrong" objective now representsthe correct wording for the Design and
Implementation Phases:

Construct the floor with */,-inch CDX plywood.

An objective is written as an instruction. An objective starts with an active verb and is a
complete (standalone) sentence. Words that are used in an objective should be understandable
to al persons assigned to study, design, or implement the design product, process, or procedure.
A list of active verbs appears at the end of this appendix. These active verbs are used in the
writing of behavioral, performance and technical objectives.

WRITING TASK DESCRIPTIONS

A task description focuses upon what isto be accomplished. As an example, the activity
center foundation is to be constructed according to the foundation portion of the Production
Specification. The Project Task Description describes in writing how the foundation work
is to be accomplished (appendix C gives the final specification). A well-written task de-
scription leaves no question regarding what work is to be performed and how that work is
to be performed.
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Why have task descriptions? Because there are more wrong ways to do something than
right ways. Verbal instructions are sometimes given for work to be performed. However, such
verbal instructions may be vague, which in turn may lead to misunderstandingsand incorrect
performance of work. Once a project is initiated, someone must decide what work is to be
done, who isto do it, when it is complete, and whether it has been performed satisfactorily.

A task is a small part of a project. Therefore, a task will have many of the attributes of a
project. It may be considered a miniature project. The work to be performed must be defined
in sufficient detail to allow the workers to complete the task with a minimum need for further
instructions.

A task description will contain the following:

*  The name and objective of the task

«  Therelation of the task to the overall project

* A description of the work to be done

*  The specifications relating to the materials and quality of work
e A schedule for the performance of the task

Two examples of the technical content for a task description for the activity center are given
below.

Prepare Site

The site shall be surveyed, by Registered Land Surveyors or Civil Engineers, to
establish grade levels of the basement floor. A stake shall be placed at each comer
of the foundation with "depth of cut” noted on each stake. Batter boards shall be
installed for each comer and marked with the location for each foundationwall. See
Jfigure B.3.

Excavate Site

The excavation of the basement and foundation footingsisto be performed next. There