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Preface

any of the currently available books on estimating cover project estimating
in a discipline-specific mode, such as construction estimating, software
development estimating, and process plant estimating. Although thereis a
great dea of commonality in estimating techniques among al industries,
distilling the nondiscipline-specific topics is sometimes difficult because
they tend to get masked by the details of the discipline that is the subject
of the project.

Project Etimatingand Cog Management covers the fundamental sof esti-
mating projects in a discipline-independent context. It covers the essentials
of project estimating, progress monitoring, and cost management, and is
intended for project professionaswho need a quick overview of the process
of estimating the cost of projects. Specia attention is focused on estimate
accuracy and the issuessurrounding cost and schedule overruns.

Chapter 1 dealswith the inception of the project asit relatesto organiza-
tional strategies. Project selectionand prioritization usingindicesand models
are also presented. Chapters 2 and 3 describe the development of work
breakdown structures(WBS) and resource breakdownstructures (RBS), with
detailed discussions of the elementsand bases of divisionfor thesestructures.
These chapters guide the reader through the stepsinvolved in constructing
WBS and RBS. The reader is then introduced to the concept of bottom-up
estimating and the stepsinvolved in creating a detailed estimate baseline.

Chapter 4 discusses the various models that estimators use to arrive at
rough estimatesof projectsduring the early stages of project conception. The
issues of estimate accuracy and basdline volatility are discussed, recognizing
both the need to provide estimatesin order to make judgments on project
authorization and the scarcity of detailed data (at the time these estimates
are devel oped).

Chapters 5 and 6 focus on the processes and techniques involved in
monitoring project expenditures during the implementation phase. Data
collected by the monitoring activitieswill form the knowledge base that the



PROJECT ESTIMATING AND COST MANAGEMENT

project manager will need to deal with the inevitable changes that occur
during project implementation. The causes of these changes to the project
environment and the procedures involved in formulating resolutions for
these unexpected changes are also discussed.

Chapter 7 dedswith estimating and cost management issues related to
externa projects. The topics of bidding, specifications, indirect costs, and
overhead are discussed, specificaly relating to contractor performance and its
impact on the client-contractor relationship.
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CHAPTER 1

Introduction

institutional memory, and the project scope statement to predict the resource
expenditures, total cost, and duration of a project. A typical statement of
project objectiveswill outline the attributes of a new physica deliverable, the
detailsof performance enhancementsto asystem, or the purposeof aspecific
service. To estimate the project cost, the project manager must identify the
various constituent physical elementsand related activities necessary to meet
the project objectives. Next, the project manager develops the estimate by
summing the estimate of resources for these elements. Then, by extension,
the project manager computesthe elemental and project costs.

When the project is conceived, the estimate is extremely inaccurate
because very little information is available about the expected deliverables,
the project team, and the project environment. But, as the project evolves
and more information becomes available, the estimate can be fine-tuned to a
higher levd of precision. Details of the objective, scope, quality, and desired
delivery date are necessary for a comprehensive and accurate estimate. As
these details become available, they in turn trigger enhancementsin thework
breakdown structure (WBS), the estimate, the schedule, and other planning
documents. Further, the evolving planning documents could also include
increasing details about the procedures that will be used in implementing
the project.

The initial cost estimates of the elements and the project form the
baseline budget for measuring the cost performance of the project during
the implementation phase. This cost estimate, and therefore the budget, are
initially very rough and inaccurate. When establishing the project budget on
the basis of the project estimate, it is necessary to note whether the estimate
was developed using a rough conceptual estimate technique or a detailed
bottom-up estimate. If the budget was established during the early stages
of project planning, the budget development process should alow some
modificationflexibility, primarily becauseearly estimatesare inaccurate.

Esti mating is the art and science of using historical data, persona expertise,
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Likewise, during the implementation phase, the project estimate serves
as the base of referencefor devel oping quantitative indicators of the project
cost performance. Accordingly, depending on the accuracy and limitations
of the estimate, appropriate contingencies, reserves, and flexibilities should
aso be incorporated into the budget. It is important to remember the
degree of accuracy of the basdline estimate when making commitments,
comparisons, and judgments during the budget development and project
progress monitoring phases. In progressive organizations, the amount of
budgeted funds for the project will go through several modificationsas the
detailsdevelop.

The credibility, accuracy, and completenessof the estimateare enhanced
by the estimator’s skillsin theareasof business, finance, engineering, technol -
ogy, information systems, manufacturing, assembly, marketing, management,
production planning, and dl facets of project management activities. Since
it is somewhat unrealistic to expect one person to have expertisein al these
areas, organizations sometimes form estimating committees or estimating
boards. The board members contribute their expertise from all technical
disciplinesimpacted by the project such as businessdevel opment, purchasing,
contracting, financial management, and of course, project management.

The project’s cost estimate is derived by summing the resource expendi-
turesand, consequently, the cost of the project's individual component parts
of the WBS. Likewise, with the hopeful expectation that estimating and
scheduling processes use the same WBS, the estimate of the duration of
the project’s component WBS elements is used in the development of the
schedule network, which in turn formulates a time management structure.
Therefore, thereis an interdependent rel ati onshi p between the project's cost
and the schedule. This interdependence must be taken into account during
project implementation, when the changesin scope and specifications cause
changesin the project's cost and/or schedule. Furthermore, this relationship
between cost and schedule must be continually reviewed as the project
matures, detailed project plans are formulated, more definitive baselines
are established, and finaly, the inevitable tradeoffs are made during the
implementation phase.

PROJECTSCOPE AND OBJECTIVES

Theclient's needsand desires are communicated to the project personnel
through documents such as the project's charter, objectives, scope statement,
and specifications. The terms requirements specifications and scope have been



used interchangeably and sometimes differently depending on the industry
in which the project is being implemented. Construction, industrial, and
process projects refer to the description of the deliverable as scope and
specifications. Scope refers to a broader expression of the client's objectives
while the term specifications refers to the detailed expression of the client's
objectives. Systems and software development projects often do not use the
term scopewhilereferringto deliverables, but they usethe term requirementsto
describe the performance attributes of the projects, such as processing speed,
error rate, database size, and the degree of friendliness of the ddliverables.
Systems and software projects use the term specifications to describe the
attributes of the hardware. Hardwarespecificationsfor systems and software
development projects might be either predetermined by the client as part
of the project objectives or developed by the project team as one of the
deliverable components.

Sometimesthe quality of the project ddiverableis not explicitly addressed
& part of the definition of project objectives. Ironically, it is this issue of
quality — independent of the volume of deliverables—that determines the
usability of the product and the resulting satisfaction of the stakeholders. For
the purposesof thisbook, quality and scopeare treated collectively.

Project specificationsare usudly included in the contract documentsif the
projectisan externa project, and particularly if thecontractisawarded onalump
sum badis. However, enlightenedorgani zationsdevel opspecificationsdocuments
even for their internal projects The objectives or specificationsof an internal
project are usualy spelled out in the authorization memo that empowers the
project manager to implementthe project. The rationaefor us ngspecifications
for an interna project is that, although an internal project does not involvea
contract, it should have a set of well-defined scope and objectives, so that the
delivery performance can be carefully monitored. The premiseis that evauation
and monitoringof internal projectswill becomean ad-hocactivityif thereareno
focused objectivesand, therefore, no detail ed specifications.

The scopedocument includes the client's wants and needs, the distinction
being that "wants' are those items that would be desirable to have although
not crucia to the success of the project, while "needs’ are those items that
are essential to the successand usability of the project deliverable. Again, this
information will probably be very sketchy during the early stages of project
evolution, and will be refined, clarified, and progressively elaborated as more
information becomes availableto the client and the project team.

Definition ofproject objectivesinvolves detailing the project scope, attri-
butes of the deliverables, acceptance tests, desired delivery date, expected

I ntroduction
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budget, and team structure. When the client directs the activities of the
project, the description of tools and techniques used in implementing the
project are dso included in the specificationsdocument.

To someextent, the acceptance proceduresand validation testsdetermine
the physical quality and performance tolerancesof the deliverable. Therefore,
care should be taken to ensure that the tests reflect dl the important opera-
tional facets of the product, and that these tests do not Teflect frivolous
features. In the same vein, the team should make every effort to craft the
ddliverable to the spirit of these tests and not necessarily to the letter of the
tests, which might miss some important facet of the product. Due diligence
on the part of the project team will promote client satisfaction, which is
considered one of the most important indicatorsof a project's success.

The desired delivery date signifies the date on which the client wishes
to begin reaping the benefits of the ddliverables, and, therefore, the most
important date for the project's schedule. Notwithstanding, for a variety of
historical and operational reasons, severd intermediate milestonesare usualy
defined as part of project plans. Intermediate milestonesare not crucia to
the execution of the project, but the achievement of these milestones often
dsgnifies or verifies the expected pace of the project and the desired quality
of the ddiverables. The establishment of intermediate milestones can bein
response to the needs and desires of the client, the collective project team,
individual team members, or the stakeholders.

A carefully drafted project objectivedocument isessentid to the project's
auccess. The objective statement is the focd point and the definitive reference
source for managing the triple constraints of the project during the imple-
mentation phase. Project procedures must include instructions on how to
treat the project objective statement as a living document to be enhanced
continually, albeit the current version of this statement will be used as a base
of performance reference through the life of the project. Project manage-
ment procedures must highlight uniform and consistent guidelines for the
development of, and making modifications to, the baseline project objectives
and specifications.

Project planning documents must include details of processes, proce-
dures, and methodologies that will be used for monitoring the effectiveness
and efficiency of the project team in implementing the project ddiverable.
Sincethe characterigticsof the team can have subtle but significant impact on
the project's success, the characteristicsof the project team must be outlined
in planning the physical deliverable of the project. Team attributes that must
be addressed are the skill of team members, the administrative affiliation



of team members, and the time spent on other duties during the project at
hand. Further, project management activities dealing with team formation
and team charter must be well defined and planned during the very early
stages.

Particularly in external projects, the magjor items of equipment used
to craft the project deliverable and to test its important attributes should
be included. For external projects, the number of subcontractors and the
overall contracting strategy must be carefully evaluated in the light of the
best interests of the project and its business plan, and not just on the bass
of the lowest initial cost. Contracting strategy will impact the communica-
tion pattern among project stakeholders, and will subtly affect project
performance.

The fee structure of a contractor can profoundly affect the total project
cost. Therefore, acareful andysisof direct costs, indirect costs, overhead, and
the contractor'sprofit margin isadvisable, particularly if the contract is being
awarded on a cost-plus basis.

A review of marginal or failed projects shows that the vast majority
suffered from lack of detailed planning, or casual and ad-hoc procedures
for managing the project's changes. Conversdly, the literature shows that
organizations that encourage detailed planning of projects experience far
better financial growthwhen compared to organizationsthat do not. Findly,
data support the concept that organizations that employ competent project
management professionalsand consistent project management procedures
tend to produce more successful projects.!-2

ORGANIZATIONAL OBJECTIVES

Projects are usually undertaken in response to a set of goals that is
identified to achieve organizational objectives. The most common categories
of organizational objectives include operating necessity, competitive neces-
dty, or innovative ventures. Therefore, as a prelude to project selection and
initiation, organizational priorities must be clearly identifiedand clarified.

One of the important components of a project definition document is
the rationale statement detailing how the project investment is reconciled
with organizational strategic goas and investment policies. Further, with
innovativeand crestivecraftingof project objectives, it is possiblefor aproject
management team to develop alternative options in achieving the same
organizational goal. Finally, a project should be considered for authorization
after considering individuals current workloads, the divisions' operational
obligations, and the parent organization's current financial obligations.

I ntroduction
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The planning documents for each project must includedl availabledata
on the project's sponsor, objectives, and deadline. The project's business plan
must clearly articulatethe reasonsfor initiating this project and the expected
benefitsof the project's deliverable. Further, in many ways, implicit or explicit
corporate support for the project determinesthe organizational viability and
the project's importance. A signal that there is insufficient administrative
support for the project is that senior management is not willing to sponsor it.
Tosatisfy this requirement, key executivesand major stakehol derssponsoring
the project must be identifiedin project charter documents.

To reconcile the project costs with the corporate investment strategies,
each project must have a business objective, which serves as the foundation
for the project's investment proposal. The document containing the project
objectives and investment strategies is called a business case or a business
plan. The business plan should provide ample information on the project
ddiverable's utility, which will then be used to determine whether or not
the project should be funded for implementation. It also should provide
details of al costs, benefits, and risks associated with the delivery of the
proposed project.

To meet this mandate, the business plan must provideadetailed descrip-
tion of the problem, need, or opportunity to which the project is expected to
respond. Then, the alternativeprojectsthat respond to the same opportunity
must be highlighted in terms of expected deliverables, conceptual estimate,
preliminary schedule, and a quantified list of benefitsand risks.

The business plan for aspecific organizational objectivemay berelated to
sverd alternative projects. These projects offer dightly different deliverables
and yet they all would achieve the same general business objectives. In
some cases, one project might impact two separate organizational strategies.
Therefore, in a proactive and dynamic organization, it is normal to have
a large portfolio of possible projects. However, funding limitations usually
preclude implementation of al these projects. Consequently, a formalized
project ranking and selection process must be developed to identify the
projects with the most impact on the organizationa needs at hand, at the
lowest possible funding, and with optimized values of other issuesimportant
to the organization.

PROJECTSELECTION

Sdlection of projectsfor implementation must be performedin consider-
ation of the organization's needsand wants, corporatestrategic plans, reaistic
expectations for sophistication of the deliverables, success attributes of the



project, and the constraintsfor the project's success. To make consistent and
logica decisions in prioritizing and selecting projects, a company-specific
processof evaluating projects must be established.

Ranking of projects is most commonly conducted with the use of an
index, sometimes caled a metric, or a group of indices called a model. In
general, model sare easy-to-usecharacterizations of operations, organizations,
and relationships. The models range from very simple to very complex,
athough all models, even the very sophisticated ones, are only a partial
representation of the reality that they attempt to portray.

Although modelsare very useful as aidsin the decision-making process,
they do not fully duplicate all facets of the red world. On the other hand,
with this focused feature of models in mind, models can be exploited to
purge extraneous elements of a problem and to highlight the important
elements of the issues surrounding project implementation. The objective
of the project selection process is to rank the projects for implementation
in the organization's best interest. The selection process, therefore, would
use a model that is specificaly formulated to optimize parameters such
as organizational gods, project cost, project duration, and the anticipated
attributes of the project ddliverable.

Thenumericresultsof themodel mustalways betempered by theexperience
and profess ona expertiseof theorgani zati onalentity chargedwith managingthe
project portfolio. Ideally, thisentity isthe project managementoffice, although
the function might be performed by an ad-hoc, or standing, team designated
by upper management. The project portfolio management group is expected
to make a judgment on project viability using information generated by the
model, and in considerationof the modd's limitationsand constraintsand/or
its constituent indices. This judgment, however, will be partly predicated on
the quantified rankings provided by the modelsor indices.

During a typica project selection process, it is necessary to identify
organizational priorities for projects, establish metrics to evaluate project
objectivesin the light of these priorities, and formulate company-specific
scoring schemas for the project ranking process. There are four sets of basic
elementsfor the selection process. organizational priorities, project objectives,
the selection model, and the ranking process (see Figure 1-1).

Indices used for project selection tend to fdl into two major categories.
The first category includes quantitative indices that are generally based on
financial characteristicssuch as

* Total cost
* Cash flow demand

Introduction
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Project Objectives Organizationd Priorities

Indicesand Madds Sooring Process

* Cost-benefit ratio

* Payback period

* Averageinternal rate of return
* Net present value.

The second category includes qualitative indices that are intended to
measure subjectiveissues, such as operational necessity, competitive necessity,
product line extension, market constraints, desirability, recognition, and
success (see Figure 1-2).

A project selection model is very organization-specific and should use
a customized combination of indices to satisfy the organizational project
sel ection objectives. Since models depend on numericinput from theindices,
even subjective indices ultimately will have to be quantified. Accordingly, a
measure of refinement will be added to the selection processif the quantifica-
tion of the subjective model indices is based on consistent and organization-
specific procedures. Then, using the project data, organizational priorities,

»  Organizationd Support «  Workload Demand

* Vduetothe Customer + High-Levd Support

* Vdueto the Shareholders »  Operdiond Necessty
 Public Recognition » Compdtitive Necessty

* Internd Recognition » Product Line Extendgon

» EmployeeEducation - Feashility

» Cusgtomer Education «  On-Time Probability

* Innovaion »  On-Budget Probability

* Information Retention » Marketing Considerations

. Profitability



customized model, and aconsistent scoring process, it is possibleto systemati-
cdly, and in aformalized fashion, rank the prospective projects.

Figure 1-3 shows a graphical depiction of a selection model that is
composed of four indices. The simple summation or weighted summation
of the results of the indicesis used to compute the rating of the project by
this model. Figure 1-4 shows a sample of a customized model. The possible
total points for a project are 100 and, therefore, prospective projects can
be compared on the basis of the total score yielded by this model. The
importance of each of the indicesin this modd is signified by the points
assigned to each index, which has been customized for a particular organiza-
tion. The relative importance of these indices is reflected by how many
maximum possible points are assigned to each index.

To extend the illustration a bit further, a hypothetical project might
receive atotal score of 60 pointson the bass of the scoring that the project
received on individual indicesthat wereidentified and ranked specifically for
that organization (see Figure 1-5). It should be noted that the score of an
individual project is not asimportant as the relative scores of severd projects
that were ranked using the same model and the same rating process.

When conducting project comparisons, it is useful and logical to normal-
ize the base of reference. One of the more convenient techniques is to

! ! ' | |
Index Three Index Four
Score Score

I ntroduction
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I 60 Puints {
e

Profltablhty‘ ‘ Probability | ‘ Schedule | | Resource
| d Success| Oonstrantsl Oonstraintsi‘ | Congtraints!

2 Points | | 20 Points | | 10 Points | | 20 Points |

use the direct cost as the base of reference for the prospective projects.
Compartmentalizing the direct cost of the project from other elements has
the advantage of devel oping a project estimate strictly from the standpoint of
thelevd of effort. Other elementssuch asindirect costs, overhead, and return
on investment arei mportant va ues; however, since they tend to be somewhat
variable with organizational entity and time, they might add unnecessary
inaccuracy to the project selection process.

vill includ ion modt
quantified indc™ B ~project attributesin the light of the erganizational priorities
and objectives.

NOTES
1. CW.Ibbsand Y.H. Kwak, The Benefits of Project Management—Financial and Organiza-
tional Rewards 10 Corporations (Sylva, NC: PMI® Publications, 1997).
2. M.R.Vigder and AW. Kark, Software Cost Estimation and Conzrol (Ottawa, Ontario,
Canada: National Research Council of Canada, February 1994).




CHAPTER 2

Deliverable-Oriented
Work Breakdown Structure

encefor dl project elements, specific taskswithin the project, and ultimately
better schedules and better estimates. A WBS facilitates the integration of
project plans for time, resources, and quality. An effective WBS encourages
a systematic planning process, reduces the possibility of omission of key
project elements, and simplifies the project by dividing it into manageable
units. If the WBS is used as the common skeleton for the schedule and the
estimate, it facilitatescommuni cation among the professiona simplementing
the project.

Before addressing the WBS, it is useful to set the proper perspective for
project structures. Three separate structures need to be created, defined, or
modified for the purposes of a project: (1) the organizational breakdown
structure (OBS), (2) the resource breakdown structure (RBS), and (3) the
WBS.

The OBS is the most readily available structure. Since companies fre-
quently go through massive organizational changes, it is necessary to usethe
most current data with frequent updates as changes occur to the reporting
linesof the organization. For the purposesof the project management system,
the organizational chart must be augmented by unwritten responsibilities
and by dotted-line relationshipsthat affect the execution of the project.

The RBS isalogica and useful classification of the resources necessary
to accomplish the project objectives. Rather than developing a new RBS
for each project, it is more efficient to develop an RBSfor a large family of
projects. As each new project is planned, only those portions of thiscommon

Q work breaskdown structure (WBS) provides a framework of common refer-

This chapter is an adaptation of a paper authored by Parviz F Rad as published in
Volume41, No, 12, pp. 35-39 of Cost Engineeringand titled Advocatinga Deliverable-Oriented
Wak Breskdown Sructure Reprinted with the permission of AACE International, 209 Prairie
Ave,, Suite 100, Morgantown, WV 25601 USA. Phone: 800-858-COST/304-296-8444. Fax
304-291-5728. Internet: http://www.aacel.org.E-mail: info@aacei.org.
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RBS that apply to the project will be sdlected and used. A project RBS is
different from dl other human resource or budgeting classification methods
in that it reflects applicability to project management as compared to cost
accounting or to personnel evauations. An RBS is essentiadly a catalog of
dl the resources that are available to the project. RBS development will be
discussed in Chapter 3.

The most difficult to define, and yet the most useful of these three project
structures, is the WBS. Its information is drawn primarily from the project
objectives statement, historical files of past projects, project performance
reports, or any other files containing the original and final project objectives
of previousprojects. Aswith the RBS, sometimesit is appropriateto develop
a generd WBS for a family of projects, and then for each project only the
appropriate segments need to be selected and modified. This practice is
appropriate in organizations that conduct projectsthat are somewhat similar
albeit not identical.

WORK BREAKDOWN STRUCTURE

As defined previoudy, the WBS is a uniform, consistent, and logical
method for dividing the project into small, manageable components for
purposes of planning, estimating, and monitoring. A deliverable-oriented
WBS facilitatesand encourages the feed-forward of information within the
project. Idedlly, it is uniform and consistent. To achieve uniformity, al parts
of the WBS must be developed using the same criteria. The ultimate goa
is to achieve a WBS that will highlight a logica organization of products,
parts, and modules.

A WBS will provide aroadmap for planning, monitoring, and managing
dl facets of the project, such asthe following:

* Definition of work » Resourceallocation

¢ Cost estimates * Expenditures

¢ Budgeting o Changesto the project plan
¢ Timeestimates e Productivity

¢ Scheduling e Performance.

As the project is conceived, defined, and fully devel oped, not only sum-
maries for the WBS can be created for one project, but dso departmental
and divisional summariescan be made for each WBS item. These summaries
use the relationship between the RBS and the WBS and are quite useful for
resource forecasting, personnel projections, priority definitions, and generd
management purposes.

12
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WBS DEVELOPMENT STEPS

Simply stated, development of a WBS involves grouping all project
eementsinto severd (between threeand nine) categories, caled level one (see
Figure 2-1). Each levd one item will be divided into three to nine leve two
items, each of thelevd two itemswill bedivided into threeto nine level three
items, and so on. It is crucid that, at each juncture, the basis of division be
thesamefor dl partsof the project.

Idedly, a reasonable consistency is maintained in the degree of detail at
the lowest level elements. Not al branches need to go to the samelevd, but
the significance of al of the lowest level itemsin the overadl project should be
smilar. Therefore, depending on the project, some branches may go to leve
two, someto levd three, and someeven to leve five.

This processiscontinued until the project has been divided into manage-
able, discrete, and identifiableitems requiring simple tasks to complete. A
rule of thumb: Keep dividingthe project until the elementscannot be divided
redigticdly. This point variesfrom company to company and among project
managers within the same company. The contents of each leved of detail
are not only company-specific, but they are aso specific to the nature of
deliverablesinvolved in each project. The degree of detail at the lowest leve
of each branch must bein linewith the sizeof the project and in conformance
with the company's operational philosophies.

THE DIVISION BASES

To put thingsin the proper perspective, the transition from each leve of
WBS to the next levdl may be on any one of the following basss.
* Deliverable-Oriented
— Product
— Functiona system
—Physicd area

Dividethe Work into 3 to 9 Categories
« Divide Each Caegory into 3 to 9 Packages
Divide Each Packageinto 3 to 9 Modules
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* Schedule-Oriented
—Task or activity
— Sequentid

* Resource-Oriented
—Discipline
—Adminigtrative unit
—Budget account.

There is some overlap in definition and usage between the items of a
subgroup of these eight bases, i.e., between product, functional system, and
physical location. It is possible for one person to divide the project on the
bass of product and, depending on the nature of the project, someone dse
might view the division as having been on the basis of physicd location.

The product basis refers to those cases where the project is divided into
individual distinct components that ultimately comprise the project, such
& hardware, software, physical structure, south wall, north wall, concrete
foundation, or steel roof. The functional bassrefers to the functional systems
that providea particular facet of the infrastructurefor the project deiverable.
Functional systems are usualy interwoven into the product. Examples of
functional systems include the electrical system, the mechanical system, or
the skeleton of a building. The physcal area basshighlights the geographical
or physica locations of the deliverable (e.g., south side, north side, top floor,
entrance). It isimportant to note that the most useful, and admittedly the
most difficult, procedure for developing a WBS is to use the ddliverable as
the basis of breakdown of the project.

Takor activity basis refersto thingsthat project team membersdo toward
the godls of the project, such as excavating, pouring, forming, polishing,
programming, testing, etc. Sequential &as#s reflects the order in which activi-
ties are performed, such as Phase |, Phase 11, Phase I, etc. The sequenceis
often dictated by administrativeconstraintsand may be somewhat arbitrary.
Use of these two bases is akin to importing the project schedule into the
WBS. Idedly, the WBS should be used to develop the schedule—and not
the other way around.

The administrative unit bessis an infusion of the OBS elementsinto
the WBS and indicates the administrative or organizational division lines.
Examplesinclude work done by employees of division A, division B, or the
contract office. The budget account bessis an infusion of the RBS into the
WBS and will follow the organization's financia structure, such as activities
paid by federal funds, statefunds, chargeaccount A, or fisca account B. Here
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again, the WBS should be used to devel op the costsand resourceassignments,
and funding proceduresshould not influence the nature of the project.

CASE EXAMPLE: WBS FOR AN INDUSTRIAL COMPLEX

What follows will give a comparison between the deliverable-oriented
and schedule-oriented bads There is no gquestion that the lowest level of
a fully developed WBS comprises activities. However, it is more useful if
one of the deliverable-oriented bases is used for the mgjority of the upper

portion of the structure.
The following is an example of a WBS

for an industrial complex (see

Figure 2-2). To illustrate this example clearly, the divison of elements at
different junctures has been performed using different bases. It is important
to note that if this project were to be implemented, a new al-ddiverable

WBS should be developed.

Power House

—Steam generation system
—Electricd generation system
—Electricd transmission system
Factory

—Receiving equipment
—Processing equipment

— Packaging equipment

— Shipping equipment

Office

—Firg floor

Secondfloor

penthouse

Project

Steam Generation System

|H IH

Second Floor Lawn

H Electrical Generation System l H Processing Equipment

" Electrical TransmissionSystem| H  Packaging Equipment

Penthouse Walkways

I IH
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e Grounds
—Phase One, bushesand trees
—Phase Two, seedingfor lawn
—Phase Three, walkways
—Phase Four, parking lot.

In this example, the breakdown basis for level one is physical location.
The breakdown basis for the powerhouse is the functional system. The
breakdown basisfor the factory can be viewed as product, physica location,
or functional system. The breakdown basisfor the officeis physical location.
The breakdown badis for the groundsis sequential.

COMPARISON OF THE DIFFERENT BASES

The most common and easiest method of developing the WBS is to
use the task, activity, or phase as the bads. The vast magjority of elements
in most WBSs fit this pattern. By and large, project professionas whose
background is scheduling use this as the breakdown bass. It is fair to say
that the transition from an activity-oriented WBS to a deliverable-oriented
WBS is difficult for those who have developed task-oriented WBSs for a
significant amount of time.

One stated advantage for schedule-orientedelementsis that the result-
ing WBS can be used for many projects. Although this feature can be an
advantage because the WBS is generic and not specific enough, it isaso a
disadvantage because the definitive features of the project are not addressed
in aclear and highlighted fashion.

Another feature of schedule-oriented WBSs, which sometimes has been
perceived as an advantage, is that the WBS is applicable when the project
is not fully defined. Unfortunately, this becomes a disadvantage when the
project isfully specified but the estimating and schedulingare still dependent
on bundled estimatesfor itemssuch as design, testing, etc.

Ultimately, because projectsare carried out when people do thingssuch
& develop, draw, print, fix, fabricate, etc., the elements at the lowest leve
will aways be activity-based. However, using the ddiverable methodology
changes the basis of division from deliverable-oriented to schedule-oriented
aslow in the WBS as possible.

The second most common basis of developing a WBS is the adminis-
trative bass. Project professionals who have a financial or administrative
background tend to use disciplines, administrativeunits, or budget accounts
&s the basis of WBS breskdown. Although such bases would make tracking
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of funds very simpleand straightforward, they may not significantly help the
project management objectives. The bases included in the resource-oriented
group--disciplines, administrative units, and financial accounts—should be
used &s little as possible, because these bases do not refer to the work but
rather to the means by which the work is administeredand paid for.

The most preferable bases are the deliverable-oriented bases product,
.functional system, and physical area. It is very important to make sure that
the elementson the first severd levds of the WBS, especially those on leve
one, are deliverable-orientedand not schedul e-oriented or resource-oriented.
However, this does not mean that activities and costs are not important.
On the contrary, a ddliverable-oriented WBS that includes activitiesat the
lowest levels results in a more meaningful analysis of the project schedule
and project financing. For example, if the testing tasks are late, it would be
possibleto determine that complexity of testing the item BB has delayed the
overal testing results. Similarly, if the costs are significantly below budget, it
would be possible to determine that an unexpected reduction in component
costsfor item CC has caused this unexpected and favorable reduction.

PROCESS-ORIENTED PROJECTS

The point in the WBS at which the basis of division will change from
deliverable-oriented to schedule-oriented depends on the nature of the
project. If the project isdeliverable-oriented, most of the divisionsexcept the
lowest levd can beddiverables. If the project is process-oriented, most of the
elementswill be activities.

A project is ddiverable-oriented if, at the end of the project, a unique
final product is delivered to the client, such as acar, an airplane, a building,
an organizational structure, or a set of design documents. By contrast, a
process-oriented project is somewhat repetitious, such as running a lumber
mill, arefinery, or acontamination cleanup project. In these cases, the project
resembles a checklist of objectivesthat need to be estimated and schedul ed.

The other distinction between a deliverable-oriented project and a
process-oriented project is determined by testing whether or not the project
activities are somewhat standardized, with repetition in developing replicas
of the deliverable of the first project. To illustrate, designing and building
the first supersonic jumbo jet is a deliverable-oriented project. However,
manufacturing each of the next 245 planesis a process-ariented'project.In
some projects, where the physica deliverablesare minimal or not commonly
recognized as deliverables, the majority of elements are schedule-oriented.
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Examplesof these projectsare cleanup of a contaminated site, demolition of
a building, excavating the cavity for a building foundation, or removing a
softwarevirus from acomputer program.

Additional examplesof addliverable-oriented project are:

* A new bank

* A new laboratory

¢ A new manufacturing plant

* A new software

¢ A softwareupgrade

¢ A uniquefacility design.

In contrast, examples of a process-oriented project are:

¢ Conducting annual closeout at a bank

¢ Converting chemicalsto plastics

¢ Converting crude oil to gasoline

* Manufacturing a batch of chemicals

* Monitor productivity at Site G

e |ssuing monthly payroll checks.

Deliverable-oriented projects have deliverable-oriented WBS elements
for most of the project, with the exception of the lowest one or two leves
Those professionalswho have developed schedule-oriented WBS exclusively
may initially find it difficult to create deliverable-oriented WBS. Although
such difficulty is minor for deliverable-oriented projects, it can be significant
for process-oriented projects. Notwithstanding a deliverable-oriented WBS
is most useful in projects where it is more important to know the scope,
cost, and duration of each ddlivered module rather than the activities that
produced that module or group of modules.

Especidly at the lower portion of the WBS, process-oriented projects
tend to have schedule-oriented elements. It is difficult, although not impos-
sible, and certainly advisable, to develop deliverable-oriented elements for
the top leves of the WBS for a majority of the process-oriented projects.
Notwithstanding, schedule-oriented WBSs are more appropriate for cost-
plus projects, internal projectswhere thereare no work packages to contract,
and projects where the activities or the-step-by-step processis of utmost
importance.

Successful project management dependson well-defined and fully imple-
mented OBSs, RBSs, and WBSs. Using these planning tools, a successful
project depends on clear planning, accurate reporting, and regular updating.
Deliverable-oriented elements can be developed for the top levels of the
WBSs for most projects. This methodical approach initially requires extra
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effort for those who have used schedule-oriented WBSs in the past. Once
this methodology becomes second nature, deliverable-oriented WBSs can
be developed with ease.

ORGANIZATIONAL PRIORITIES

Sometimes there is a tendency to add items to the WBS that do not
represent addiverable but that areactivitiesthat are part of the organizational
priorities and imperatives. The intent of including such itemsin the first
level of WBSiis to signal conformancewith organizational imperativesor to
maintain organizational harmony. Theitemsthat often find their way to the
first leve of WBS include:

¢ User support * Project monitoring
¢ Purchasing * Project management
* |ntegration * Budget approval

* Systemsengineering * Project closeout

* Vaueengineering * Reporting

¢ Contract process ¢ Design process.

The rationale for not including these items at level one is two-fold.
First, it would distort the basis of division at level one, which otherwise
is deliverable-oriented. Second, and more importantly, placement of such
activitiesat level onewould detract from the accuracy of the plans, distorting
the sharp focus necessary for monitoring the schedule and cost.

An example of such a WBS modification was observed during develop-
ment for a project whose objective was to deliver a computer system to a
customer. This project involved providing softwareand hardwareto the client
at theend of the project. The elementsof thisWBSwere deliverable-oriented
through leve four (see Figure2-3).The levd one WBSitemswere:

* Hardware

* Software

e System documents.

After the WBS was developed, the project manager was instructed by the
supervising divisional manager to add user support as a level one element.
The reason was that there was a transition in the organization toward more
user-friendly systems development. Insertion of user support as a level one
WBS item was intended to recognize and highlight this priority. Therefore,
the leved one elements of this systems development (see Figure 2-4) WBS
became:

* Hardware

* Software
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IAn Indugtrid Software/Hardware ﬁ/stem|

|
| | |

| Hardware | l Software ] r Documentation |
1—{ Computer Hardware | ]—) Utilities ) l—{ Proposals |
HCommunicationsHardware H Databases I Reports
H StorageMedia | H User Interface

- Machine Interface |

e - Archives |

e System documents

e User support.

The disadvantageof listing these activitiesasleve one itemsis that they
become freestanding activities that seemingly are not associated with any
specificproduct. Certainly, these activitiesare needed to deliver the products
that are listed on leve three or leve four of the WBS, and therefore, they
need to belisted. Moreover, even if these activitiesare listed at lower leves,
they can be summarized across WBS, RBS, or OBS lines. The only differ-
ence is that they are not highlighted at levdl one of the WBS. Again, such

Not Logical,
Not Recommended
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augmentation of the WBS distorts the logica structure of the WBS, and
therefore, is not recommended.

SEMANTICS

Using vague or multiple-meaningwords as WBS titles can cause confu-
sion and misunderstandingsin the interpretation and planning of the WBS
items. For example, if aWBS item is labeled as procurement, it could refer
to the people who buy things, the department that employs them, or the
process of buying things. Similarly, if aWBS item is labeled as mechanicd,
it could refer to the mechanical engineeringdesign process, the mechanical
portion of the deliverables, the mechanical engineers, or the department that
employs them. Similarly, if aWBS item islabeled as sysem, it could refer to
the system that is ddlivered to the client, the software portion of the system,
the people who write the software, the department that employs them, or
the process of writing software.

The probahility of confusion and misunderstanding is minimized if
these words are interpreted within the appropriate context. However, it
is incumbent on the project planner to make every effort to eliminate all
potential causes of confusion from the project plans.

Asan example, consider aproject that isdescribed by thefollowingWBS
components. procurement, systems, civil, mechanical, and legd. These de-
ments could be interpreted as uniformly referring to disciplines, administra-
tive units, activities, or not uniformly referring to a collage of the above
(see Figure 2-5). Notwithstanding, if there is a possibility of ambiguity in
naming the WBS elements, qualifiers should be used such as mechanical
engineering department, civil engineers, procurement phase II, software
module, mechanical drawings, or contract documents. Although not using

Ambiguity

The Project

|

|
rMechanicaI i

The basis of division at this juncture could be:
*Discipline
> Administrative Unit
> Activity
*A Collage of All of the Above
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these qualifiersmight not have caused confusion, using these qudifiersvirtu-
dly ensures no chance of misinterpretingthe meaning of the item labels.

CHANGING THE PARADIGM

Sometimes, it is possible to change a WBS from schedule-oriented
to deliverable-oriented by modifying some elements and by changing the
wording of some of the elements. However, the transition from a schedule-
oriented WBS to a deliverable-oriented WBS is not simply using nonaction
words, but rather involveslooking at the project from the standpoint of the
client. Therefore, the WBS would include the elements that the client is
interestedin receiving and those that the client will pay for. Consequently, as
the client changes the scope and schedule constraints of various modules, it
would be very easy to determine and justify the impact of such changes on
the cost and schedule of the project.

As the WBS is developed, the project management professionals should
be careful not to infuse details of how the work will be ddivered into the
description of the deliverableitsdf. To effectively achieverthis, it is necessary
to develop an RBS and an OBS before starting to divide the project objec-
tives.

The transition from a schedule-oriented WBS or a resource-oriented
WABS to a deliverable-oriented WBS should be guided by the objectives,
scope, and specifications of the project. In cases where the objectives are
not fully developed at the time of WBS development, one can develop only
the first two or three leves of the WBS. Later, as more project information
becomes available, the WBS can be expanded and refined.

Conceptualy, the process of developing a deliverable-oriented WBS
is relatively ssimple. The project is divided into components that, when
combined, will producethefinal project deliverable. Ideally, one would avoid
listing activitiesand tasks until the last one or two levds of the WBS. The
emphasis would be placed on describing the components that produce the
project, the modules that would produce the component, the units that
would produce the module, etc. It is advisable to avoid listing the personnel
responsible for delivery of reports, evaluations, reports, or products. Such
resource assignments can be done easily and systematically once the WBS
and RBS are established, preferably independent of each other.

The followingis the first level of a WBS that was developed using the
traditional schedule-oriented mindset (see Figure 2-6):

Leve One
* Conceptual design
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e e
I )
S T | [ ===
Design Building Emergency Stack Stack |
Documents Structure Generator Monitor
LT—-
Coceptual Excavation ' Generator | Monitor Standard
Desgin Docs Cavity A Stack 1 Footing
Detailed Poured l Generator ‘ Monitor Anchored
Design Docs Concrete Stack 2 Footing
Substructure 2 e
Equipment |_| Structure |
Trusses .
Ducts
Utilities I
Removal |

Level One

¢ Design documents

 Building structure

e Emergency generator system

* Stack monitors

* Stacks.

This WBS clearly describes what the client expects from the project
manager or the contractor when the project isfinished. Accordingly, tracking
the project’s progresswould be relatively simple—by noting the progress of
the delivery of the project's components.

To illustrate this WBS further, the levd two items will be shown here
dso:

Level Two, Design Documents

e Conceptual documents

¢ Detailed design documents.
Level Two, Bui | di ng Structure

e Excavation cavity

* Poured-concretesubstructures
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* Pre-cast-concreteelements

* Roof trusses

* Utilities.

Leve Two, Generator

* Generator A

* Generator B

* Test equipment.

Leve Two, Stack Monitors

* Monitor for stack A

* Monitor for stack B.
Leve Two, Stacks

¢ Standard footing

¢ Anchored footing

* Stack structure

¢ Exhaust fans

* Ducts

* Heat remova system.

Depending on the size of the project and the traditions of this particular
environment, the next levd of activitiesmight be schedul e-oriented.

This exampleillustratesthat with the deliverable-oriented WBS, onecan
easly and clearly follow the progress of the project components. One gets a
clear idea of the project objectives and what is involved in achieving those
objectives. A deliverable-oriented WBS is easier to schedule, estimate, and
monitor. Planning a project with a deliverable-oriented WBS is conducted
by planning specific items that make up the project and is not based on
planning generic activitiesinvolvedin delivering them in a bundled fashion.
Equally important, when the time comesto make thoseinevitablechangesto
the project plan, the changes are made more accurately and logically because
the changes are implemented only in those items that were affected by the
change.

A carefully organized WBs will set thefoundationfor planning the detailsd logica and integrated
project data for the benefit d dl other aspectsd the project, and particularly for the benefit of
estimating and scheduling. A well-defined deliverable-oriented WBS will facilitate unambiguous
planning, accurate reporting, and regular updating. Deliverable-oriented elements can be
developed for the top levds d the W8S for mast projects with relative ease. Although develop-
ment d ddiverable-oriented WBS elements at lower levels may initidly reguire some extra effort
for those who have used schedule-oriented WBS in the past, ddliverable-oriented WBSs can
be developed with nomind effort once this process becomes secona nature for the project
management professond.






CHAPTER 3

Resource Breakdown
Structure

general management and project management. The resource breakdown
structure (RBS) hasits analog in the well-known work breakdown structure
(WBS). In the few organizations that use variations of an RBS, project
managers are able to plan the project with greater assurance of the resource
data reiability. In other words, the project manager can depend on this
structure to determine the amount of resourcesat-hand and their estimated
cost in order to capitalizeon organizational memory with respect to project
resources. | n some cases, the project manager might modify and use an RBS
previoudly prepared by those charged with accounting for the organization's
resources. To useit well, the RBS must be kept up to date, and its resource
contents and their' costs must be accurate.

Managers have along history of dividing anticipated project work into
smaller parcelsand presenting the resultingschemagraphicaly. This "break-
ingdown" of thework facilitatesbetter managementin many ways. Similarly,
in-house project resources should be examined methodically at the earliest
opportunity through the creation of the RBS. This structure will greatly
facilitate the resource assignmentsand schedulingin this project and similar
ones that use these resources.

Early in the project's planning stage, the project manager should be
provided adetailed listing of the availableresources, including project-specific
resources obtai nable from outside the organization. The term resourcesrefers
to everything that will cost money to obtain and is necessary for the comple-
tion of the project, such aslabor, equipment, licenses, and taxes.

If the initial resource estimate is prepared correctly, the proportional
cost of each component of the deliverable can be understood easily even
during the early stagesof the project, albeit the structure and values may not
be exceptionally accurate. Equally important, the continual improvements

The practice of formalizing the resource pool fdls at the interface between

This chapter wasjointly authored by Parviz F. Rad and Denis F. Cioffi.
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that this estimate must undergo can proceed formally using the formalized
RBS. The estimate will be easy to review and improve as more information
becomes available. Then, as the aimost inevitable changes of scope occur,
further modificationsto the estimate can be madeformally, easily, and clearly.
Therefore, every change to the project cost can be justified and defended
with detailed data.

NOMENCLATURE, DIMENSIONS, AND UNITS

The word rate carries its usua meaning of some quantity measured per
unit time, e.g., a worker's cost rate could be measured in dollars per hour.
If one needs to discuss the expense of individual items, e.g., cans of paint,
the cost is not a rate but simply so many dollars per can; the unit may be
called each.

Effort equals the product of workersand time, measured then in worker-
hours, worker-days, worker-months, or worker-years. At any given point
in the project, the effort divided by the appropriate unit of time equals
the number of workers. For example, if a project requires an effort of 100
worker-years, completion over ayear's duration would require 100 workers;
however, to be completed in six months (i.e., 0.5 years), 200 workers would
be needed. (Thisillustrationignores the effect of compression and expansion
on the cost, which will be discussed later in this book.)

The number of resourcesthat would be present during the execution of
agiven task, or the "instantaneous’ worker need, will be caled the resource
intensity for the task. It is this intensity that will become the input to the
mechanism by which the overloading of resources is determined, which
might in turn trigger a resourceleveing.

Becauseworkersare paid for their effort, even in internal projects, they
represent an expenseto the enterprise, and therefore, internal resource effort
should be viewed as equivalent to cost. Units must be retained in such
arithmetic, whether explicitly or implicitly, so that the translation from
effort to cost occurs through the cost rate per worker, e.g., worker-hours
multiplied by dollars per hour per worker yieldsdollars. Figures3-1 and 3-2
show schematic representations of estimating the cost of using personnel or
equipment over some duration. If three workers are used for four days, we
have used 12 worker days. Multiplying by the cost rate yields the cost for
that effort. Calculatingthe cost of equipment issimilar except that the effort
is measuredin equipment days.

One makes estimates through this conversion. That is, if in shorthand
notation one speaks of estimating an element of the WBS, ultimately the

28
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cost is desired, but in the firs—sometimes hidden (or skipped!) —dep, one
must estimate the effort.

RESOURCE BREAKDOWN STRUCTURE

An RBS classifies and catalogs the resources needed to accomplish
project objectives. Just as the WBS does for the deliverable elements of a
project, the RBS is able to provide a consistent framework for dividing the
resourcesinto small unitsfor planning, estimating, and managing. Figure 3-3
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shows a schematic representation of the familiar work breakdown structure;
the project deliverable, at the top, has been broken into many smaller
deliverables. Figure 3-4 is the schematic representation of the RBS for the
same project. In many ways, the RBS is analogous to the WBS and claims
similar advantages in improving communication, integration, planning, and
estimating.

An RBS differs from other human resource or budgeting classfication
methods because it applies directly to project management, and not to, for
example, cost accounting or personnel evaluations. Rather than developing
anew RBS for each project, the organization can develop various RBSs for
families of projects. As project managers plan each new project, they select
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only those portions of the common RBS that apply to the project. Here, the
WBS and the RBS work together, mapping a project's WBS onto the RBS
and then linking project activitieswith specific available resources.

RBS DEVELOPMENT

To reiterate, one does not plan a project while developing the RBS.
Instead, the RBS tabulates the resourcesavailable or needed for projectsof a
certain typeor even for aspecific project. To develop the RBS, it is necessary
to begin by dividingthe pool of resourcesinto entitiesspecific enough so that
this structure can serve as a shopping catalog for resourcesthat are necessary
to accomplish project activitiesdeveloped in the WBS.

Similar to the WBS, developing an RBS involves grouping al resources
in three to nine categoriesin level one. Then each of the levd one itemsis
subdivided, and so forth. Consistencyin the division bases remainsa crucid
component of the structure. Ideally, the rationale that divides one level from
the next should be consistent across al elements and branches of the RBS,
however, at a minimum, the division basisat any juncture must be the same
for al partsof the project.

Thedivision processcontinues until one has identified discrete, manage-
able resourceitems. A useful guideisto keep dividing the resource pool until
the lowest levd items reflect the resource details that interest the estimators
and schedulers. Again, this level of detail varies among companies and
project managers. The nature of the resource pool and its administrative
environment determine the depths of the levds. Notwithstanding, one must
maintain a reasonable consistency in the degree of detail of the lowest leve
elements.

The RBS explicitly contains both the unit of measurement for each
resource (e.g., foot, pound, cubic yard, equipment-hour, labor-hour) and
the cost of asingle unit of the resource (e.g., $10,000 per equipment-hour).
Items that get used entirely in aproject can be measured as each, for example,
installed motors, doors, computers, hard disks, and so forth. The RBS may
list either direct costs or total costsincluding overhead, but dl resource costs
should be listed with identical or consistent measurement units, with or
without overhead.

As a reminder of the importance of consistency in measurement units
(and many other consistencies), consider the example of the Mars Climate
Orbiter, which failed in September 1999 because one navigating group
worked in English units and the other in metric units.’ A much tighter
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consistency than this minimum requirement of working in the same system
is desirable. For example, the measurement for al time-related elements can
be one of hours, days, months, or years, but the chosen unit should appear
in dl appropriate quantities (unlessthe numbers become unreasonably large
or small). The same statement can be made about dl other dimensions and
combinations of dimensionsinvolvedin the project, e.g., length (inches, feet,
yards, centimeters, meters, kilometers) or volume (gallons, cubic yards, cubic
centimeters, cubic meters).

Limited resources mentioned, for example, might include 14 civil engi-
neersavailablefor anew project, or 2 cranes, or 35 brick layers, or 4 program-
mers, or 3 photographers. On the other hand, for high-priority projects,
some resources may be limitless. The project environment may be such that
it would dlow, for example, as many CAD operators as demanded by the
project, or contract officers, or safety engineers. As with the WBS, the RBS
can be presented graphically, in atabular fashion or usingindented text.

THE PRIMARY DIVISION BASIS

The best (although not necessarily the only) lines of demarcation among
theelementsat thefirst level of the RBS are:

* People (labor)

e Tools, machinery

e Materidlsand installed equi pment

¢ Fees licenses.

The labor category is often referred to as human resources. It includes
skill categories, professional disciplines, and work functions. All possible
human resources should be listed here, regardiessof their physical location,
administrative attachment, or contractual circumstances. Figure 3-5 shows
the categorizationof human resources along organizational lines in anticipa-
tion of future plans involving allocation of funds and/or assignment of
personnel from different organizational entities.

Tools and machinery are those physical items needed by project team
members to perform their duties successfully. When the project ends, the
project team will remove the toolsand machinery from the project environ-
ment. Examplesof itemsin this category are testing equipment, hand tools,
equipment to install project deliverables, and computers to monitor and
evauate the installation process. These items are usualy leased or rented.
Purchasing this type of item can be more cost-effective for lengthy projects,
but ultimately these itemswill still be removed from the project site.
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For planning and cost estimating, sometimes the leasing agency rollsthe
wages of the operator into the rental fee of the equipment. Consequently,
when tools and machinery are rented or leased, some organizations treat the
operators as an integral part of the physical equipment. This practice blurs
the line between the human and physical resources.

Installed equipment and materials are purchased for the project and
ultimately installed, integrated, and embedded in the project deliverables.
Examples include fiber-optic cables, furniture, tape drives, monitoring
equipment, pumps, ducts, and computers.

Fees and licenses refer to those cost items that do not involve any
implementation or installation but are required for the execution of the
project. Examplesinclude insurance policies, bond agreements, permit fees,
license charges, and taxes.

Complications arise when the client provides some combination of
equipment, funding, and personnel. Although in such cases the detailed,
solution varies depending on the project and the priorities of the organiza-
tions involved, the most general approach still lists all necessary project
resourcesin the RBS regardlessof how they will be funded. Once the total
project cost estimate is prepared, the client-furnished equipment and Iabor
costs can be subtracted from the resources requested by the project manager
or the contractor. Figure 3-6 shows the RBS for the stack monitor project
described in the Chapter 2.

Money is not considered a resourcein this breakdown structure. Money
represents the primary means by which resources are provided. To illustrate
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the validity of this concept, consider that for internal projects, money is
often not the exchange medium. Although resourcessuch asworker hours or
equipment may be granted directly, the project manager should still regard
them as resources to be listed in the RBS—resources whose cost will be
absorbed by the enterprise, implicitly or explicitly.

After the mapping of the WBS onto the RBS, which is represented
schematically in Figure 3-7, the money necessary for the project is estimated
through the sum of the products of two numbers. the resource quantities
demanded by the WBS and the corresponding RBS unit costs. That is, for
each element at the lowest level of the WBS, the desired quantity of the
resource is multiplied by its cost per unit of appropriate measureto yield the
cost. Because multiplication is often considered implicitly, the sum of the
resource estimatesfrom the WBS is equivalent to the total cost estimate.

LOWER-LEVEL DIVISION BASES WITH A CONCENTRATION
ON HUMAN RESOURCES

One can categorize equipment, supplies, tools, and material by size,
function, cost, or technical area. Fees can be divided by type or by cost.
Asdefrom these genera guidelines, equipment, materials, and feesare highly
discipline-dependentand must be dealt with on a project-by-project bass.
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However, the categorization of peopledeservesabit of amplification, because
it is common to al projects, and because people are the most important
resourcein any project. Nearly 40-50 percent of the cost of construction and
industrial projectsis attributable to labor cogts. The cost of human resources
isapproximately 75 percent of the cost of systemsand software development
projects.24

Ideally, the project manager plans, estimates, and manages al tasks
and resources independent of where the resources reside, administratively
or physcaly. Accordingly, if a human resource item is part of an outside
organization that the project manager intends to hire for an individual task,
then that task and its associated resources should not be regarded as part
of the project at hand. If the project manager does not have managerial
authority over a certain resource, then he or she has no mgjor influencein
the use of the resource. Therefore, the resource and the resulting product are
aptly termed outsourced.

The leve of detail to which human resources are defined in an RBS
depends on the organization, the project, and to some extent, the individual
project manager. But with that obviouscavest stated, we now consider further
the transition from one human resource RBS levd to the next, which should
occur on one of the following bases

e Administrativeunit

e Physica location
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e Credentia (in a particular discipline)

* Work function

* Positiontitle

e Skill levd.

Organizational managerssometimesdivide human resourceson the basis
of their administrative affiliations, such as company A, contractor X, or
organization D. In other casss, it might be preferableto catalog the resources
into groups based on physica location, especidly asit relatesto proximity to
the project site, e.g., human resources from Los Angeles, Boston, southern
plants, or western contractors.

The credential discipline basisis used when people need to be identified
with their degree specializations, their certifications, or other recognized
credentials. Examples of these divisions include individuals with a degree
in chemistry, professiona engineer's license, CPA certification, or magter's
degree. A work function bassis used when managers must know workers
functions, independent of their speciaized degrees. Examples of such divi-
sionsare programmers, test technicians, supervisors, team leaders, equipment
operators, designers, estimators, and project control specialists.

Position title basisis required when, independent of credentials or job
functions, the positions individuals hold in the organizational hierarchy
determinetheir dutiesin the project. Examples of such divisionsare contract
officers, program directors, department chiefs, and divisional vice-presidents.
Findly, when it is appropriate to classify project personnel by their degree of
effectivenessand skill, project managers can use the skill basis, e.g., expert,
skilled, semi-skilled. Naturally, the skill designationshould dwaysbe usedin
conjunction with credential or function designations.

Again, for best results, a reasonable level of consistency must be main-
tained in grouping the resources. Regardless of whether labor items are
categorized by degree, job title, or job function, the categorization should be
consistent acrossall labor itemsat that level of the RBS.

ESTIMATING THE COSTS

The diagram shown in Figure 3-7 captures the essentials of using the
WBS and RBSin tandem. One beginsat the lowest level of the WBS, which
isdenoted as Leve N. The cost of each element is calculated by multiplying
the quantity of resourcesrequired by its unit cost obtained from the RBS. It
isimportant to note that detailsare not hidden. T he category of the resource,
itsintensity, and itsduration are clearly indicated as part of this calculation.
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For example, if a project needs three brick layersfor four daysto build awall,
then the category is brick layer, the intensity is 3 workers, the duration is
4 days, and the effort is 12 worker-days. At a unit cost of $300 per worker
per day, the cost is $3600.

The project's total cost can be found by adding all these costs together,
but so many numbers are somewhat unwieldy, and such a calculation hides
additional information that subsequently can be obtained essily. Therefore,
in the next step, one movesup aleve to determine—by simple addition—the
total quantity of resources necessary for al elementsat leve N-1, grouped by
resource category. T he process repeats, proceeding from bottom to top, until
each element of the WBS shows the total resourcesit requires, grouped by
resource category. Once the calculations are extended to the leve zero, the
project's total cost has been determined, as has the cost of dl intermediate
elements of the WBS. In addition to the cost, we now have the resource
utilizationvauesfor dl subunits defined in the WBS.

As in any method of estimating, it is necessary to check the estimate
against experiential data and against the subjective knowledge of manage-
ment professionals. The first key question to ask at this point is Is the
estimate for the total cost of the project reasonable?Poor overal estimates
often result from inadvertent omissionsof key elementsin the WBS and the
RBS. Therefore, correction primarily involves filling the logical gapsin the
WBS by enhancing, or adding to, the current elements. Correction may aso
involveimproving elementa estimatesat the lowest levds, but an elemental
estimate should not be changed arbitrarily from what is believed to be the
best estimate. Further, the estimate vaues for those items above Levd N,
i.e., thoseitemsthat are parents of lower-level items, should not be changed.
The reason is that dl parents estimates are derived from sums of lower-level
estimates, not from direct input.

Project planning documents, including the estimate, should be treated
asliving documents. As new information becomesavailable, the WBS, RBS,
estimates, and schedule must be updated and, hopefully, refined. Ideally,
these enhancements should be conducted frequently rather than only for
specific administrative milestones and budget deadlines. At every update
opportunity, the enhanced WBS (and if necessary, an enhanced RBS) should
be used to refine the elementa estimates.

A well-defined, accurate, consistent, and regularly updated WBS and
RBS will significantly improvethelikelihood of project success by facilitating
clear plans and good communication. With these two planning tools, a
manager can makeasystematicand accurate estimateof the project's required
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resources—and therefore, its cost. Once deliverable-oriented WBS elements
have been developed for a project, producing acost estimate becomesasimple
matter of mapping the WBS onto the RBS and assigning the appropriate
resourcesto the individual WBS elements. This methodical approachinitially
requires some extra effort, but if an organization regularly produces and
maintainsits RBS families, the process becomes second nature. The project
manager's anxiety about cost estimating will decrease, and the organization
will achievesignificant efficienciesin planning, scheduling, and monitoring.

Using a good WBS with an accurate RBS, it is possible to ask detailed
cost and resource questionsabout the project, such es

e What isthetotal number of worker-hoursneeded for module A?

¢ How many worker-hours of chemists do we need for modules A, B,

and C?

When these elemental and total estimates are combined with a good
schedule, it is possibleto ask questionscombining detailed time and resource
issues, such as

¢ How many programmers do we need for the entire projectin July?

¢ How many engineersdo we need for module C duringJuly?

Would the demand for client-side programmers be reduced next July

if we postponed module B by three months?

* How many more analysts would we need next February if the scope
of module D were doubled?

* How would doubling the scope of module G affect project cost,

schedule, and resource requirements?

If Module F were ddayed six months, what would the resulting cost

and schedulelook like?

DETAILED EXAMPLE

Figure3-8 showsagraphic representationof the top levelsof an RBS that
was developed for asystemn devel opment project in one of the author's dasses.
Thefull RBS included one moreleve below what is graphically shown here,
athough what is shown here will illustrate a fully developed RBS. Figure
3-9 is a graphic representation of the first two levels of the WBS. Figures
3-10 and 3-11 aretabular representations of the WBS and RBS for the same
project. Figure 3-12 shows the assignment of resources to the elements on
the lowest level. Figure 3-13 shows the roll-up of costs and resources for a
leve oneitem. Findly, Figure 3-14 shows the resource requirements, and the
correspondingcost estimate, for the top levd, which is the total project.
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CHAPTER 4

Estimating Models

when dl the elements of the work breakdown structure (WBS) have been
identified with a reasonable degree of reliability and when the resource
breakdown structure (RBS) has been defined with the desired degree of
certainty. This estimate is referred to as the bottom-up estimate and it is
derived from detailed information that is contained in the WBS and RBS
at the time of the estimate. Unfortunately, the amount of detail required
for such an estimateis not available until a major portion of the project has
been designed and implemented. Notwithstanding, the project stakeholders
must have indications of the cost and duration of the project to be able
to approve the project for the earliest stages of implementation. Therefore,
an abbreviated version of WBS and RBS must be developed during the
inception stagesin order to formulate a rough estimate of cost and duration
of the project for preliminary decision purposes.

As the information in these structures is enhanced and expanded in
line with available project detail, the project estimate will become more
reliable. Depending on the organi zation, thefirst estimateissometimescalled
conceptual or order of magnitude. This first estimate can be developed using
any one of the models described here, athough the analogous estimating
techniqueis most often used for conceptual estimates.

Availability of historical datais paramount in the devel opmentand use of
estimating models, aswell asin the general process of estimating. Historical
data provide a basis for more a rdliable estimate during the early stages and
for more detailed and redlistic plans during the detailed planning stages.
Historical project data for construction and industrial projects span severd
decades and a multitude of project types under numerous implementation
constraints.

Unfortunately, software projects do not enjoy the same luxury, particu-
larly since many software and system devel opment projects are regarded as
vadly different from thosein the historical database. In addition to historical

The most accurate and most reliable estimate for a project can be developed
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data, the project manager's experiencein formulating estimatescontributes to
the project estimates’ quality. It is this eusive experience factor that ensures
that the project manager's early estimates developed using inexact methods
aresomewhat redisticand that al estimates addressal the important aspects
of the deliverables. The project manager's experience is an important factor
in the project's successas it moves into the implementation stages and as the
project team focuses on the challenges of optimizing the inevitable changes
in cost, schedule, and scope.

During the inception phase of the project, very little project-specific
information is available and, therefore, the estimate is not very accurate
(see Figure 4-1). Part of the reason for the estimate's inaccuracy is that the
probability of occurrence of undesirable project events is very high during
the early stages of the project (see Figure4-2). However, the consequences of
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modifying project objectives are not significant because the effort spent up
to that point on project design and implementation is very small (see Figures
4-3 and 4-4). Therefore, it would be ideal, although not redligtic, if al the
project information were availablewhen the early estimates are made, and if
no changes were made to the scope beyond this point in the project.
Consideringthat the likelihood of changes occurringin the project scope
and environment at | ater stages of the project lifeis very high, it is necessary
to note the significant financial consequencesof making midstream changes
to the project direction. Sometimes, these scopeclarificationsand/or changes
make the original estimateseem highly inaccurate. It is against this backdrop
and with sensitivity to the red possibility of a myriad of changes that the
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project manager must develop rough estimates during the formative stages
of the project.

Early estimates are, by their very nature, based on sketchy data and
therefore extremely inaccurate. By comparison, estimates performed late
in the development cycle are based on more comprehensive data. In other
words, even though early estimatesare inaccurateand difficult to make, they
become the basis for project comparison and developing guidelines for the
final project funding. Given that the project manager will make the estimate
& accurate as possible considering the data available, the project stakeholders
should keep thelimitationsof early estimatesin mind when selecting projects
based on these estimates, aswell as during the cost management process.

Detailed and accurate estimatesrequire substantial definitiveinformation
about the project and they adso require a relatively large block of time and
effort for the estimating task. Therefore, one needsto strike a balanceamong
the time spent on estimating, the accuracy of the results, and the degree of
accuracy required by the stakeholdersat the point in the project life.

Estimate models compute the values of a set of dependent outputs as
afunction of the vaues of a set of independent inputs. The timing of the
estimate affects how much information is available and to what degree the
information is reliable. Regardless of insufficient data in the early stages, a
preliminary estimate is necessary for making project decisions. This early
estimate has to be made before project objectives are clarified, before project
scope is defined, before requirements are fully spelled out, before the func-
tionsare clearly defined, and before the system architecture has been formu-
lated.

During the early stages of the project and in the absence of extensive
and detailed project information, project managersuse avariety of toolsand
techniquesin formulating the project estimate. These tools and techniques
are usually based on models that have proven to be successful during the
previous estimating effortsin this project or in other projects. These models
use mathematical expressions, from the very simple to the very complex,
and/or a multitude of assumptions, to estimate the cost, duration, and
resource demands of one single activity, an assembly, or the entire project as
afunction of one or moreinput variables.

Thetechniquesused by project managersfor making preliminary project
estimates include analogous, parametric, modular, ratio, and range estimat-
ing. The selection of the technique depends on organizational policies, the
project manager's experience, and the amount of information available at
the time of the estimate.
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Normaly, estimate modelsare very easy to use and they providea quick
prediction of the cost of the project, athough the accuracy is not very high,
particularly if the model is based on generic historical data rather than
discipline-specific historical data. Therefore, any amount of effort that is
spent on customizing the model to a specific project environment within
an industry will have significant rewards in terms of increased accuracy and
reliability of the model. As previoudy mentioned, the success of develop-
ment and use of estimating models is highly dependent not only on the
project managers experienceand competency, but also on reliable historical
information.

Models used for software and systems devel opment projects use some or
dl of the following data in arriving a the rough estimate: system complex-
ity, system size, manpower skill, resource availability, specificity of project
objectives, clarity of requirements, operating system features, environmental
characteristics, and the extent of new technologiesinvolved in the project.
Likewise, models used for construction and industrial projects use the fol-
lowing data in the process of predicting project cost and duration: industry
and project type, capacity and quantity, external and usable size, overall
weight, project location, and the extent to which novel materias, tools, and
techniquesare required for the project.

Formalizingwhen and how cost estimatesshould be performed depends
on the type of the project, the prevailing organizational procedures, and
the degree to which the organization is concerned with project cost and
overruns. ldedly, intermediate cost estimates should be performed severd
times during the project life, and not necessarily at budget authorization
milestones. Frequent enhancement of the estimate, through regular reviews
of al the cost components, improves the accurecy of the estimate. It aso
provides substantial historical data for refinement and enhancement of the
estimating models of future projects.

ACCURACY

Depending on when the estimate is prepared and the availability of the
amount and quality of historical data, the spectrum of estimates rangesfrom
the very rough to the very detailed. An estimate can be viewed as simply a
prediction of thefinal vaues of project cost and duration once the project is
fullyimplemented. Thus, the expression of accuracy of the estimateis related
to the expression of the probability that project's actual cost will match this
prediction.1:2
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As a general rule, if al the project information is available—usudly
toward the latter stages of the project—the accuracy of the estimate is
approximately 3 percent. Therefore, the actual value may be from 97 percent
to 103 percent of the estimate. Experiencein construction and industrial
projects has shown that, due to monitoring and reporting inaccuracies, even
the estimatesthat are prepared latein project life are not expected to be more
accurate than 3 percent or 4 percent. On the other end of the spectrum, if
very littleinformation is available, the accuracy may degradeto 233 percent.
In other words, the actual value of the cost of the project might range from
33 percent to 333 percent of the estimate.

Looking at some completed projects in construction and in system
development, the cost overrun can be even higher than 230 percent. Not-
withstanding, it isgenerally accepted that estimateswith little project-specific
historical data developed during the inception process will be accurate to
an order of magnitude; i.e., the final cost will range from 30 percent to
330 percent of the initial conceptual estimate. If sufficient project-specific
historical data are available and the project manager has ample experience
in this area, then he or she will be able to determine the redigtic accuracy

-of the conceptual estimate, regardiess of whether the accuracy is better or
worse than an order of magnitude. The key is that if the project manager
is experienced and informed about the current or previous projects, the
estimatesare more useful to the stakeholders.

For purposes of convenience and standardization in communication,
organizations assign specific names for estimates at discrete points in the
project lifecycle. The most common categorizationsof estimatesfor externa
and internal projectsare the following:

¢ Conceptud e Find

¢ Order of magnitude e Capital cost

* Feasbility e Appropriation.
* Prdiminary

The important thing to remember is that not al organizations use al these
titles. Some organizations may use asubset of these to identify the estimates
prepared for their projects. It is aso possible that some organizations use
titles that are not on thisligt. It is safe to assign degreesof accuracy to each
of these names in internal communications, although not dl organizations
attribute the same characteristics and accuracies to specific estimate labels.
For example, organizational procedures may specify that if an estimate is
labeled as preliminary, then it will be expected to have an accuracy of 30
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percent. However, for the purposesof consistency and communi cating across
wider administrative boundaries, sometimes organizations adopt titles, and
their associated accuracies, that are recommended by professiona societies
such as the Association for the Advancement of Cost Engineering and the
Project Management I nstitute.

Theaccuracy of theestimate, regardlessof what it iscalled, isdetermined
by the nature and accuracy of the historical data, just as the estimating tech-
nique formulated by the project manager dependson hisor her competence
in preparing it. These organizations prescribe that, as a generd rule, the
accuracy of thefirst formalized and published estimate should be better than
-40 percent and +100 percent. The implication is that the estimator should
be reasonably certain that the final actual cost of a project estimated at $100
should be between $60 and $200.

To usethe WBS asa base of referencewith very little project information
available, only levd zero of the WBS, which is the total project, will be
estimated using any of the models described here. Once more information
becomes available, individual level one elements will be estimated again
using these models. The project estimate will then be the summary of leve
one elements, and can be expected to be more accurate. Level two items of
the WBS are defined and estimated as additional information is available.
Findly, once the project has been divided into its smallest units and planned
at the lowest leved of WBS, the lowest level units are then estimated using
experience or appropriate models (see Figure 4-5). Consequently, these
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estimatesare rolled up to levd one itemsand to the total project estimate to
determine the project's cost and duration.

Although simple models are inaccurate estimating tools for the total
project if applied only at leve zero, these modelsare frequently used, implic-
itly or explicitly, for estimating the lowest level elements even during the
advanced stages of the project. If no calculation biases are built into the
estimating structure, and if the WBS has a large number of lowest level
elements, the repetition and the rollup processbaance the inaccuracies of the
model s by which the lower levd elements estimateswere prepared.

PARAMETRIC ESTIMATING

The terms modular estimatingand parametric estimatinghave been used
to refer to two estimating models that are essentialy very similar in usage,
principle, and underlying structures, but have been used in different indus-
triesand, therefore, have different names. After describing the similaritiesand
differences between these two techniques, we will use the term parametric
estimating to refer to both of these techniquescollectively.

Modular Estimating

Modular estimatingisnormally used for projectsthat have physica deliv-
erable~such as refineries, power stations, office buildings, or manufacturing
plants. Using thisapproach, the facility is characterized by indices describing
the quantity and size of severd key components such as power rating and
number of pumps, physica szeof pumpsand turbines, size of the plant floor,
capacity, and number of cranes. The modular model then uses historical data
and predictiveformulasdeveloped for the modules characteristicsto estimate
the project's cost, duration, and the amount of necessary resources. Modular
estimating is used primarily in construction, process, and manufacturing
projects (see Figure 4-6).

e Physical Characteristics * Performance Attributes

- Flow Capacity — Spedd

- StorageCapacity — Accuracy

— Number of Equipment — Error Tolerance
— Size of Equipment — Rédiability

— Friendliness
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Parametric Model

Similar to the modular model, the parametric model uses historical data
as the basis of the modd's predictive features. However, the characteristics
that areinput into the processare primarily based on performanceindicators
such as speed, accuracy, tolerance, reliability, friendliness, error rate, and
complexity of the environment of the deliverables. Parametric estimating is
used primarily in software development and system devel opment projects.
The output of parametric modelsincludesthe cost of major phases, duration
of project major phases, total project cost, and resource requirements.

Parametric model scal culate the dependent variablesof cost and duration
based on one or more independent variables. These independent variables
are quantitative indices of performance and/or physica attributes. More
sophi sticated model s providea multitude of levels of estimates. If, during the
early stages, a small array of data regarding the project is available, a rough
estimate is provided. However, if a large array of project data is available
later in the project's life, more accurate estimates are calculated using the
same model.

A parametric model, for a construction or process project, would use
the data provided by the user on any or dl of the following characteritics:
project type, frame material, exterior material, ground conditions, desired
floor space, and roof type. Then, using the genera relationships devel oped
between these input and output variables, the model provides an estimate of
some or dl of the output variables. The output variablesinclude cost of the
design process, cost of the structure, Sze of major equipment, optimum sze
of construction crew, size of the parking lot, duration of structure construc-
tion, duration of equipment installation, and overal project duration (see
Figure4-7).

* Input * Output
- Prgject Type - Design Cost
- FrameMaterial — Structure Cogt
— Exterior Material — Equipment Cogt
— Roof Type — Crew Size
— Ground Conditions — Labor Cost
— Desired Floor Space — PhaseDuration

— Equipment Type - Prgject Duration
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Input variables for a parametric estimate for a software development
project includedesired reliability, databasesize, complexity of technology, sze
of theddiverable,linesof code, pages of web site, number of database records,
queries per second, maximum error rate, and function points. The function
pointsindex is determined from aweighted summation of user requirements
in the areas of inputs, outputs, logic files, inquiries, and interfaces. Other
inputs include indicators of project environment and quantified or semi-
specific project team characteristicssuch as skill leve, physical location, and
administrative affiliation. The output variables include resources needed
for requirement analyss, system design, system coding, testing, integration,
documentation, and system transition. The output variables also include
cost and duration of these project elements, as well as for the entire project
(seeFigure 4-8).

Parametric estimate models are refined and fine-tuned for specific proj-
ects within specific industries. Many organizations have developed propri-
etarily parametric models for projects of their own specidty. Depending on
the organizational environment and on the nature of targeted projects, these
models use different statistically derived agorithms, which in turn would
use different setsof input and output datain calcul atingthe output variables
based on theinput variables. These modelsare, or should be, regularly evalu-
ated, vaidated, calibrated, and customized for accuracy and appropriateness.
The estimates of cost and duration developed by the parametric model
usualy establish a preliminary budget for the project that will compare its
financial desirability with other projectsof the enterprise.

The utility of parametricestimatesis dramaticif the parametric estimate
process is used to develop severd estimates for alternate configurations of

* Input * Output
- Rdidhlity - ArdydsCodt
- Daabae Sze - Implementation Cogt
- Prget Complexity - Trangtion Cogt
- Bror Ree - Teding Codt
- Numbe d Queries - Labor Coet
- Fundion Points - PhaseDurdion

- Labor ills - Prgect Durdion
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the same potential project. However, it would be extremely dangerousto use
the results of a parametric model to develop definitive budgets, unless the
organization is progressive enough to allow major budget modificationsas
the estimate matures throughout the life of the project.

ANALOGOUS ESTIMATING

Analogous techniques are the simplest forms of estimating. Analogous
estimating refers to the estimating process where, in the project manager's
opinion, there is significant similarity between the proposed project and
those projects contained in the historical database. Analogous models tend
to be less complex, easier to use, and more inexact than parametric models.
Anaogous models are normally used for early estimatesthat are caled order
of magnitude, conceptual, or ballpark estimates. These early estimates are
used to formulate rough estimates for various options and to determine the
relative viability of a project in the process of screening alternate projects.
Since the purpose of analogous models is to develop order of magnitude
estimates based on scarce information, the project manager might make
severd assumptionsabout some of the project's environmental or functional
characteristics, such as design attributes, systems engineering process, imple-
mentation techniques, and resource availability.

Analogous techniques are used to estimate project costs by comparing
the proposed project with similar projects for which historical information
is avalable. It is important when developing the analogous estimate that
the project manager uses the values of as many of the following deliverable
indices as available: type, functions, requirements, design characteristics,
capacity, Sze, location, cost constraints, and quality expectations. Here again,
the project manager's experiencewill be the deciding factor in judging the
proposed project to besimilar to thosein the database and/or thosethat have
formed the basisof the customized model.

Since the anal ogous estimating technique is based on actual experience,
some software project managers contend that analogous estimating has
limited use because, in many instances, no truly similar project existsin the
project historical database and system development projects have no true
historical precedents. These concerns will likely subside as more informed
project managerscollect and refine historical project dataon software project
languages, devel opment methodol ogies, resource utilization, and complexity
of system devel opment projects.

When the project is in its inception phases, only a smal amount of
information is available about the specifics of the project; however, an
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estimateis necessary to decide on the project's viability and the profitability
of the resulting product. It bears repeating that, even though an estimate
is needed at that juncture, those who use the estimate must be made aware
of itsinaccuracies.

The analogous estimate tools described here are ratio estimating, the
three-quartersrule, the square root rule, and the two-thirdsrule. The signifi-
cance of the structure of these modelsis that these ruleswere devised before
the days of personal computers, and the numbers that they refer to make
manual computations morestraightforward. Notwithstanding, in the absence
of extensive historica data for a specific project, these basic models provide
agood first approximation for the estimate of project cost and duration. If
these models are customized, the accuracy and reliability of the results will
be substantially higher. Therefore, it is exceptionally useful for the project
manager to keep detailed records of the ongoing project's performance. Such
performance data facilitate developing appropriate exponents or ratios for
estimating forthcoming projectsin that specific industry or even in aspecific
organizationwithin that industry.

Until the full complement of project details for individual elements of
the WBS are available, the project manager provides a conceptual estimate
of the total project based on minimal project-specific information. With
expanded information, the project manager will devel op conceptual estimates
of theitemsat the higher levelsof the WBS, e.g., levelsoneand two. Then, as
additional information becomesavailable, lower leve itemscan be estimated,
making the project estimate more accurate, complete, and definitive. The
key is that using a WBS as the base of reference, the estimates are not new
estimates; they are smply enhancementsof the original estimate. Therefore,
any variances can be explained and defended morelogicdly and rationdly.

Ratio Estimating

The equipment ratio, or capacity factor, technique of estimating is one of
the more basic forms of estimatingin construction, industrial, and process
projects. The premise of this technique is that there is a linear relationship
between the cost and duration of the project and one or more of the basic
featuresof the proposed project. The basicfeaturesin this processare related
to either physical attributes or performance characteristics. The so-called
ratios or factors are refined from personal experience, company files, or
published industry-specificdata. Although ratio estimating is deceptively
simple, given an appropriate base of historical data, it isavery powerful tool
in developing quick estimatesfor prospective projects.
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For example, experience has shown that the cost of major turbines and
generatorsin apower generation plant is nearly 30 percent of thetotal cost of
the plant. Another exampleis that of a construction project where the total
cost of the project is twice that of the materials and embedded equipment.
Other examplesinclude: the cost of a high-level design of a systemsdevelop-
ment project is nearly 30 percent of the total project's cost, only 20 percent of
the systems project cost and effort isspent in coding, 75 percent of the cost of
asystems development project is labor, or the cost of afadility's engineering
design is nearly 8 percent of the project's total budget.!~4 Further, there have
been extensive efforts in developing a relationship between the estimated
lines of codeand the total cost of asystemsdevel opment project, wen though
this ratio is highly environment-specific.

The Three-Quarters Rule

The three-quarters rule provides a ssmple method of developing the
estimatefor the total cost of a proposed project by comparing the capacity
of the existing and proposed deliverable. The capacity index can bethe size,
speed, complexity, or accuracy of the deliverable in question. The decision
of which one of these indices to use for the rough estimate depends on the
objectives of the project, on whatever information is available when the
estimateis made, and finally, on the experienceof the project manager. Given
that the relationship between any two facets of the project and the total cost
may not follow the same pattern, two different size/capacity indices might
producedifferent estimatesfor the new project. Therefore, for best results, as
many indices as possible should be used in determining the estimate. Then,
by smple averaging, or by weighted averaging, of these individual estimates,
amore tempered project estimate will be obtained.

This estimating rule is a dightly more sophisticatedversion of the ratio
estimating technique, where there is an assumed equality between the ratios
and the exponents of equipment sizes and overal project codts. The three-
quartersrule, aptly named, is based on the followingformula:

Analogous Edimating Rules of Thumb

e ThrezQuartersRule
C, = C. (§/S)7

e Suare Roat Rule
Ty =T, (C,/Co)?

e Two-ThirdsRule
Tp = T; (NPINC)'GG
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Vaiddes T, T = Prgject Duration

C, Cc = Codt

Sp Se = Szeor Capabity

N, N = Concurrent Subsystems
The premise of this ruleis that if the ratio of the capacities, or sizes, of the
proposed and current projects is raised to the power of 3%, it will provide
an indicator of the ratio of the cost of the two projects. This technique
can be used to make extrapolations or interpolations either graphically or
computationally and both can be performed with the use of spreadsheet
software. The following display shows the computational application of this
rule to predict the cost of houseswith two, five, or six bedrooms, where the
project manager has only the cost for a three-bedroom house.

TheThree-Quarters Rule
Egtimate Cost of a House Basad on the Number of Bedrooms

Current Houss 3 Bedrooms, $37,500
Proposed House: 5 Bedrooms

(Cost of New Facility)/(37500) = ((5)/(3))**(3/4)
Cost of a Five Bedroom House = $55,007

Cost of a9x Bedroom House = $63,067
Codt of aTwo Bedroom House= $27,667

Figure 4-9 shows a graphic application of the same example. If one uses a
log-log scale when using the graphic application of this method, the model

Egimate Cost d a House Bassd on the Number & Bedrooms

1 10 100

Number of Bedrooms
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datawill bedisplayedin astraight line, making visua interpolation very essy.
Figure 4-10 shows the application of this technique to the cost of apartment
complexesbased on the number of unitsin each complex.

If enough industry-specific or organization-specific data are available,
this technique can be refined to reflect the specifics of that industry in
conjunction with that particular capacity index used for extrapolation. Then,
for future estimates, a customized variation of this technique will be used to
arrive at more accurate conceptual estimates. This modification is referred
to as the modified three-quarters rule. Thus, using the existing data, an
exponent other than 34 will be suggested for this particular project environ-
ment. Again, it isimportant to note that the cost exponent will be different
for different capacity indices and, therefore, a different exponent needs to
be developed for each capacity index. Then the results can be combined to
formulate a more refined estimate.

The following modified three-quarters rule shows how an exponent
of .96 was obtained for a particular class of construction projects. It is
an important point that computation and recording of the value of the
exponents is necessary only in the computational method. If the graphic
method is used, it is not necessary to be aware of the value of the exponent;

Estimate Cost of a Complex Based on the Number d Apartment Units

Apartment Units
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using a straight-lineextrapolation or interpolation, the cost of the proposed
project can be determined.

The Modified Three-QuartersRule
Egsimate Cost of a House Basad on the Number of Bedrooms

Current Fadility: 3 Bedroom House, $70,000
Current Fadility: 4 Bedroom House, $90,000

Proposad House: 6 Bedroom House?

(Cost of New Facility)/(70,000) = ((6)/(3))**(.96)
Cost of New Fadility = $128,000

Figure 4-11 shows a graphic application of this technique without any
soecific reference to the vaue of the exponent. Using any two data points,
the straight line defining the model can be defined, based on which future
estimates can be made very quickly. Figure 4-12 shows the application of
this model to develop a model to estimate the cost of airport expansions.’
This model used the cost of completed airports, such as Newark, JFK, and
Hartsfield, to develop a conceptual estimatefor the total cost of the Denver
Airport. The index that was used for comparison was the termina’s szein
squarefest.

Edimate Cost d a House Basd on the Number & Bedrooms

Number of Bedrooms
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Edimeate Cogt from Capecity or Sze

Airport Expansion Area in 100,000 Square Feet

The Square Root Rule

The square root technique allows the project manager to predict the
duration of a proposed project on the basisof comparing the costsof existing
and proposed projects. The square root rule, adso aptly named, is based on
the formulashown earlier in the chapter in the section on the three-quarters
rule. The premiseof this ruleis that the square root of the ratio of the costs
of the proposed and current projects provides an indicator of the ratio of the
duration of the two projects.

The estimate below and the graph in Figure 4-13 show the application
of the computational mode of this technique to determine the cost and
construction duration of a 340-room dormitory when the only pieces of
information availableare the cost and duration of construction of 200-room
dormitory. Figure 4-14 shows the graphic representation of a model devel-
oped from historical highway construction data.

The Square Root Rule
For a Dormitory —Estimate Durationfrom Cost

Current Facility 200 Rooms, 12 Months, $10.4 Million
Proposed Facility 340 Rooms, $14.8 Million
(Durationfor New Facility)/(12) = ((14.8)/(10.4))**(1/2)
Durationfor New Facility = 14.3 Months
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Dormitory —Edtimate Duration from Cost

100

10 100
Costin $ Millions

Using existing data from similar projects, an industry-specific exponent can
be developed. This modification can be referred to as the modified square
root technique. The estimate on the next page and the graph in Figure 4-15
show the computational and graphicdevel opmentof the exponent for process

For a Highway Prgect—Edimete Duration from Cost

1 10
Costin $ Millions
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The Modified Square Roat Rue
Edimate Duration from Cogt

=]

10 100
Costin $ Millions

plants on the basis of exigting projects. The graphic or the computational
method then can be used for future projects.

The Modified Square Root Rule
Edimate Duration from Cost

Current Fadility: 13 Months, $20 Million
Current Fecility: 15 Months, $25 Million

Proposad Facility: $29 Million
(Durationof Proposed Facility)/(15) = (29/25)**.641
Duration of Proposed Feadility = 16.5 Months

Figure 4-16 shows the graphic application of this technique to the airport
expansion data mentioned in the previoussection.

The Two-Thirds Rule

The two-third techniquewill alow the project manager to sharpen the
duration estimateof a proposed project if the project contains severd concur-
rent and similar activities. This adjustment isintended to refine the estimates
of the project's duration when the same project personnel are assigned to
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00

The Madified Square Roat Re
Airport Expanson—Edimae Duration from Cogt

Costin $ Millions

similar tasks within the project or within a unified program but to similar
projects. The two-thirds rule is based on the formula that is shown earlier
in the chapter in the section on the three-quarters rule. The premise of this
ruleis that if the ratio of the number of concurrent subsystems is raised to
the power of 2/3, it will provide an indicator of the ratio of the duration of
the two projects. Examples include building several apartment complexes at
the same time, designing several web pages at the sametime, building severd
specidty airplanesat the sametime, installingseveral serversat thesametime,
or pullingseverd setsof fiber optics cables during the same time frame.

Although this model addresses only the duration of the project, the
presumptionisthat the multipleconcurrent systemswill affect the cost of the
project in the same manner as they affect the duration. Findly, asin previous
models, asufficient amount of historical datawill alow customizationof the
exponent of this model to specific project environments.

RANGE ESTIMATING

Another approach to increasing the reliability of the early estimates,
know as range estimating, is to provide not just one estimate for the cost of
an element but rather define the range of possible vaues for the cost of a
specificelement. This concept was the foundation of the PERT technique by
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which probabilistic project duration is obtained through the use of multiple
durations defined for individual activity durations. Then, in addition to the
deterministic project duration defined by the estimator's prediction, a range
of probable and likely duration vauesis computed.

Range estimating uses the same datigtical fundamentals in estimating
total project cost based on probabilistic elemental costs. Thus, in addition to
providing one number as the total possible cost of an element of the WBS,
which reflects the opinion of the project manager, two other valuesare dso
provided. One is the most pessimistic estimate and the other is the most
optimistic estimate. Using these three vaues, the most likely cost for the
element or the project can be determined. Equaly useful, if this three-vaue
set is available for all the elements of a fully developed WBS, a random
number generation tool can be used to develop a likely cost for the project.
Additionally, this three-number set will alow development of probability
distributions for the project cost, and a probable cost for the project based
on random selection of elemental estimates.

In many cases, the most likely values derived from the application of this
datistical method are higher than the deterministic values derived from the
summation of single estimate vaues provided by the project manager. This
revelation highlightsthe premisethat project managersand project estimators
are fundamentally optimistic, and therefore, they tend to underestimate the
cost and duration of a project.

Figure 4-17 shows the calculation of elemental values of the most likely
costs based on the three values provided by the project manager. If the three
values provided by the project manager are 5, 8, and 35, the most likely
estimate for that element, as provided by this model, is 12. The net result
of using this model is that the estimate is steered toward the mean of the
optimistic and pessmigtic values, primarily becausethe deterministicvaueis
dangeroudly close to the most optimistic value.

+ Elements
- OptimigticTime, TO
- Most Likely Time, TM
- PessimisticTime, TP
+ Cdculate Expected Time For Each Activity
-TE=(TO+4TM+TP)/6
— Sandard Deviation=(TP-TO)/6
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Ontheother hand, if the threeestimates provided by the project manager
are 5, 20, and 35, the most likely value predicted by this model will be 20;
note that 20 is the estimate that was considered most likely by the project
manager dso. The point isnot that every deterministicestimate should be the
mean of optimistic and pessimigtic values, but that one needs to be careful
not to be overly optimistic in estimating every aspect of the project. Findly,
although range estimating can be used to fully develop WBSs, the use of
range estimatingis far more vauable when the WBS elements have not been
fully defined beyond the first and second levels, and when the cost of these
elementsis at the order-of-magnitudeaccuracy .

EXPERT JUDGMENT

Many semi-experienced project managers depend on more experienced
project managers and the experts of the field to validate the conceptual
estimates of a project, regardless of how the estimate was prepared. Even
experienced project managers often consult with their peersin order to
fine-tune what they believe is a reasonable estimate. The expert judgment
technique involves consulting one or more expertsto validatethe estimate of
the proposed project against the experienceand understanding of the experts,
who will consider the details of project complexities and characteristicsin
tempering the estimate or concurring with it.

Using an expert judgment opinion is somewhat akin to identifying and
using the results of a parametrictechnique of personal nature, which is based
on intuition, experience, and not-yet-articulatedindices. Nonetheless, until
these unspoken extrapolation techniques are formalized, expert judgment
will remain one of the more reliable sources for checking the realism of the
estimates, particularly in software and systems devel opment projects.

NORMALIZATION

Once the cost and duration of a proposed project have been predicted
from historical data, the resulting values need to be adjusted and normalized
in the light of time and location differences between the proposed project
and those that formed the basisfor the model (see Figure 4-18).

The term time refers to the year in which the existing project was
completed. Comparison between the delivery dateswould provide the basis
to adjust the estimate based on the inflation rate or the time value of money.
The term location adjustment would account for the differences in sdaries
and in cost of materialsin different locations. For example, if the database
containsinformation from projectsthat have been performed in the United
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States, and if the proposed project is to be performed in China or Italy,
differencesin locality-based cost factors must be considered when finalizing
the estimate for project cost. Thisadjustment is conducted by asimple ratio
adjustment. For example, once the time-adjusted estimate of a project is
determined, then that estimatewill be adjusted again by afactor of, say, 1.12,
in order to account for project cost differencesin those two locations. The
third adjustment factor, capacity, which is shown in Figure 4-19, has been
covered in detail earlier in this chapter.

AnaogousEgimate

* Itisusudlythevery first estimate
conducted for the project
* It usestheavailableinformationto arrive
a the estimate
» Generdly, theavailableinformationis
extrapolated and adjusted in the light of
— Time: the year in which the project was completed
— Location: the location of the current/proposed pr oj ect

— Capacity: size or capacity comparison between the current and
proposed project



PROJECT ESTIMATING AND COST MANAGEMENT
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Estimating models are the tools that leverage the estimator's experience and the admittedly sparse
project data in developing a prediction for the final cost of the project. This leveraging becomes
more effective and almost approaches a science when the tool is modified and sharpened with
historical data pertaining to'the area of the project. Given that early estimates have a profound
effect on whether the project gets initiated, estimating models tend to take on a pivotal role in
project selection, as well as in the development of the planning-phase estimates of the project.
Conceptually, any estimating model can be used to predict the cost of projects in any industry,
although estimating professionals in different industries have gravitated to specific models for
the g " developing project estimate
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CHAPTER 5

Progress Monitoring

onitoring project performance is essential to keep the project manager
informed of the status of the deliverable. Data collected during the progress
monitoring process are crucial in managing the issues and circumstances
brought on by the project's inevitable changes. The focus and emphasis
of project progress monitoring is fundamentally different from traditional
cost accounting. Cost accounting dedls with issues involved in reporting the
expenses to the correct components of the established budget for the cost
centersand codesof account. While cost accounting isfocused on collecting
accurate actual cost information with specific attention to the elements of
the code of accounts, projectprogress monitoring focuses on areas of resource
expenditure as delineated by the WBS.

There is no question that accurate collection of cost information should
be part of the data collected and/or computed by a project monitoring
system. However, cost is not the primary concern of the data collection,
but rather the ddiverable-specific resource expenditure data are the area of
concern.

The observed variances in resource expenditure and cost are used to
identify trends that will in turn be used to make midcourse adjustments
to project plans. The reliance on RBS and WBS, provided by a formalized
progress monitoring system, alows project managersto compile meaningful
historical data that will be useful in managing the changesin the texture of
the current project, while providing useful historical data for streamlining
the estimating and managingof future projects.

In the same vein that the accuracy and efficiency of the project estimate
depend on data collected from previous experiencesin similar projects, a
formalized monitoring system will be very useful in collecting historical
data for cost estimating models and genera organizational memory, which
will benefit the effectiveness of future projects. In essence, although the
progress monitoring system benefits the project at-hand significantly, it has
far-reaching benefits for organizational project management effectiveness.
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Progressmonitoring is most successful when it isformalizedand fully embed-
ded into the organizationa procedures for managing projects. Therefore,
progress monitoring proceduresshould be part of the organizationa project
management culture rather than narrowly focused on the project at-hand.

The progress monitoring system should be formulated and implemented
such that it will not negeatively impact the efficiency, credtivity, innovation,
and mora eof the technical personnel of the project team. It must beafacilita-
tive tool that informs the team members of their individual assignments,
reminds them of forthcoming events, and warns them if there are significant
variances. Additionally, the progress monitoring system centrally stores data
for forecastingand for future customization of estimating models.

The function of a progress monitoring system is to keep the project
team informed of the progress of their task and apprised of progressin
attaining overall objectives by al the team members. As such, the progress
monitoring system should be regarded as nothing other than avauable aid.
Unfortunately, in many creativity-based and highly specialized projects, the
project team might regard progress reporting as cumbersome, intrusive, and
asigna that senior management does not trust the project team. Project
managers often reinforce and perpetuate these sentiments by using progress
data to pressure individual task leaders to ddiver products fagter. Further,
divisional managers with a misguided objective of efficiency and improve-
ment use progress data to micromanage the project team, and thereby
provide unwitting affirmationfor the team’s negativeattitude toward progress
monitoring measures.

In other instances, particularly in projects that involve a great deal
of creativity and new technology, project team members regard progress
monitoring asan affront to cretivity. Ironicaly, alogica progressmonitoring
system will not impede creativity, but instead will assst the team members
in understanding the cost/schedule implicationsof their contributions to the
project, thus allowing the project professonalsto concentrate on producing
superior ddiverables. With proper education and indoctrination, the major-
ity of the team members and upper management will likely adopt a healthier
and more appropriate view of progress monitoring.

If the organization is progressiveenough to have a project management
office (PMO), much of the formalizationof the progress reporting processis
handled as part of the charter of the PMO. Many organizations do, in fact,
have a project management culture and a commitment to formalized project
management, but this organizational entity is not called a PMO. Therefore,
the key is that the organization must have the important organizational
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facets that facilitate the proper conduct of projects. The facets necessary for
achievingthe desired godsin project management are:

¢ Organizational commitment to project management principles

e A set of consistent procedures

* A battery of operational toals.

The basic foundation for a project management culture is the firm commit-
ment to principles of project management, such as formal scope definition
for every project, extensive use of the magjor project structures, logical cost
management policies, and usable cost reporting procedures (see Figure 5-1).
These principles will be reinforced with the use of enterprise guidelines
and procedures necessary for project initiation, approval, mobilization,
implementation, and closeout (see Figure5-2).

Findly, the project team members must have at their disposa a set of
operational tools that facilitatescompliancewith enterprise project manage-
ment palicies. Thesetools, which must be updated and expanded regularly to
remain state-of-the-art, include data capture forms, scheduling methodolo-
gies, progress reporting forms, and software packages such as PM software,
databases, spreadsheets, and presentation graphics (see Figure 5-3).

Project Management Principles

m Define Project Objectiveand Scope
m Devise Project Execution Plan

m | dentify WBS, RBS, OBS

m OrganizeBudget and Schedule

m Develop Progress Reporting Schemes
mFormulateAnalysisCriteria

m Establish Monitoring Guidelines

m M anage Unexpected Changes

Project Management Condgtent Procedures

Project Approval

Scope Development

Budget Preparation and Approval
Project Mobilization

Progress Reporting

M anagement of Change
Collection of Historical Data
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Daa Capture Forms

CPM and PERT Methodology
» Software Packages

- Project Management

- Database Manipulation

- Presentation Graphics

Progress Reports
ProgressMedtings

The project monitoring policy and toolsare not meant to be restrictive,
but rather informative and facilitative. To that end, as the organization
matures and as creative project teams contribute to the design and conduct
of the monitoring process, the suitability, applicability, and usability of the
project management toolsand techniqueswill continually improve.

DEVELOPING A MONITORING PLAN

Normally, the vision for a new project or a new corporate initiative
is approved at the higher levels of the corporate structure, including the
following project stakeholders:

* President

¢ Divisiona vice-president

* Manager of projects

* Project manager

¢ Senior project planner

* Project staff.

Such avision might either emanate from the organization's upper leves or,
in more enlightened organizations, be developed at the project level and
presented to upper management for approval. As the implementation of this
initiative is delegated to lower levels of the organization, a more detailed
definition of thisvision is developed.

The directive that is drafted at the chief executive officer (CEO) leved
may be a one-paragraph or even aone-linevision (see Figure 5-4). However,
by the time thisinitiativeis developed at the lower levels of the organization,
it may involve many pages of descriptivedesign and hardware specifications.
Using WBS terminology, level zero of the project is specified at the top
levels of the organization, and the lower levels are developed, designed, and
implemented by the subsequent levels of the organization's project team
members.
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Concept
Concept Concept
Concept Strategy Concept
Strategy Concept Plan Strategy
Plan Plan Strategy Plan Plan Strategy
Detailed Plan Detailed Plan Detailed Plan

Likewise, when the data are compiled, refined, and tabulated, it is
important that the same levd of detail contained in the datds refinement
or analysisis adso contained in the reports that are distributed. Detailed
project data are exceptionally useful to the project team members, and yet
overwhelmingto thosewho are not intimately involved with the project. The
best data collection and reporting systems are those that customize the leve
of detail to the organizational stature and involvement leve of the person
supplyingthe information or the person receiving the report.

Accordingly, project staff membersshould get &l possible details regard-
ing their own tasks, interdependent tasks, and the project in general. How-
ever, at the other end of the spectrum, the CEO will probably get aone- or
two-line report on the status of the project's cost and schedule, and definitely
not with the same frequency that the team receives reports. Naturaly, if
the CEO would like additional information, it can be made available (see
Figure5-5).

As noted, the data collection and reporting process must be at the
appropriate level of detail for the person supplying the information and for
the person receiving the report. Additionally, the data that are collected and
the trends that are reported must be at aleve of detail that dlows detection
of deviations of the actual vaue from the basdine project plan. Findly, the
report frequency must be such that the project team can deploy corrective
measuresin atimely and useful manner, if the variancesindicatethe need for
achangein the project's pace.

Report
Report Report
Report Analyze Report
Analyze Report Capture Analyze
Capture Capture Analyze Capture Analyze
Capture Capture Capture Capture Capture Capture

71
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The same degree of specificity used in the project's inception process
for generating project definition documents must be applied to the progress
reports definition of contents and the distribution pattern. The progress
monitoring procedures must specify how often the data sampling should
be conducted and how often the progress reports should be issued. When
developing data capture procedures, dl affected parties must agree on the
following:

* Who will collect the data

* Who will providethe data

¢ How often the datawill be provided

—Every day

—Evay Monday

—Firgt day of the month
—Firg day of the quarter

* What is the expected tolerance of the data.

For example, if the item to be measured is the number of programs
written or the volume of concrete poured, the project charter must specify
whether the measurement is performed by the technical person doing the
work or by the administrativestaff in chargeof data collection. Beyond that,
specificsof the frequency of data collection must be outlined beforehand; for
example, whether the data will be collected every day, each Monday, the first
day of each month, or the first day of the quarter.

Those project stakeholderswho receive progress reports should be fully
aware of what is expected of them in response to the contents of the report.
Some stakeholderswill receivethe report for information only and no action
will bereguiredof them. Others may receivethe report for review and action.
The type of action and the turnaround time must be specified as part of
the project charter (see Figure 5-6). This kind of specificity will ultimately

m Frequency of Report Distribution
- Daily, Monday, Month, Quarter
m Personnel Receiving the Report for
Information Only
m Personnel Receivingthe Report for Action
- Action Type:
* Phone, turnaround, input sheet, meeting, memo, letter, report
- Urgency:
* Actionexpected within hours/days/weeks/months
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introduce efficiency and expediency into the conduct of the project. With
these precautionsin place, the volumeof a progressreport will not overwhelm
the recipients when their involvement in the project is minimal. Further,
there will be few occasions when someone is not sure why he or she is the
recipient of a progress report. More to the point, those who need to react
to the project events get the correct and sufficient information to execute
their duties.

Under these circumstances, project personnel know what is expected of
them in terms of data needed for input into the progress reporting system.
Accordingly, the project personnel have aclear pictureof the volume, qudlity,
and frequency of the reports they will receive. To increase the utility of
the progress monitoring and reporting system, the collected data must be
compiled and refined as part of each data collection cycle. Then, the refined
dataand analysisshould be reported to the team in atimely manner with the
leve of detail useful to the recipient.

ELEMENTS OF MONITORING

The objective of a progress monitoring system is to provide formalized
datacapture proceduresthat allow devel opment of aset of logical and rational
indices by which the pace of attaining the objectives is measured. Progress
is measured in the aress of cost, schedule, and scope. Basdine data may be
the origina basdine data, although in most cases it is a modified version of
the original basdine. To clarify, the purpose of progress monitoring is not
to force the project progressand its associated costs to the figures that were
predefined as part of the plansand budget, but rather the purposeis to report
accurate valuesof actual project performanceindices.

The project manager might use the progress data as a basis for making
adjustments to the work pace. Alternately, the project manager might con-
clude that it is more appropriate to draft a budget modification request.
Naturally, the project manager may make an informed determination that
the variances are transient or not significant, and that no major changes
need to be made.

In some organizational environments, lapsed time and cost of labor are
considered indicationsof progress. Although these indicatorsare good means
to measure the cost incurred, they do not have a direct relationship with
progress, and therefore, they can be misleading and highly inaccurate. A
more rational set of progressindicesincludes measurementsof what has been
delivered and indicationsof the rate of resource expenditureswith respect to
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each deliverable. The raw progress data for each activity should contain as
many of the following pieces of information as possible:

¢ Actua start date of the activity

* Volumeof ddiverables

 Effort spent so far

* Hoursspent so far

* Hoursspent on the deliverable

Work days dapsed
Effort needed to finish the activity.
The raw data, by which progresswill be recorded, might also include work
days spent, worker days spent, total cost of labor, and total cost of materids
and/or equipment. Notwithstanding, during the progress data capture activi-
ties, care must be taken to distinguish between worker days, workdays, and
elapsed days.

Examples of progressindicatorsin construction projects are number of
feet of wire pulled, cubic yards of concrete poured, and square feet of carpet
installed. Examples of progressindices in systems development projects are
number of screens completed, number of lines of codewritten, and number
of machines enabled. For tasks that have a series of sequential subtasks,
the achieved milestones can be a measure of progress. Examples of task
milestones for a server installation project could be receive, place, connect,
test, accept, and turnover.

For creativity-based tasks, where the deliverable often defies measure-
ment and where progressis an illusveand immeasurable concept, guidelines
need to be established for how to measure project progress. Depending on
the organizational culture, project complexity, and the needs of the project,
one of severd crediting methodscan be applied. For some activities, progress
credit can be applied when the task is started and credit can be applied
incrementally as progress is made. In other organizational environments,
one must apply a binary system in which credit is applied only when the
completeddeliverableis received. Under thissystem, no credit will be applied
if the deliverable has not been received, regardiess of how much time and
money have been spent on the task. Naturally, a variety of intermediate
crediting methods can be devised to accommodatesituationsthat do not cal
for either of these two extremes. A partial list of possible crediting methods
isshownin Figure5-7.

The rationae for the development and use of these crediting schemas is
to provide project management data as accurately as possible with minimal
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The 0% -100% Rule

m Theteamwill not be creditedfor progressunlessthe deliverableisfully
delivered

The 20% -80% Rule

1 Theteam will get 20% for startingthetask. Full credit will be applied
upon delivery

m The50%-50% Rule
m Theteam will be creditedfor half of the deliverableupon startingand half
upon delivery
m The30%-30%-40% Rule
8 Not Started Team will becreditedfor 0%
m Just Started Team will becreditedfor ~ 30%
m InProgress Team will becreditedfor ~ 60%
m Completed Teamwill becreditedfor ~ 100%

intrusion into the technical facetsof a particular task. Although these credit-
ing guidelinesseem imprecise—and they arein factimpreciseat the elemental
level --oncethey are summarized across the WBS levels, the overdl progress
of the higher levelsof WBS can be acceptably accurate.

EARNED VALUE

The calculation of earned value is a very effectivetool in measuring the
progress of contractors in external projects. Computation of earned vaue
.can be part of an audit activity, or it can be integrated into the progress
monitoring system. The concept of earned vaue is generaly used in the
context of fixed price contracts where the objectiveisto calculate the amount
of payment that is due to the contractor.

However, to the extent that earned value reflects the magnitude of
progress, it is useful in internal projectsaso. It serves as an equally powerful
tool in determining the rate of progressof internal projectstoward achieving
the project's godls.

At any point during the life of the project, the amount of progress, as
indicated by the earned valueof the project, can be determined by summariz-
ing the earned value of lower levd components along the WBS structure.
The project's earned value can be computed by determining the percentage
of earned value for each of the constituent components at the lower levels
of the WBS. For both the early stages of the project and for small projects,
this process involves only a few elements at the first one or two levels. For
fully developed projects, the process involves a very large set of dl of the
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project's lower level components, extending to leves four, five, and even
lower, of the WBS.

The vaue that is earned for each WBS element is determined by sum-
ming the progress made in each of the tasks performed to deliver the WBS
element at-hand. Figure 5-8 shows the procedurefor establishingan earned
value system for a deliverableelement. Thefirst step is the formulation of a
list of values during the planning stages. Then, at the reporting milestones,
it is possible to determine the progress credited to each of the constituents,
usingany of the crediting methods described earlier. Total earned valueis the
sum of the products of the valueamounts and credited progress.

Figures 5-9, 5-10, and 5-11 show the development of earned value for
a segment of a web site development project. Figure 5-9 shows a listing of
valuesdefined during the planning stages by the stakehol dersfor this project.
Thevaluelist can be acompilation of the distribution of either cost or effort
among the activities of the element under evaluation. The progress of the
team in achievingthe goasof the element in question isindicated by the total

* During Planing Stage of Project
— Divide the Waok into Discrete Components
— Asdgn Codt to Each Component
- Agreeon Eamned Vdue Payment
 During Execution Stage of Project
— Detlemine Progressan Each Component
- Cdauldethe Eamned Vdue

Activity Description Total ExpectedValue

+ Reguirements 10%
+ Design 2%
- DeveopModules 3%
» Test Modules 20%
 IntegrationTest 5%
» Document and Train 15%

» Totd Ddiverables 100%%0
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Sample Eamad Vdue—\Webh Site Deve opment

Item Portion Delivered
* Requirements 100%
* Design 85%
» Develop Modules 80%
* Test Modules 10%
+ Integration Test 0%
* Document& Train 0%
« Tota Progress %

(ctivi Total Value E ' Posi ,

*  Requirements 10% 100% 1%
+ Dedgn D% 8% 17%
» DevdopModules % 8% 2%
« Test Modules 2% 10% 2%
* Integration Test ) 00 02
+ Documetand Train 15% 0] 0]
+ Totd Eaned 100% 2% 53%

earned value. This progress is determined by summing the creditsearned by
each of the constituent activities, toward the deliverable, as shown in Figure
5-10. Accordingly, Figure 5-11 shows a computation of the value earned for
the deliverable element. The assigned progress percentages do not have to
be exceptionally accurate; in fact, due to the nature of many creativity-based
projects, the accuracy of the assigned progress percentagesis somewhat low.
Again, notwithstanding the inaccuracy at the lowest level, once the earned
valuesare rolled up to the project levd, the accuracy is acceptable if there are
no overt biasesin determining the elemental earned value.

Some project managerschooseto use amore extensveschemafor earned
value. This schema is fundamentally based on four terms that are listed
below. These terms, and the resulting predictiveindices, are calculated and/or
refreshed at the project's evaluation milestones. The terminology listed here
is the original one defined in the 1970s. The shorthand notations listed in

77
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parentheses have recently been recommended by the Project Management
Institute:
* BCWS, Budgeted Cost of Work Scheduled (PV)—What was planned
to bedone
e ACWPD, Actud Cost of Work Performed (AC) —What was spent
* BCW, Budgeted Cost of Work Performed (EV)—What was done
* Budget at Completion (BAC)—Amount budgeted for the entire proj-
ect.
Then, the following series of evaluative and predictive ratios will be used
to as=ss the current state of the project and to predict the future direction

of the project:

e BCW- ACW=CV Cost Variance—amount of cost overrun
or underrun

e BCWP-BCWS= SV Schedule Variance—schedule overrun or
underrun in $

e BCWP/ACWP =CPI Cost Performance Index—normalized
cost overrun or underrun

e BCWP/BCWS = SPI Schedule Performance Index —normal -
ized schedule overlunderrun

* BAC/CPI =EAC Estimate at Completion— updated esti-
mate of total project cost

* BAC-EAC=VAC Variance at Completion—amount of

over/underrun at delivery
¢ (BAC-BCWP)/CPI= ETC Estimateto Complete—funds needed to
complete the project

PRODUCTIVITY

The term productivity is usually associated with concepts such as
¢ Spending less money
e Takinglestime
Using less effort
Improving quality
Creating lesswaste
¢ Reducing rework volume
¢ Creating more output with lessinput.
Productivity is affected by the characteristicsof the project team, such as
* Persond pride
e Attitude
* Competency
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* Motivationto learn

* Desireto excd

e Organizational culture

* Typeof contract.

The specificity of the project objectives, clarity of project plan, and avail-
ability of tools, particularly with respect to individual assignments, also affect
the productivity of the team.

Productivity is o affected by the frequency of unexpected and unex-
plained changesto the project and the presence of aformalized scope change
policy. Productivity depends on the environment created by organizational
policies and procedures with respect to innovation, efficiency, and reward.
Findly, experience has shown that the productivity of the contractor's team
is additionally affected by the nature of the contract.

The following client factorsaffect productivity:

* Specificity of project objectives

¢ Clarity of project plan

¢ Availability of tools

* Freguency of scope changes

* Formalized scope change policy

* Organizational policies.

Strategies that improve the productivity of the workforce include assigning
the correct speciaty and correct competency leve to each task. Proper assign-
ment of labor will greatly enhance team morale, and verification of such
assignment should be an integral part of project progress monitoring.

Sometimes, particularlyin projectsthat involvelengthy or highly repeat-
able tasks, productivity is expressed by alearning curve. The premisein the
concept of alearningcurveisthat if atask is performed repeatedly, it will take
lesstime to perform that particul ar task as moreiterationsare performed. As
an example, designing aweb page might take 120 minutes for someonewho
isdoing it for the first time. But, as the same person designs similar pages,
each repetition will take alittle less time so that the 30th page can be done
in, for example, 100 minutes. The extent to which thisimprovement occurs
is determined from plotting task time versus the number of repetitions,
otherwise known as the learning curve.

Since the learning curve is usualy plotted on a log-log scale, a line
on that scae will characterize the learning curve. Figure 5-12 shows three
separate lines (curves) indicating the rate of productivity improvement for
three different operations. This graph shows that after 32 repetitions, one
operation gains a 10 percent reduction in performance time while another
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Learning Curves

1 10 100
Number of Units

gainsa 30 percent reduction in performancetime. For lengthy projects that
include highly repetitivetasks, the effect of thelearning curveon project cost
and duration performanceshould be considered.



CHAPTER 6

Cost Management

od management is the process used to minimize the cost of the project while
mai ntai ning acceptablelevels of quality aswell as the scope of the deliverables
for the duration of the project. Project information that forms the basis
of a progress monitoring and cost management system includes a detailed
description of client objectives, project requirements, quality expectations,
resource constraints, funding structure, acceptancetest details, administrative
milestones, and the anticipated delivery date.

The cost management processis most effectivewhen it isformalized and
integratedwith the enterprise's project management policiesand procedures.
A formalized cost management processensuresthat al project personnel in all
projectsfollow aspecific set of established procedures. A formal management
structure has the added advantageof keepingall project stakeholdersinvolved
in, or at least informed of, the performance status of the project, thereby
contributing to team spirit and good morale.

The objectives of the cost management process are to track progress,
compare actual values to planned vaues, andyze the impact of variances,
and make adjustments in light of these variances. Progress data from the
current project are interpreted in the light of historical data from previous
projects and/or benchmarking data from other projects within the same
industry. These interpretations must be repeated or refreshed on a regular
bads, particularly as part of the inevitable changes throughout the life of the
project. Theimpact of each change must be evaduated in terms of scope, cost,
schedule, and resource demand.

The most effectivecost management system is one that ensuresconsulta-
tion with the stakeholdersin al triple-constraint tradeoff decisions, and
one that facilitates a full and prompt dissemination of the subsequent
disposition of each change request to project personndl. Additionally, the
determination of the variances between planned and actual vauesshould not
narrowly focuson thetotal project; instead, it should span al elementsof the
work breakdown schedule (WBS). As such, the current and/or variance of
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individual component resource expenditureand costs, aswell as thosefor the
total project, should dwaysbeat the disposal of the project stakeholders.

When the project is in its formative stages, very little information is
available. Consequently, the accuracy and dependability of the estimate are
very low. In other words, the risks of unforeseen and undesirable occurrences
in the project are very high. Therefore, early plansand budgets are usudly far
from definitive and rarely predict the actual cost of individual components
and the definitive cost of the total project. By contrast, at the early stages of
the project, modifications to project planscan be formulated and conducted
with minimal impact on cost and schedule. As the project proceeds into
the various stages of growth, the cost of implementing modificationsto the
basdline plan increasessubstantialy.

It would be unredlistic to expect good planning to eliminate the occur-
rence of al unexpected events. On the other hand, it is logica to expect a
reduction in the magnitude and impact of project changeswhen the project
isimplemented with careful planning. Whereasa project with casualy evolv-
ing plans contains many unexpected changes, a well-planned project has a
significantly lower occurrence of unexpected events. It is therefore essential
that the project manager conduct careful early planning to minimize the
frequency and impact of project changes.

Even if the estimate of costs were reasonably accurate based on the
detailed information available at the time of the early estimates, it is very
likely that implementation costs will not match the planned costs due to
changesin client requirements, design philosophy, and project environment.
Thus, the data collected during the progress monitoring processare used to
quantify the impact of the changes on the general direction of the project's
overdl performance.

The next step is to determine whether or not the performancevariances
and trends are significant. If variances are deemed significant, an adjustment
of the triple constraints must be considered. This adjustment could be as
simple as a change to the budget vaue. Alternately, in response to these new
developments in the project environment, the adjustment could involve a
changeto thevaduesof dl tripleconstraints.

The basic administrativestructure of a typical cost management system
includes a change management board, a configuration management board,
a change request form, and a change log. The change management board
and configuration management board review the changes from a project
management and a technol ogical standpoint, respectively.
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If the project is an externa project, the change management board is
composed of the project manger, the client liaison, technical personnel, and
a contract officer. The change management board defines and implements
the process of handling project change requests. During the implementation
phase, the board ensures compliance with these established processes and
procedures.

The change management board is composed of dl the technical spe-
cialties represented in the project deliverable, the client representative,
and the project management personnel. The configuration management
board is charged with monitoring and documenting functional and physical
characteristics of the deliverable's components as defined in the original
project documents. Further, it is charged with managing the changes to
these characteristics, optimizing the effects of the changes, and verifying
conformanceof the deliverablesattributeswith the client's evolvingspecifica-
tions.

As an example, the change management board would review, in light
of the client's current expectations, the impact that a change in a software
module might have on the delivery date and on the total cost of the project.
On the other hand, the configuration board would be concerned with the
impact of these changes on the input/output structure of other modules,
processing speed, maintenance complications, database duplication, and
system compl exity.

Procedura consistency in data collection and reporting will encourage
the review of changesby the stakehol ders, thus preventing ad-hoc implemen-
tation of changes. Figures 6-1 and 6-2 show a sample change request form

* Purpose
— Standardize the Change Request Informetion
* Common Elements
— Name of Requester
- Requester's Organization
- Dae of Request
- Description
- Current Status
- Adion Requested
- Change Request Number
— Impact/Benefit of Change
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*  Purpose

- To Providea Documeated Record of the Change

Reouests Reoaved during the Prgject

* Common Elements

- Nared Requeser

- Requetea’s Organization

- Daeof Request

- Degxiption

- Curat Saus

- Adion Reueted

- Change Request Number
Impact/Benefit of Change

and a typical format for the change management log. The change request
form is the prescribed mechanism by which project changes are requested,
approved, and announced. The change log is an historical account of the
evolution history for scope, configuration, cost, and schedule. Maintaining
the delicate balance between providingtimely and completeflow of informa-
tion to those who need it, while not overwhelming those who do not need
to received| theinformation, is essentia in the cost management process. As
each report is designed, defined, and distributed, specid attention must be
paid to the rationalefor sending a particular report to a particular individual .
The expected response from the recipient of that report should also be
defined in detail. Finally, the cost management process need not be very
elaborate, but needs to be formalized if the project is very smal or if it
involves only three or four people.

The necessary data and the essential tools of cost management activities
include the current and updated WBS, cash flow constraints, details of
current estimates and budgets, timely progress reports, accurate change
reports, and cost management softwareresponsiveto the specific needsof that
particular project. Project management should never dlow the shortcomings
and constraints of the project management software package to handicap
the cost management process. Common solutionsfor overcoming shortcom-
ings of the standard packages include opting for an add-on to the package
or augmenting the software with another accounting software such as a
spreadsheet or a database package. Of course, in the best interests of the
project, selecting a different software package should dways be an option.
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If the final definitive budget is established from an early inaccurate
estimate, the project stakeholders must be sensitiveto the precision limita-
tions of those estimates. In other words, the project estimate should be
treated asalivingdocument and updated asfrequently as possible. Therefore,
it isareasonableto expect that the estimateof the project's total cost will vary
with every estimate update, although a changein estimatewill not necessarily
trigger achange in budget.

The cost management processshould not be treated as separate from the
estimating and budgeting processes. Estimatingand cost management should
betreated astheintegrated principal component of aprocesscomposed of the
following revolving phases. devel oping the estimate, establishing the budget,
managing the inevitable changes to the project, and making modifications
to the estimate.

Experienced project managersare fully aware that treating the budget as
an immovabl e object does not prevent cost variations; it smply discourages
good record keeping, and makes data unavailable that might have isolated
and explained the very possible future cost overruns. When the variance
between the current and forecasted cost values exceeds the threshold set by
the project manager, he or she should request that the budget be adjusted
to the then-current value of the estimate. Understandably, some project
environments precludethis process. In such organizations, project managers
tend to add contingency buffers to the early estimatesto mitigatethe impact
of future changes. On rare occasions, project managersdo not explicitly show
these buffers as such; they simply report the buffer-modified estimate as the
definitive estimate. This practice is not recommended becauseit distorts the
historical data collection necessary for improvingfuture estimates.

During theimplementation phase, the project manager will be placed in
situations where he or she must make tradeoffsamong the triple constraints
of the project. The process of making tradeoffs is a consistent one if the
project manager, together with the stakeholders, has determined the ranking
of the triple constraints. Making such a ranking is very difficult for the
stakehol ders because they often hold all the triple constraints as important
and somewhat unchangeable. However, the questionto ask is, if it isimpera-
tive to make a choice between, for example, cost and schedule, which one
will take priority over the other?

CAUSES OF CHANCE

The mission of a cost management system is not to control the costs
at the origina estimate level, which may or may not have been accurate.
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Instead, the cost management process should be designed to manage the
inevitable changes to the project with the least combined impact on the
triple constraints of cost, schedule, and scope. Innumerable circumstances
can change the project environment or its constraints. However, these
circumstances can be grouped under five categories of sources of project
changes:

e Changesin owner's needs

* Unexpected site conditions

Evolution in the design philosophy
¢ Design or budget errors
Implementation errors.
The firgt category of changes includes those generated by the client. The
client may not have articulated the project objectives correctly or accurately
at theinception of the project, and thus midway to compl etion of the project,
the client sharpens or modifies the focus on the project's objectives. Such
restatements of project objectives can sometimes be implemented without
any appreciable effects on project plans, although usualy they impact the
basdline plan and cause delivery disruptions. Client revisonsto the require-
ments can be technical in nature or they might restate the time or cost
congtraints. Time constraints, in turn, can set new ddivery dates, limitations
on cash flow, or restrictionson overal project expenditures.

Unexpected project conditions include items such as changesin operat-
ing system, hardwarecharacteristics, site platforms, or siteconditions, aswell
asoccurrencessuch asstrikes, tornados, or snowstorms. It goeswithout saying
that unexpected events can never be prevented and their impact cannot be
totally eliminated. However, the impact of unexpected events is minimized
in projectsthat include a comprehensive risk management plan that is fully
integrated with the planning processfor cost, schedule, and scope.

The occurrence of major evolutions of design philosophy is fairly fre-
quent in projectsthat depend on new technology. In projectsthat are highly
dependent on cutting-edge innovations, the design team will often suggest a
new design for the deliverables midstream into the project and in light of the
current developments in that discipline. As much as these innovations are
welcomein the deliverable, their introduction into the project plan will have
a negative effect on the cost and schedule. Normally, the cost of remedia
actions to dea with the changed circumstancescan easly be attributed to the
client and will become part of the new project budget.

A variation of the change in design philosophy is the category of cases
where the project design team discovers a flaw in the basic design of the
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project. Depending on the character of this design flaw, corrective measures
and product restructuring will impact the cost and schedule. The cost of
recovery for thiscategory of eventsis borne by the contractor if the contractor
was responsiblefor the design and by the owner if the design was performed
by theclient or by athird-party designer. In most projects, thereisan ongoing
debate as to whether a design change was the result of an infusion of new
technology or simply abug-fixer.

Findly, in some cases the cost of the project and the ddivery schedule
have to be modified to account for errorsin implementation such as substan-
dard equipment, low quality components, or excessveerror ratefor asoftware
component. If the project is an internal project, the client will absorb the
cost increasefor thislast category of items as a matter of sponsorship. If the
client participatesin developing the project implementation activities, then
the cost of recovery must be shared between the client and the contractor. In
a cost-plus type of contract, determining the allocation of these additional
codts is very delicate and complex, depending on the extent to which the
client orchestrated the contractor's activities. However, if the project is an
externa fixed-price project, the cost of recovery from implementation errors
is absorbed exclusively by the contractor.

When a change is observed in performance or in the externa project's
objective, the client and contractor will need to determine the category of
the change, thereby determining who will absorb the resulting cost variances.
This debateforms the basisfor many client-contractor litigations.

FEED-FORWARD TECHNIQUE

There is no question that some of the data collected by the cost manage-
ment system benefits future projects by establishing trends, basdlines, and
benchmarks. However, detailed cost reporting data aso have substantial
benefitsfor the current project. These benefitsare primarily observed during
the status meetings dealing with project change deliberations; detailed
progress data facilitate more informed decision making. Additionally, in
larger projects, data from earlier stages assist with the management of the
latter stages. Having a formalized cost management processin place makes
it possible to fine-tune the estimates of components developed during the
latter stages based on the performance of earlier components. Figure 6-3
shows the reported progress for one element of the WBS. Figure 6-4 shows
the forecast vauesfor asimilar component that will be implemented during
the second half of the project.
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Simple Schedule Network Forecadting

Assumptions:

ExpendituresVary Linearlywith Progress
ExpendituresAreUniform throughout the Activity
L earningand ExperienceCurvesDo Not Apply
ActivitiesAreNot Calendar Dependent
ActivitiesA1 and A2 AreNearly I dentical
Activity A1 Was Just Finished

Activity A2 |'s Scheduled

m Activity A1 WasJust Completed
- With 82% of the Estimated Resources
- At 109% of the Estimated Time
m TheEstimatefor Activity A2Must Be
Modified to Reflect
-18% Decrease in Resources
-9% Increase in Time
-?% Changein Total A2 Cost

The benefits of the availability of detailed project data extend even
further. Using a sophisticated cost monitoring and management system and
the feed-forward technique, a seasoned project manager is able to adjust
the estimated progress rate of the second half of a component based on the
performance of the first half of that same component. Literatureshows that
in most projects the trends established during the first 15 percent of the
project's lifel are expected to continue through the life of the project unless
major redirection is applied. Of coursg, if the project has not implemented
a sophisticated progress monitoring system, these trends will go largely
undetected.

IMPACT OF SCHEDULE ON COST

During the early planning stages, the estimate is predicated on certain
assumptions about the pace of the project and the scope and quality of
the characteristics of the deliverables. Accordingly, because cost is directly
impacted by changesin duration and scope, managing cost will dways have
to bedonein concert with managing scopeand schedule. Even if the basdline
project scope remains unchanged, changes to the project schedule will bring
corresponding changesin the resource expenditureand cost of the project.
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A typica construction, industrial, or process project has the following
generic phases.

¢ Preliminary design

e Detailed design

* Prototype development

¢ Construction

¢ Acceptancetesting

e Turnover.
A typica software system development project is generally composed of the
following phases:

* Requirement statement

* Requirement analysis

e System design
Implementation
¢ Unit testing
Integration

* System testing

e Ddivery.
The traditional and simplest form of conducting projects is sequentialy
and by phases--oneafter another. This form of project execution minimizes
the errors introduced into the project deliverable due to rapid implementa-
tion, hasty communication, and workplace congestion. Figure 6-5 shows

Traditiond Sequencing of Activities
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traditional project sequencing, which producesthe lowest cost of al options,
although it takes the longest of all sequencing options to complete the
project.

Since projectsare intended to develop deliverablesthat must ultimately
satisfy a specific business need, there is dways pressure on the project
manager to finish the project sooner. Therefore, it is important to be aware
of the implications of compressing the duration of a project. Experience
in construction and industrial projects has shown that there is a threshold
beyond which project duration cannot be compressed. This threshold is
normally about 50 percent of the optimum duration and is commonly
referred to as the crash point. The goa in compressing projectsis to compress
the project duration to a point just above the crash point.

There are two ways of achieving a shorter duration for the project:
(1) by modifying the project scheduling network through sequencing of
variousactivitiesand phases, or (2) by shortening the individual critical path
activities. The network modification is performed after a careful review of
the network logic and segmenting bigger activitiesinto smaller ones so that
atighter network can be achieved. If the project duration is compressed by
fine-tuning the sequence of the phases, the nature and composition of these
components must be changed to accommodate an overlapping execution
sequence for the components. Thus, shorter duration for the project is
achieved by breaking the project into as many phases as possible, with each
phase starting as soon as possible, but not necessarily after completion of the
full complement of the logica predecessor phase. This technique is called
fast tracking in construction projects, concurrent engineering in industrial
and process projects, and rapid application development in software system
devel opment projects (see Figure 6-6).

An example of this technique in the construction industry is releasing
the design documentsin small incrementsso that construction of the facility
can start well before the entire facility is fully designed, rather than waiting
until al components are designed. The builder will pour the concrete for
the foundation while the design for the stedl building frame is ongoing. An
example of this technigue in the software industry is beginning to develop
individual components as soon as a discrete portion of the requirements
is defined. Another example in the software industry is testing individual
modules as they are developed, rather than waiting to test al components
together when the softwaredevel opmentis fully complete. It bears highlight-
ing that individual testing of the modules may not be as cogt-effective as
testingdl the modules at the same time.
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* Fad Tracking
« Concurrent Engineering
» Rgpid Application Devdopment

There is an inherent drawback in overlapping phases that are logicaly
serial phases. When such phases overlap, the resource intensity impact,
the cost impact, and even the schedule impact of recovery from errors
and reworks are dragtic. Notwithstanding, the incentiveto use the method
of overlapping phases is that if the project is implemented smoothly, the
delivery date is far more attractive. Of course, this expectation does not
dways materidlize.

The second means of reducing the project duration involves compress-
ing the critical path. This is achieved by compressing selected activities of
the critical path—not by reducing the number of activities in the chain.
Compressing individual critical path activitieswould involve adding more
shifts or alarger crew sze to a given activity to reduce the duration of that
activity, and therefore, the project. Experiencein construction, process, and
industrial projects has shown that thereis aminimum cost for each task; this
minimum cost will occur when the optimum crew sizeand shift duration are
observed during implementation of that task. Consequently, it is hoped that
the original project cost baseline was derived from the original elemental
cost basdline which, in turn, was developed using optimum crew size for
those tasks. By extension, the basdline duration is hopefully the optimum
duration. Then, if performanceduration other than the optimum duration is
chosen for the project, the effects of such duration compression on cost can
be determined methodically and consistently using a formulation similar to
the normalized curve depicted in Figure 6-7.

As the egtimate for each element and module of the project is refined,
the optimum duration and minimum cost of that element must continually
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be reviewed, or at least used as a base of reference. Figure 6-7 showsageneric
depiction of the relationship between the effort required for the task—the
cosd—and the duration of implementation of that task. As a rule of thumb,
if the duration of the element is halved, the total effort for the activity
will double. In other words, there is dways a cost penalty for reducing the
elemental duration from what is considered to be the optimum. (Reducing
the duration of the element by 50 percent from its optimum is drastic.
Normally, clientsask for a 10 percent or 20 percent reduction in duration.)

Ironically, sometimesit comes asasurpriseto project managersthat when
the activity's crew sze is increased in order to increase the pace of progress,
theincreased paceis accompanied by areductionin efficiency. This reduction
in efficiency is the result of hasty implementation, physical congestion, and
increasesin communications errors. Once the number of team membersis
increased to speed up the project, the lines of communications are increased
dramatically, in addition to the likelihood of miscommunications, duplica-
tion of work, and implementation errors.

Notwithstanding these considerations, if the client wants the project
duration to be compressed, that is how the project manager must pro-
ceed--even though project compression carries a cost pendty. In construc-
tion projects, increasing the number of workers causes physical congestion,
causing slowdowns and potential safety hazards. In software projects, the
detrimental effects of a larger crew are subtler and less visible, but present
nonetheless.
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To illustrate the concept of optimum duration, consider an activity
whereit takesfive programmerssix days to develop the codefor a particular
database. If the duration wereforced to four days, nine programmers might
be required to finish this project. To extend this illustration to the extreme,
if the duration were forced to three days, twenty programmerswould be
required for the same task (see Figure 6-8).

At the other end of the spectrum, if there are resource shortages or cash
flow constraints, then the project must be implemented using a smaller and
less-than-optimumcrew, thereby increasing the time it takes to completethe
project. This deviation from optimum will aso increase the total effort of
the project, although the effect would not be as pronounced as the effect of
compression. If the duration is doubled, the total cost and effort will dso
double. The reduction in efficiency caused by an increase in duration is the
result of penatiesinvolved in more-than-normal start-stop sequences of the
processes, reduced team interaction, and deterioration in organizational and
individual memory with respect to work detailsand learning curves.

The literature contains extensive historical data regarding the cost pen-
alty for compressing or expanding the schedule network for construction,
industrial, and process projects. Therefore, the cost variances for changing
project schedules can be computed fairly accurately and based on industry-
specificdata, and not necessarily based on the ratios shown in Figures 6-7
and 6-8. If the project is in the softwareand system devel opment area, given
the absence of satisfactory historical data, the generic ratios stated in these
illustrationscan be used as a good first approximation for this relationship.
If detailed historical data are available, discipline-specific mathematical or
graphic relationships can be developed for the optimum duration of the
projects and thus depict the lowest cost for a specific project conducted in
aspecific environment.

Some project managers, particularly in softwareand system devel opment
projects, anticipate and react to the possibility of network compression

Programmers  Duration Effort
5 6 Days 30 Worker Days
7 5 Days 35 Worker Days
1 4 Days 44 Worker Days

20 3Days 60 Worker Days
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requests by embedding buffersin the original schedule logic. These embed-
ded buffers are created during the planning stages by the inclusion of many
sequential activities performed with an understaffed team and using very
few pardld activities. Then, once the client makes the expected request
for duration compression, the project manager announces that some serid
activitiescan bedonein paralld with the proper personnel to accommodate
the client's wishes at minimal additional cost.

This tactic, although proactive and sometimes effective, can be highly
explosive. If and when the client becomes aware that the original sched-
ule—and the subsequent compresson—were arbitrary, the project manager
loses dl credibility and the ability to effectively explain future project vari-
ances to the client. The best policy is to develop the original cost and
schedule based on optimum crew sze, cost, and duration. Then, as project
circumstances such as resource skill, resource availability, and client business
needs present themselves, the budget and schedule can be changed accord-

ingly.

LIFECYCLE COSTS

There is some overlap between lifecycle cost analysisand value anayss.
For the purposes of this chapter, they will be treated together. The purpose
of vaue andysisis to develop a product design strategy that will result in
the lowest cost for that particular function or product. The vaue-andysis
process depends on a detailed understanding of the client's needsand desires
in terms of the functionality of the deliverable. Then, on the bads of the
detailed definition of the product's desired functions, the value analysis
process produces the specificationsfor the appropriate hardware or software.
A vaue-analysis process might recommend traditional components for the
function or develop a new design to reduce the cost while being responsive
to the dlient's needs.

The project management lifecycle cost analysis processincorporatesthe
cost not only of delivering the project, but also of enhancing, maintaining,
and ultimately decommissioning it. Decommissioningor disposal costs must
be part of owner's considerationsin cost evaluations during the planning
and project selection phases. However, these issues are not dways part of the
design considerations for the contractor/vendor organizations, unless they
are explicitly listed as objectives of the project at-hand.

The advantage of using alifecycle cost andysisis that it puts the overdl
cost of a product into focus. Sometimes, a product that has the lowest
delivery cost may not be the best choice if the overdl lifecycle cost of that
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deliverable is higher than that of other products designed to meet the same
st of objectives.

An exampleof a balance between the implementation costsand lifecycle
codts is installing a pump that is smaller and less expensive than the one
originally envisioned. The motivation for this change might be that the
smaller pump isfaster toinstall. However, thischange must be madewith the
full recognition that the operating and repair cost of this pump will be much
higher than the one originally designed. Therefore, for comparison purposes,
it is necessary to comparenot just the installation costs, but rather the sum of
the purchase cost and the lifetime operating costsfor these two pumps.

Findly, early delivery of the project is not without making sacrificesin
cost, quality, and scope. A balance needs to be struck between the overall
impact of the financial benefits of early delivery and the long-term penalties
of adightly impure ddiverable. An example of such balancein a software
project is that the software may lack some of the desired features and even
include some unresolved softwareerrorsif it is delivered to the client sooner.
This expediency will probably accompany the additional costs for more
detailed training for operational personnel and debugging and maintaining
the system. Likewise, the cost comparison should be made between the sum
of the development cost and the lifetime costs for debugging, training, and
maintenancefor the two options under review.

Many organizationsinsist on avalue andyss and alifecycle cost anaysis
as part of the original cost-estimating phase. In the same fashion that the
estimate and the planning data should be treated as living deciiments, the
vaue analysisand the lifecycle andysis should be refreshed frequently during
thelife of the project. At the very least, lifecycle andyses should be refreshed
when the triple constraints go through significant changes or when more
detailsabout lifecydeissues becomeavailable.

IMPACT OF PROJECTRISK

For every project, there are possible occurrences that impact the scope,
quality, cost, and schedule. As part of theinitial planning, a risk assessment
must be conducted to determine the possible impact of these occurrences.
Once the impact of these occurrences is determined, the project manager
is able to decide how to deal with such probabilities. The project manager
may choose to accept the risk or put provisionsin place for dealing with
the occurrence of such risks. These provisionsmay include assigning project
personnel to monitor and handle this issue on a contingency basis or smply
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developing contingency funds that will be availablefor use if and when the
risk event materidizes. The important issue is that the project must have a
proactive and comprehensiverisk management plan in place to mitigatethe
impact of unexpected events.

The basicform of risk management is to consider only those risk events
that are totally out of the control of the project team, such as strikes,
floods, and tornados. A modified view of risk management includes risks
of undesirable occurrences from all sources. This expanded view of risk
includes consideration of impacts of and remediesfor cost overrun, schedule
dday, physica defects, and performance shortcomingsof the deliverable. In
developing a risk management plan, the project manager must identify risks
that are consistent with corporate policy and with good project management
practices. More importantly, the same risk identification structure must be
used consistently in dl projects.

One method of recognizing the financial impact of and planning for
risk eventsis to determine a statistical monetary value for the risk and then
somehow incorporate those risk-related expenses into the project estimate.
Implementation of this simple solution begins with determining the prob-
ability of occurrence and the cost impact of occurrencefor each risk event.
The product of these two vaues is the funds representing the statistical
impact of that particular risk. Once this calculation is conducted for al risk
events, the total funds representingthe statistical cost impact can either be
incorporated into the project budget or placed in a separate fund specificaly
earmarked for dealingwith the results of risk events (see Figure 6-9). Alter-
nately, depending on the funding structure of the project, risk-related funds

Risk Contingency Funds: A Simple Example

Risk Event Probability Impact Statistical Impact
Risk 2 5% $20, 000 $1. 000 n
[ Risk 3 12% $80,000 $9, 600
Rk 4 15% $200, 000 $30, 000
Risk 5 5% $1 50, 000 $7, 500

Total Risk Related Continger?cy Funds $180, 000
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might become either part of a client reserve or part of project contingency

funds.

straints of scope. The mission
_ for the b the values of the tr
not be to hold the cost to what was planned many wekks, months, or even years a
rather to provide acceptable values for schedule ana scope while minimizing the increase in
the cost d the project. This process should always be characterized as managing the cost, and
not necessarily controlling it.

NOTE

1. Anonymous, Parametric Estimating Handbook, 2nd ed. (Washington, DC: US Depart-
ment of Defense, 1999).






CHAPTER 7

External Projects

from outside the organization for a project. This process is aptly called
outsourcing or contracting. T he decision to outsourcedependsprimarily on the
organization's strategic objectives and factors such as the prospectiveinternal
team's competencies and the infrastructure characteristics of the division
sponsoring the project. Other contributing factorsinclude market conditions
and the organization's competitive aspirations. Some organizations opt for
external projects in the hope of getting immediate access to speciaized
skills and/or equipment and gaining expertisein that specific area through
exposure and observation. The externa project concept is often used as a
subtle mechanism for transforming the culture of the organization. Findly,
some argue that external projectsare less codtly to the organization.

The disadvantage of outsourcing is that the organization is denied
the opportunity to improve and enhance the operational capability and
competency of itsinternal workforce. Further, the company might losedirect
involvement and control of the project's execution. More importantly, an
external project may jeopardize the trade secrets and the proprietary details
of the organization's best practices. Findly, the cost of executing externd
projects is sometimes higher when both the tangible and intangible costs
are considered.

An undesirable side effect of outsourcing is the self-perpetuatingeffect
on the organization, primarily because frequently there is very little, if any,
institutional memory from the execution of the project, in spite of wishful
expectations to the contrary. Therefore, because the project was conducted
with a team outside the organizational structure, the stage is set to have
future projectsoutsourced aso.

External projectssometimes put pressureon the client to be morespecific
in defining the physical attributes and performance expectations of the
fina deliverable. Ironicaly, it is often the lack of desired competency in a
technical area of the project that is the primary impetus for resorting to

For strategic reasons, organizations sometimes choose to acquire resources
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externa projects. Therefore, having the client provide a detailed articulation
of objectives and specifications becomes an impossible task. Because of
these constraints, contractors often develop, as the first phase of project
implementation, the project specificationsby interpreting the dient's objec-
tives.

SPECIFICATIONS

Project planning and its ultimate implementation are normally con-
ducted based on the detailed definition of the project's scope and objectives.
Such detailed and formal specificationsare frequently drafted only for exter-
na projects. However, for purposesof cost management and organizational
memory, it is desirableto develop and maintain specificationsfor internal as
well asexterna projects. Project specificationsare includedin the contract for
externa projectsand in the authorization memo for internal projects.

Idedly, project specificationshighlightwhat will bedelivered to the client
once the project is completed. It is less useful if the project specifications
outline the project's activitieswithout any major emphasison the deliverables.
The specifications documents are the most formalized articulation of the
client's wishes and desires. The specifications document includes al the
necessary technical data to plan and implement the project. It provides
details of al items that are needed or desired, as well as details of dl items
that are considered undesirable or unacceptable. Further, the specifications
outlineitemsthat are necessary for the project's success but will befabricated,
developed, or delivered by the effortsof another project. Findly, the specifica-
tions may include details of materials, equipment, services, procedures, and
toals.

The detailed information for project specificationsis presented in writ-
ten, tabular, and graphic formats. To some extent, the choice of the format
is dictated by the nature of information. For example, a graphic format is
most efficient in conveying the arrangement, size, and location of physical
components, whilespreadsheetsand tables would be the vehicle of choicefor
portraying numerical relationships. Naturaly, text would be most appropri-
ate for verbd descriptions of objectives, activities, performance criteria, and
drategicissues.

It is very difficult, if not virtually impossible, to produce complete
and flawless specifications, as evidenced by the revisons issued to contract
documents as early as the bidding process. Therefore, one should anticipate
changes to the specifications, to some extent, during the life of the project.
These changesinclude clarificationsand modificationsto the project's scope,



quality, expected cost, and desired duration. As the project evolvesinto more
mature stages, these changes should be reflected in the WBS, the specifica-
tions, and other planning facetsof the project. To facilitate comprehensionof
and compliancewith the specifications, al facets of the project deliverables
must be quantified to the extent practicable. Accordingly, attempts should
be made to quantify deliverablequalifierssuch as friendly, robust, smooth,
and aesthetically pleasing.

There are three types of specifications: design, performance, and func-
tional. Desgnor productspecifications providedetailsof what isto bedelivered
in terms of physical characteristicsor detailed tasksintended to contribute to
aproduct or aservice. An exampleof this type of specificationsis the client
providingdetailsof how web pagesshould be designed, what graphicsshould
be used in the variousweb pages, and how many records the database should
contain. Assuch, the risk of performance and applicability restsdirectly with
the client. Design specificationsin contracting and purchasing:

* Provide details of what is to be done in terms of physical characteris-

tics

* Placetherisk of performance and applicability on the client.

Performance specifications are drafted with performance or generic char-
acteristicsin mind, and define measurable capabilities that the deliverable
must achieve in terms of operational capabilities. An example of this type
of specificationsis the client spelling out the access speed, error rate, and
generd linkage characteristicsof the web site. The project team then drafts
plans that have the proper technical features so that the deliverable satisfies
the dlient's performance expectations. Naturally, the risk of performance is
borne by the project team whilethe risk of applicability is borne by the client.
Performancespecificationsin contracting and purchasing:

* Specify measurable capabilities that the end product must achievein

termsof operational characteristics

* Placethe risk of performance on the contractor

* Placethe risk of applicability on the client.

A set of functional specifications is probably the most logica mode of
responding to the "wants and needs' of the client. However, it burdens the
client with the task of definingin very clear terms the basic objectiveof the
final product. At the same time, this mode of specification development will
empower the creativity of the project team in using innovative techniques
to meet or exceed the client's expectations. Functional specifications in
contracting and purchasing:

* Describethe end use of theitem

External Projects
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= Stimul ate competition among vendors

» Placetherisk of performanceand applicability on the contractor.

An exampleof thistypeof specificationsisthe client providingthe contractor
with the genera business plan and the expected business outcome. The
contractor then develops a set of detailed plans and specifications so that
the project meets those business needs. Under this mode of operation, it
is entirely possible that the contractor will communicate the specifications
to the client, but that is usually just to keep the client informed, and not
necessarily for approval purposes.

I n some cases, the client and the project team collectively devel op project
specifications. Even though this is a useful policy, it involves the risk of
blending project specifications with project implementation details and
project scheduling techniques. In some software and system devel opment
projects, the implementation team develops the project specifications by
interpreting and analyzing the client's needs and objectives. This practice
dso blurstheline between the client's goals and the project team’s objectives.
With an overlap between client-generatedand contractor-generated material,
it is very difficult to andyze and evauate the causes of cost and duration
overruns.

Findly, cost and duration overrunsare usually accompanied by agradual
changein project scope, thereforecomplicating the identification of alogica
baseline for the project. If the scope changes are not documented, or if
they are not managed in a formalized and consistent fashion, one more
leve of difficulty will be added to the task of managing the resulting cost
impact of the project changes. This continuous shifting of the basdline is
sometimes referred to as scope creep. Scope creep is endemic in projects
that are conducted as cost-plus, in organizations with few original project
objectives, or in projects with plans and specifications formulated on the
bass of "fuzzy" objectives. However, a certain amount of scope modification
should be expected in most projects, either external or internal.

CONTRACTS

A contract is the legal instrument by which an organization acquires
products and services from an outside source. To define the responsibilities
and rewardsof both parties, acontract must conform to itslega definition:

¢ An understanding enforceable by law

* Formed between two or more parties

* Formed for money or exchangeas an end resullt



* Legd in substance

* Requires an offer and an acceptance.
It isin the light of these considerations that a contract is drafted, signed,
and enforced. Notwithstanding, for the purposes of a project, a contract is
considered an administrative mechanism by which the project is conducted
by personnel who reside outside the corporate boundaries of the client's
organization.

A casual definition of acontract is

A binding agreement to acquire goods and services toward the goals of a

project.

Contract documents for a project are composed of two major parts, admin-
istrative and technical (see Figure 7-1). The administrative part deals with
the legd responsibilities of both parties and the processes and procedures
for enforcing the various contract clauses. The second part deals with the
technical content of the project. The technical content, and the issues that
directly affect the implementation pace, are the focus of thischapter.

There are two bascformsof project contracts:

1. Lump-sum (fmed-price)

2. Cogt-plusfixed fee (timeand materia).
A fixed-price or lump-sumcontract requires detailed specifications. Usudly,
the contractor with the lowest price is chosen for that particular project.
The contractor's offer is caled a bid and the contractor chosen for the job
is referred to as the winner of the contract. In this mode of contracting, the
prospective contractor offers to deliver the project deliverables for a fmed
price. The contractor guaranteesthe fixed priceand thus assumes dl financial
risk in implementing that project. That is, of course, if theinitial set of client
objectivesand project specificationsare spelled out in sufficient detail and the

. EnvisonsAll Physicd and Administrative
Possibilities.
SetsGuiddines
— General Conditions
— Special Conditions
« Presentsthe Technical Datafor ThisJob
- Text
— Tabular
— Graphic

External Projects
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project environment remains reasonably stable during the life of the project.
Under ideal circumstances, this type of contract gives the contractor full
incentivesto avoid waste, reduce costs, and increase profits.

The followingare characteristicsof alump-sum contract:

* Requires accurate and detailed design

* Minimizesinitial uncertaintiesin cost and quality
Issafefor the owner if the scope stays unchanged
Has low profitsfor the contractor if the scope stays unchanged

* Ispotentially explosivefor both if the scopeis changed.

Again, the lump-sum contract is most appropriate for projects whose scope
and specifications are outlined precisdly and where there is only a small
chance of changesin scopeand specifications. If there are midstream changes
to the scope and specifications, the contract has to be modified to reflect
anew price. The new price and other conditions of the contract are negoti-
ated between the contractor and the client at the onset of these changes
in the project environment. It is during, and as a result of, these contract
modifications that the advisability of the lump-sum contract comes under
scrutiny.

The second type of contractsis caled cog-plus, or time-and-materid. In
thisform of contracting, the contractor is selected on the basis of technical
capability and on the the lowest price per unit of labor, equipment, overhead,
and materids. The owner then directs the contractor to perform the various
tasks of the project. The contractor is paid the amount of time for labor
and equipment as well as the volume of materials spent on this project in
accordancewith client's instructions (see Figure 7-2).

In construction and industrial projects, unit-priceis athird basicform of
contracting. This form is a mixture of the two basic forms described above.

Typesd Contracts—Expanded

e Lump-Sum
« Unit-Price

 Cog-PlusFixed Fee



In effect, unit price representsafixed price for asmall element of the project.
Under thistypeof contract, the contractor submitsabid for each of the many
small elements of the project. The contractor then gets paid for the number
of these units that are used for the project. Examplesof unit-pricing elements
are: one specific test using one specific testing machine, oneline of code, one
web page, one yard of concrete, one modul e of training, etc.

Cost-pluscontracts have the following characteristics:

* Contractor's profit is dways protected

* The owner has the freedom to modify the scope frequently

* The project estimate becomes a vague target

e Thereislittleincentivefor the contractor to be productive or

expedient.

Experiencehas shown that these basic forms of contractsdo not address
challenges that present themselves during the life of the project. Conse-
quently, organizations award contracts that use one of the basic forms with
modifiersthat reward and/or restrict the behavior of the contractor.

Examplesof modifiersfor cost-plusor unit-cost contractsare:
Guaranteed maximum
¢ Overrun cost sharing
Underrun profit sharing
Bonusfor underrun
* Pendty for overrun
Bonusfor early delivery
Penalty for late delivery

¢ Reduced feefor being late or over budget

* No fee after estimated date and cost.

These modifiersare intended to give the client the flexibility to modify
the project specifications midstream, causing the least possible impact on
project performancein cost and duration. These modifiersare aso intended
to provide incentives to the contractor to be efficient, responsive, and
exceptionally mindful of the best interests of the dient—of course, not to
the exclusion of the contractor's objectives of receiving the highest possible
return on investment.

The contract management procedures outline the processof monitoring
the contractor's performance within the boundaries established by the con-
tract and in light of the project's technical objectives. While contract man-
agement planning documents include procedures and policies to ensure
compliance with the contract, they aso afford a reasonable amount of flex-
ibility for minor changesin the deliverables.

.

External Projects
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RESPONSE TO SPECIFICATIONS

The role of specificationsis minimal in cost-plus contracts. There is no
need to develop them fully during the contract award phase because the
contractor will be paid based on how much time and effort are spent, rather
than what is produced. Therefore, a cost-plus contractor is chosen on the
bads of perceived capability and potential reliability, and not necessarily a
promised total cost or delivery date. Given the nature of cost-pluscontracts,
sometimes the first assignment of the contractor is to develop the specifica-
tionsand estimatesfor the project; it isalmost certain that the same contrac-
tor will implement the resulting specifications.

On the other hand, the role of specificationsis pivotal in fured-pricecon-
tracts, because the specificationswill form the basisfor the estimate, the bid,
and the eventual award. Midstream modification of afured-price contract is
difficult, time-consuming, and potentially expensive. Therefore, fixed-price
contractsshoul d beawardedonly if the specifi cationsareexceptionallyaccurate
and the likelihood of changes in the specificationsis extraordinarily low.

When reviewing specifications, the project manager must make an effort
to understand &l the client's objectives and the underlying reasons for a
particular facet of the deliverable. Idedly, this philosophy should be the
guiding light for al types of projectson the premise that it fosters client-
contractor partnership and trust. Although the implementation of such a
congenia and trusting environment is possible, it must be approached with
sensitivity to the fact that the obligations and the reward system for the
contractor personnel and client personnel, as delineated in the contract, are
different and possibly in conflict. Therefore, this philosophy is not practiced
fully and widely in contracting environments because it subtly impacts the
contracting strategy, bidding outcomes, and award circumstances.

Partly prompted by competitive contracting strategy and partly in an
effort to be seen as accommodeating, prospectivefured-pricecontractorsoften
offer to comply with dl the conditions set forth in contract specifications.
The reinforcing element for this behavioris that the clients often regard such
conformist behavior in a positive light. Notwithstanding, changes to the
project scopeduring thelifeof the project would begroundsfor renegotiating
the contract. It is not known how many contractorscould have predicted the
nature and extent of the contract's scope changes and chose not to confront
the client regardingthe quality of the specifications. However, it iscommonly
accepted that contractors of fixed-price contractstend to prosper when there
arealot of changeordersduring thelife of the contract.



Idedlly, if there are flaws or omissionsin the statements of scope, speci-
fications, or desired procedures presented to a potential contractor or the
project manager, the contractor or project manager should respond by:

¢ AsKing questions

* Ligtingassumptions

* Taking exceptions

* Makingsuggestions.

The responses to specifications review (expanded in Figure 7-3) serve the
best interests of the client and the best long-term interests of the contractor,
athough sometimes thereis a conflict between the short-term and long-term
interests of the contractor. The recommended responsesare to ask questions
when there is ambiguity, to list assumptions when the specifications are
incomplete, to take exceptionswhen an objective is unattainable, and to
make suggestionswhen the specifications need improvements. Traditionally,
contractors responses are more in line with compliance rather than the
seemingly confrontational responses outlined in Figure 7-3. In some cases,
the clients reinforcethe contractor's passive behavior by rewarding thosewho
exhibit lack of feedback and punishing those who provide feedback that is
not entirely complimentary (see Figure 7-4).

e Ask Questions
— Smart Quedtions
— Dumb Questions
Take Exception
- LatheClient Know That

— TheApproach IsImpaossible
- The Déliverablel s Unattainable

Make Suggestions
— Highlight Your Expertiseby Offering Alternatives
List Assumptions
- DevelopLigsfor
- Inclusions
- Exclusions
— Deliverables of Other Groups Needed for ThisProject

L]
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. The Entrepreneurid Approach Would Beto Provide
Fesdback in All Four Categories
. The Safe Approach Would Be to Give Minima Feedback.

« If Your ResponseUncoversa Flaw in the Original
Communication, or ShedsLight on Alternatives, You
Might Be Rewarded by the Client

« If Your Response I ndicates Lack of Planning and/or

Lack of Knowledge, You Might Be Punished by the
Client.

In rare cases, the client forms partnerships with the contractor for the
purposes of the project. In such cases, the potential contractor is encouraged
to behave as part of the client'steam and he or sheis rewarded for behavingin
the project's best interest —adthough it may sometimes appear to be at odds
with his or her short-term interests. It isin these latter cases that the client
tendsto reap the benefitsof the contractor's experienceand dedication, while
the contractor is allowed to earn a reasonable return on investment.

BIDDING

A bid and an estimate are two entirely different things, although some-
timesclientsand contractors use these two terms interchangeably.An estimate
isadetailed account of what it will cost to deliver a product based on specific
information of the actual cost of materialsand equipment, the actual sadary
of personnel, and a redlistic characterization of the overhead structure of the
contractor's organization. Depending on the circumstances, an estimate may
or may not include overhead costs, indirect costs, and profit.

By comparison, the bid or contract price may not necessarily include
details of the various components of the cost estimate that have formed the
bass for the bid. Even if the bid includes details of components such as
direct codts, indirect costs, overhead, contingency, and return on investment,
these figures are not necessarily actual or realistic. The amounts included
in a bid simply represent the amounts that the contractor is planning to
charge for labor, materials, and equipment, indirect costs, overhead costs,
contingencies, and the all-important return on investment. These vaues are
usually modified for the purposes of the bid.



It bearsrepeatingthat an estimateand a bid arefundamentally different;
the transition from an estimate to a bid is a business decision based on the
probability of occurrence of unexpected events, desirable or undesirable, as
well ason the bidder's motivation.

Generdly, the profit margin in a contract must be in concert with the
number of bidders for the same job, primarily because prospectivecontrac-
tors, in an effort to be the lowest bidder, reducethe overal profit to itslowest
possible margin. As Figure 7-5 shows, when there are many bidders for the
same job, the expected profit margin is very low, while for jobs with very
few bidders, the profit margin increases accordingly.* Obvioudy, the most
desirable situation for a contractor is one where there are very few bidders
for the contract.

A low profit margin increases the bidder's chances of success, although
bidding a job below redlistic cost does not necessarily guaranteewining the
contract. On the other hand, an extraordinarily high profit margin reduces
the chances of the bidder's success, although bidding a job with high profit
margin does not necessarily eliminateal chancesof winning the contract.

The presence of a contract creates an environment of delineated objec-
tives that sometimes precludesa common focus on the project by the client
and the contractor. Various effortsin the areas of partnering have provided
aless adversarid contract environment, but don't forget that contractorsand
clients have two different sets of motivationsand objectives. In a contracting
situation, the bidder's objectivesare to win the contract, compl etethe project

Number of Bidders

External Projects
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quickly, receive prompt payment, and redize a good profit. On the other
hand, the owner's objectives are to pay the lowest price possible for the
earliest delivery date and for a responsive performance. The number of
lawsuits that clients and contractors file against one another demonstrates
this adversarid attitude, which stems from the disparity between the client's
business objectives and the contractor's operating objectives.

PROJECTCOSTS

Normally when an internal project is commissioned, the cost of the
project does not include anything beyond the cost of assigning personnel and
equipment to the project. The distinction between direct cost and indirect
cost tends to be more important in organizations that conduct external
projects. However, the real cost of the project includesother cost components
such as indirect costs, overhead, and return on investment. Therefore, a
sensitivity to the issues of indirect and overhead costs dlows an internal
project manager to asess the red costs of an internal project and to compare
twointerna projectson the basisof direct costs. When comparing an externa
project with an internal project, careshould be taken to include the necessary
additional cost itemsso that a more rational and logical comparison can be
made between an internal project and an external one.

Direct Costs

Direct cods are those costs that are directly attributable to the project,
such assdaries, travel, and buying or renting equipment for the explicit use
of the project. It is important to remember that if personnel or equipment
are shared between projects, only a portion of the salary and purchase cost
should be included, to the extent that the resourcesare used for the activities
of a particular project. One popular way of testing the direct cost elements
isto consider the cost of those people and equipment that actually camein
contact with the project deliverable, and for the duration that they camein
contact with the ddliverable.

Indirect Costs

Indirect costsinclude the costs of infrastructure for human and physical
resources that are necessary for the project's smooth operation, again to
the extent that the resources are indirectly associated with the project.
Indirect costsinclude sick leave, vacation, training, and retirement benefits
for the employees. Indirect costs aso include portions of the salary of
supervisory personnel. Other indirect items are portions of the cost of



administrative support, phone system, faxes, computers, rent, insurance,
taxes, and utilities.

Direct costsandindirect costsareitemsthat caneasily berelatedto the cost
of implementing components of the deliverables. Thus, they are an integra
part of the cost estimate of an external project and, therefore, should not be
subject to negotiationsor alterations during the contract award phases.

Overhead

Overheaditems are somewhat removed from the project, although they are
necessary for the successful conduct of the project. They include compensa-
tion of the organization's senior management and the cost of infrastructure
necessary for supporting their activities. Overhead itemsasoinclude the cost
of preparing unsuccessful proposals, general marketing and public relations,
and ongoing innovative ventures of the organization. The extent to which
these overhead costsare charged to a project is aways the subject of extensive
debate. Moreover, a project isvery unattractiveif it does not producea profit,
or its euphemistic equivalent, return on investment. The extent of return on
investment is also another issue of contract negotiation.

Thisloosdly knit bundle of cost categoriesisaways under scrutiny by the
prospectiveclient, and an issue of negotiation at the time of the award for a
contract for an external project.

Allowance

An dlowanceis a lump-sum estimate that is assigned to certain project
items. Usually the basisfor using an allowance, instead of adetailed estimate,
is that although the project manager predicts that a certain cost will be
incurred, the project manager has aso made the determination that the
elements cannot be identified with any accuracy, or a detailed estimate is
not necessary.

An example of the use of an alowanceis the estimatefor travel expenses.
If the project manager knows that it is likely that the team will have to
travel to the installation sites about a dozen times, then rather than estimat-
ing the cost of airline tickets and hotel costs for each separate trip, the
project manager includes an alowance of $75,000 for travel expenses.
Other examples are the costs of office supplies, phone cdls, and software
licenses. The alowance method is somewhat akin to an analogous estimate
for that particular component of the project. An allowance should be used
infrequently and even then only for those cost elementsthat representa very
small percentage of the overall cost of the project.

External Projects
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Contingency

The terms contingency and client-reserve are often used interchangeably
to refer to two different kindsof buffer funds. For the purposesof this book,
the term contingency is used for the funds that are added to the estimate
to compensate for those estimate inaccuracies caused by uncertainties in
project details. The term client-reserverefers to those funds that are set aside
to subsidize the cost changes brought on by changes in client objectives.
In some ways, contingency funds and reserve funds are akin to alowances,
except that contingency funds deal with unknown issues. Sometimes, clients
establish contingency and reserve funds even for internal projects to keep
someformality in budget devel opment and the eventual cost management.

The definition and purpose of contingency funds will become a blurred
concept if thereare regular or occasional changes to the project scope during
the life of the contract. The definition becomes even more blurred if the
risk-related contingency funds are rolled together with other contingency
fundsin the same account. Contingency fundsare not intended for covering
the cost of errorsin design, implementation, omission, and miscalculationin
estimating. These items should be addressed as part of a renegotiationfor a
new budget or a new contract, or amendments thereof. Client-reserve refers
to those funds that the client sets aside as part of the organizational budget,
but apart from the contract budget, to accommodate project cost changes
caused by changesin project environment or objectives.

Traditionally, the magnitude of contingency funds is 10 percent to 50
percent, depending on the volume of information available at the time
of the estimate. This range is deemed appropriate because it is generaly
anticipated that when a project is advertised for bid, the objectives and
statementsof specification possess a reasonable accuracy of about 20 percent.
The magnitude of client reserve funds varies from 10 percent to 50 percent,
depending on the level of innovation required in the project, which in
turn might trigger major design changes.? The leve of client reserves aso
dependson the extent to which the client team, who devel oped the estimate,
was familiar with cutting-edge developmentsin that area.

PROJECTAUDIT

The progressof the implementation of the project and the usefulness of
the project deliverables are often evaluated using a formal project audit. A
project audit is different from a financia audit in that it concentrateson dl
project attributes, a small portion of which includes the cost performance



External Projects

attributes. Idedlly, theaudit proceduresfor an outsourced project focuson the
same indicatorsthat are normally monitored during the progress-monitoring
phase of an internal project. The project progress attributes to be audited
should include those attributes that measure the pace of the project progress
in termsof achievingthe intermediate milestones, the cost of delivereditems,
and the quality or performance of the deliverables as compared with the
most recent baseline. The audit may also take into account the behavior of
contractor personnel, such as responsivenessand attitude.

By way of establishing a base of comparison, if the results of an audit
deem an internal project no longer necessary or viable, that project can be
terminated with reasonable ease. The personnel and equipment assigned
to this internal project can then be dispersed throughout the organization
somewhat systematically. However, unless the external project is being
terminated due to the poor performance of the contractor in any of the
triple constraint areas, terminating an external project is far more complex
and codtly.

If the contractor is progressing in a reasonably satisfactory pace at the
time the project is terminated, then the client entersinto a negotiation with
the contractor to compensate the contractor for the cost of completed work,
work in progress, mobilization for future tasks, early demobilization costs,
and anticipated profits.

If the project cannot be conveniently conducted within the organization, then an outside
organization should be retained to implement the projedt. External projects add value to an
organization quickly and without mgjor administrative disturbance, athough thereisan ongoing

ebate regarding whether externd projects are cost-effective, individualy or as a concept.
dditiondly, some argue that externa projects deflect any risks that miaht have had an impact
n the funding organization, while others argue that external projects bring their own brand of
iksto the organization, modly related to finances.

if thepro ject hes been dearly and carefully defined, then afixed-price conrract is appropriaie.

sarvice contract, usudly known as a cost-pl usfee contract, is more appropriate.

d themoded contracting, the dient isoften placed inia position d making tradeoff

erefore, the client should meke every effort te monitor the progress o the project
der to be prepared to ded with conseqiuences of unexpectéd project v
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