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PREFACE

Management and administrative processes within the construction industry
have been undergoing major changes in the last several decades. These changes
have involved significant adjustments in management science and manage-
ment techniques, brought about by the need for contemporary valid informa-
tion with which to manage the construction process. In short, management
in the construction industry is changing significantly; change will continue
at an accelerated pace at least through the next decade. The responses required
of construction industry management are now resulting in a movement away
from an entrepreneurial management style to professional management tech-
niques and procedures.

THE COMPELLING ECONOMIC ISSUES

The issues forcing these changes are economic. The rising costs of construction
and of money are forcing the buyers of construction services to be more
demanding. Their demands are for more construction economies, more pro-
duction, and more productivity than at any time in the past. Nowhere has
this been more evident than in the Business Roundtable on construction
and in the response of the construction industry to it.* To be successfully
responsive, management in the construction industry will be required to use
the best project management methods available for cost control, schedule
control, and for financial and accounting controls. But responsive professional
management can survive and will flourish within this more demanding eco-
nomic environment.

The need (or rather, the demand by those who buy and pay for the products
of construction) for better management information systems and the expecta-
tion that computer technology will make these available have been, perhaps,
the two most significant factors in those bringing about changes. There have
been a variety of new developments in these areas, some of which have been

* More Construction for the Money: Summary Report of the Construction Industry Cost Effective-
ness Project (January 1983), The Business Roundtable, 1200 Park Ave., New York, NY 10166.
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interesting and exciting, such as the advent of the critical path method for
construction planning and scheduling and good contemporary job cost sys-
tems, the integration of which holds great promise. A number of attempts
have been made to integrate cost and schedule controls and to make these
a routine part of the construction management process. The beneficial results
of integrated cost and schedule control will be quite extraordinary to the
construction industry.

USING THIS BOOK

The purpose of this professional reference on integrated cost and schedule
control is to place in a single volume the current management science available
for systems integration to facilitate cost and schedule control. While the
context of the examples and the vernacular are of the construction industry,
it will be clear to the project management professional in any industry that
the procedures for integrated cost and schedule control presented here are
universally applicable to any project management undertaking without regard
to the industry context.

Other references have dealt with limited aspects of planning and scheduling
and cost control. One of the primary objectives of this reference is to present
a complete overview of the principal issues affecting integrated cost and sched-
ule control for any project, beginning with the preparation of a project for
construction and proceeding through its completion and closeout. The views
presented take quite literally the concept that “control” means the ability
to influence outcome. Thus significant material is presented on monitoring
a project in work to expose poor performance and to correct that performance,
controlling the ultimate outcome of the project from a cost and scheduling
point of view.

This book has been prepared as a reference for the experienced management
practioner. It, therefore, assumes a certain level of understanding and sophisti-
cation concerning the industry and its processes. It is the result of many
years of experience in managing construction projects and in managing con-
struction business enterprises. It fairly represents the author’s utmost effort
to utilize the best of contemporary management science.

ORGANIZATION OF THE CONTENTS

It seemed convenient to divide the integrated cost and schedule control of
a project into four major arenas of action. The first of these, Part I, Preparing
a Project for Construction (Chapters 1 through 13), deals extensively with
preparing a project for construction. A dominant view in this reference is
that one of the vital keys to integrated cost and schedule control is formalizing
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the preparatory processes and dealing with these tasks in the context of
their deserved importance.

In addition to the basic preparatory tasks and to physical construction
in the field, a variety of administrative activities must be routinely addressed
in order for the project to be managed and controlled in terms of cost and
schedule. Part II, Administrative Project Activity Flow (Chapters 14 through
19), deals with administrative activity flow.

Part III, Maximizing Construction and Production (Chapters 20 through
25), deals primarily with the physical management of the project in the
field environment utilizing the informational and administrative processes
which were earlier described. The crucial statement of expectations for pro-
duction management and the closely associated data capture issues are pre-
sented in detail. The theme of Part III is that the proper planning and schedul-
ing of a job, with a well articulated, communicated, and managed statement
of expectations, lead to good field production.

Even with the most intensive and thorough planning, scheduling, and bud-
geting, however, not all activities involved in the project plan will be per-
formed as expected. Part IV, Project Monitoring and Control (Chapters
26-31) therefore covers the general area of project monitoring and control.
Techniques are developed for measuring performance and for generating con-
temporary and valid management information on that performance. Manage-
ment by exception to minimize the management work load is presented in
detail. It is in Part IV that the true power of strong cost and schedule control
to influence outcomes in construction becomes the most apparent.

ALL WORK ENVIRONMENTS CONSIDERED

The procedures recommended in this reference fully integrate all major work
environments in construction. The purpose of this integration is to maximize
the quality and timeliness of the information provided for management pur-
poses; it extends through all financial and accounting areas as well. The
full and complete integration advocated by this reference also takes into
account appropriate computer applications in all areas of control when this
resource is available.

There can be little doubt in the minds of project managers and construction
professionals of the value of integrated cost and schedule control. It is therefore
hoped that the utilization of the processes and procedures described in this
reference, which represent extensive research, development and testing over
many years, will result in increased production and improved productivity
in construction, assuring consistent profitability.

The efficiencies resulting from the full integration of all management disci-
plines will be essential to construction industry management in the future.
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The contemporary management information processes presented in this refer-
ence allow management to act responsively and responsibly in the control
of costs, schedules, and cash flows of construction projects. Active manage-
ment is accomplished with minimum effort resulting from the efficiencies
of integration; and, as a consequence, the demand for “more construction
for the money” by those who buy and pay for the products of construction
may be more nearly met.

FREDERICK WM. MUELLER, CCE
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Preparing a Project for Construction

The first 13 chapters of this reference deal extensively with the processes
and procedures which are necessary for preparing a project for construction
utilizing integrated cost and schedule control techniques. Chapters 1 through
6 develop the basic concepts which are essential to complete systems integra-
tion.

Since systems integration is inseparably bound to effective communications
among the work environments and disciplines of construction, these concepts
are developed in deatail in Chapter 1. Chapter 2 presents the result of basic
research and reveals the discovery of the project activity as the lowest common
unit of work which may be used for communications within all work environ-
ments and disciplines and which serves as the primary factor for systems
integration.

The need for adequate job planning, scheduling, and budgeting is covered
in detail in Chapter 3. The importance of setting out in advance the project
statement of expectations to provide a basis for measuring performance and
for evaluating that performance is developed in detail.

One of the major concerns in integrated cost and schedule control is provid-
ing contemporary and valid performance information. These techniques are
greatly facilitated by single data capture processes as a part of integrated
systems. These are more fully developed in Chapter 4.

Management information as clearly distinguished from accounting informa-
tion in terms of time schedules and priorities is examined in Chapter 5.
Techniques for quick and convenient generation of management information
from performance data are fully developed.

No contemporary reference on integrated cost and schedule control would
be complete without considering computer applications, an overview of which
is provided in Chapter 6.

Chapter 7 through 13 more fully develop the idea of a project statement
of expectations and, more specifically, the creation of a series of primary

1



2 |/PREPARING A PROJECT FOR CONSTRUCTION

and derived performance models against which to measure actual perfor-
mance. Chapter 7 deals with the project statement of expectations in the
context of its use as a performance model. Chapters 8 and 9 deal with the
two primary performance models which serve as the foundation for the re-
maining performance models and which, in fact, fix virtually all other perfor-
mance parameters. Chapter 8 presents estimates and budgets as performance
models and Chapter 9, the planned schedule as a performance model.

Five separate performance models are derived from the two primary perfor-
mance models and these are discussed through Chapters 10, 11 and 12. The
specific graphic techniques and tabular data associated with the graphic tech-
niques are fully developed in these chapters.

Chapter 13, which turns out to be this book’s longest and most complex
discussion (because of the extra care its presentation requires), covers the
analytical processes of intense interest from both a project management and
a business management point of view. Production forecasting and analysis
techniques are developed in great detail as are methods of cash analyses.
Rational methods of developing the kinds of information required where
specific performance data are not otherwise available are fully developed in
Chapter 13.
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WORK ENVIRONMENTS WITHIN THE
CONSTRUCTION INDUSTRY

The construction industry is characterized by its size, diversity and complex-
ity. It is also characterized by its major work environments and disciplines.
Unlike other industries, which tend to have a single focus, the construction
industry is made up of a number of separate work environments and separate
disciplines. Each of these tends to have its own particular characteristics
while, at the same time, forming an integral part of the construction industry.

Any professional reference on integrated cost and schedule control must
take into account those unique characteristics of each work environment
and discipline. Systems integration presupposes effective interaction and com-
munication within the construction business environment. In establishing
an appropriate framework of reference, it will be useful to review the primary
work environments and disciplines which make up the construction industry
and to examine how data and information transfer between these environ-
ments. Effective communication of data and information is essential to the
kind of integrated control systems which have the ability to examine perfor-
mance trends, to influence outcome, and to modify adverse trends in perfor-
mance.

WORK ENVIRONMENTS IN CONSTRUCTION

The control processes for systems integration require effective working rela-
tionships as well as mutual understandings among divergent work envi-
ronments and disciplines, each of which has its own internal technical re-
quirements, vocabulary, and processes. Each discipline must effectively
communicate the results of its operation and processes to those other depen-
dent disciplines for information each needs to carry out its responsibilities.
Each discipline and work environment also has its own internal processes
which are carried out with a high degree of independence, and, further,
each has external processes which are vital to others if the construction
enterprise is to be carried out successfully and profitably. The internal and
external processes of nine work environments and disciplines are presented
in a functional context to examine informational requirements for systems

3
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integration. Since these are functional in nature, they are not intended to
be a complete listing or to represent a framework for any organizational
model.

The following nine different functional work environments are necessary
to carry out the responsibilities and job tasks of the construction industry
enterprise. These are listed generally in the way responsibility flows during
the development of a construction project.

® Business management environment;

® Project management environment;

® Sales and marketing environment;

® Design and engineering environment;

® Estimating environment;

® Purchasing environment;

® Contract administration environment;

o Field construction environment;

® Financial management and accounting environment.

Each of these will be discussed in the context of its primary purpose or
function and its general relationships with other areas. The communications
issues including such items as languages and processes, internal communica-
tions, and both primary and secondary external communications will also
be examined. A key discussion for each environment will be potential difficul-
ties in communications.

THE BUSINESS MANAGEMENT ENVIRONMENT

The construction business enterprise has at its center effective business man-
agement. Effective business management touches all other areas and work
environments in direct and significant ways. It provides overall guidance
and direction to the other work environments. It serves as a coordinating
agency and synthesizes the efforts of all work environments into singular
and purposeful management of the construction enterprise.

Exhibit 1-1 provides a simple diagram of the construction business environ-
ment, which clearly indicates business management at the center of the con-
struction business enterprise. While it may be argued that construction should
be at the center, and while the company management may have as its primary
area of expertise some particular kind of construction, business management
nonetheless provides goals, direction, purposes, and the overall management
of the resources required to address each area of responsibility.

Business management universally touches all other work environments.
In subsequent diagrams, business management is distinguished and set apart
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Exhibit 1-1. Construction Business Environment

Construction

Business
Management

from other work environments because of its universal influence on all other
areas. In cooperation with other work environments, it establishes sales and
marketing goals and objectives, design criteria, estimating procedures, pur-
chasing guidelines, contract administrative processes, and organization for
field construction. It also relates to financial management and accounting
in providing guidelines for cash management and in establishing working
capital requirements.

The language of business management tends to be general in nature with
its processes and procedures directed toward overall goal setting, long range
planning, along with some monitoring and responding to general business
trends. Its major focus may be on long range planning with a three to five
year horizon and the development of more specific objectives in the one to
three year range. These may include organizational growth objectives, busi-
ness volume, and profitability. Short, mid, and long term planning is usually
set out in the form of measurable objectives so that actual performance may
be compared to planned performance. Internal communications within busi-
ness management, being general in nature, tend to be clearly distinctive from
those of the various technical specialties with which business management
must communicate.

Business management must maintain primary communication channels
with all other work environments. Within these interdisciplinary communica-
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tions, business management must provide information in sufficient detail to
be useful to the other work environments. Conversely, the other work environ-
ments have a similar responsibility to communicate with business management
at the appropriate summary levels so that time and energy will not be dissi-
pated on unnecessary detail which may be of great interest to a technical
specialty but not useful from an overall business management point of view.
Some degree of skill and organizational maturity is required to establish
the appropriate level of communication.

Difficulties in communications between business management and other
work environments are most likely to occur when business management fails
to provide clear direction in terms of measurable goals and objectives and
a clear statement of expectations, that is, of what it requires. Overall goals
and objectives should be clear, in writing, and presented in ways which are
useful and meaningful to the other work environments. Systems integration
must take into account the communications requirements within the construc-
tion business environment and provide the vehicle for effective communication
of information and data throughout the construction business enterprise. Com-
munications to business management should similarly be provided in the
same context as goals and objectives for easy, accurate, and convenient com-
parisons of planned performance to actual performance. These basic guidelines
will be repeated throughout this reference.

THE PROJECT MANAGEMENT ENVIRONMENT

Functionally, project management may be defined as the unifying element
which results in construction itself. Project management is involved with
all other work environments but in a significantly different way from business
management. Project management is a resource coordination function which
marshals the efforts of all other work environments specifically toward produc-
ing a construction project at or below budget, within the construction sched-
ule, and at a quality appropriate to the contract documents.

Exhibit 1-2 shows the interrelationship between project management and
the other work environments. Note that the business management environ-
ment is separately shown to indicate its unique and universal relationship
to all other work environments in an overall control or management sense.

Project management must maintain continuing working relationships which
are primary with all other work environments. It provides the appropriate
technical support to the sales and marketing effort of the organization. It
provides input into the design and engineering functions which are concerned
with converting an owner’s needs into technically accurate drawings and
specifications. Project management is frequently called upon to provide cost
engineering analyses and value engineering input for the design and engineer-
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Exhibit 1-2. Project Management Environment

Construction
Business
Management

Management

Prmh Q

Sales and
Marketing

Design and
Engineering

Estimating
Purchasing

Contract
Administration

Field
Construction

Financial and
Accounting

ing processes. Project management is inseparably bound to the estimating
function, frequently maintaining the primary responsibility for the accuracy
and validity of estimates even when a separate estimating work environment
may be a part of the organizational structure.

The work of the purchasing environment is also of major concern to project
management since this is the process by which the team is selected that
will be required to work together in the construction of a project. Project
management must also maintain close liaison with contract administration,
which deals with the issues of contract terms and conditions, claims, exten-
sions of time, and the protection of the rights of the parties to the contract.
Project management must also maintain close coordination with field con-
struction and provide assistance in expediting the flow of the work. Finally,
project management must be inseparably bound to financial management
and accounting, particularly in the areas of cash management and cash flow;
project management must provide input for the generation of accounts receiv-
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able, assistance in collecting receivables, and review and approval of accounts
payable.

Project management has languages and processes uniquely its own. Most
of these are designed to facilitate communication and coordination with other
work environments. These language and processes may include the use of
planning and scheduling techniques such as the critical path method which
may be second nature to project management but may not be very useful
for field construction. The conversion of a logic network diagram to time
scale for production control to be used by field construction may be required
to facilitate communication with field construction. In the budgeting process,
however, the budget must be responsive not only to the requirements of
field construction but also to the requirements of financial and accounting.

All the external communications between project management and the
other work environments making up the construction enterprise are of primary
importance. None is more or less important than the others. In summary,
the project management function must be the primary communications co-
ordinator for all other work environments.

Difficulties may develop in communications where the assumption is made
that certain information may or may not be needed by another work environ-
ment. One of the primary purposes of integrated cost and schedule control
systems is to make the information and data generated by project management
universally available to all other work environments which require such data
and information and to provide it to them in the form required.

THE SALES AND MARKETING ENVIRONMENT

The sales and marketing environment tends to be more specialized and more
focused than either the business management environment or the project
management environment. Sales and marketing’s primary concern is that
of generating the total business volume in keeping with goals established
by business management. This includes establishing the proper mix of work
between different types of construction, maintaining an appropriate client
base and acquiring work through the various channels designated by business
managemernt. It is worth noting that in some construction business environ-
ments the estimating function may comprise the only sales and marketing
effort on the part of the company. Even in these cases, the function of sales
and marketing through estimating applies nonetheless. Sales and marketing
is the key to establishing and maintaining the business volume of the kinds
of work appropriate to the organization and at the levels of profitability
established by business management.

Exhibit 1-3 shows diagrammatically the communications interface between
the sales and marketing environment and other work environments.
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It is worth noting that in addition to the primary communications between
business management and sales and marketing, other primary communica-
tions channels exist between sales and marketing and project management,
sales and marketing and estimating, and sales and marketing and design
and engineering. These primary communictions channels provide the sources
of information used by sales and marketing in pursuing its responsibilities.
Secondary communications channels informational in nature and helpful to
sales and marketing and client maintenance include purchasing, contract
administration, field construction, and financial and accounting.
The general relationships between sales and marketing and the other work
environments must be such as to allow sales and marketing to fairly represent
the qualities and strengths of the organization to potential clients. Of particular
importance are the relationships between sales and marketing and project
management and sales and marketing and field construction since these organi-
zational resources represent the real product of sales and marketing.

Sales and marketing is confronted with several key communications issues.
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First, it must have the ability to understand the languages and processes of
project management, estimating, and field construction. Second, it must also
have the ability to translate the highly technical language of these disciplines
into the nontechnical language of the owner and the designer in order to
properly communicate what is being proposed. It is equally important that
sales and marketing communicate fairly the performance expectations being
proposed by the organization. This requires the ability to communicate with
the technical staff and to make certain that performance expectations-are
fairly presented to the client. Limitations in the organization’s ability to
perform, which could have an adverse effect on subsequent client relations
if improperly handled, must be communicated by sales and marketing in a
way which will not adversely affect those relationships.

The internal communications processes of sales and marketing are con-
cerned with developing positive images which can be faithfully presented
and used, converting sales and marketing goals and objectives established
by business management into specific marketing strategies. These processes
must support the organization’s specific sales strategies which result in signed
contracts for proposed projects through the negotiating or bidding process.

The external communications responsibilities of sales and marketing are
concerned primarily with creating the interface between organization and
client which fosters confidence and a desire to work together. The primary
difficulties in communications experienced by sales and marketing arise in
the conflict between the desire to make the deal and the realistic interest of
the company.

THE DESIGN AND ENGINEERING ENVIRONMENT

The design and engineering work environment in construction is concerned
with converting the owner’s needs and resource limitations into technically
competent drawings and specifications which fairly and accurately reflect
the scope of the work. The design and engineering function may be a part
of the construction organization. More frequently, the design and engineering
function will be a separate professional organization with its own separate
interest, goals, and objectives. Design and engineering is nonetheless an essen-
tial and integral part of the construction business enterprise. The quality
and accuracy of the work of the design and engineering function is frequently
a major factor in how well the project is executed.

Exhibit 1-4 shows the primary and secondary relationships which exist
between design and engineering and the other work environments of construc-
tion. The relationships, both primary and secondary, will vary, depending
on organizational relationships between the design and engineering organiza-
tion and the other entities within the construction enterprise.



WORK ENVIRONMENTS WITHIN THE CONSTRUCTION INDUSTRY 11

Exhibit 1-4. Design and Engineering Environment

Construction
Business
Management

Engineering

Designﬁ O

G Estimating
Purchasing
Contract
Administration
Field
Construction
Financial and
Accounting
Project e
Management Direct Relationship
B R >
Sales and Indirect Relationship

Marketing

The general relationships of the design and engineering work environment
to other work environments in construction are controlled by organizational
and contract considerations. Where these functions are housed in separate
organizations, special communications issues are involved. Contractural rela-
tionships are usually drawn between the owner and the design and engineering
function and separately between the owner and the construction function.
These create the basis for potential disagreements because of different perspec-
tives and perceptions of the owner’s needs.

The design and engineering functions have their own specialized language
and processes. These must be articulated in the form of drawings and specifica-
tions which can be clearly understood and interpreted by such widely differing
groups as the owner, the contractor, and the craftsperson in the field environ-
ment.

Internal communications issues also exist between the various disciplines
in the design and engineering work environment. Architectural considerations
may differ significantly from engineering considerations. Part of the problem



12 |I/PREPARING A PROJECT FOR CONSTRUCTION

of communication is resolving these differences, requiring special consider-
ation. Similar differences may exist with the construction work environments
which are required to produce the project shown in the drawings and specifica-
tions.

In addition to the primary communications between the owner and the
design and engineering work environment, other primary communications
channels will include the estimating, contract administration, project manage-
ment and sales and marketing work environments. Field construction is con-
sidered a secondary communications channel since, by the time the drawings
and specifications for a project reach the field construction stage, all the
technical issues with respect to the project should have been resolved. Other
secondary design and engineering communications channels include financial
and accounting and purchasing.

THE ESTIMATING ENVIRONMENT

The estimating work environment is responsible for preparing accurate and
valid quantifications of projects to be bid in order to establish both the market
value and fair value of each project based on historic cost and on the basis
of estimating’s data, and to prepare estimates for competitive bids and for
negotiating. The estimating environment in many construction organizations
is the primary sales and marketing function. In pursuing these tasks, estimat-
ing is responsible for obtaining bid documents for quantity surveying and
pricing; for soliciting, collecting, and analyzing subcontractor and vendor
prices; for preparing estimates and summaries; and, in cooperation with sales
and marketing and business management, to determine bid prices.

Exhibit 1-5 shows the estimating work environment and indicates the pri-
mary and secondary communications channels appropriate for estimating.
The business management environment continues to be a prime mover in
the entire construction work environment; thus the primary communications
channels between business management and estimating are separately de-
picted.

Since most companies are not successful on every estimate prepared for
bid purposes, estimating needs to work with a high degree of independence.
It is necessary to draw on other work environments such as field construction
and project management for input and support in the estimating processes.
Prebid analyses and market analyses are important tasks of estimating so
that recommendations may be made to sales and marketing and to business
management concerning the appropriate bid strategies for various types and
classes of work.

Estimating, like other work environments, has certain languages and pro-
cesses which are uniquely its own. Estimating must, however, be aware that
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Exhibit 1-5. Estimating Environment
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its work creates the foundation for all other informational processes which
follow when the organization is successful in acquiring work based on the
estimates prepared. In integrated systems, estimating should be done by activ-
ity and summarized by trade groups in order to facilitate subsequent budget-
ing, planning and scheduling tasks, and preparing a project for construction.
Where quantity surveying is done separately from pricing, internal communi-
cations become particularly critical and some organized system of checks,
balances and verification must be constantly employed to avoid errors and
omissions in estimating.

Externally, estimating’s primary channels of communication will be with
sales and marketing and with business management. Validity in the estimating
process is a crucial part of the overall interdepartmental or work environment
relationships. Estimating will maintain primary working relationships and
communications with project management in transferring the lead responsibil-
ity to project management as each new project is acquired. Estimating also
maintains primary communications with design and engineering, frequently
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to assist project management in performing various cost engineering and
value engineering tasks. The relationship between estimating and purchasing
is particularly close since purchasing must be certain to buy from subcontrac-
tors and vendors exactly what has been sold to the client by sales and market-
ing based on the work of estimating.

Another primary communications responsibility of estimating is with con-
tract administration. It may be reasonably assumed that there will be changes
or disputes, or both, in any construction contract. Effects of changes in terms
of cost, time, conditions of work, or conditions of the contract must be
documented and evaluated. Certainly, estimating has a primary responsibility
to determine the cost effect of the changes.

Secondary communications channels are maintained with field construc-
tion. It is assumed that by the time a project has been assigned to field
construction, a project budget superseding the estimate will have been estab-
lished and the production plan and schedule prepared by project management.

Secondary communications are also maintained with financial and account-
ing since other more formal documentation such as the production budget
and schedule of values will have intervened between the estimate and the
formal financial and accounting processes. Purchasing will also have inter-
vened between estimating and financial and accounting with the more formal
commitments of purchase orders and subcontracts which take the place of
estimates and budgets.

It is necessary for estimating to work closely with sales and marketing
and business management in selecting the kinds of work for bidding. The
projects selected for bidding should bear a reasonable relationship to the
organization’s skills, expertise and ability to perform the work. In addition,
estimates must be prepared with some understanding concerning how re-
sources will be applied in the performance of the work when the bids are
successful.

Few companies are successful on every bid they propose. Each estimate
must, however, be prepared by the estimating environment on the assumption
that the company will find it necessary to build every job which is bid.

THE PURCHASING ENVIRONMENT

The purchasing environment is assigned the major task of simultaneously
selecting the subcontractors and principal vendors who can perform the work
required by the contract documents and who have the appropriate levels of
skills and resources to become members of the project construction team.
The selection criteria between price and performance are frequently in conflict;
thus the purchasing function needs the input and expertise of several other
work environments in order to effectively address its responsibilities. The
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major functional guideline for purchasing is to buy from subcontractors and
principal vendors exactly what has been sold to the owner as represented
by the contract documents.

Exhibit 1-6 shows the primary and secondary relationships between the
purchasing environment and the other work environments in the construction

enterprise. Business management also maintains its primary relationship with
purchasing as it does with the other work environments.

Purchasing uses as its major control criteria (1) the plan and schedule
for the project, usually prepared by project management, and (2) the budget,
which may be established by project management or by business management.
Budget issues should be dealt with prior to tendering a bid for the project
so that the budgeting criteria become an integral part of the bid strategy.
Purchasing must maintain very close primary working relationships with

several other work environments. It also has language and processes all its
own. It is especially concerned with the legal implication of agreements.
Terms and conditions of contracts and purchase orders are its crucial consider-

Exhibit 1-6. Purchasing Environment
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ations. The responsibilities of purchasing include the resolution of cost, sched-
ule, conditions of the work, and terms and conditions of the subcontract
and purchase documents.

Purchasing must maintain primary working relationships with estimating
and draw upon estimating’s knowledge when the contract documents may
not fairly or completely describe the scope of the work. Some purchasing
is frequently performed directly by project management; whatever the compa-
ny’s organization, the relationships between the purchasing and project man-
agement functions are, therefore, especially sensitive. Since purchasing estab-
lishes many of the controlling guidelines for financial and accounting,
especially in dealing with accounts payable, the relationship between purchas-
ing and financial and accounting must be especially close. The best written
subcontracts and purchase orders to principal vendors will not eliminate
the potential for disagreements in the field environment concerning the several
responsibilities of the subcontractors and vendors.

Similarly, contract administration must rely heavily on communications
from purchasing in order to resolve questions or disagreements concerning
the scope of the work, especially inclusions and exclusions which result in
claims, charges, and back charges.

Of less concern to purchasing are the design and engineering functions.
By the time a project reaches the purchasing stage, the design and engineering
issues should be fully resolved. Purchasing’s responsibility is to buy what
the contract documents require. There may be some input from purchasing
into the cost engineering and value engineering processes. Such input usually
occurs in a consulting or advisory role much earlier than the actual purchasing
processes of the project. Similarly, the relationship between sales and market-
ing and purchasing is secondary in nature.

The purchasing environment is a service function charged with the distribu-
tion of technical data and pricing requirements to the subcontractor and
vendor marketplace. It is responsible for collection and verification of competi-
tive and comparative prices for the components of the project and in analyzing
the data. It is also responsible for negotiating subcontracts and issuing pur-
chase orders within the limitations of budget and schedule. Some management
exception process is usually operative between purchasing and the business
management environment when subcontracts cannot be let within the limita-
tions of budget and schedule. The purchasing function must be carried out
efficiently in order to maintain budget control of a project and it must be
accomplished expeditiously so that materials, goods, and services will be
available at the job site when these are required for field construction.

The difficulties encountered with purchasing and communications occur
when subcontracts and purchase orders are not clearly written in the context
of the general contract. The purchasing environment involves a high degree
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of discipline and organization. It deals with highly technical issues of legal
consequence. These tend to be formally and efficiently handled when external
legal counsel is used.

CONTRACT ADMINISTRATION ENVIRONMENT

Contract administration in a construction organization is primarily a service
function. It is responsible for seeing that the general contract and all subcon-
tracts and purchase orders are faithfully performed and administered within
the terms and conditions set forth for each. Contract administration is respon-
sible for seeing that some master listing of claims and changes is maintained
for the timely documentation of all claims and for assertion of these claims
with the appropriate parties. In its truest sense, contract administration calls
upon all parties to see that the contract is faithfully carried out. It is responsible
for documenting all deviations from the contract. The negotiations required
to resolve open disputes is not a normal contract administration function.
Such negotiations are normally carried out by some other responsible work
environment such as business management, project management, or sales
and marketing.

In Exhibit 1-7, only sales and marketing is indicated as a secondary commu-
nications channel for contract administration. The relationship between sales
and marketing and contract administration will deal primarily with issues
of customer or client maintenance. Sales and marketing may develop a primary
relationship with contracts administration in assisting in resolving claims
and disputes with a client.

Contract administration, like purchasing, has its own language and pro-
cesses. Its work is legalistic in nature and requires a high degree of discipline
in following the many details of the contract administrative process. Effective
contract administration requires a highly organized and systematic set of
procedures which allow all contract administration issues to be identified
upon occurrence in order to place these within an administrative system
which, through its normal course and processes, result in the final disposition
of all issues on a timely basis. Contract administration must be organized
internally in a way that allows the efficient collecting of data from a wide
variety of sources; it is dependent on routine flow of information and data
from all the other work environments.

Since contract administration is most active when a project is in actual
construction and since most problems come to light in the field environment,
the working relationship between field construction and contract administra-
tion must be especially close. Feedback to contract administration from field
construction must be within a systematic routine which allows for communica-
tion of data with the least amount of special conditions.
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Exhibit 1-7. Contract Administration Environment
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Contract administration is inseparably involved with financial and account-
ing. This involvement is intense both in the accounts receivable and the
accounts payable areas. For accounts receivable, it processes claims to the
owner for things which affect the project from a time, cost, terms and condi-
tions, and conditions of work point of view with respect to field construction.
Claims must be asserted and promptly brought to a conclusion so that financial
and accounting may properly include these in accounts receivable for timely
collection. Similar circumstances relate to accounts payable, where claims
will develop with subcontractors and principal vendors out of the field environ-
ment. These must be similarly resolved on a timely basis so that the accounts
payable process will not be impeded. The relationship between accounts receiv-
able and accounts payable in the claims area is particularly important to
maintain the buy/sell position which is a fundamental criteria of purchasing.

Contract administration must also maintain very close communications
with project management as a primary source of information concerning
proposed changes in the work which will come through the project manage-
ment liaison with the client or with design and engineering.
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Contract administration is especially involved with design and engineering
since many claims issues will involve the quality of the contract documents
including the drawings and specifications. Design and engineering interpreta-
tion of claims will frequently be required. Where claims or contract adminis-
trative issues involve known or deliberate changes in the scope of the work,
contract administration will require design and engineering input to properly
define the scope of the work. Contract administration is especially dependent
on estimating to provide the formal documentation with respect to pricing
to establish the cost or value of the work. In the same way, purchasing
and contract administration must maintain close working relationships since,
in many respects, their responsibilities are similar. Purchasing deals with
establishing the working relationship with the subcontractors and principal
vendors. Contract administration deals with maintaining that relationship
so it remains orderly and productive.

Contract administration deals with the review and preparation of contract
documents, review of terms and conditions of contract, and all of the adminis-
trative processes for handling changes in the contract. It must receive current
and valid information on the production processes from the field environment
and other areas to determine what changes in the work are under consideration
and which require administrative processing.

FIELD CONSTRUCTION ENVIRONMENT

Field construction is at the very center of the construction enterprise. It is
where production is accomplished and where product is placed. It is the
major arena (or battlefield) where issues of cost and schedule control are
determined. The integration of cost and schedule control must become opera-
tive in the field environment if they are to be effective at all. The responsibility
of the other work environments has to do with setting up a project for
efficient production. The effectiveness of the planning and scheduling and
budgeting processes for a job has significant impact on the ability of field
construction to perform its responsibilities.

Field construction maintains its primary relationship with business manage-
ment. Exhibit 1-8 shows the field construction environment with its primary
and secondary relationships.

The field environment deals with the day to day assignment of resources,
the productivity as well as the production of those resources, the scheduling
of those resources, and the completion of the work. One of the major keys
to integrated cost and schedule control has been discovered in carefully observ-
ing the languages and processes of field construction. Field construction usu-
ally assigns resources on a daily basis and by activities. It talks in terms of
exact definable tasks which are to be started, worked on, and completed
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Exhibit 1-8. Field Construction Environment
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within a definitive time period by a specific resource. The language of field
construction and its processs are specific, direct, and measurable. Field con-
struction deals with measurements of feet and inches, cubic yards of concrete,
specific equipment required, specific work force requirements, and similar
specific items. Internal communications within the field construction environ-
ment must constantly be detailed and specific if the project is to be accom-
plished with the highest degree of productivity attainable.

Since field construction is ordered by activities and the specific resources
to perform those activities, it is reasonable to base the project budget and
schedule, otherwise known as the project strategy, on the specific informational
needs and processes of the field environment.

Field construction maintains a primary working relationship with project
management. Project management and field construction are responsible for
preparing the game plan and for establishing and maintaining the appropriate
working relationships within the total construction team. Purchasing is espe-
cially important to field construction since the ability of field construction
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to perform its work depends on the timely purchasing of all goods, services,
and materials required for the project and in expediting their availability
at the job site when these are required by the construction schedule. Contract
administration is also crucial to field construction since it provides for the
resolution of the minor disputes and disagreements which may stand in the
way of effective and efficient production.

Estimating stands as a secondary consulting resource to field construction
since other, more formal processes, including budgeting and purchasing along
with planning and scheduling, will have intervened between field construction
and estimating. Similarly, design and engineering is available in the secondary
relationship to field construction to resolve unanswered design and engineering
questions which may occur during the construction process. A test of the
efficiency of the design and engineering process is the absence of the need
for field construction to be routinely and regularly in contact with design
and engineering. Field construction’s relationship with sales and marketing
is secondary in nature and relates primarily to issues of customer satisfaction
on the quality of work and quantity of production.

Relationships between financial and accounting and field construction deal
principally with informational flow processes from field construction to finan-
cial and accounting. These relationships are considered to be secondary since
they should be routine and factual in nature.

Field construction receives information on the product to be produced,
changes which may occur in the product requirements, assignment of subcon-
tractor and vendor resources to perform certain portions of the work, schedul-
ing requirements, and budget constraints from the other work environments.
Field construction provides information on its performance by reporting activ-
ities started and completed (and/or percent completed), by reporting labor
as used in completing activities, and by reporting on subcontractor and vendor
performance.

The methods used by field construction in assigning resources to activities
and in capturing data on performances are a significant key in creating effective
and usefully integrated control systems.

FINANCIAL AND ACCOUNTING ENVIRONMENT

Financial and accounting is responsible for the overall management of the
financial resources of the organization. It includes cash management, the
management of accounts payable and accounts receivable, and all other formal
accounting functions such as payroll, general ledger, and similar items. It
is responsible for verification of project productivity and production in a
historical and job cost context.

Internally, financial and accounting is a primary service function, maintain-
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ing the financial and accounting records of the organization. It is responsible
for providing financial and accounting information to business management
and other areas. Cash flow and cash management are critical accounting
functions requiring current valid data.

Exhibit 1-9 shows the primary and secondary communications relationships
which are part of the financial and accounting responsibilities.

Financial and accounting has its own special languages and processes which
tend to be outside of the mainstream of construction and which are generally
not understood by the technical work environments. Financial and accounting,
therefore, has special communications problems. Internally it is dependent
upon receiving information from all the other work environments and for
interpreting or translating this information into useful accounting data.

Since financial and accounting concerns itself primarily with areas involving
historic costs and expenditures, its principal relationships tend to focus on
the other work environments with similar interests and responsibilities. Of

Exhibit 1-9. Financial and Accounting Environment
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course, its relationship with business management is similar to those of all
other work environments. Since project management may be identified as
having a primary cost control responsibility, financial and accounting has a
primary relationship with project management, particularly regarding the
proper establishment of budgets for cost control. Here accurate information
is crucial.

Purchasing involves a major commitment of corporate resources and the
establishment of financial obligations. Purchasing is, therefore, another of
the primary relationships for financial and accounting. Proper documentation
of all commitments in the form of subcontracts and of purchase orders to
principal vendors is especially important to financial and accounting; the
terms and conditions of these agreements and orders control major corporate
financial functions such as cash flow and cash management.

Contract administration is another primary relationship with financial and
accounting since the former represents one of the main sources of cost account-
ing data. Contract administration deals with asserting and perfecting claims
affecting cost and cost recovery, always important.

Financial and accounting’s relationship with field construction is primarily
concerned with the flow of performance information from field construction
to financial and accounting. The principal concerns are raw data such as
payroll hours and percentages of completion. Financial and accounting must
be assured of the accuracy of the information reported so that it may be
used for generation of payroll, for generation of requisitions, and for processing
of accounts payable.

Estimating, design and engineering, and sales and marketing are similar
secondary relationships for financial and accounting. These are somewhat
removed from the actual production and cost accounting issues concerning
financial and accounting.

SUMMARY

The differences among the work environments which have been discussed
are functional. Construction organizations will group and structure these
in various ways depending on their individual organizational designs. The
purpose in reviewing the disciplines and work environments is to focus on
the data and informational interdependency and the consequent need for
integrated systems of cost and schedule control.

The communication issues appear rather staggering when viewed in the
context of these complex relationships between work environments having
different special languages and processes. Effective communication can be
established by the use of common systems and by integrating data and infor-
mation flow. These procedures thus become important issues. While the pri-
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mary focus of developing integrated systems is on the interfaces between
work environments, the internal processes within each work environment
may also be affected in significant ways. The principal impact on internal
processes and systems within each discipline involves the anticipation of a
need for information by others. The preparation of raw data and information
must be in a form that can be conveniently transferred and efficiently utilized
without the recasting of data or information by the recipient discipline. The
successful integration of cost and schedule control is singularly dependent
on both anticipating the need for information and providing it in the most
useful, efficient, and timely way.

A major factor in developing procedures for transfer of information and
data between work environments is limiting data and informational transfer
to that which is useful or required. Considerable cooperation and dialogue
is required to determine what information is useful and required, and to
eliminate the transfer of information which may be of intense interest to
one discipline but of no interest to another. Transferring unnecessary informa-
tion always consumes organizational resources without benefit.

The processes for integrated cost and schedule control which will be pre-
sented are directed to the significant improvement of communications as a
part of providing informational transfer in the most efficient way. Adjustments
in the traditional methods of handling data and information will be required
to gain the maximum effectiveness of integrated systems.
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COMMON DESCRIPTIONS OF WORK

Any serious attempt at systems integration must recognize that significant
differences in both vocabulary and processes exist among the work environ-
ments of construction. These differences, which were reviewed in some detail
in Chapter 1, increase the difficulty of systems integration but by no means
make the task impossible. Since all work environments and disciplines in-
volved in the construction enterprise must deal in one way or another with
the products of construction and the processes by which construction projects
are built, the task, though difficult, can be successfully accomplished. While
the focus of responsibility and activity varies among the disciplines (sales
and marketing, estimating, purchasing, field construction, project manage-
ment, design and engineering, contracts administration, and overall business
management), each will have as its focus the product of construction.

Since all work environments and disciplines deal in one way or another
with the products of construction, it is not unreasonable to expect some
commonality within all work environments and disciplines which may be
used as the primary vehicle of communications and integration. The discovery
of this commonality is the principal challenge in systems integration. With
its discovery, the descriptors and processes may be consistent among the
disciplines and work environments and will allow for the transfer of both
data and information between the disciplines, eliminating the present practice
of recasting both raw data and information preparatory to its use upon each
transfer from discipline to discipline. The significant challenge is to eliminate
the artificial or contrived differences and distinctions among the disciplines
and work environments of construction which tend to polarize processes
and procedures unnecessarily. Appropriate distinctions within each work envi-
ronment must be recognized. What must be eliminated are the differences
which serve no useful purpose and hence encumber the informational processes.

JOB COST CHARTS OF ACCOUNTS

In the search for some commonality to serve as a vehicle for interdisciplinary
communications, some initial help is derived from present practices in the

25

F. W. Mueller, Integrated Cost and Schedule Control for Construction Projects
© Van Nostrand Reinhold Company Inc. 1986



26 I/PREPARING A PROJECT FOR CONSTRUCTION

industry. The generally accepted use of charts of accounts for both job costing
and accounting may provide an initial basis for examining informational
processes. The job cost chart of accounts may therefore be especially useful
as a beginning point for examining commonalities for systems integration.

While job cost charts of accounts are in common usage for budgeting
and job costing, the makeup of these charts of accounts may very widely.
In some cases, these are specifically tailored to the needs of the particular
construction project or company. In other cases, charts of accounts are more
generic or general in nature. The construction industry has been working
on a set standard descriptions of work for many years. The standard descrip-
tions of work used in drawings and specifications provide a basis for more
uniform descriptions of the work involved in construction. Where such de-
scriptors and charts of accounts already exist, these may be conveniently
utilized in developing job cost charts of accounts.

Systems integration requires a common job cost chart of accounts. The
job cost chart of accounts, however, needs sufficient flexibility in the way
it is developed to allow for an adequate level of cost control and to simultane-
ously allow for an added level of detail in planning and scheduling. The
idea of using the job cost chart of accounts for planning and scheduling
purposes has a certain degree of novelty associated with it. This concept
will be developed more fully since it serves as the basis for integration of
cost and schedule in the least complicated way. The chart of accounts must,
therefore, be designed to accommodate the maximum level of detail required
for either budget preparation or for the preparation of the plan and schedule
for a project. The common listings for budget and schedule are important
considerations.

THE PROJECT STRATEGY AND STATEMENT
OF EXPECTATIONS

The project strategy may be defined as the plan for building a project. In
its simplest form, it defines how a project is to be physically constructed.
When scheduling information is added to the plan, it is concerned with how
long that construction is expected to take. Budget information states what
costs are expected to be incurred in the performance of the project. More
specifically, what is required to express a project strategy and statement of
expectations is (1) a plan for its construction, (2) a budget, and (3) a schedule.

Depending on the procedures and practices within any construction enter-
prise, these planning, scheduling, and budgeting processes may be informal
to the extent that they are seldom reduced to writing, or they may be rather
elaborate. In either case, they are not normally integrated in the sense that
any item found in the project plan and schedule will also be found and
described in precisely the same way in the project budget. In order to integrate
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cost and schedule, however, one of two alternatives must be considered.
The first, and perhaps the most complex, is some means of translating budget
items into schedule items and schedule items into budget items. These transla-
tion and correlation processes tend to become so involved that they are simply
ignored as a practical issue. As a result, the planning and scheduling of
most projects is carried out with one criteria and one set of information
while the budgeting processes are carried out with an entirely different set
of information. As a result, the cost control functions and the scheduling
control functions are carried out independent of each other with little or
no attempt for integration other than at the crudest summary levels.

The second alternative is to attempt to devise a scheme which allows a
common description of the items in budget and schedule with both budgeted
cost and time assigned to each. The ability to look at a single item and
deal with its budgeted cost and budgeted time has many interesting possibili-
ties. For example, performance information on an activity could provide
the basis for both cost and schedule control. It could provide the basis beyond
the development of a complete project strategy to the implementation of
that strategy to data capture on actual performance and would further provide
for comparing actual performance to planned performance. Such data and
informational processes would, then, provide sufficient current and valid infor-
mation to design and implement corrective measures where these are required.

MAJOR IMPEDIMENTS TO SYSTEMS INTEGRATION

What begins to emerge as a major criteria for simple integrated cost and
schedule control is a common informational set for both costing and schedul-
ing a project. As we have seen, a major impediment to the use of a common
informational set is that each discipline uses data available in significantly
different ways. The kind and quantity of data required also varies significantly
among the disciplines. These differences must be recognized and resolved
in order to establish the common informational set required for systems
integration.

The difference in the kinds of information and data required by the separate
disciplines is worth examining. Business management is interested in general
goals and objectives, summary performance information, and the ability to
generally forecast the outcome of each and all projects on a timely basis.
Field construction, on the other hand, must be concerned with individual
activities assigned to the work on a day by day basis and with specific feet
and inches kinds of detail crucial to the proper performance of each project.
Field construction interest in each activity involves both budgeted cost and
budgeted time so that actual performance may be measured against expected
performance.

In the context of summary and detail, the remaining work environments
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in construction fall somewhere in between. Sales and marketing is interested
in the general composition of the bid package and general descriptions of
the scope of the work. Design and engineering must concern itself with specific
and precise detail so that these may be articulated in the form of drawings
and specifications. The estimating discipline deals primarily with trade group-
ings along the general lines of the way the technical information is presented
in the drawings and specifications. This activity usually involves dealing with
the quantitative and qualitative aspects of the project in a way that allows
for establishing a cost or value for each item. The purchasing environment
focuses more directly on the contract scope of the work, proper description
of the work, the cost to be paid for the work, the time allowed for its perfor-
mance, the conditions under which it will be performed, and the terms and
conditions associated with the performance of the subcontract.

Contract administration monitors carrying out the contracts, subcontracts,
and purchase orders according to the terms and conditions of those docu-
ments. Contract administration also is concerned with changes in the work
and the effect of those changes upon the contract. Financial and Accounting
concerns itself with cash flow and cash management, direct job costs, indirect
job costs, overhead and profitability.

Project management, with its general responsibility for the project, estab-
lishes the project strategy and manages the construction processes within
the strategy for maximum profitability.

These very wide variances present significant impediments which must
be overcome in order to develop a common informational set which may
be used for systems integration. The different areas of interest among the
work environments of construction present a major challenge in designing
an integrated cost and schedule control system. What must be discovered
is some commonality capable of providing maximum detail for production
control while at the same time providing a variety of summarizing capabilities
to meet the requirement of all other disciplines in construction.

On the other hand, while the motivation for systems integration is very
strong, what must be avoided is unnecessarily complicating the work of any
particular discipline for the sake of convenience or systems integration based
on the requirements of one or more of the other disciplines.

THE ACTIVITY AS THE COMMON DENOMINATOR

Two separate developments in recent years have led to identifying that com-
monality in construction which may be used as a major communications
link between all disciplines of construction. First of these was the development
in the late 1950s of a logic network technique for project analysis, planning,
and scheduling. This technique was originally developed for use in the space
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program and for the development of the Polaris submarine project. Two
versions of the logic network technique emerged, each with a different focus
of attention.

Program evaluation and review technique (commonly known as “PERT”)
was primarily a probability analysis focusing on the likelihood of significant
events, or milestones, occuring at desired times. PERT was less concerned
with the activities required to achieve the milestones and focused its attention
on the occurrence of the milestones themselves. PERT was particularly useful
in the long term undertakings related to the space program and other similarly
very large projects.

The Critical Path Method and the Activity

The critical path method (commonly known as CPM) was developed with
the focus of attention on the activities required to complete the project and
the relationship between them. The duration of those activities and the re-
sources required for the performance of the activities were used to arithmet-
ically calculate the scheduling consequence of the project. The critical path
method with its focus on the activity or things to be done held great promise
for the construction industry since the construction industry was similarly
activity oriented. As a result, a variety of critical path method programs
were developed for construction application.

As it subsequently developed, there were two significant problems with
CPM applications for construction. The first of these was the assumption
that the detailed planning of a project would automatically result in project
performance consistent with the project plan and schedule. The second came
from the fact that the CPM techniques as powerful analytical tools created
significantly more information than was needed or useful in production control
in the field environment. The result of these two circumstances was for the
critical path method to fall into disfavor in construction as a practical produc-
tion control tool. Subsequent experience with the critical path method, how-
ever, confirms its validity as a powerful analytical tool and confirms that
using the portions of the analytical output which are of value while discarding
the remaining data provides worthwhile production control capabilities. These
differences and distinctions will be more fully developed.

The second, more recent, major development is the clear recognition that
job site construction is activity oriented and can be conveniently and effectively
designed and described in the context of a roster of activities required to
perform the project. In the search for a commonality to be used for work
descriptions throughout all work environments and disciplines, the activity
of job site construction emerges as the most likely choice for common descrip-
tions. The technical description of an activity as a time consuming task was
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developed primarily out of the critical path method and other logic network
techniques used for the planning and scheduling of projects. The use of
activities as the basis for assigning the work force and resources was, however,
more a matter of confirming how construction projects were built rather
than as a result of any great new discovery. The use of activities on virtually
all construction projects can be confirmed, even when these are not formally
recognized or articulated in the form of a CPM schedule.

The activity basis for assigning the work force in the field envirnoment
follows the commonly accepted practice in the industry. The activity may
be conveniently utilized in developing formal production plans and schedules.
Activities may also be grouped into work packages as required for purchasing.
They may be summarized into trade groups for estimating purposes, and
they may also be summarized into other categories appropriate for both
accounts payable and accounts receivable.

The value of the activity as the commonality, or lowest common unit of
work, is that, while the need for detail required for both cost budgets and
scheduling is being addressed, activities may be summarized at whatever
other levels may be appropriate to each work environment and discipline.
A listing, or roster, of activities for a project may be prepared with the
maximum detail required either for cost budgeting or for scheduling purposes.
Once these descriptors and the roster of activities are established, groupings
and summaries may be used for all the communication between work environ-
ments and disciplines. It would appear that the activity can indeed be used
to create a mainstream of communication through the overall construction
environment.

The Technical Characteristics of the Activity

Further confirmation of the activity as the commonality throughout all work
environments and disciplines occurs via an examination of its technical charac-
teristics. A project may be defined as an undertaking involving a group of
interrelated activities having a beginning, or origin, and an objective. The
objective is accomplished as a result of completing the activities required
to meet that objective. The critical path methodology is built on the desire
to clearly articulate the interrelationship between activities and, as a conse-
quence, to clearly and concisely define how the project is to be performed.
Exhibit 2-1 shows three of the four relationships which may exist among
activities. In the fourth relationship, the activities are unrelated.

An activity may be defined both as a time and resource consuming task
and as an indivisible portion of the work. If one activity is said to be precedent
to another one, it must be completed before the subsequent activity can
commence. An activity is subsequent when it cannot start until the previous
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Exhibit 2-1. Activity Relationships: A Logic Network Diagram
Event Event

Activity

1. Precedent: A is precedent to C.

2. Subsequent: E is subsequent to C.

3. Concurrent: A and B are concurrent.
D and E are concurrent.

4. Unrelated: B is unrelated to E.

activity is completed. Activities are concurrent when (1) they may be per-
formed in the same time frame and (2) share a common event at either the
head or tail. Activities are unrelated if they do not share a common event.
All activities begin and end in an event; an event is a point in time between
the completion of one activity, or group of activities, and the commencement
of another activity, or group of activities.

Within the critical path methodology, each activity represents a specific
and definitive piece of work. Each activity can, therefore, be quantified or
measured and its value established by using the standard quantity times unit
price equals cost algorithm (Q X U = C). The available resource may be
used to calculate the duration of the activity. Through simple computation
routines, both the cost (budget) and the duration (time) may be established
for each activity. When these two are combined within the context of a
logic network diagram, the schedule may be calculated and the rate of expendi-
tures may be determined based upon the schedule for the work. For cost
and schedule control purposes, these processes assign to each and every activ-
ity making up the budget and the schedule, a planned cost and a planned
duration.

Within the context of the logic network or arrow diagram, the overall
schedule is also established. All other work environments and disciplines in
construction may deal with each activity, groups of activities, or the entire
project from the point of view of budgeted costs, budgeted time, quantities
required, or quality of the work to be performed. As such, the activity (within
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the context of the critical path method) provides for precise communications
throughout the construction environment where equally competent people
will come to the same conclusion concerning the attributes of each activity.
This is indeed an extraordinary communications capability.

The Use of the Activity in Most Work Environments

To qualify an activity as the most likely candidate for commonality in all
work environments and disciplines, it is necessary to examine how the activity
may be utilized within each construction industry work environment and
discipline. The business management environment will use activities summa-
rized for business management, normally through multitiered summaries in-
volving an increasing amount of detail which may be accessed to the extent
business management requires.

In a multioffice environment, the first summary level may be the work
of each individual office. To the extent of management’s further interest in
the composition of the work of each office, an individual office summary
comprising single line performance information on each project might be
examined. Where one or more projects may indicate some situation requires
further examination, a trade summary of the individual job may be examined.
Where the trade summary may indicate even further interest, the individual
activities making up the trade summary may be explored.

It is worth noting that the validity of information at each summary level
is dependent on the detail being valid and current at the activity level within
each project. When the activity is used in this way for production control
purposes, business management may be assured of the validity of any subse-
quent summary level. In this context, the general guideline is to plan and
schedule by activity at the level of detail at which control is to be exerted
and to use summaries to provide more concise information for business man-
agement purposes.

Project management has the overall responsibility for each project including
the planning and scheduling tasks. In cooperation with estimating, project
management must establish the roster of activities for the project as early
in the processes as is practical. Once the roster of activities has been estab-
lished, it may be used for all planning and scheduling tasks and for estimating
tasks as well. As the project matures, the roster of activities is used also
for budgeting purposes.

Estimating uses the roster of activities, developed by project management,
to create the estimate and subsequently budget. When the estimate and budget
for each project are established at the activity level, maximum information
is generated for subsequent construction processes.

Purchasing may also use the roster of activities for integration of purchas-
ing, accounts payable and accounts receivable with both the schedule and
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budget. The roster of activities within each work package may be used for
creating a payments schedule for each subcontractor and principal vendor
on the project.

Design and engineering is, perhaps, less concerned with the roster of activi-
ties than the other environments although some knowledge of the roster of
activities which is to guide the construction of the project is very helpful
in the design process. Design and engineering needs to take into account
issues involving resources available for the construction of the project. This
information is best communicated to design and engineering through the
roster of activities containing both budget and schedule data.

Contract administration may use the roster of activities as a primary admin-
istrative control tool. Added activities which are candidates for claims which
may require price adjustments with subcontractors and vendors come to
light when inconsistent with the roster of activities. New activities may be
assigned for contract administrative purposes as required to give visibility
to claims and changes in the work.

Field construction, perhaps, requires the greatest amount of detail and
should be the primary source of information concerning the detail to be
included in the roster of activities. What is to be avoided, however, is the
notion that more is better in terms of detail. What specifically is required
by field construction is a roster of activities which can be used to present
budget control information and schedule control information at the level at
which control is to be exerted. Although a roster of activities which is too
gross in nature does not provide sufficient control, details which are too
minute unnecessarily burden the construction processes to no particular bene-
fit.

Financial and accounting has the overall accounting and job costing respon-
sibility. It s work can be accomplished most conveniently and when the infor-
mation communicated to financial and accounting comes directly from field
reports on the status of activities as these relate to budget. There is no compro-
mise to the regular and formal accounting and financial management proce-
dures by the use of the roster of activities to communicate data. In fact,
both the timeliness and validity of data communicated is significantly im-
proved when the roster of activities is used.

Sales and marketing, perhaps, is the least concerned with the detail involved
in the use of activities since its primary concern is competitiveness in the
marketplace and the validity of cost estimates for sales and marketing pur-
poses. However, preparations may be made by the other work environments
in support of sales and marketing, principally estimating and project manage-
ment, but no compromise resulting from their use in the sales and marketing
endeavor will hamper the use of the activities for estimating, for planning
and scheduling, for budgeting and for purchasing purposes.

All factors considered, the activity seems to have all the attributes necessary
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to serve as the common unit throughout all work environments and disciplines.
The activity has the flexibility required to address the common need for
information and data and to provide an adequate interface among all work
environments. It allows the transfer between work environments and disci-
plines of only that data which is important or useful while maintaining the
integrity of language and process within each work environment and disci-
pline.

The most common usage of the roster of activities for a construction project
is in the area of planning and scheduling. This is especially true where the
critical path method or other logic network techniques are utilized. It is
essential to integrated systems that the roster of activities by descriptors
and account numbers be an integral part of the job cost chart of accounts.
This requirement is important because all planning, scheduling, and budgeting
for each job will be done with its roster of activities and all performance
data and information will be reported on the basis of the roster of activities.

ACTIVITY SUMMARY LEVELS

The activity may now be clearly defined as the lowest common unit of work
for integrated cost and schedule control. The resolution of summary processes
can also be identified to allow a wide variety of summations of performance
data from the roster of activities for all work environments and disciplines.
With these conclusions, the process of integration resolves itself into the
use of a roster of activities for budgeting, for scheduling, and for simple
and direct summarization of data and information designed to meet the re-
quirements of each work environment and discipline.

What remains are the clear definitions of the kinds of information required,
the transfer processes between work environments and disciplines, and the
ways in which data is to be provided. Also a matter of consideration are
methods of capturing and maintaining data for maximum utilization. This
involves not only the job cost chart of account descriptors but also a series
of primary and subordinate numbering systems which allow for both quick
and convenient summarization of data. These subordinate numbering systems
provide the vehicle for summarization in whatever detail and format are
required within a particular construction environment.

THE MAINSTREAM OF COMMUNICATIONS

Whenever business management problems are discussed within any business
environment, especially construction, one of the major ongoing problems,
as we have seen, is communications. However communications may be de-
fined, the use of a roster of activities to set out the project expectations
and data capture procedures which record performance in the same way



COMMON DESCRIPTIONS OF WORK 35

that the statement of expectations has been prepared will greatly facilitate
communications. Further, the transfer of data and information between work
environments can be greatly facilitated by integrated cost and schedule control
procedures using the roster of activities.

Precision in communications is also greatly enhanced by these processes
since all work environments and disciplines will be working on the same
informational set.

DIFFICULTIES IN ACCEPTANCE OF ACTIVITY BASED
INTEGRATION

With the great diversity of work environments and disciplines within construc-
tion, some difficulty will be encountered in establishing the activity as the
basis of communication. The technical mindset must be overcome in order
to use the construction activity as the basis for all informational processing.
Each work environment will have its own particular agenda relating to the
use of the activity. The estimating and budgeting areas may experience the
most difficulty.

Estimating is customarily done by trade groupings following some standard
job cost chart of accounts. Indeed, imbeded in the industry is a mindset
toward estimating by trade groupings and summarization by common work
types. By comparison, estimating by activity requires advanced preparation
of the roster of activities, which should be prepared basically in the same
format which subsequently will be required by planning and scheduling. The
roster of activities then becomes the basis for quantification and pricing.
Summarizations may still be made by traditional estimating methods. The
significant difference is that the pricing levels are smaller increments and,
therefore, somewhat more tedious. The principal benefit for integration of
cost and schedule control is that each activity can be separately budgeted
and separately scheduled. The ability to separately budget and schedule every
activity in the project is crucial to setting up a project for integrated cost
and schedule control.

Since estimating, budgeting, planning and scheduling comprise the major
tasks in setting a job up for production, the other major tasks to be performed
are the beneficiaries of this work. Since the communications interface among
other disciplines involve appropriate summarization of data, the difficulties
to be encountered here are less significant.

SUMMARY

The construction activity is indeed a viable candidate upon which to build
integrated cost and schedule control. It accurately reflects the way projects
are built in the field environment. There is no doubt that projects may be
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budgeted and scheduled by activities. All purchasing may be done by activities
and all other construction industry related procedures may be built around
an activity based approach to construction. The integration of cost and sched-
ule control by means of the activity is primarily a matter of incorporating
information concerning the way projects are built into the core for systems
integration.
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THE PROJECT STATEMENT OF
EXPECTATIONS

A major consideration in designing a system for integrated cost and schedule
control is the process by which performance will be measured or evaluated.
Since control implies the ability to influence outcome, the processes for mea-
surement of performance must provide current valid information on actual
performance. Current valid information on actual performance, however, is
not of itself sufficient. What is also required is some clear, well articulated
performance models or set of performance standards against which actual
performance may be measured. It is not sufficient to know, for example,
that the actual performance is 100 units, that the actual cost per unit is
$10, and therefore the actual cost is $1,000. This actual performance data
becomes relevant only when we know in advance that we expect to place
100 (or whatever) units and that we expect to expend $10 per unit, for a
total cost of $1,000. With information on both expected performance to be
and actual performance, we can generate measurements which compare (usu-
ally as ratios) actual performance to planned performance.

PERFORMANCE CALCULATIONS

The example given of 100 units at $10 per unit equals a cost of $1,000
represents an example of the simple quantity times unit price equals cost
algorithm common to both estimates and budgets. If, for example, 120 units
were actually required to be placed rather than 100 units, it is possible to
calculate quantity performance by comparing actual to planned:

Actual quantity/planned quantity = 120/100 = 1.2

The 1.2 represents a quantity performance ratio (QPR) indicating that
20% more product was actually required to be placed than planned. If the
actual cost, however, per unit was $8 instead of $10 as planned, a unit price
performance ratio (UPPR) could be calculated.

Actual unit price/planned unit price = $8/310 = 0.80
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The 0.80 represents a unit price performance ratio of .8 and reflects a
unit price performance 20% below the planned performance ratio. A further
comparison may be made by comparing the total cost of actual performance
to the total cost of planned performance. The following formulas show these
calculations:

Actual cost performance = 120 units X $8 per unit = $960
Planned performance = 100 units X $10 per unit = $1,000

The calculation of the cost performance ratio (CPR) for a total cost may
be calculated:

Actual total cost/planned total cost = $960/$1,000 = 0.96

The solution, 0.96, represents the (total) cost performance ratio of the
activity and indicates that while the quantity performance was 20% over
planned and while the unit price performance was 20% below what was
planned, the net cost of the activity is at 4% below planned or budget.

The purpose of these illustrations is to demonstrate that quantity and unit
price issues are more interesting and revealing than total cost comparisons.*

In a similar way, performance with respect to time required to perform
each activity may also be made using the same illustration. Assume a 10
unit per day placement rate:

Total quantity/quantity planned per duration unit
= 100 units/10 units per day = 10 day duration planned

Similar comparisons may now be made for time performance as have al-
ready been made for cost. The quantity performance ratio, of course, is unaf-
fected when comparing quantity to quantity for time calculations. Quantity
performance ratio remains at 1.2. For purposes of illustration, assume actual
rate of placement equal to planned rate of placement. The rate of placement
ratio is calculated as follows:

Actual rate of placement/planned rate of placement
= 10 units per day/10 units per day = 1.00, unit placement ratio

This unit placement ratio indicates that the rate of placement actually
experienced equals the rate of placement planned. An interesting comparison
occurs when the total times are compared:

* The cost performance ratio alone would indicate satisfactory performance while ignoring a
significant quantity problem.
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Actual quantity/rate of placement per day
= 120 units/10 units per day = 12 days

Planned quantity/planned rate of placement
= 100 units/10 units per day = 10 days planned duration

The time performance ratio for overall time may now be compared:

Actual activity duration/planned activity duration
= 12 days/10 days = 1.2, time performance ratio

It is worth noting that the 1.2 time performance ratio may be explained
either by a variance in quantity, actual compared to planned, or by a variance
in the rate of placement, actual compared to planned. This kind of detail
gives considerable visibility to actual performance and provides the kind
and quality of information necessary for effective cost and schedule control.

THE IMPORTANCE OF THOROUGH PROJECT PLANNING

The examples given serve to illustrate that more is required than high quality
contemporary actual performance data. If, for example, it is known that
the actual cost was 120 units placed at $8 per unit for a total cost of $960,
the obvious question is, “So what?” Without the knowledge that planning
calls for placing 100 units at $10 per unit for a total cost of $1,000, the
actual performance data for integrated cost and schedule control is meaning-
less. While 120 units at $8 per unit, or $960 in all, represents high quality
job cost information, only in the context of how the actual activity perfor-
mance compares to the planned performance can relevant and meaningful
information may be generated.

Master Planning Checklist

Most construction projects will undergo some kind of planning prior to con-
struction. Basic planning, no matter how crudely or informally carried out,
involves four basic areas of consideration and four related questions to be
asked. Exhibit 3-1 provides a summary planning checklist which may serve
as a basis for the major considerations of project planning.

Each of these questions is answered either formally or informally during
the course of the completion of every project. On the assumption that time
and energy must be expended to plan how the project will be built, to analyze
the resources available for its construction, to determine the schedule for
the construction of the project, and to establish the expected cost of the
project, the question which should be raised is:
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Exhibit 3-1. Master Planning Checklist

1. Planning. How will the project be built?

2. Resources. What resources are required and are available to complete
all activities required to complete the project?

3. Schedule. Based on the way in which the project will be built, the
resources available, and a specific start time, when will the project be
completed?

4. Budget. Based on the quantities of product to be placed and the quality
required by the specifications, what is the fair value cost of the project?

When is the most effective time to attend to these tasks so that the maximum
benefit may be derived from the effort expended?

Clearly, the answer to the question is that the entire planning process
should be completed as early as is practical. The latest acceptable time would
occur prior to the commencement of construction and expenditure of re-
sources. The next question is:

How detailed should planning be?

Thorough planning is obviously required for the expeditious and economical
completion of the project. Thorough planning, however, implies detailed plan-
ning. While detailed planning is certainly required, the amount of detail to
be included in the project plan requires further consideration. As noted earlier,
the original critical path methodology holds that more detail is better; thus
choosing the appropriate level of detail for the planning, scheduling and
budgeting of a project, becomes a major consideration. Experience within
the construction industry recently has led to a practical guideline for the
amount of detail to be included in the project plan, the project schedule,
and the project budget. The maximum amount of detail to be included in
the planned schedule and the budget is the level of detail at which control
is to be asserted and the project strategy implemented. In simpler terms,
the project should be planned the way the contractor intends to build it
with sufficient detail for controls, but no more detail than required to control
the project.

THE PROJECT STATEMENT OF EXPECTATIONS AS A MASTER
PLANNING STRATEGY

The project statement of expectations including a plan, schedule, and budget
provides a sound basis for building a master project planning strategy. When
the plan for building the project is clearly articulated, comparisons to how
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the project is actually being constructed may be made conveniently. When
the calendar-dated schedule is set for the project and for each activity within
the project, comparisons to actual time performance may be made easily.
The same is true with respect to the cost performance of the project. The
project statement of expectations for the plan of building the project, for
the schedule, and for the cost of the project provides the framework for
asking the question essential to integrated cost and schedule control:

How is the project performing compared to how it was planned or expected
to perform?

The master planning of a project must cover all aspects of the project.
While the statement of expectations is usually directed toward controlling
cost and schedule, other aspects of the project require planning with equal
care.

PLANNING FOR ADMINISTRATION

Planning for the proper administration of contracts, subcontracts, and pur-
chases does not customarily receive the attention that it desires. Effective
contract administration with respect to changes as well as routine matters
such as collection of payments are significant issues in cost and schedule
control. They are especially important when cost and schedule control are
to be integrated. It is difficult to control the schedule of the project when
there continue to be unresolved questions concerning the performance of
the project. It is equally difficult to control the cost of the project when
significant additional costs are being incurred without the basis for compensa-
tion being properly established. Planning for contract administration involves
a thorough knowledge of contract requirements and the presence of adminis-
trative procedures which routinely and efficiently carry out contract adminis-
trative tasks. Procedures for effective contract administration may vary signifi-
cantly among different organizations. What should not vary is the timely
handling of all necessary administrative tasks required by the contract.

PLANNING FOR FIELD CONSTRUCTION

Field construction is at the very center of the construction enterprise. This
is where production is accomplished, the major battlefield where issues of
productivity and of cost and schedule control are determined. Planning for
field construction is of paramount importance because when properly done
it provides the foundation for integrated cost and schedule control throughout
the entire construction enterprise.



42 |/PREPARING A PROJECT FOR CONSTRUCTION

The way in which field construction is accomplished is worth noting. When
recognized, this can form the basis for integrated cost and schedule control,
both of which concern the ways in which resources are applied to the accom-
plishment of work in the field.

First, all resources (whether supplied by subcontractors or principal ven-
dors, suppliers, or in-house capabilities) are applied in the field environment
on an activity by activity basis. For example, when the plumbing workforce
arrives at the job, they are not assigned to perform ‘“‘the plumbing.” They
are assigned to specific activities within the plumbing work package such
as rough-in toilet rooms, first floor; or set fixtures, third floor. Similarly,
when the carpentry workforce is assigned to the project, the carpentry supervi-
sion is not told to perform the carpentry work. They are assigned to specific
activities within the carpentry work package such as to complete the rough
framing for the mansard roof or to hang the doors on the east wing, second
floor. Since competent supervision will assign workforces in the field environ-
ment activity by activity whether or not a formal plan for the work by
activities exists, the argument for planning this way becomes very compelling.

The second characteristic of the application of resources is that each re-
source is assigned on a specific time interval basis which will vary with the
size and complexity of the job—from a daily to perhaps a weekly time frame
as determined by the general supervision on the job. The actual activity
work assignments, however, are made by immediate supervision on a daily
basis.

With recognition of how work is accomplished in the field environment,
it seems logical that planning for field construction should anticipate actual
construction for maximum validity in the planning process. This means that
the planning for field construction should be accomplished on an activity
by activity basis with resources assigned on a short interval basis (usually
daily).

The recognition of these two factors is a major step forward leading to
integrated cost and schedule control They meet the basic criteria of planning
the way the project is intended to be built and to build the way the project
is planned. It is also noteworthy that planning by activity and assigning
resources daily is a very close match to the way in which the critical path
methodology is developed for planning, resource analysis, and scheduling
of construction projects. While it is possible to use any planning and schedul-
ing method for integrated cost and schedule control which deals with the
activities of the project and the duration of each activity based on available
resources, the critical path methodology anticipates these requirements and
can be, therefore, very effective in planning for field construction.

In using the critical path method for planning and scheduling a construction
project, the major problem is selecting the appropriate level of detail to be
included in the critical path network or arrow diagram. The key to this
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problem is to select activities which are generally sufficient in detail and
sufficiently short in duration to be meaningful while, at the same time, not
encumbering the schedule with greater detail than will be used for production
control. Clearly, the key to planning for field construction is the creation
of a roster of activities with activity descriptions of sufficient detail (but
not too detailed) which relate to the way in which the resource will be assigned
in the field environment.

Planning and scheduling by activity for field construction requires the
formal articulation of the project plan. This requires considerable front end
planning of the project, not commonly the practice in the industry. In order
to deal appropriately with preplanning, the project plan or strategy is repre-
sented by a logic network diagram and must have sufficient flexibility to
allow for normal field variances while at the same time forming the basis
for not only schedule control but cost control as well.

PLANNING FOR RESOURCE REQUIREMENTS

The critical path methodology allows for the independent planning of a project
once the roster of activities for the project has been generated, without regard
to the resources available to perform the work, the consequent duration of
each activity, or the actual schedule for the project. This clear and definitive
separation of planning tasks from resource analysis and scheduling calcula-
tions is one of the particular niceties of the critical path methodology not
conveniently found in other planning and scheduling techniques.

Once the plan for a project has been completed and articulated in the
form of a logic network or arrow diagram, two kinds of resource analyses
may be made. The first of these concerns a resource and the rate of application
of that resource to the completion of each activity. The concept of usual
practical resource is used to determine workforce size for labor activities.
With each activity budgeted separately, the calculations to determine duration
are relatively straightforward. An example of these calculations follows:

Assume a labor activity is budgeted at $12,000; this consists of 120 units
at $100 each = $12,000. Assume that the workforce required is 10 and
the average wage rate is also $10. The cost per workforce hour = 10 X
10 or $100 per workforce hour. At 8 hours per day, the cost per daily
duration unit = 100 X 8 or $800 per day.

Duration may be calculated as follows:
Total budgeted cost/cost per duration unit

= $12,000/(10 workers X $10 per hour X 8 hours per day)
= $12,000/3800 per day = 15 days.
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In the case of those trades where cost estimating is manhour based, the
estimated manhour data may be used directly to calculate duration. It is
clear, however, that the duration of any activity is a function of the resource
available for its performance. Two criteria determine the rate of application
of that resource: (1) the customary or usual resource, and (2) the practical
limitation of the work environment. In calculating duration, each activity
is considered independent of all other activities.

In a construction project of any complexity or duration, calculation of
duration for individual activities does not take into account the demand
that may be placed on the same resource for performing two or more concur-
rent activities. When this occurs, the question to be resolved is whether or
not additional resources are available or whether resource leveling will be
required. In either case, the issue of resource analysis becomes an important
one in project planning even though the initial concept of planning may
assume unlimited resources. Resource analysis is required in order to give
validity to the overall planning for the project.

PLANNING THE BUDGET FROM THE ESTIMATE

The budget is the project cost statement of expectations. The budget is derived
from the estimate, with the level of detail included in the budget taken from
either the planning and scheduling requirements or from the cost control
requirements, whichever are greater. In either case, the roster of activities
used for planning and scheduling and that used for budgeting must be indenti-
cal. It is through the common roster of activities for both budget and schedule
that the foundation for systems integration is developed.

Preparatory to developing the budget from the estimate is creating the
roster of activities for the project—the first priority. Once the roster of activi-
ties has been prepared, the estimate is then converted to the budget by assign-
ing quantity, unit price, and cost to each and every activity on the activity
roster. The standard estimating/budgeting algorithm is used:

Quantity X unit price (quality) = cost

Beyond dealing with the roster of activities, two major issues which need
to be taken into account when converting an estimate to a budget are the
more detailed evaluation of the resource requirements for each activity and
the provision of a basis for both cost and schedule control by activity. Several
examples have already been given for the quantity unit price equals cost
algorithm.

An additional consideration is the way in which activities in the budget
will be grouped into work packages. When each activity is dealt with individu-
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ally, the work package assigned to a subcontractor, principal vendor or sup-
plier consists of some subset of the master roster of activities. This subset,
when grouped and totaled, comprises the budget for that particular work
package. The grouping of items or activities into work packages will depend
on the common practices of subcontracting within a particular geographic
area and the ways in which subcontracts and purchase orders to principal
vendors are negotiated. This methodology provides for the budgeting of indi-
vidual activities summarized to work package levels and also provides the
basis for actual purchases to be compared with budgets not only at the work
package level but also at the indivdual activity level.

THE BUDGET AS A COST STATEMENT OF EXPECTATIONS

Planning of the budget from the estimate allows the opportunity for complete
review of the costs of the project; where duplications have occurred in the
estimating processes, these may be eliminated. Errors or omissions picked
up in the original estimates should be corrected in the budgeting process.
Risk factors which have been assumed in the estimating processes may be
isolated as separate activities to allow for contingencies rather than built as
contingencies into each budgeted item.

When the budget has been formalized and acknowledged by all interested
parties, it should fairly represent a cost statement of expectations. The budget
should be realistic and achievable. It should serve as the basis for all cost
control issues relating to the project. For items to be purchased through
subcontractors or principal vendors, the budget should serve as the purchasing
guideline, the objective being to purchase at or below budget. For those
activities performed using the organization’s own resources, the budget should
serve as the clear basis for measuring performance. In general, the budget
should serve as the overall cost control vehicle, which in turn should be
viewed as an independent function separate from job cost accounting. Cost
control using the budget as the basis for comparison should routinely provide
contemporary cost information and provide information on trends and the
cost performance of the project.

PLANNING THE EXPECTED SCHEDULE

One of the niceties of the critical path methodology is that it allows the
complete separation of planning and budgeting from scheduling. Part of the
information required for scheduling comes from the calculations dealing with
the duration of each activity. The separate resource analyses should be ad-
dressed at the time these calculations are made to determine if it is necessary
to utilize other available methods to balance resource requirements. Once
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these planning tasks have been accomplished and the scheduling calculations
made to establish the duration of each activity, two additional steps are
required to formally establish the planned or expected schedule for the project.

The first of these is to perform the classic critical path method forward
and backward pass calculations. These establish the time earliest (TE) and
time latest (TL) for each event in the logic network diagram. Chapter 9
provides an elementary overview of the critical path method.

These also establish the time boundaries for each activity including early
start (ES), late start (LS), early finish (EF), and late finish (LF), and establish
the critical path throughout the project. The critical path indentifies those
activities which, based upon the project plan, will control the overall duration
of the project.

The second step in setting the project schedule is calendar dating. It is
worth noting that the calculation of time boundaries is expressed in duration
units and is independent of calendar dating or the schedule of the project.
This is a particular nicety of the critical path method because it allows estab-
lishing the time boundaries very early in the planning process, when the
scheduled start date may not be known.

When the prerequisites to the commencement of field construction are
accomplished and the actual start date is known, the schedule for the project
is set by establishing the calendar date for the start of work. Establishing
the calendar date for any activity or event throughout the network will auto-
matically establish the calendar dates for all of the remaining events and
activities. Typically, the start date is established and the calendar dates are
carried forward through the completion of the project.

It is also possible to establish the probability of meeting any expected
milestone using critical path analysis. For example, given a calendar comple-
tion date for a project, it is possible to validate that completion date by
comparing the planned calendar date start with the current calendar date.
If the planned start date is later, the project can be completed within the
planned time.

THE SCHEDULE AS A TIME STATEMENT OF EXPECTATION

The schedule for the project (especially one which has been logically derived)
not only provides a very detailed time statement of expectations for the perfor-
mance of the project but also provides specific calendar dating to establish
the time performance boundaries of every event and activity throughout the
project. The logic network diagram used in the critical path method, however,
tends to be somewhat confusing since it does not contain the calendar dates
for the start and completion of each activity. The preferred current practice
is to complete the critical path analysis using the logic network diagram
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and then to convert the logic network diagram to a time scale network for
production control purposes. The time scale network has the characteristics
of the typical bar or Gantt chart schedule in that it shows calendar dated
start and completion while displaying this information on an activity rather
than a trade basis. The time scale network is the preferred vehicle for display-
ing the time statement of expectations for the project.

The time scale network, calendar dated, has many useful functions. Particu-
lar occurrences such as completion of foundations, completion of the weather
envelope, and similar items may be highlighted in the form of milestones
on the time scale network.

The time scale network also has other values as a project statement of
expectations. For example, from a purchasing point of view, each event which
marks the beginning of a significant product placement in the field, such as
structural steel, indicates the need for that material being on the job site at
that calendar date. This means that the calendar date for the delivery of
every product required for the job is clearly established with the time scale
network, certainly a significant time control vehicle for purchasing. With a
reverse sequencing analysis from the delivery event, it is possible to determine
the probability of the product being at the job site when required—an addi-
tional significant advantage of the schedule as a time statement of expectations.
The schedule should clearly represent the overall expected performance of
the project in terms of time. It should also provide the basis for comparing
actual performance to planned performance.

THE BUDGET AND SCHEDULE AS PERFORMANCE MODELS

The budget and schedule have been presented as statements of expectations.
As such, they provide all interested parties with a clear indication of the
expected performance of the project in terms of cost and time. In an integrated
cost and schedule control system, the budget and schedule may also be consid-
ered as planned performance models against which actual performance may
be measured. The use of performance models is an important consideration
in any integrated cost and schedule control system. The standard for compari-
sons may be verbalized in the question, “How are we doing compared to
how we planned to do?” This is expressed arithmetically as a formula for
performance ratio calculations:

Actual performance/planned performance = performance ratio
When the performance models are planned on the basis of the way in

which the project is expected to be constructed, they become effective produc-
tion control tools. When data on actual performance is captured in the identi-
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cal way and format as the planned data is presented, simple ratio calculations
provide a quick and simple way of creating performance information on
the project as performance ratios. The ratio calculations represent a powerful
method of creating management information when actual performance is
to be compared to the performance models.

LEVEL OF DETAIL AND SUMMARY REQUIREMENTS

For continued usefulness as well as validity, performance models which are
generated on an activity basis for both cost and schedule must be planned
at the level at which the work is expected to be performed. The level of
detail included in each activity continues to be a key issue in integrated
cost and schedule control. Descriptions of work which are too gross will
not provide vehicles for control; descriptions of work within activities which
are too fine will provide more detail and information than is useful. To
repeat, the level of detail for control purposes required by either budget
control or schedule control is the most important consideration in establishing
the roster of activities.

The technical nicety about using a roster of activities to set the level of
detail at which the project will be controlled and at which the schedule
will be implemented is that any summary level may be made conveniently
for all informational requirements. Activities may be summarized into work
packages relating to the way in which subcontracting and purchasing are
accomplished. Summaries may also be made by trade groupings for convenient
cross-referencing of the contract drawings and specifications. Further, sum-
maries may be made of the specific resources to be used in the performance
of the work, for example, labor, material, equipment, subcontracts and princi-
pal vendors. And time related summaries may be made. For example, all
the activities to be performed during a particular time frame such as a billing
period may be conveniently summarized, to provide very useful information
on cash management requirements.

Experience repeatedly indicates that it is easier and more convenient to
work with an appropriate level of detail, summarizing as required, than to
begin with gross figures and to attempt to break these down accurately.
The appropriate level of detail for summarizing is yet another key to integrated
cost and schedule control.

EVALUATING THE STATEMENT OF EXPECTATIONS
FOR VALIDITY

The processes involved in preparing the statement of expectations for the
cost and schedule control of a project are well defined. The analytical tools
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available for creating the statement of expectations are also well defined. A
rather common error in these detailed analytical processes is the assumption
that because the methods are intricate the output is valid. For example, an
early assumption with regard to the critical path method was that planning
the project using the critical path method would automatically result in
control of the schedule. The analytical processes gave the appearance of
validity and of control, which might have not been warranted. On the contrary
any statement of expectations must be constantly evaluated and its validity
continually reconfirmed. To the extent that validity is reconfirmed, the project
statement of expectations becomes a useful working tool for production man-
agement. To the extent that validity appears to be weak or defective, the
statement of expectations must be adjusted, amended, or revised to assure
its validity.

Neither does control automatically result from detailed planning, schedu-
ing, or budgeting. Control results from diligence in monitoring of actual
performance processes by comparing these to planned performance. This
diligence must be directed first to identifying adverse trends in performance;
second, to designing corrective measures to change or control the adverse
trends; and third, to implementing the corrective measures. Continued dili-
gence is required to monitor the consequence of the corrective measures to
see that the planned objectives are, in fact, the objectives being achieved.

Evaluating the validity of the statement of expectations also requires a
continual update of schedule information based on actual performance. It
is clear that the work which can be performed for a specific calendar week
is less dependent on what may have been shown for that week in a schedule
prepared months earlier than it is on actual current performance and on
what was, in fact, completed the week previous. Continual updating to accu-
rately reflect current performance is essential to maintaining the validity of
the statement of expectations.

SUMMARY

The project statement of expectations is prepared by a process which results
in the schedule as a time statement of expectations and in the budget as a
cost statement of expectations. As these are established and their validity
confirmed, the budget and the schedule become planned performance models
against which actual performance may be measured. The time statement of
expectations and the cost statement of expectations as represented by the
schedule and budget makes possible integrated cost and schedule control.
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SINGLE DATA CAPTURE AND
INTEGRATED SYSTEMS

There are certain basic considerations involved in integrated cost and schedule
control systems. The general procedures for creating useful management infor-
mation require that certain minimum raw data be collected on a timely basis,
and the information generated from the manipulation and processing of the
raw data must be summarized and distributed consistent with the informa-
tional needs of management.

BASIC CONSIDERATIONS

Several basic considerations of integrated systems similarly relate to single
data capture procedures. Economies of clerical time and effort become impor-
tant in systems integration. Data capture procedures must anticipate all raw
data needs and requirements prior to systems design. This consideration antici-
pates that raw data may be quickly and conveniently distributed to all manage-
ment information systems once the data has been captured.

ORIGIN OF “SINGLE DATA CAPTURE"

The term “single data capture” was developed in data processing. It is espe-
cially useful in integrated cost and schedule control systems whether these
are manual or automated. The two major factors are convenience and simplic-
ity in collecting raw data and the distribution of that raw data to all sources
requiring the data for processing.

PROCEDURES FOR SYSTEMS DESIGN

Procedures for single data capture systems design require a thorough analysis
of the sources of raw data and the kind of raw data to be captured. More
critical attention must be given to all of the other work environments which
require the raw data and the form in which that raw data must be presented
to each. Time invested in analyzing raw data sources and the use of the
data throughout integrated cost and schedule control systems will significantly
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improve the efficiency of such systems. The specific procedures for designing
single data capture processes are:

Identify all raw data sources supplying data into the system.

Identify all uses which will ever be made of that data.

. Design the data capture tools consistent with the needs for raw data.
. Capture raw data as close to the source in time and physical proximity
as possible.

PN

Note that these procedures require the least amount of restructuring of
data prior to its use. The suggested procedures are only a small part of the
overall design of integrated cost and schedule control systems. They are,
however, critical in maintaining a level of efficiency and usability in the
systems design.

THE NEED FOR PERFORMANCE INFORMATION

The need for performance information for management purposes involves
two general areas. The first of these relates to the budget for cost control.
The second relates to the schedule for time control. These two also represent
the two primary performance models used in the planning, scheduling, and
budgeting of a project against which all subsequent performance may be
measured. A number of illustrations could be cited to demonstrate the value
of single data capture of raw data. Imposing specific structure on the data
capture processes, however, is required. A key issue in systems integration
involves the capture of data in a form which is useful in all work environments;
that is, the data must be in a form immediately usable by all work environ-
ments without extensive recasting or reworking of the data.

In every case, the common vehicle for generation of the statement of expec-
tations on job performance is the activity. Activities relate in detail to the
way the job is planned and the ways in which that plan is implemented,
managed, and monitored. It is a convenient reference for the use of numerical
cost codes, descriptors, and other references throughout all the work environ-
ments.

Research has clearly identified that the production activity with the appro-
priate numerical cost code references and descriptors as the most discreet
informational unit within a construction enterprise. The activity is not only
the key to any realistic approach to integrated cost and schedule control; it
is equally important if the major clerical tasks associated with integrated
systems using single data capture are to be carried out in the most efficient
way.

Two kinds of performance information are critical to integrated cost and
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schedule control. The first of these is the performance information which
allows production management to measure actual performance against
planned performance. The second is the summary kind of management infor-
mation required for business management purposes. To determine the kinds
of raw data to be captured, it is necessary to have in place a budget for
cost control and a schedule for time control for any job to be undertaken.
These two provide the basis for designing single data capture procedures
from which raw data then can be quickly and conveniently processed into
the kinds of information required. The key in both cases is to plan for cost
control and schedule control in the way the project will be managed. Essential
to the process is capturing the data on performance in exactly the way the
project has been planned.

PLANNED VS. ACTUAL COMPARISONS

The most convenient way of generating production management information
from raw data is through the comparison of actual data to planned data.
These performance ratios allow production management information, the
most critical to controlling cost and schedule, to be generated and used while
there is opportunity to influence performance. Information for other work
environments, including management information, is less critical from a time
point of view, but is equally important to business management. Single data
capture anticipates all needs for raw data; and even when there are differences
relating to when the information is required, single data capture anticipates
that certain raw data will be required at some time in the future.

PERFORMANCE MODELS

The two primary performance models, specifically the budget and the sched-
ule, are required for production management. The consequence of production
management is required for management information. The primary purpose
of the derived or secondary performance models is to determine the conse-
quence of the budget and schedule. For example, the cost curve and the
production curve show the effect of the budget and schedule in terms of
cost accumulation and the value of that cost from a contract point of view.
The Schedule of Values curve shows the value work in place. The income
curve indicates cash income resulting from the budget and the schedule.
The cash requirements curve indicates when cash will be required and how
much. A comparison of the cash income curve to the cash requirements
curve will show the planned cash position of the job at any time. Chapters
7-12 deal extensively with all aspects of these performance models.

The planned data provides information on what is expected to happen.
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The actual data provides information on what is actually happening. The
single data capture procedures allow the raw data to be used by any of the
work environments when the data is required for processing.

FIELD PERFORMANCE AS A PRIMARY RAW DATA SOURCE

The major focus of the construction business enterprise is field construction.
Field performance is, therefore, a primary source of raw data. The single
capture of this raw data for all systems requirements is especially important.
The planning and scheduling processes will have resulted in establishing spe-
cific activity start completion dates. Data capture on field performance for
activities will be the actual start date of an activity which may be compared
to the planned start date and the actual completion date which may be
compared to the planned date.

The capture of raw data on payroll hours by activity is equally important
and illustrates the multiple need of raw data by several work environments.
Payroll, of course, requires reporting of payroll hours for processing. Actual
man hour requirements may be measured against planned man hour require-
ments. Job cost requires that payroll hours be converted to cost to compare
actual performance to planned performance.

Another kind of raw data to be captured concerns material deliveries.
The data required deals with complete deliveries as well as partial deliveries.

Field performance also relates to such items as additional work or changes
in the work and actions required to remedy defective work. Further, field
performance is the primary source of raw data on charges and backcharges
affecting the performance of subcontractors and principal vendors.

All of these are essential sources of raw data needed for performance
measurements.

PURCHASING AND SUBCONTRACTING AS A PRIMARY RAW
DATA SOURCE

Purchasing and subcontracting activities provide yet another significant source
of raw data. Of specific concern are the activities grouped into specific work
packages. The work package distribution as part of the resource for the
job is also essential raw data. The value of work included in work packages,
described by the value of each activity within the work package is also raw
data to a number of work environments. The terms and conditions of subcon-
tracts and puchase orders become essential raw data to the processes relating
to cash analysis and cash requirements. The terms and conditions of the
subcontracts and purchase orders control when payment is to be made and
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how payment is to be made, therefore become essential raw data to the
business management environment.

ACCOUNTS PAYABLE AND ACCOUNTS RECEIVABLE AS
PRIMARY RAW DATA SOURCES

Accounts payable and accounts receivable invoices are generally processed
by accounting. In the case of accounts payable, the raw data is received
from external sources in the form of invoices to be paid. Accounts receivable,
on the other hand, generates invoices in the form of accounts receivable to
the owner. Both represent raw data essential to preparing management infor-
mation on actual cash income and on cash requirements. This actual informa-
tion may be compared to planned information for further analysis.

DATA CAPTURE PROCEDURES

A number of data capture procedures and criteria tend to improve single
data capture for integrated cost and schedule control requirements. The first
of these is to anticipate all needs for raw data and to provide for the handling
or storage of raw data until it is required.

Another procedure which greatly simplifies single data capture is to plan
the job in the way that it will be built and managed. This procedure assures
that the actual raw data captured from field performance will match the
planned data. This matching of actual and planned performance data is espe-
cially helpful in generating production management and business management
information. Data capture instruments should be carefully designed so that
they anticipate all needs for data and are in keeping with the way the project
or job has been planned. The data capture instruments may be time sheets,
daily job reports, receiving and delivery tickets, and turnaround documents
reporting activity start, percent complete, and completion.

It is especially important that the capture of data be carefully matched
to the job plan. Each inconsistency will significantly add to the clerical effort
required in manipulating raw data before it can be processed into useful
information. In any event, every effort should be made to avoid the need
for restructuring or recasting raw data prior to its use in generating manage-
ment information.

DISTRIBUTION OF RAW DATA FOR PROCESSING

The distribution of raw data for processing purposes is an important consider-
ation in single data capture procedures. Some work environments tend to
claim ownership of raw data for which they have the primary need and
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responsibility. Single data capture, however, requires that all raw data is
shared and equally accessible to all disciplines. Data capture procedures struc-
tured in the data capture system represent the most effective way of providing
information and accessibility to raw data when needed by any of the several
disciplines.

Exhibit 4-1 shows the flow of raw data for processing. The primary sources
of raw data, which include field performance, accounts receivable, accounts
payable, purchasing and subcontracting, should feed into a data capture sys-
tem. The data capture system should have the capability of making accessible
the raw data from the primary sources to other informational areas.

For example, job cost should be able to access payroll hours directly for
conversion of hours to job cost without having to wait on payroll to produce
such information. Payroll hours are also a part of production control, giving
further reason that this information should not be tied in or made dependent
on the processing of payroll.

The control information system generally consists of payroll, production

Exhibit 4-1. Flow of Raw Data for Processing
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control and job cost, each of which makes significantly differing demands
on the identical raw data in terms of time. Each also provides additional
feedback into the data capture systems as its routine processing is accom-
plished. For example, since job cost requires payroll information on a daily
basis so that the job cost amount is available on a daily basis, certain informa-
tion is generated from payroll hours for job costing purposes prior to weekly
payroll. Then when the labor portion of job costs is processed through the
routine weekly payroll procedures, verification must be made that the formal
labor cost information coming out of payroll is consistent with that processed
through job cost.

The management information systems provide summary data from control
systems. A variety of summarizations including varying levels of detail will
be required in most business management environments.

SUMMARY

Single data capture procedures are a key to integrated cost and schedule
control systems. Properly designed, they allow for the most efficient way to
collect raw data on performance and to make that raw data available when
required to the variety of work environments and disciplines within the con-
struction business enterprise. Accessibility to raw data for processing to infor-
mation without unnecessary inter-discipline dependencies is especially impor-
tant. Equally important is anticipating the need for raw data throughout
the integrated system so that data may be captured on performance for all
purposes while the performance is underway. Care in designing data capture
procedures will result in efficient methods of collecting data for all informa-
tional requirements. Single data capture is dependent on the use of the activity
for all job related descriptors throughout all work environments. In data
processing environments, the utilization of single data capture procedures
and the automatic updating of all necessary files with single data entry are
relatively simple. Single data capture is equally valuable in manual systems
since it eliminates the laborious task of recasting data to translate raw data
from the language of one work environment to another.



5
MANAGEMENT INFORMATION SYSTEMS

Management information systems (MIS) is one of those terms developing
out of the data processing environment. Definitions of management informa-
tion systems vary widely in different industries and in different work environ-
ments within specific industries. The timeliness and use of management infor-
mation also varies widely. Within the context of integrated cost and schedule
control, management information systems provide information to manage-
ment contemporary in nature, valid within an acceptable variance, containing
only the kind and depth of information required by management for manage-
ment purposes.

HISTORIC OVERVIEW

One of the more significant impediments to understanding contemporary
management information systems comes from pre-data processing perceptions
of management information. Historically, management and accounting infor-
mation have been considered synonymous. Job costs have been considered
a part of accounting information which provided management information.
As a result, an inappropriate dependency for valid information on project
performance has developed around the accounting functions. In examining
most construction business environments, however, it quickly becomes appar-
ent that the historic nature of most accounting and job cost information
systems makes this kind of information unusable for contemporary manage-
ment purposes.

Typically, accounting and job cost information 1s geared to monthly cycles.
The output from these information systems may typically be two to four
weeks outside the performance period. This means that job cost information
coming through formal accounting procedures could present data to manage-
ment 60 days out of phase with actual performance—simply not acceptable.

Such historic information, while essential from an accounting and financial
management point of view, is of no real value in the day to day management
of the business enterprise. It is of even less value to both field construction
and project management, where demands for contemporary information on

57

F. W. Mueller, Integrated Cost and Schedule Control for Construction Projects
© Van Nostrand Reinhold Company Inc. 1986



58 I/PREPARING A PROJECT FOR CONSTRUCTION

performance continues to be essential to identify adverse trends in both cost
and production performance. Better management information systems meth-
ods can and should provide contemporary information while performance
is underway, allowing adverse trends to be detected and corrective action
implemented while the outcome of performance can be influenced.

INDUSTRY DEMANDS

The urgent need for contemporary information in the construction industry
pertaining to both cost and schedule performance has created the more specific
demand for effective management information systems. These management
information systems, while using the same raw data base as financial and
accounting, are contemporary in nature. The information they provide differs
materially in timeliness and content from the historic information provided
by accounting information systems. For efficiency, MISs are designed to take
advantage of single data capture of raw data. The raw data itself is distributed
to financial and accounting for financial information systems and separately
distributed to management information systems for immediate processing.
MISs provide immediate (daily or weekly) cost and schedule performance
information for field construction, project management, and business manage-
ment.

Single data capture becomes crucial in maintaining the clerical efficiency
of both the management information systems and accounting information
systems. Sharing raw data is accomplished through properly designed data
capture and distribution processes which clearly recognize the distinctly sepa-
rate needs for (contemporary) management and (historic) accounting informa-
tion.

Separate processing of raw data for management information makes possible
the provision of daily and weekly data on both cost and schedule perfor-
mances. Daily and weekly information on production performance can be
provided similarly.

CONVERTING RAW DATA INTO
MANAGEMENT INFORMATION

As we have seen, management information in the context of integrated cost
and schedule control must be contemporary, valid within an acceptable vari-
ance, and presented in the form required. The processes by which raw data
is converted into management information are of particular importance in
the design of a management information system.

It is not sufficient for field construction to know how much has been
expended in performing certain activities. It is not sufficient to know which
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activities were started and were completed during the reporting period. Nei-
ther is it sufficient to know the value of product placed during the reporting
period.

One of the fundamental functions of integrated cost and schedule control
is the creation of performance models embodying expected performance
against which actual performance may be measured. What is lacking is some
method which allows comparisons to be made between actual performance
and planned performance. In this context, three questions may be raised
concerning the three measures of performance:

1. Cost Control. How much was spent compared to the amount planned
to be spent during the reporting period?

2. Schedule Control. How do actual start and completion dates for a given
group of activities compare with planned start and completion dates
during the reporting period?

3. Production Control. What is the value of production product in place
compared to the value of product planned to be put in place during
the reporting period?

These three questions are keyed to certain elements of a management infor-
mation system. They can be answered only if there is a clear statement of
what is expected (or planned), and if there is a basis for measuring actual
performance against planned performance.

PERFORMANCE RATIOS

The foregoing questions focus attention on a significant and novel concept
which allows the quick manipulation of raw data into useful management
information—simple ratios comparing actual performance of various kinds
to planned performance.

In terms of cost and schedule control and of production, these comparisons
may be identified as the cost performance ratio (CPR), the time performance
ratio (TPR), and the production performance ratio (PPR).

Since the idea of scheduling and budgeting by individual activities has
already been presented, the framework is now in place to enable direct compar-
isons between actual performance and planned performance in these three
control areas. The keys to a workable management information system in
these three areas are planning by activity, assigning resources in the field
by activity and capturing data on performance by activity (cost, time, and
production) so that comparisons may be quickly and directly generated with
the minimum manipulation of raw data.

An illustration at this point will prove helpful. For example, assume that
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the actual cost of performing an activity is $900 as reported by the data
capture procedures. Assume also that the budget for that activity is $1,000.
From these data, conclusions about cost performance of this activity may
be drawn quickly and accurately simply by dividing the actual expenditures
by the budget:

Cost performance ratio (CPR) = 900/1000 = 0.90

The result of this computation provides immediate information on the
cost performance of this activity as a cost performance ratio (CPR). The
CPR of 0.90 indicates that the activity has been performed at 10% below
the budget.

Available, then, through this process is an immediate conversion of raw
cost data into management information in the form of a cost performance
ratio.

In such cases, the actual expenditure for the completion of an activity, a
work package, a trade group, or any other summary group of activities is
divided by the budgeted value for that activity or group of activities. The
result of the calculation, a cost performance ratio, compares the actual perfor-
mance to a standard, here cost vs. budget. Similarly, this same process may
be applied to the activities assigned to a subcontractor on a job where the
work package consists of a subset of activities in the master budget. Once

Exhibit 5-1. Percentage Completed and Value of Product in Place
through a Particular Period

THE ABC SUBCONTRACTOR, INC.

(1) (2) (3) (4)
WORK PACKAGE PAYMENT PERCENT (%) VALUE IN
ACTIVITIES SCHEDULE COMPLETE PLACE

1 $10.000 100.0 $10.000

2 16,000 66.7 10.000

3 20.000 50.0 10.000

4 30.000 25.0 7.500

Totals $76,000 50.0 $37.500
(5) {6) (7)

Exhibit 5-1 illustrates sources of data. calculations, and output for this kind of management informa-
tion process. In this illustration, column (2) represents the value assigned to each activity. the total
of which, item (5), is the subcontract amount. Column (3) contains the percentage completed for
each activity reported by field production. Column (4) is column (2) multiplied by the decimal equiva-
lent of column (3) and is the value of product in place, the total of which, item (7). is the total
value in place for the work package. This amount, by the way. is used for verifying subcontractor
requisitions and vendor invoices.
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these activities have been carefully budgeted and scheduled, the performance
ratios may be quickly and easily calculated.

The same actual performance data has other important uses in converting
raw data to useful management information. For example, the percentage
of completion of any subcontractor work package can be calculated directly
from actual performance data. This procedure is applicable when using either
the completed activity (100%) for validating invoices from subcontractors,
or percentages of completion for individual activities.

The percentage of completion for the entire subcontractor work package
item 6 is equal to the total of the percentage values of all activities divided
by the total value of the subcontract package. Many other similar applications
may be developed for generating useful management information.

Similar calculations may be developed for both schedule control and pro-
duction control and will be further developed.

SUMMARY LEVELS AND AUDIT TRAILS

There are several basic issues which need to be dealt with in the design
and development of management information systems. These involve manage-
ment by exception procedures, summary levels, and audit trails. It is not
correct to assume that the more information (or detail) available to manage-
ment, the better. The efficient use of information presented to management
requires that that information be presented at appropriate summary levels,
that exceptions to planned or expected performance be highlighted, and that
audit trails are available for investigation of exceptions by management.

Typically (perhaps unfortunately), good management must focus on bad
performance since it is in these areas that corrective action is required and
will be most effective. For example, in a typical job of 100 activities, 95%
or more of the activities will usually perform in terms of cost, time, and
production as they were planned to perform (within an acceptable tolerance).
An effective management information system will confirm for management
this satisfactory performance with no other management attention or action
required. The remaining 5% or so of activities are those requiring management
attention. Effective management information systems, then, will highlight
these activities and will provide the audit trails through the informational
processes so that management may identify the source of the problems, take
corrective action, and consequently maintain effective control.

In addition to timely information, some structure for summarizing manage-
ment information is especiallly important. There appears to be a structure
for summarization which can provide a convenient way of presenting manage-
ment information at an appropriate level of detail while retaining enough
flexibility to permit further investigation.
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CORPORATE STRUCTURE

To help examine methods of summary, a typical simple corporate organization
is presented in Exhibit 5-2.

This organizational structure assumes an overall corporate responsibility,
managed through three regional offices, each of which has several satellite
offices under its direction. Reporting to each satellite office are several project
managers, each in turn responsible for several projects. Each project consists
of a roster of activities which is included in the project’s planning and schedul-
ing.

Through this structure, it is clear that the information required by project
management with respect to each job and the activities within each job is
much more detailed than the management information required for the satel-
lite office, primarily concerned with the overall work of each project manager.
It is also clear that management information for the satellite office could, if
desired, examine details of a given job under the direction of a specific project
manager, should that be of interest. Similarly, the management information
required at the regional level is not as detailed as that required at the satellite
level. It is also true, however, that the regional office could examine detail

Exhibit 5-2. Corporate Organization Related to Management
Information from Many Levels

Corporate MIS
(Summary)

Region 1 Region 2 Region 3
2 Satellites ’L‘ﬁl?
lﬁ————' (Local Summary) .

Project Manager
(PM Summary)

(Work Package Summary)

{Single Job Summary)

Activity 3
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within any of its satellite offices or even individual jobs, should either level
of examination be of interest. It follows that the amount of detail required
by regional management relating to the satellite offices would not be the
same as that required by corporate management pertaining to the performance
of the regional offices.

This summary structure provides a key to effective management information
systems which present summary detail but clearly retain an audit trail to
whatever level of detail may be of interest to any specific level of management.

MATRIX OF SUMMARY LEVELS

Based on the corporate organization just presented, a clear definition of sum-
mary levels emerges, beginning with five: project management, satellite office,
regional, and corporate.

Exhibit 5-3. Matrix of Summary Levels

SUMMARY DETAIL DETAIL IS
LEVEL OFFICE LEVEL INCLUDED PART OF ENVIRONMENT RESPONSIBILITY
1 Local Lowest Individual Work Individual Subcontractor/
local activities package job vendor
Work Individual Local Project
2 Local ; .
package job office manager/
superintendent
Individual Individual Local Project
3 Local . ) .
job project office manager
manager
ascending
Multiple Individual Local Project
4 Local : .
jobs project office manager
manager
Muitiple Individual Local Production
5 Local . .
jobs subcon- office management
tractor/
} vendor
Highest Multiple Local Local Local
6 Local . )
local jobs office office management
jobs
. ional Allj All local Regional Regional
7 Regional Regiona jobs v oc egio egio
summary in region offices office management
in re-
gion
C at All ional  All re- Corporat
8 Corporate orporate regiona re opp e Corporate
summary summaries gional office management

offices
in
corporation
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Exhibit 5-4. Summary Flow From Individual Activity to Corporate
Management Information Summary

{Work Package Summary)

Activity
Activity
Activity

Work
Package

Work
Package

Work
Package

(Job Summary)

(Project Manager Summary)

(Regional Summary)

(Corporate Summary)

Satellite Region 1

Region 2 Corporate Management

Region 3 "\ Information Summary

In addition to defining the summary levels, we need to focus on the level
of detail required, where the information originates, the specific work environ-
ment, and the responsibility for management control in the office location.
Exhibit 5-3 presents the matrix of summary level.

The matrix of summary levels provides a clear yet simple overview of
the structure of summarization which should be a part of every management
information system. While specific organizations may differ, the summary
techniques remain essentially the same.

Presented in Exhibit 5-4 is a summary flow diagram for the accumulation
of information.

Note that the point of performance and control begins with an individual
activity within an individual job. The activity is summarized within the work
package. The work package is summarized within a specific job by a project
manager. This, in turn, may be absorbed into a multiple job summary by
the project manager, and then combined with all jobs for all project managers
to present a satellite office summary. All satellite offices within a region
may be further summarized to present a regional performance summary.
All regions then may be summarized to provide the corporate summary.

These eight levels of summarization present a clear picture concerning
how management information may be accumulated. Timeliness of the accumu-
lation of the information is, of course, a crucial factor. What is presented
here is an expansion of a management information structure which is effective
beginning at the level of an individual activity on a specific job and going
all the way through the corporate summary.
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MANAGEMENT REVIEW OF INFORMATION

Control assumes the ability to influence outcome. Management at any sum-
mary level will need to attend to the exceptions being reported to determine
what corrective actions may be necessary. The analysis flow presented in
Exhibit 5-5 indicates the flow of analytical procedures to investigate problem
areas for the purpose of implementing corrective action. The interest in investi-
gation may begin at the corporate level. If the first subordinate summary
level (going down) would be at the regional offices, management could identify
a specific regional office requiring management attention. Within the regional
office, a specific satellite office may require attention. Within the regional
office, a specific project manager may be experiencing difficulty which in
turn may be isolated on a specific job, or a work package within the job,
or a certain activity within a work package.

Parallel to the eight levels of summary flow, there are available seven
levels of analysis, to the individual activity on a specific job. This degree of
flexibility in management information is important because it allows the great-
est flexibility for management action.

TRAIL OF INVESTIGATION

One of the more difficult areas of management action is determining the
source of a problem, the nature of the problem, the magnitude of the problem,
and what actions, if any, are appropriate to the resolution of the problem.
The trail of investigation is an important management information resource
which allows quick discovery or disclosure of potential problem areas on a

Exhibit 5-5. Analysis Flow from Corporate Management Information
Systems through an Individual Activity

Corporate Management
Information Summary Region 1

Region 2
Region 3 Satellite

N\ Satellite
\ Satellite PM 1
—l
\ PM 2
\PM 3 Job 1
—_—
N2, work
\M' Package
—_—
Work
Package

) Work
Note: Summary groupings Package

shown on Exhibit 5-4

apply here also but are N\ Activity
omitted for simplicity. \ Activity

Activity
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timely basis. The trail of investigation should be designed into the management
information process.

OTHER KINDS OF SUMMARY INFORMATION

While the information presented focuses on job related performance in a
hierarchy, it should be apparent that other forms of summarization or other
groupings of performance elements can be built conveniently into a manage-
ment information system. For example, management at the project or satellite
level may want to evaluate the performance of subcontractors and principal
vendors. An additional summary level could be inserted (as done in Exhibit
5-2) into the matrix of summary levels to deal with multiple jobs which
are part of the work of one subcontractor or vendor in the local or satellite
environment under the control of production management. Obviously this
kind of summary can reveal much about the performance of specific subcon-
tractors and principal vendors. What makes these concepts of management
information systems workable is anticipating the kind of management infor-
mation which will be required, planning all of the production processes in
anticipation of management information requirements, and capturing data
for convenient summarization at any management level of interest.

SUMMARY

Management information systems must provide information to management
which is contemporary in nature, valid within an acceptable variance, presents
only the kind of information required and in the form required. They also
retain the capability of detailed audit examination at any level of interest
to management. These kinds of management information systems become
possible through the proper use of integrated cost and schedule control tech-
niques which focus primarily on control of a project but contain sufficient
detail level to allow structuring of management summaries.

The implementation of project strategies consistent with project planning
and the data capture procedures are also crucial elements in management
information systems. Where systems provide for a specific matching of planned
performance data and actual performance data, management information
may be presented in the form of performance ratios. These performance
ratios may be generated in any area of interest. In construction, these areas
of interest tend to be cost control, schedule control, and production control.

Management by exception procedures are especially useful when built into
management information systems since they allow the systematic separation
of acceptable performance and unacceptable performance. Since acceptable
performance usually consists of 95% or more of all activities being performed,
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the management information system should provide confirmation of this per-
formance. Exceptional performance, however, needs to be highlighted in some
way for management focus. These features combined provide the structure
for useful management information systems.

Management information systems utilized in the context of integrated cost
and schedule control are contemporary in nature. They are distinctly separate
from accounting information systems. They are designed to provide quick,
accurate, and contemporary information on job performance and to take
full advantage of the statement of expectations to measure performance. In
manual information environments, the calculation of perfomance ratios clearly
meets the requirement for simplicity. While computer environments are less
sensitive in terms of the clerical effort associated with manipulation of data,
the simple performance ratio, nonetheless provides direct and easily verifiable
management information for all major parameters of performance. These
are, of course, significant components of integrated cost and schedule control.



6
COMPUTER APPLICATIONS

No treatment of integrated cost and schedule control would be complete
without a discussion of computer systems. While this reference does not
deal specifically with computer applications for integrated cost and schedule
control, the techniques presented can be utilized manually or in a data process-
ing environment.

Computers are used literally for everything. They represent the new high
technology. Retail outlets throughout the country specialize in nothing but
computer hardware, operating systems, applications programs. Even with
senior management, the new status symbol is the personal computer.

Among the major capabilities of the computer is the facility for receiving
and keeping track of large quantities of raw data, distributing that raw data
through a wide range of work environments, manipulating the raw data,
and converting it into useful management information. The computer has
the capability of distributing both raw data and useful management informa-
tion throughout a wide variety of work environments. The capabilities associ-
ated with single data capture have already been discussed.

Computer capability relating to integrating otherwise dissimilar processing
requirements is of special interest. The full range of computer applications
including data processing techniques, programming methodology, along with
utilization of hardware, and its cost is so fluid that a detailed treatment of
current hardware and software applications may prove unproductive. There
are, nonetheless, certain basic issues of computer applications and data pro-
cessing relating to integrated cost and schedule control which are generally
unaffected by the technological development of hardware, programming and
data processing.

For example, the basic elements of managing the construction enterprise
remain essentially the same whether the information processing systems are
manual or computer based. The financial management and accounting of a
company are controlled by a mixture of management’s needs for information,
local and federal regulations, and tax requirements. Job cost accounting is
standard in the industry. Payroll must be processed and the appropriate
tax forms must be prepared and filed with the appropriate public agencies.
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What the computer represents in all of these situations is a powerful tool
having the capability of converting raw data into useful information quickly
and expeditiously, leaving management and administration freer to deal with
basic issues of conducting the enterprise.

GENERAL USE OF COMPUTERS IN THE
CONSTRUCTION INDUSTRY

When a construction organization seriously considers acquiring a computer
resource, three computer applications are usually first considered. These are
financial and accounting, payroll, and job cost. Computer capability for these
areas is well established. Beyond these initial areas, specialized computer
capability may be added for planning and scheduling, production control,
and estimating. These three areas, however, tend to be more specialized and
unique to each organization. The major concern which is only now being
addressed is the full integration of all of the subsystems within a business
environment. The special interest concerning systems integration relates to
the computer resource which frequently has the capability of doing signifi-
cantly more for the user than limited applications programs without integra-
tion would allow.

COMPUTER SYSTEMS

For the uninitiated, the term “‘computer system” has a certain mystery associ-
ated with it. An examination of the basic elements of a computer system
reveals that the computer mystique has developed more from lack of knowl-
edge than from any inherent quality of the computer.

A computer system consists of three major elements: the computer hard-
ware, the operating system and the applications programs. Each of these is
essential to the system. Each is also affected in some measure by changes
in technology. In older systems, for example, the operating system is wired
in as an integral part of the computer hardware. Contemporary hardware
design, however, separates the operating system, which is now largely a form
of software, from the computer hardware itself. This advance is technology
significantly improves the flexibility of computer hardware.

The Computer Hardware

Computer hardware includes the input/output devices used by the operator
to communicate with the computer and a central processor. Exhibit 6-1 shows
a typical basic computer system.



CATHODE RAY TUBE
{Input/Output)

KEYBOARD
(Input)

PRINTER
{Output)
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required by the operator. Storage media may consist of storage built into
the CPU itself, floppy disks, hard disks, and tapes. In summary, the hardware
may consist of input and output and storage devices, and may include a
CRT and keyboard, a printer, the central processing unit, and some forms
of storage media.

The Operating System

The operating system in a typical computer system consists of software con-
tained on some storage media and accessible to the central processing unit.
The operating system manages the computer resource, providing it with in-
structions on how to carry out the basic data processing functions required
by the applications programs. The operating system controls the total re-
source, managing the resource’s use. It also establishes priority of processing
when demands for the computer resource may conflict. Operating systems
are available in a wide variety of languages and formats, some of which
are hardware discreet (work only with particular machines) and some which
are more generic in nature.

The Applications Programs

Applications programs make up that portion of the system which actually
contains the instructions necessary to receive raw data, to manipulate raw
data, to store both raw data and information, and to present the information
to the output devices. Applications programs tend to relate to specific work
environments or disciplines. For example, financial and accounting programs
may include general ledger, payroll, accounts payable, and accounts receivable
capabilities. Separate applications programs may be utilized for planning and
scheduling, estimating, and budgeting. Job cost may be another separate
applications program. Specialized programs for management and production
control may also be developed. While some kinds of applications programs,
such as financial and accounting, have a long history of development, others,
such as estimating and subcontract control, tend to be user discreet.

Exhibit 6-2 provides a functional diagram of a computer system. The central
processor, or CPU, consists of the control unit and the arithmetic logic unit.
The main memory is associated with the CPU and provides space required
for three specific systems functions. The first of these is the operating system,
previously described, and the applications programs. These two combined
are referred to as the systems overhead, or the space not available to the
user for data and process. The third part of the main memory is the space
available for data and processing.

Along with the central processing unit and the main memory is some
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Exhibit 6-2. Functional Diagram of a Computer System

) . CENTRAL
Control Unit | oimetie PROCESSOR
9 (CPU)
Operating Applications

System Programs MAIN

MEMORY

Data in Process

. DATA

Storage Media STORAGE

- 0y

storage capacity. The storage capacity is used to retain raw data pending
processing and processed information waiting delivery to the operator. Storage
is also used to store applications programs not presently in use. Storage is
also frequently used to maintain a copy of the operating system.

INPUT/OUTPUT DEVICES AND METHODS

Input/output devices are used to maintain communication between the opera-
tor and the computer system. These range from punch cards to audio access
and may also include plain keyboards without the CRT. The most common
output device is a hard copy printer although many work environments find
output through a screen display both appropriate and efficient for certain
applications.

There are two general kinds of input/output worth noting. For bulk process-
ing operations, such as large payrolls and certain accounting functions, batch
processing is prefe. >d. Batch processing accumulates relatively large quanti-
ties of raw data until the current time period for data processing expires.
The data entry is then done in mass, the data processed a similar way, and
the informational output delivered in the form required. With the current
proliferation of computer systems both in the work environment and at home,
interactive processing (usually entering data through a CRT) is much more
common; as the data is entered and accepted by the computer system, it is
filed, stored, and/or processed immediately.

The advantage of interactive processing in integrated computer systems,
especially in integrated cost and schedule control, is that upon entry of data
that data becomes immediately accessible to all parties of interest. In interac-
tive data processing, raw data is entered through the keyboard and immedi-
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ately displayed on the CRT in a preset format. Here, processing usually
consists of a specificd data entry task in which the system acknowledges
receipt of the raw data. Whether the raw data is processed immediately or
simply stored for future processing depends on the program design and the
need for subsequent processing of information.

Interactive processing has the additional advantage of immediate confirma-
tion that the data has been received by the system. Input/output devices
which allow interactive processing also allow for screen inquiry of certain
information when hard copy is not required.

HARDWARE SIZE, SPEED, AND CAPACITY

When a prospective user begins to consider a computer system seriously,
he or she tends to focus on the computer hardware portion of the system
and on the operating system to the exclusion of applications programs. The
reason for this tendency is that most users consider data processing and
hardware people to be experts in whole computer systems. From a user’s
point of view, however, the attributes of the applications programs will ulti-
mately determine both the quality and the value of the computer system.
The technical niceties of computer hardware are less important than the
ease with which the applications programs may be utilized. Such other issues
as the speed of the computer are, in a large measure, controlled by the
efficiency of the design and programming of the applications programs. The
required size of the computer as measured by main memory storage capacity
and other storage can be calculated once the general parameters of the applica-
tions programs to be used in the enterprise have been clearly established.
The focus of a user seeking to acquire a computer system, therefore, should
be the applications programs which will convert raw data to useful information
and deliver that information when and where it is required. A crucial capabil-
ity of the information delivery systems to be considered is the electronic
transfer of data and information for use of interconnected terminals and
systems. These interconnections are referred to as networks and should be
considered as part of the master design of any computer system.

MAJOR CONCERNS OF END USERS

Several specific areas should be examined when considering computer systems
applications for the construction industry. A primary focus on the computer
system as a tool to facilitate the handling of raw data and to prepare informa-
tion for management purposes in the construction environment is essential.
It is generally neither productive nor important to make data processing
experts out of construction management and the clerical staff. Construction
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management and the clerical staff need to be trained in using the computer
system as a tool to facilitate effective management.

It is unnecessary for a person to be a watchmaker to tell time nor is it
necessary to be an expert mechanic to enjoy the comforts and convenience
of the automobile. It is equally unecessary for computer systems users to
become experts in data processing to use the computer effectively. In fact,
diverting productive time to data processing areas when such diversion is
not required can produce an unreasonable drain on an organizational resource.

Computer applications, then, should focus on the capture of raw data,
the distribution of raw data to necessary work environments, the convenience
of manipulating raw data, the conversion of raw data into useful information,
and the distribution of that useful information to where it is needed. This
“input/output” mentality can be one of the most effective tools available
when the search is undertaken to find “the computer system.” There are
the three principal questions to ask when selecting a computer system:

1. What is the most efficient way to get raw data from present or existing
source documents into the computer for data processing?

2. What is the most efficient way to process raw data?

3. What is the most convenient and efficient way to deliver the specific
information required for management when that information is required?

It is necessary to examine complexities of programming for maximum
computer efficiency. It is equally important to consider the demands placed
upon the operator in utilizing the computer system. It is also necessary to
understand the limitations placed on the computer resource by its processing
and storage capacities. However, the technical niceties of computer hardware
and programming should not be of primary concern to the user, nor should
the selection of a programming language. What is important, is the ease
with which raw data entry is accomplished from existing source documents,
with the least amount of pre-data entry manipulation. Also important are
the kinds of information needed and the form in which that information is
required. Probably the major expectation of a prospective computer systems
user is the timely deliver of information in keeping with management needs.

USER FRIENDLY COMPUTER SYSTEMS

Significant advances in the way in which people interface with computer
systems are making computer systems more accessible to the general public.
A term used in the data processing environment describes computer systems
which are comfortable and easy to use: user friendly. User friendly systems
are easy to learn. The applications software in user friendly systems is designed
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to assist the operator in using the systems. The computer term “tutorial
system” simply means that the applications program contain a subprogram
to instruct the user in the use of the application. Interactive data processing
through the CRT and keyboard has been a significant factor in making com-
puters user friendly. Contemporary computer hardware, operating systems,
and applications programs make it unnecessary to tolerate computer systems
which require extensive training or are awkward and difficult to use. In
the construction work environment, there is no reason for a user to accept
a computer system or application programs which places unreasonable de-
mands on the computer operator.

HOW APPLICATIONS PROGRAMS ARE BUILT

Research and experimentation have developed some standard approaches
to building applications programs. Since the applications programs focusing
on input/output and timeliness of data processing are major concerns, these
processes are worth examining. Exhibit 6-3 shows the functional personalities
involved in system building processes.

The beginning point of any applications program design is to discover
“the system” currently in use. Every organization has a ‘“system” which is
used in conducting its business. Whether or not this system is articulated
in procedural manuals or the business of the company is conducted informally,
the system, nonetheless, exists. Any sensible approach to applications pro-
grams design must begin with the determination of the system currently in
use.

Procedures for developing some understanding of current systems have
become well established over the past few years. The usual first step is to
create a list of major informational areas which, in total, make up the system.
The basic elements of the system within each of the major areas are then
identified, followed by the development of a detailed flow diagram for the
component parts of the system. Some documentation with regard to sources
of raw data, ways data is collected, the ways data flows through the system,
and the informational output of the system are all documented. A flow dia-
gram is then generated to show the movement of information throughout
the system, with a clear definition of the final output expected.

Documentation of the system currently used is prerequisite to any consider-
ation of computer applications programs. It is an indispensable part of infor-
mation where computer applications programs are to be built to the specific
requirements of the user. It is equally important where there is to be an
examination of existing software packages which may be applicable to the
user’s needs. Further, the process of discovering the system currently in
use in most work environments creates significantly better understandings
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Exhibit 6-3. System Building Processes and Personalities
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of how the routine functions of the business operation are carried out. Also
uncovered are frequent differences between the perceptions of management
and supervision concerning how tasks are carried out and the perceptions
of those who physically perform the work. Any such differences must, of
course, be resolved prior to addressing the issue of systems design.
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The Management Information Specialist

There are four speciality areas to be considered from a functional point of
view in addressing the issue of systems design. Each of these has its own
particular role to play in the development or selection of applications programs
to meet specific needs.

The newest of these functional roles is that of a management information
specialist. This role is relatively new to data processing and is a natural
consequence of the communications difficulties between data processing ex-
perts and users. In industries as diverse as construction and data processing,
achieving communications between these two groups have been difficult. That
is, translating the processes and language of construction into data processing
terminology and converting data processing processes and terminology into
construction language has historically been a difficult task. The management
information specialist is primarily an expert in a given industry—where his
or her major skill lies—with sufficient knowledge of management information
requirements and sufficient expertise in data processing to provide each side
with understandings of the problems and opportunities of the other.

A management information specialist in construction might be a project
manager or business manager who can initiate the requisite discovery process
and confirm that the discovery task at conclusion is fairly reflected in the
major programmatic flow diagrams and other essential documentation. Docu-
menting existing manual and/or computer systems is also the responsibility
of the management information specialist.

The Systems Analyst

Since not all of the manual processes which may be used by a construction
organization fit nicely into certain constraints or limitations of data processing,
another kind of expertise is required. The second functional role is the systems
analyst, whose responsibility is to take apart the documentation of the manual
and existent computer systems prepared by the management information
specialist and to examine these from a data processing point of view. (Contrary
to the management information specialist, the systems analyst’s primary skill
is data processing with industry expertise secondary.) This examination will
include such tasks as more clearly identifying data sources and the functional
flow of raw data and information to determine the kind of input and output
desired as compared to what is being provided. In essence, the systems analyst
takes the user process apart and examine it in detail for completeness and
validity.
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The Systems Designer

The next major undertaking in building an applications system is to reassemble
the manual processes into a more convenient data processing form while at
the same time maintaining the essential input/output elements of the original
system. This step requires the capability of a third functional specialist—
the systems designer. It is the responsibility of the systems designer to set
the requirements identified by the management information specialist and
the systems analyst into the data processing environment. It is not the function
of the system designer to create anything new or novel as far as the end
user is concerned, but is primarily to interpret systems requirements faithfully
in the data processing environment. That is, the systems designer reassembles
the dissected version of user processes created by the system analysis for
appropriate induction into the data processing environment.

The systems designer gives due consideration to the programmatic capabili-
ties, speed, and capacity of the equipment, size of the equipment with regard
to a total systems requirement, and other essentials of data processing. At
this point, the systems designer will consider such things as specific hardware
to be utilized, programming languages to be used, speed of the equipment,
and the operating systems.

The Programmers

As the work of the systems designer progresses, information may be provided
to the user concerning basic systems decisions. This information may include
the work of the systems analyst in evaluating the cost effectiveness of systems,
the cost of operations, the cost of installation, cost of maintenance, and organi-
zational impact. A basic decision concerning the applications programs must
now be made by the user based on systems designer’s recommendation. This
decision concerns a choice between assigning the work of a systems designer
to programmers to write the applications programs, or to begin a search
for existing applications programs which might be worth considering. How
the applications programs will be acquired must be decided before it is appro-
priate to consider hardware. The management information specialist, the
systems analyst, and the systems designer provide full expertise upon which
the user may draw in making this basic decision.

Should the user elect to have applications programs written, the fourth
function role, the data processing programmer, is required. It is the responsi-
bility of the programmer to convert the processes specified by the systems
designer to appropriate computer language as programs for computer applica-
tions. It is not the responsibility of the programmer to create new or novel
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programs but to write the exact programs which have been designed by
the systems designer. In earlier methods of developing applications programs,
it was not unusual for a user to acquire the services of a programmer for
the purpose of performing all the major functional tasks described—manage-
ment information specialist, systems analyst, systems designer, as well as
programmer. This procedure did not work well in the past. Better understand-
ing of user system requirements have led to better methods of system develop-
ment.

THE APPLICATIONS PROGRAMS

The applications programs from the point of view of the user are the highest
priority in selecting any computer system. When applications are carefully
matched to the needs and requirements of the user, the basis for a satisfactory
computer system results. Hardware (and an operating system) adequate to
run the chosen applications, but with an expansion capability, can then be
installed if not already on hand. Conversely, the finest computer hardware
with the most exotic operating system, but with poor, inappropriate, or diffi-
cult applications programs will result in an unsatisfactory computer system.

In specifying applications programs, all of the tasks which may be under-
taken by the computer should be considered. An evaluation should be made
of these computer applications to determine the appropriate level of computer-
ization. Not all procedures which could be computerized should be made a
part of the applications program. There will always be some procedures which
function more efficiently in the original or manual environment. Once a deci-
sion has been made concerning programs to be placed in the computer environ-
ment, priorities should be set to establish a reasonable progression from the
easiest to the more difficult programs.

Experience also indicates that each phase of an applications program suc-
cessfully designed, installed, and brought into full operation will raise addi-
tional possibilities which if, in turn, successfully designed, installed, and
brought into full operation will raise yet further possibilities for the later
expansion of the computer applications program. These new opportunities
can be rather exciting as computerization horizons are expanded.

A major outcome of the development of computer applications will be a
much more detailed understanding of the processes and procedures of the
business. Informal processes give way to structured procedures and a system-
matic and routine way will emerge for accomplishing similar tasks. This
can only result in greater efficiency, which when related to the computer
resource can make significant advances in efficiency and performance of the
whole organization.
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PACKAGED SOFTWARE

The last ten years have been a proliferation of computer software packages
for the construction industry. Virtually any application appropriate to the
construction industry is available in some form. Packaged software should
be a serious consideration for any user contemplating a computer system.
The utmost care should be given to examining the capabilities of an available
program and matching it to the corresponding program design prepared by
the systems analyst; there might be a fit even if the assumption is that the
programs will be coded from scratch. An exact match may prove to be
difficult, however. For this reason, availability of source code and the conve-
nience of revisions to tailor programs to specific application requirements
are important considerations. The state of the art is such that certain applica-
tions programs are so far developed that it is unnecessary and unrealistic
to consider writing these programmatic areas from scratch. Some such applica-
tions are likely to include financial and accounting, payroll, and, to a slightly
lesser extent, accounts payable.

Great care must be taken in examining available software packages for
construction so that unfortunate compromises will not occur in end user
requirements in terms of input/output and management information.

THE PROBLEMS OF SYSTEMS INTEGRATION

As noted, a major problem in computer applications for construction just
now being addressed is that of systems integration. There are many good
software applications programs available to the construction industry. Most
tend to be very specialized in nature and very limited in application. For
example, a freestanding program typically for estimating may be acquired.
Another program may be acquired for planning and scheduling. A third
program may be acquired for job costing and a package of programs may
be acquired for financial, accounting, accounts payable, accounts receivable,
and job cost. Subcontract and purchase control may be yet another available
program.

A careful examination of how the industry conducts its business will reveal
close interrelationships between the program areas mentioned and others
as well. Clearly the issue of estimating is not separate from cost control,
and planning and scheduling is not an issue separate from production control.
Similarly, accounts receivable is a direct reflection of production management;
job cost and accounts payable are inseparably related to subcontract control.
And the list can go on. Since the computer system receives and maintains
all job performance data and since it also has the capacity for handling all
financial and accounting data, a major consideration, if not the most impor-
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tant, in looking at software applications is the ability of these separate free-
standing applications for various work environments to communicate freely
with each other.

Systems integration is without a doubt the data processing of the future.
The ways in which data is managed and in which data is made available
and shared among the disciplines of construction must, of necessity, be of
the highest consideration in the construction industry. Traditional control
of the computer resource by financial and accounting must give way to a
sharing of that resource with all other work environments.

SUMMARY

Computer systems for construction are essential to effective business manage-
ment. The demands for contemporary and valid information make computer
applications in the industry appealing to most companies. There is virtually
no task within the construction industry which cannot be handled by computer
applications. Computer systems, however, must be built with the end user
in mind and with an input/output mentality which focuses on the use of
the computer as a tool. End users should not abandon their responsibility
for fully articulating the kinds and the sources of raw data to be processed
nor can end users afford to be compromising in the demand for current
valid information when it is needed and in the form required.

The user with the assistance of a management information specialist must
clearly define system requirements. The primary role and function of data
processing is to accurately and faithfully translate the user’s requirements
into the language of the computer. Teamwork in the building of a computer
system can result in adding a significant resource in the form of computer
applications to the construction organization.
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PROJECT STATEMENT OF EXPECTATIONS
AND PERFORMANCE MODELS

Worthwhile projects are normally the result of a process which carefully
moves from an idea, or a concept, through an executable design, through a
specific plan for carrying out that design, the implementation of the plan,
and its completion. There is usually a specific point of beginning, a specific
objective or group of objectives to be realized, and specific activities or actions
which must be carried out for the successful completion of the project.

Construction projects provide good examples of how projects of any type
may be initiated, planned, and executed. All the components of good project
management are demonstrated by the successful construction of a project.
The successful completion of a project, however, requires preconstruction
planning if the project is to be successfully completed.

JOB PLANNING

The job planning process begins with the first involvement in the project.
On a competitively bid project, the first involvement is a decision to bid
the project. The planning processes progress through a series of well defined
phases, each of which has its own special planning requirements. The phases
of interest are:

Prebid and bid.

Award and preconstruction.
Weekly job cycle.

Monthly job cycle.

Substantial completion.

Final completion and job closeout.

SR

The planning associated with the contract award and preconstruction phases
of the project is, perhaps, the most important since it controls all the subse-
quent actions with respect to the project and establishes the expected bound-
aries of performance. The term “job planning” is general in nature and ad-
dresses three primary and accumulative questions or stages:
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1. How will the job be constructed? (the plan)
2. When will it be constructed (the schedule)
3. What is it expected to cost? (the budget)

Detailed job planning is required in order to answer each question in a
specific and objective way. The answer to one question leads to the answer
for the next. An objective of the planning process, to provide performance
models, is essential to subsequent measures of job performance.

While job planning covers these three areas, the “plan” for the job deals
with the details of how the job will be constructed. Job planning in this
sense is specific and limited to defining the activities required to complete
the job. It determines physical relationships between certain activities; when
there are no physical relationships, it makes certain choices as to the optimum
sequence of the work. In this context, the term “job planning” comes from
the planning and the scheduling procedures associated with critical path
method and other logic network techniques. Its primary value and utility
is that it permits the complete planning of the project in terms of (1) the
activities required and (2) the relationships between those activities, without
regard to the resources required and the actual scheduling of the project.

The project plan using the critical path method is first seen in the form
of a logic network diagram. The logic network diagram provides a basis
for resource planning which addresses the question of who will physically
perform the work and what resources are available for the performance of
each activity.

The planning of resources to be used for each activity and the rate at
which those resources will be applied is the primary determining factor in
how long (schedule) it will take to perform each activity. The duration of
each activity involves availability of the resource to be used and must be
established before the scheduling computations can commence.

The scheduling computations which result in establishing the time bound-
aries for each activity in the logic network diagram involves simple arithmetic
calculations based on the duration of each activity as established by activity
resource planning. The schedule review process involves an examination of
the proposed schedule after the scheduling calculations have been completed
to examine certain specific areas of interest.

The first of these areas of interest concerns multiple activities using the
same resource at the same time. When such conflicting demands for a single
resource become evident, these can be resolved by an additional planning
process which looks at alternate resources, alternate relationships or priorities
among activities. The result should be a plan for the project which, when
calendar dated, provides the schedule for the project.

The first step in planning the project before it can be scheduled consists
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of identifying and listing those activities which make up (or which themselves
must be completed in order to complete) the project. This is also conveniently
the first step in creating an activity based budget. However, planning of
project activities and the relationships between those activities may proceed
without reference to budgets or cost. Budget or cost information is important
in establishing or calculating the duration of activities and these must be
determined before the scheduling calculations can realistically be completed.

The quantities, unit prices, and cost of the budgeting process are fixed
by project requirements. The budget for each activity is determined by the
quantity of that activity times its unit price. Quantities are fixed by specific
job requirements. Unit prices are established by the fair value of the work.
The budget, when completed, provides the expected cost for each activity
and of the project as well.

The planning of the resource to be used (i.e. own labor, sub labor, etc.)
and its rate of application (i.e. how many men) establishes the expected
duration of each activity and enables completion of scheduling computations
and, when a start date is known, calendarizing of the plan.

THE PROJECT STATEMENT OF EXPECTATIONS

The project planning processes provide specific and detailed answers to three
of the four central questions about any project, and justify the overall planning
of the project. These (plan, schedule, and budget), however, are continually
visible for control purposes. The fourth, cash impact, involves certain addi-
tional analytical routines discussed in Chapters 11, 12, and 13.

The Schedule and Expectations

The plan concerns how the project will be constructed and how the activities
making up the project relate to each other and are merged into the construc-
tion schedule. The resources to be utilized are also merged into the schedule
since the rate of application of those resources is a controlling factor determin-
ing durations of activities and as a result the time required for the project.
The schedule, therefore, not only presents the time statement of expectations
for the project but in its best development shows how the project will be
built and what resources will be utilized in its’ construction. The schedule
is derived from the plan for building the project and the resources to be
utilized.

The Budget and Expectations

The budget is the cost statement of expectations and provides the basis for
the cost control of the project. The schedule as a time statement of expecta-
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tions and the budget as a cost statement of expectations combine to form
the basis for a series of other performance models for the project worth
examining.

The project statement of expectations when properly prepared is a tool
which can be effectively used to express exactly what project performance
is to be expected. These combine to establish the expected (planned) perfor-
mance in terms of cost, time, and production. Historically, each of these
parameters of job performance has been considered more or less indepen-
dently. Current management science, however, views the interrelationship
between these separate performance parameters as essential to measuring
overall performance and in predicting the outcome of the project. Tradition-
ally, these have been passively measured and recorded as performance oc-
curred but have provided no real basis for the integration of cost and schedule
controls.

The statement of expectations for a project should be formally developed.
It is essential, however, to consider how the statement of expectations will
be used for cost and schedule control. It is also important to consider how
the raw data on actual performance will be captured. Furthermore, consider-
ation should be given to how management information can be generated in
the most timely and convenient way.

Consideration of these factors will allow a rational statement of expectations
to be developed. It will also allow performance models which anticipate
integrated cost and schedule control to be generated from the statement of
expectations. Both the statement of expectations and the performance models
which derive from the statement of expectations should be designed to elimi-
nate the need for constant recasting of raw data or informational output to
provide useful management information.

THE STRUCTURE AND RELATIONSHIPS OF THE STATEMENT
OF EXPECTATIONS

A series of performance models make up the statement of expectations. The
construction industry focus is on the budget and the schedule. The budget
is the cost performance model and the schedule is the time performance
model. Effective project management and project control can be carried out
using only these two performance models. The budget and the schedule either
completely establish or control the remaining performance models and are
referred to as “primary performance models.”

The remaining performance models are shown in Exhibit 7-1, which also
shows the area of interest of each performance model, the data source, and
the level of detail appropriate to that performance model.

Some further description of the budget and the schedule is appropriate
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in order to clarify the relationship of these two primary performance models
to the derived performance models.

Budget data is generally presented in tabular form. Its concern is cost.
The data source is the estimate and the detail is presented at the activity
level. The schedule is usually presented as a time scale, either a Gantt chart
or a network. The area of interest is time required for the project. The
schedule is derived from the project plan using budget information to deter-
mine resource requirements and is generally presented by activity for produc-
tion control purposes.

The derived performance models present additional information as a result
of systems integration. In general, the derived performance models are either
controlled by or established by other information or data. The preparation
of the derived performance models normally involves some simple graphic
techniques.

Cost curve data is presented in the form of a typical “S” curve. The cost
curve integrates data from the budget with respect to cost and from the
schedule with respect to time. The information is presented by activity and
on a time scale with plotting intervals which may be daily, weekly, or monthly.

The production curve also takes the shape of a typical “S” curve and is
concerned with the value of production. It is derived from the cost curve
plus overhead, profit, and other indirect cost added to the cost curve and
is normally presented by activity and on a time scale with selected plotting
intervals.

Many construction contracts require a Schedule of Values to be prepared
for payment purposes. The Schedule of Values is a listing of major elements
of the project with dollar values assigned to each. These dollar values are
used for billing purposes. The source of data for the Schedule of Values is
the cost or production curve; certain weighting of the production curve data
may be involved in preparing the Schedule of Values data.

The Schedule of Values data may be plotted as a modified “S” curve.
The Schedule of Values, production and cost data, may also be presented
in tabular form. The Schedule of Values data becomes the source of values
for requisitioning processes. It represents the billable value of work in place
but does not represent expected cash income. The detail presented is usually
by trade groupings or work packages. The data, however, is maintained by
activity.

The cash income curve presents significant data on the amount of cash
which may be expected and when it may be expected. It represents the planned
accounts receivable (A/R) for the project. Its presentation is in the form
of a histogram although the data may also be presented in tabular form.
The data source for the preparation of income curve is the schedule of values
curve. In addition, owner/contractor contract terms and conditions of pay-
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ment are required to determine when payments may be expected and the
amount to be paid compared to the scheduled value of work in place. The
difference between the scheduled value of work in place and the anticipated
cash income is made up of retainages, holdbacks, or other deferred payments.
The cash income data would normally be presented by activity and summa-
rized by work package.

The cash requirements curve is normally presented as a modified histogram
although the data may also be presented in tabular form. Its primary areas
of interest are accounts payable and payroll. The sources of data for the
cash requirements curve are the schedule, subcontracts, purchase orders,
and payroll. It provides data to management on when cash will be required,
the amount of the cash required, and is generally presented by activity and
in the work package summary.

REQUIREMENTS FOR INTEGRATION

The interrelationships of the primary controls of cost and schedule are essen-
tial to systems integration. While the requirements for systems integration
through the project statement of expectations and performance models may
appear complex, the means for anticipating systems integration has already
been identified. It is clear that construction projects are managed in the
field by assigning specific resources to specific activities, and that the critical
path method for planning and scheduling conveniently relates to the way
in which work is managed in the field environment. It is also clear that
the data source for all primary and derived performance models utilizes
the roster of activities as the basic unit of work.

The roster of activities has the unique characteristic necessary for systems
integration expressed in the form of performance models. Each activity can
be described so that it carries with it all the necessary data and the reference
files for performance planning and for performance measurement. Additional
data from the derived performance models as well as additional informational
requirements for cost control, schedule and production control may be added.
The significant key continues to be the common roster of activities.

The job planning processes which have been described result in a significant
quantity of planned data for each activity. These are shown in tabular form
in Exhibit 7-2.

The planned performance data includes the appropriate cost code refer-
ences, descriptions, quantity unit price and budgeted cost, the resource identi-
fication, scheduled start, duration, and completion dates. Planned data estab-
lishes the plan for what is to be done, who is to do it, and when it is to be
done. The question of how it is to be done is part of the job planning process
and is not visible in the tabular data. From the planned data, specific perfor-
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mance models may be derived including performance expectations with regard
to cost, production, schedule of values, cash income, and cash requirements.
All of these include the information available on any activity, work package,
trade grouping, or job.

When an activity is placed into construction, it should be apparent that
actual performance data can be made available matching the planned or
expected performance. Appropriate data capture procedures become essential
so that the actual data matches exactly the planned data.

When actual performance data is compared to planned performance data,
the result is a performance ratio. Management information systems require-
ments normally focuses on three specific performance ratios: the time perfor-
mance ratio, the cost performance ratio, and the production performance
ratio. These are also indicated in Figure 7-2.

One of the major questions to be resolved in integrated cost and schedule
control procedures concerns the level of detail to be included in the planning,
scheduling, and budgeting processes. Activities which are too large in scope
and content will not be responsive to critical path analysis for planning and
scheduling. Conversely, activities which are too finely described add additional
detail to the integration process without proportionate benefit.

The key is to determine the level of control to be exerted in the field
production of the project. The project is then divided into activities which
are carefully matched to the level of control to be exerted. This procedure
will result in workable performance models which are conveniently matched
to data capture procedures and from which useful management information
may be quickly and easily derived.

SUMMARY REQUIREMENTS

A typical construction project may consist of hundreds of activities. Not
all parties of interest or work environments are concerned with the level of
detail required for field production purposes. As a result, there is the need
for several convenient summary levels which provide data and information
to several work environments and disciplines suited to their needs.

The appropriate summary capabilities allow the statement of expectations
and performance models to be utilized conveniently in all work environments
and by all disciplines. It further allows data capture procedures to be kept
to the simplest form. Distribution of management information is also greatly
facilitated.

PRIMARY PERFORMANCE MODELS

The interrelationships of the primary and derived performance models are
important to systems integration. It will now be useful to look at these perfor-
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mance models to examine how they are generated, the relationships that
exist between them, and how they may be utilized in integrated cost and
schedule control.

The Budget

The budget is a primary performance model which may be generated directly
or developed from the cost estimate. A variety of estimating budget techniques
are used in the construction industry. Essential to integrated cost and schedule
control is that the budget be expressed in terms of activities using the quantity
unit price equals budgeted cost formula. Budgeting by activity represents a
significant departure from more traditional estimating procedures in which
estimates are prepared by trade groupings. While it is possible to accomplish
some measure of cost and schedule control integration with trade groupings,
trade groupings are much less appropriate than activity based budgets.

The key to systems integration is that the budget must be prepared utilizing
the roster of activity which anticipates the schedule requirements. Conversely,
the schedule should be derived using a list of activities required for budgeting
purposes. In both cases, the primary concern is that both the budget and
schedule contain the identical roster of activities for complete system integra-
tion.

The Schedule

A wide variety of scheduling techniques are used in the construction industry.
The quality of cost and schedule control is highly enhanced when one of
the logic network techniques is utilized for planning and scheduling. When
a common roster of activities is used for both budgeting and scheduling,
logically derived schedules become very convenient. Since all resources are
assigned in the field by activity and data capture procedures may be conven-
iently matched to these activities, the preferred method of planning and sched-
uling is the critical path method.

The critical path method has the capability of displaying the results of
analysis in several ways; the most useful results for production control are
the time scale network and the precedent list of activities. The time scale
network may be utilized for monitoring production in the field. The precedent
list of activities may be used to assign work to the appropriate resources in
order of priority.

DERIVED PERFORMANCE MODELS

The budget and the schedule provide data for the derived performance models.
It is difficult to generate the derived performance models without a budget
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and schedule. The correlation of both time and cost of each activity is espe-
cially important.

The Cost Curve

The cost curve is the most basic performance model and integrates both
cost and schedule into a single display. It utilizes budget information generated
for each activity, along with the calculated schedule for each activity, to
distribute the expected cost of the project over its duration. A variety of
summary levels are available for the cost curve. A typical well planned project
will result in a cost curve with the classic ““S” configuration.

The Production Curve

The production curve evaluates product in place against the contract sum.
It consists of the cost curve data plus the overhead and fee and any other
indirect cost not included in the cost curve. The production value of product
in place is unaffected by contract payment procedures, withholding of retain-
ages, and similar items. The production value accumulates daily as product
is placed, in much the same way as the cost accumulates.

The Schedule of Values Curve

Most construction contracts require a Schedule of Values for requisitioning
purposes. The Schedule of Values may use weighted values for certain items
to suit the convenience of the owner and contractor. These weighted values
become the basis for requisitioning and for determining value of work in
place to enable payments. The scheduled value of work also accumulates
on a daily basis similar to the production value and the cost of the work.

The Cash Income Curve

Most construction contracts provide for various retainages, holdbacks, or
deductions from the scheduled value of work in place for payment purposes.
A typical payment retainage of 10% may be expected. Since in the contract
payment for work is usually based on some specific time period, such as
monthly, cash income may be planned on the basis of planned production
and scheduled value of the work. The previous derived performance models
take the shape of a standard or modified “S” curve. The cash income curve,
however, is in the form of a histogram representing when payment may be
expected according to the terms and conditions of the contract.
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The Cash Requirements Curve

The cash requirements curve is the most complex of the derived performance
models since it represents a variety of cash requirements, each of which
has its own peculiar set of prerequisites. For example, payroll is usually
funded weekly. Suppliers may be paid by the tenth of the month. Principal
vendors may be paid after receipt of payment from the owner without retain-
ages. Subcontractors may be paid after payment by the owner but with a
retainage applied. The cash requirements curve is derived from a number
of sources and takes the shape of a modified histogram.

COMPARATIVE DATA

Several of the performance models provide interesting data when compared
to each other. One of the most critical of these comparisons relates to cash
management; the information required becomes readily available when the
cash income curve and the cash requirement curve are compared. This com-
parison may be made at any time during the project. The cash position of
the project may be directly read from the cumulative curves for cash income
and cash requirements. Where the cash requirements are below the cash
income, the result is a positive cash delta. Where the cash requirements
are above the cash income, as might be expected early in the job, there is
a cash deficit, or negative delta.

These kinds of information are useful in determining capital requirements,
requirements for credit accommodations, opportunities for investing surplus
cash, and a variety of other cash management needs. The information from
these comparisons allow for significant adjustments in production and sched-
uling a project to effectively manage cash flow. When the cash position is
compared for all jobs in a business organization, very useful information
for formulating cash management strategies results.

ACTUAL PERFORMANCE DATA

The discussions thus far have all been directed toward planned performance
models in the context of a planned statement of expectations. As the project
is placed in production and proceeds toward completion, a similar set of
data, now reflecting actual performance, is accumulated through appropriate
data capture procedures. When the project plan is carefully matched to data
capture procedures for actual performance, the basis for controlling the proj-
ect with current valid information is established. Comparisons of actual perfor-
mance to planned performance quickly result in a time performance ratio,
a cost performance ratio, and a production performance ratio, as indicated
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in Figure 7-2. This kind of management information monitored throughout
the course of the job provides early information on job trends. When adverse
trends begin to develop, they become visible to management, enabling it to
take corrective action wherever needed.

OTHER USES OF THE STATEMENT OF EXPECTATIONS

The statement of expectations and the performance models have uses beyond
control system integration. The performance models provide information to
enhance the working relationship between the contractor and the owner.
This sharing of information between contractor and owner may be especially
useful. For example, the contractor’s cash income curve is the owner’s cash
requirements curve.

SUMMARY

The performance models which make up the project statement of expectations
are an essential part of integrated cost and schedule control. The primary
performance models of budget and schedule are standard operating procedures
in most construction organizations. These differ only in detail and sophistica-
tion. The derived performance models are fixed when the budget and schedule
are established. The techniques involved and the effort required to produce
the derived performance models are less understood and less developed within
the industry. The clerical effort required to derive the performance models
and to maintain the actual performance data can be greatly reduced where
an adequate computer resource is available for this purpose. The raw data
to maintain actual performance information is already available. What is
required are appropriate management directions and policies to enable and
mandate the use of these techniques for integrated cost and schedule control.
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ESTIMATES AND BUDGETS AS
PERFORMANCE MODELS

Estimating and the construction industry have always been closely related.
With a few notable exceptions, those proposing to construct for themselves
or for others have found it necessary to estimate the cost of the project to
be undertaken. As far back as Biblical times, owners and builders saw the
need to determine the cost of a project to determine whether there were
sufficient resources for completion before committing to the project.

Estimating for construction has evolved over the centuries in several ways.
The ancient master builder estimated materials to be required for the project
(his quantity survey) and determined the cost to acquire those materials
(his unit pricing) in order to establish the cost of the material. He then
estimated the time required to place that material into the finished product
using the workforce available to him. Lacking extensive sources of supply
and price guidelines as now set by a competitive marketplace, these estimates,
while well suited to their time and place, were crude by any contemporary
measure. Since the work was done under the direct supervision of the master
builder and a portion of the work may have actually been performed by
the master builder, labor cost estimates were not considered critical. The
primary focus was on earning a living rather than on our contemporary
notion of profit. Low labor estimates resulted in lower pay (profit) to the
master builder.

As projects have grown in size and complexity and as larger and more
extensive resources have become necessary for the construction project, the
need for better estimating procedures and better source data for both quantities
and cost have developed.

Quantification methods and units of quantification have become relatively
standard. Quantity surveying and pricing methods, while varying slightly
among different trade groups, have also become relatively standard.

Even with these current facilities for quantification and estimating, cost
estimating in preparation for the bidding process remains itself an expensive
overhead cost item. The competitive bid process which makes up the method
of awarding most of the construction projects in this country places a limita-

95

F. W. Mueller, Integrated Cost and Schedule Control for Construction Projects
© Van Nostrand Reinhold Company Inc. 1986



96 I/PREPARING A PROJECT FOR CONSTRUCTION

tion on the amount of effort and resource which can be put into the estimating
process. With a typical organization’s success rate in competitive bidding
ranging from a low of one in fifty to a high of one in five jobs, the problem
of controlling the cost of estimating is an important item in overall business
management. At the same time, there is the need for cost estimating which
is at once sufficiently accurate to place the organization at an acceptably
low risk in competitive bidding and sufficiently cost effective within the context
of the organization’s success rate.

Estimating relating to both competitive bidding and negotiated work is,
for many organizations, the total extent of their sales and marketing capability.
The conflicting demands for remaining active in the estimating and bidding
areas while creating estimates which are valid continue to be major challenges
to be addressed by each construction organization.

The limitations on time available for estimating purposes also places some
limitation on the amount of detail which may be included in each estimate.
As a result, the detail required for valid estimates for both competitively
bid and negotiated work may not be sufficient for project planning and sched-
uling and may lack the fineness required for cost control purposes. In addition,
bid strategy may require certain postbid adjustments to estimates when the
organization is successful in the bidding process.

These industry requirements have resulted in a relatively common practice
which separates estimates prepared for bidding purposes from the cost control
mechanisms used by an organization when the bid is successful. By this
process, the cost budget to be used for cost control having sufficient detail
is prepared only for successfully bid projects.

The process of converting bid estimates to cost control budgets vary widely
in the industry. Some construction organizations find it appropriate to use
the bid estimate directly as a cost control budget. At the other extreme are
those organizations which completely reevaluate projects from a cost control
point of view, validating every aspect of each project in terms of both quantity
and unit price. Taking into account these reevaluations is a reexamination
of the resources to be utilized and the methods of production which might
be considered most cost effective. In either case, what emerges for the success-
fully bid project is a budget for cost control purposes which is clearly a
cost performance model.

The primary difference between the bid estimate and the cost control budget
is in the level of detail and the fineness of the quantities and unit prices.
The basic algorithm of quantity times unit price remains the same. For this
reason, the remainder of this chapter will focus attention on the budget as
a performance model, commenting on estimates only to the extent necessary
for clarification.
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COST CONTROL AS A PRIMARY RESPONSIBILITY

The contracts for most construction projects in this country are awarded
on a lump sum basis. Even where other forms of contracts may be used,
such as a guaranteed maximum price or cost plus a fee, the control of the
cost of the project is a primary function of the construction team. Assuming
a lump sum contract and assuming the validity of the budget, the ability
to control cost within the budget has direct and immediate consequences
for the contractor. The contract amount fixes the amount to be paid by
the owner for the work. Cost overruns must be absorbed within the fixed
contract amount. Consequently, cost overruns directly reduce the overhead
and fee dollar for dollar since these are the only variables available in a
valid budget.

There are many factors which influence the ability of a contractor to control
the cost of the work. The methods of acquiring the resources for the project
is a significant factor in cost control. On construction projects where most
of the work in the field is subcontracted and most of the materials are bought
from vendors on a lump sum basis, the ability to positively influence cost,
(that is, to reduce cost), once these awards have been made, is small indeed.
Weaknesses, however, in the subcontractor and vendor negotiating processes
may have a significant negative (that is, higher cost) effect on the cost of
the work.

As a general rule, the ability to positively influence the cost of a project
decreases with time. For this reason, early identification of adverse cost trends
while corrections may be made is one of the most effective aids in cost control.
The cost budget is an effective performance model since it provides for early
visibility of cost trends. During purchasing of goods and services for a project,
the budget provides a clear statement of expectations with respect to cost
against which to measure subcontractor and vendor pricing. In the actual
performance of the work by the contractor’s own resources such as labor
and equipment, it provides a basis for measuring performance in progress.
It allows for the preparation of contemporary management information in
the form of cost performance ratios, calculated by comparing actual cost
performance to planned performance.

DATA SOURCES FOR PREPARATION OF BUDGETS

A variety of data sources is available to assist in the preparation of the
cost budget. Many industry references provide unit prices for every kind of
work involved in construction and also provides rational methods for develop-
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ing unit prices for special cases. Information is also available from subcontrac-
tor and vendor sources on current market pricing of goods and services.

However, there may be significant differences between market value data
from subcontractors and vendors and the fair value of those products. Infor-
mation and data must be available to show the differences between market
value, a reflection of the law of supply and demand; and fair value, which
represents the cost of the work plus a reasonable overhead and fee. The
issue of fair value vs. market value is always a significant factor in preparing
the cost budget; it involves the basic business philosophy of the construction
organization and will be discussed further.

The third source of data for budgeting is the organization’s own historic
performance. This is, perhaps, the only valid source of data for items which
will be performed by the organization’s own resources. Labor and equipment
costs should be available from historic job cost records. This assumes that
a job cost data base exists within the organization to routinely and accurately
provide such information. Even in the case of items bought from subcontrac-
tors and principal vendors, the organization’s own historic records may prove
to be the best source of data for budgeting purposes.

JOB COST DATA BASE

Integrated cost and schedule control requires that job costing procedures
not only record the cost incurred in producing product but also add to and
maintain historic job cost performance data as part of the total management
information system. This requirement includes all items which make up a
construction project, whether performed by the organization’s own resources
or purchased or subcontracted from other sources.

Every construction organization has a particular performance profile which
emerges as a result of the skill and expertise of the organization. Contractor
A may be especially cost effective in performing concrete work. Contractor
B may be especially cost effective in performing carpentry work. Accurate
job cost records which convert historic performance to usable unit price
data will allow each organization to take advantage of its particular expertise
in enhancing its competitive position. It would be expected, then, that contrac-
tor A would be more competitive on a project with a proportunately large
amount of concrete. Contractor B should expect to be more competitive on
a project with a large amount of carpentry work. Historic job cost records
provide the basis for each organization maximizing its competitive position
based on its own special skills and expertise.

It follows that these variances in skill and expertise in different kinds of
work have a very significant effect on the competitive bid positions of different
organizations addressing the same project.
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MARKET VALUE VERSUS FAIR VALUE

Philosophically, each organization must resolve questions relating to market
value and fair value as part of its budgeting processes. Decisions concerning
market value and fair value are frequently made without a clear understanding
of the processes which are involved. Some definition of fair value and market
value are necessary in order to understand these questions.

Market value is established by the straightforward economic law of supply
and demand. When there is an increased demand for a limited resource, its
price goes up; when demand drops, the competition for available work in-
creases and the price goes down. The nature of the construction industry
is such that market value may, under a given set of circumstances, bear
little or no resemblance to fair value. The kinds of product and services
are a factor. The staying power of the organization providing those goods
and services is an additional factor since pricing below fair value means
operating at a reduced profit or even a loss. In construction, market value
is best established by taking marketplace bids from subcontractors and ven-
dors.

Some market fluctuations in construction are seasonally based. Exhibit
8-1 shows the seasonal influence on a weather sensitive construction product
such as masonry.

Exhibit 8-1. Seasonal Market Value of Masonry
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Exhibit 8-1 shows that a given masonry job will be priced lower during
the winter months, when there is less demand for masonry work, and higher
during the warmer months, when the demand for masonry construction is
significantly higher. The construction organizations providing masonry goods
and services choose to price those goods and services higher when there is
a greater demand and lower when the competition for available work is
more intense. This illustration becomes more interesting when the seasonal
effect on the cost of the work, as a major component of fair value, is also
considered.

The cost of the work for a given masonry job is also plotted in Exhibit
8-1 noting the seasonal effects (bottom diagram). A comparison between
the market value of the work over a period of time and the cost of the
work over the same period reveals a peculiarity of market value. The effects
of winter weather on the products of masonry and the work force make
the identical work package of masonry work more costly to construct in
the winter than in the summer. When the cost and the market value of
that work are compared over the course of a year, the market value of the
work will be lower at a time the cost to produce that work is higher. Con-
versely, the market value will be higher at a time when the cost of the
work is lower. Another significant issue to be considered and resolved in
the course of preparing a construction project cost budget, then, is the time
of the year for construction and its effect on market value.

Fair value on the other hand is more complex than market value but
less volatile. First the definition and then some illustration for clarification.
Fair value is defined as the cost of the work plus the effects of inflation,
modified by the effects of technology plus a reasonable overhead and fee
(profit). The cost of the work represents the cost of the work in labor, material,
and indirect cost when performed by reasonably skilled and competent person-
nel. The cost of inflation represents the incremental increase in cost from
the time the cost data was established through the current or desired period.
The effect of technology represents a modifier to cost plus inflation; technology
may have a positive or negative effect. For example, regulatory requirements
such as environmental protection might add to the cost. Improvements in
materials or methods of placement for products performing the same function
might reduce the cost. An example of improved functional capability is in-
creasing the fiber stress of structural steel from 18,000 pounds per square
inch to 36,000 pounds per square inch. While the technological modifier
may be either positive or negative, the normal expectation is that technology
tends to reduce the cost for similar or equal functions. Exhibit 8-2 shows
the effect of fair value over time (top) with the influence of technology sepa-
rately indicated (bottom).

Further major influences on market value and fair value are overall regional
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Exhibit 8-2. Fair Value as a Function of Time
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and national economic conditions, which act as modifiers to the normal effects
of supply and demand at the local level.* These kinds of influences must
be considered when examining market value for the purpose of setting up
the project budget.

PROJECT BUDGETING PHILOSOPHY

Before addressing the mechanics of creating the project budget as a perfor-
mance model, the basic philosophy to be utilized in budget building needs
to be established. There are two distinct budgeting philosophies from which
each construction organization must choose. The first of these is market
value budgeting; the second is fair value budgeting. This choice may be made
whether or not knowingly.

Market value budgeting takes pricing from the subcontractor, vendor, and
supplier marketplace at face value and uses these as the basis not only for
estimating and bidding the project but also for budgeting the project when
the bid and negotiations are successful. Since market value is a much more

* For example, a general slowdown in the national economy may result in lower marketplace
pricing in a high demand local area when the goods and services may be produced and priced
outside the local area. Also, demand for construction products may be stifled by excessive
interest rates, which could actually reduce construction activity in a high demand situation.
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volatile determinant of cost than fair value, superior knowledge of marketplace
conditions is essential to successful market value cost budgeting. An additional
component also becomes critical: market value cost budgeting must anticipate
the time frame in which the project purchasing will take place and subcon-
tracts and purchase orders will be let. This time consideration involves both
seasonal or time of the year factors and factors relating to overall economic
conditions. Exhibit 8-3 shows the effect of market value purchasing when
the market value is in decline (top), and when it is on the rise (bottom).

When the market for the goods and services to be purchased is in decline,
time is an ally in effective purchasing and in controlling cost as a function
of purchasing. In a rising market, however, the reverse is true and time
becomes an enemy of purchasing as a tool of cost control. In either case,
intense knowledge of the marketplace is required in order to control the
cost relating to the purchasing process. Exhibit 8-3 shows the delta, or incre-
ment, effect in each case. In a falling market, the delta effect is a cost reduction
from delayed purchasing. In a rising market, the delta effect is an increase
in cost from delays in purchasing.

The second major budgeting philosophy is embodied in fair value. Fair
value as the basis for cost budgeting is much less volatile than market value.

Exhibit 8-3. Effective Purchasing Related to Market Value
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It takes into account the major factors which affect the cost of the work
while placing less importance on market fluctuations caused by supply and
demand, hence is less demanding of marketplace knowledge. Fair value takes
into account the organization’s cost experience in producing work of a specific
kind at a specific point in time. The inflationary component takes into account
changes in the cost of the work resulting from inflationary factors such as
changes in wage rates, changes in the cost of materials, and changes in indirect
costs such as payroll insurance, taxes, and similar items.

Fair value also takes into account the cost effects of technology, positive
or negative. While technological improvements would tend to reduce cost,
certain other technological factors, such as environmental protection regula-
tions, may tend to increase costs. In any event, these are generally measurable
components which may be applied to the historic cost of the work. A reasona-
ble overhead and fee (profit) is then added to determine the fair value of
the work. “Reasonable” overhead and fee is a function of a typical experience
in a specific marketplace and is to be distinguished from the effect of the
law of supply and demand on market value.

Certain assumptions are made when fair value is to be the basis for budget-
ing; these need to be considered. The first assumption is that the company,
or organization, is well established in its marketplace. The second is that
the company has established working relationships with subcontractors and
principal vendors within that marketplace. The third, and perhaps the most
critical, is that subcontract and purchase negotiations will be structured
around fair value rather than market value. This purchasing philosophy means
that when the market value is depressed fair value will be the basis for
negotiations. It also means that when the market value is inflated, fair value
will be the basis for negotiations.

Using fair value as the basis for cost budgeting and for negotiations should
significantly modify market value fluctuations caused by the law of supply
and demand. Fair value is a viable budgeting concept only to the extent
that well established working relationships exist and that subcontractors and
principal vendors are neither unduly penalized for depressions in market
value nor are unreasonably enriched by rises in market value.

Some comparisons between fair value and market value are of interest.
Recognizing that market value is established by a competitive and comparative
pricing, a general contractor using a market value budgeting philosophy will
simply add an appropriate markup to the marketplace pricing. A general
contractor using a fair value budgeting philosophy, however, will indepen-
dently establish the fair value of the work to determine, first, the differences
which may exist between market value and fair value at that point in time
and to separately assess the fair value of the work. Market value does not
require a careful maintenance of historic costs, but carefully maintained and
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documented historic costs are essential to the use of fair value as the basis
for cost budgeting.

As a practical matter, most well established and experienced construction
firms will use a mixture of the two philosophies. The primary budgeting
processes will be based on fair value concepts. The budget thus established
then will be modified to some degree to reflect market conditions over which
the company has no control. The result is a cost budget which is truely a
reasonable statement of expectations with respect to the cost of a project.

QUANTIFICATION AND CONSTRUCTION METHODS

The assumption is made that the construction organization has the technical
skills, knowledge, and experience to properly determine the quantity of materi-
als, goods, and services required for a construction project. To derive the
historic informational base for fair value budgeting, it is important that the
quantity surveys be related directly to the roster of activities which will be
used for both budgeting and scheduling. Each organization will find that a
pattern exists among jobs in the level of detail required for budgeting and
scheduling and for the related quantification of job requirements. This pattern,
or standardization, will serve as the framework for an effective job costing
and historic job cost system which will provide the information necessary
for fair-value-based budgets.

Also assumed is that the organization is appropriately familiar with and
expert in using the most efficient production methods for the work required.
Methods of production are significant factors in integrated cost and schedule
control. Both the budget and the schedule must be prepared on the basis
of specific production methods if they are to be valid.

OTHER INFORMATIONAL REQUIREMENTS

The preparation of a job budget requires the accumulation of certain factual
data. An analysis of the project to generate a list of activities required to
complete the project is the first step in the budgeting process. The preparation
of the roster of activities, of course, assumes some adequate technical descrip-
tion of the project, usually in the form of working drawings and specifications.
The roster of activities for the job serves as the basis for developing both
quantities and unit prices for budgeting. Note this process is the same for
both estimates and budgets; the difference is that budgets tend to be more
finely detailed and more thoroughly considered than estimates.

The quantities of materials needed (Qy) are determined from the drawings
by the standard quantity survey methods used by the organization. The quanti-
ties, however, are developed for each activity rather than by trade group
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or work summaries. Quantification by activities serves as the foundation for
all other summary requirements and is an important part of the estimating
or budgeting process. The unit prices for the work within each activity must
be developed. Unit prices are generally a reflection of the quality (Q.) of
the work as defined in the specifications. The best source of unit price informa-
tion is carefully maintained job cost records for activities of similar scope
and quality. Where such unit prices are not available from historic data
sources, they may be generated empirically to appropriately reflect the cost
of each unit of work in terms of the quantities in each activity. The standard
method of developing budgeted cost for each activity involves the formula

Quantity (Qn) X Quality Unit Price (Qp) = Cost

The unit prices developed must reflect the current value of the work and
must be based on the organization’s budgeting philosophy. Where the budget-
ing philosophy is based on fair value, historic job costs are the best sources
of information. Where the budgeting philosophy is based primarily on market
value, current pricing must be obtained from the marketplace to develop
the unit prices for the activity.

SUMMARIZING ACTIVITIES BY WORK PACKAGES

Most construction organizations have, through experience, developed a rea-
sonably consistent way of grouping the activities making up its typical project
into work packages to be assigned to subcontractors, principal vendors, or
suppliers. Developing the budget by activity allows summarization by these
work packages when the work package may contain activities from a number
of different trade groupings. Since the purpose of budgets is to provide cost
control for the purchasing process, the grouping of activities by appropriate
work packages will prove to be the most useful summary level. The trade
summary levels of the standard sixteen divisions of work (similar to the
Construction Specification Institute Master Format) are also available through
the summarization process.*

* The generally recognized Standard Sixteen Division Trade categories include:

01000 General Requirements 09000 Finishes

02000 Site Work 10000 Specialties

03000 Concrete 11000 Equipment

04000 Masonry 12000 Furnishings

05000 Metals 13000 Special Construction

06000 Wood, Plastic, Carpentry 14000 Conveying Systems

07000 Thermal and Moisture 15000 Mechanical
Protection

08000 Doors and Windows 16000 Electrical

From Construction Specification Institute Master Format, 1983 Edition.
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ANTICIPATING ALL NEEDS FOR DATA AND INFORMATION

An important part of the preparatory work to begin the budgeting process
is careful consideration of all the other needs for data and information to
be generated as a result of budgeting. This consideration as a prerequisite
to beginning the budget process will save some effort in recasting information
subsequently generated. For example, certain portions of indirect cost are
arithmetic functions of direct costs. Payroll insurances and taxes are deter-
mined as a percentage of direct labor; therefore, the ability to summarize
total labor quickly and conveniently is important. Sales and use tax are deter-
mined as a percentage of material costs and equipment rental costs. The
ability to summarize these costs is also important. These and certain other
summary capabilities are related to the way in which job cost coding and
resource identification may be handled.

Summaries required for estimating purposes should not only provide valid
information for the bidding processes but also data for historic research and
market analysis. There are a number of summary levels which are appropriate
to the estimate and which are maintained in the budgeting process. The
summary levels shown in Exhibit 8-4 allow summaries to be provided for a
variety of purposes. The base cost level, summary 1, is particularly useful
in doing comparison market analyses.

Exhibit 8-4. Estimate and Budget Summary Levels

SUMMARY LEVEL DESCRIPTION ' CONTENT
1 Base cost, Divisions 2-16
(plus) General requirements Division 1
2 Field cost Total, Divisions 1-16
(plus) Insurances, taxes, bonds
and other indirect costs Indirect cost
3 Production costs All direct and indirect costs
(plus) Contractor’s general
overhead

Prorata overhead costs

4 General contractor’s total All direct and indirect costs plus
cost overhead
(plus) General contractor’s fee Anticipated profit
5 Contract sum All items included in the contract

sum
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Exhibit 8-5. A Computer Generated Estimate

TOE 11, 194 Frederick We. Mueller, CCE NODRY 11:82 M
BUDEET WITH GUENTITY & INIT PRICE

JOMS]  JOB @284 GETHSEWWE DAPTIST CHURDM  BUDGET LFLRS 5740 SO FT WOUD FRYE, BRX VENEER PRGE 084

—J0B COST ACCONT— DESCRIPTION CONENT QUANTITY U/ WPRICE WM =  BUDGET DR
10080 (3 1} SPECIALTIES BRPTISTRY L0 ER 20700 ER 2,075,
1000 (3 2}  SPECIALTIES SPIRE 1.00 EA 263.000 EA 42,5638
M9 1) MEDICINE CRBINETS TR ACC ALL 2.08 LS 250.000 LS 4508, 00
10389 2} MEDICINE CRBINETS TOIL PARTS S A 25600 EA $1,250. 08
WM 3 MEDICINE CRBINETS U SCREENS L EA I75.008 ER $175. 0
10000 SPECIALTIES $6,563. 08
11008 (9 1)  EQIPENT FIRE EXT C 18 B 15.000 R $375.00
1R (9 1) APPLIANCES KIT EQUIP 1.00 NIC NIC +.09
11008 EUIPENT
1M (3 1) PUMBING SYSTEM INT PLUMEG .00 FIX  450.008 FIX  $19,009.00
1H0(3 2} PLMBING SYSTEM WATER PP 100 A TSRO AN 750,00
1581 (3 1} HV.AC. SYSTES HEAT PPS 1799 TS MBS TS $25,000.00
15000 MECHWICAL $35, 550,00
1610049 1}  ELECTRICAL WIRING ELECT RGH 5,74.00 & T8 ¥ $4, 305,00
16100 (9 2}  ELECTRICAL WIRING ELELT FIN 574.00 5 1.0 & 15,748.00
16100 (3 3}  ELECTRICA WIRING TO® ELECY 100 15 50.000 LS $500. 90
16100 {3 4}  ELECTRICAL WIRING 5000 M08 000 AP 4508 AP $2,250.0
16208 (9 1)}  LIGHT FIXTURES LIGHT FIXT 190.00 AN 35000 AN 43,500, 00
16008 ELECTRICAL $16,29.00
80802 (8 } FEES AND MISC CONST INT 2.61 LS s 4.0
50008 FEES AND MISC 5.0
82100 {4 1}  GONERAL CONTRACTOR'S OVERERD  GEN 0 HD 291,2%2.62 AT 5 BT $13,105.47
82500 (4 1)}  GENERAL CONTRACTOR'S FEE 6CFE 291,232.62 AT 035 PCT  $18,193.14
82608 (4 )} CONTINGECIES ALLOWNCE ot N .00
82000 CONTRACTOR'S (VERHERD AND FEE $23,290.61

TOTRL BUDGETED 314,531, 23

MODEL BUILDING METHODS

The data and information making up budgets and estimates are generally
presented in tabular form. Older methods use multicolumn summaries with
separate columns for labor, materials, subcontracts, and total. Contemporary
methods where computer capability is available for summarization use the
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single column summary which contains the cost of each activity with the
appropriate summary levels. The sample of a computer generated estimate
confirms that the detail and content of information provided by both estimat-
ing and budgeting may be presented showing specific summary levels, all
activities, or single line summaries for the entire project.

PLANNED DATA AND PERFORMANCE EXPECTATIONS

Any performance model as essential as the cost budget or the estimate should
be subjected to several levels of checking and validation. Checking consists
primarily of arithmetically verifying the estimate for accuracy. Validations
must be done by staff technically competent in dealing with such matters
and knowledgable concerning quantifications and cost procedures relating
to the project. Since several other parties of interest will need the data and
information contained in the estimate and budget, an acknowledgement proce-
dure can be an effective tool in administrative control of estimates and budgets.
The functional groups which might be included in the acknowledgement
(or sign-off) are project management, field supervision, administration, ac-
counting, and management.

When the budget has been acknowledged by all parties, it is the cost perfor-
mance model for the project. For use in calculating cost performance ratios,
the budget becomes the planned data, which will be used for cost performance
ratio calculations at any summary level from the individual activity to the
entire project. When the performance model has been assembled in the way
the project is expected to be constructed, a good match should be provided
for comparing actual performance to planned performance.

PERFORMANCE DATA CAPTURE

In the preparation of estimates and budgets, two major criteria require atten-
tion. The first is that the detail within the estimate or budget be assembled
in the way the project is expected to be built. The second is that the data
capture procedures should carefully match the way the project is expected
to be built and the way in which the performance model is constructed.
This careful matching of project cost expectations to the level of control to
be exerted is the foundation of effective cost control techniques.

EVALUATING PERFORMANCE

Evaluating actual performance against performance models in a contemporary
time frame is an essential part of integrated cost and schedule control. Of
particular importance is that measurements of cost performance and evalua-
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tion of performance be accomplished expeditiously. Comparing actual perfor-
mance to planned performance as a ratio is one of the most effective and
efficient ways of attending to this job control requirement. The cost perfor-
mance ratio (CPR) provides immediate feedback to management and adminis-
tration on job cost performance.

IDENTIFYING PROBLEMS

The task of identifying problems becomes somewhat simpler with good man-
agement by exception procedures. Typically, better than 95% of the activities
in a job will perform within planned criteria. Neither management attention
nor corrective action is likely to be required on these activities. It is the
remaining 5% which require action since these will be the source of cost
control difficulties. Comparing actual performance to planned performance
will provide the basis for designing corrective action while such is still possible.
Cost control implies the ability to influence performance and outcome. Some
strategy for identifying problems, for designing corrective action, for imple-
menting corrective action and for monitoring the effects of correction is,
therefore, an essential part of building performance models which relate to
the budget.

SUMMARY

The cost control budget is one of the two primary performance models. It
deals with setting out in an organized and detailed way the costs which
are expected to be incurred in the performance of the project. The cost
control budget output is generally displayed in tabular form with appropriate
summary levels. It represents the planned cost data for cost performance
ratio calculations.
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THE SCHEDULE AS A PERFORMANCE
MODEL

The schedule for a job is one of the most important control tools available.
The proper scheduling of a job requires a detailed analysis of the project,
establishing a plan for its construction and, based upon available resources,
a determination of a realistic and valid schedule for the completion of the
project.

The project schedule is one of the two primary performance models for
a project upon which all other performance models are based. The validity
of the schedule is directly related to the effort expended in planning how
the job will be constructed. Historically, no clear distinction was made be-
tween job planning and job scheduling. In recent years, however, better under-
standings of the planning and scheduling processes have recognized planning
and scheduling as two distinct and separate analytical processes. Certain
planning and scheduling processes such as CPM are especially suited to their
independent planning of a job prior to the creation of the schedule.

THE CRITICAL PATH METHOD FOR PROJECT PLANNING
AND SCHEDULING

The critical path method of project planning and scheduling is well suited
for construction planning and scheduling. Jobs are built and resources are
assigned by activities. The critical path method is activity oriented. The logic
network, or arrow diagram, allows the complete planning of a project indepen-
dently of and with little concern about scheduling.

In the critical path method, scheduling involves several basic arithmetic
computations once the project plan is complete. The first of these computa-
tions addresses the resources available to perform each activity and the result-
ing duration of that activity. The second group of computations establishes
the time boundaries for all events and activities throughout the project plan
and allows the identification of the critical path. The scheduling computations
provide the time boundaries for each activity which, when calendar dated,
provide a calendar schedule for the job in its entirety and for each activity
within the project. This kind of intense job analysis provides field construction
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and project management with a plethora of information concerning expected
job performance.

CRITICAL PATH METHODOLOGY

There are a number of good references concerning the critical path method
of planning and scheduling available to the interested reader. It will be useful,
however, to review the basic techniques which are involved in CPM. Exhibit
9-1 shows the logic network diagram for a small project consisting of seven
activities. It contains all of the basic elements in CPM diagram and logic.
Within the context of the critical path method, a project is defined as any
undertaking involving a group of related activities having a specific origin
and a unique objective.

The logic network diagram for the project shown in Exhibit 9-1 contains
all of the diagramming elements and relationships which are part of the
critical path methodology. There are six regular activities: A, B, D, E, F,
and G; an activity is a time and/or resource consuming task. Activities are
shown in the logic network diagram as arrows. The flow of the work within
an activity is from its tail to its head. For convenience, descriptions of the
work within each activity are not provided. Each activity, however, is identi-
fied by a letter reference.

Note that activity C is shown as a dotted arrow and is referred to as a
“dummy.” The dummy activity is a logic transfer device within the arrow
diagram. It transfers logic of limits from one event to another when no
time or resource is involved.

The Event

Each activity begins with an event and ends in an event. An event is a
point in time representing the beginning or end of an activity or group of

Exhibit 9-1. Logic Network Diagram
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activities. Note that the origin of a project shown in Exhibit 9-1 is event
number 2, and that the objective of the project is event number 10. Other
events in the project network are numbered 4, 6, and 8, and along with 2
and 10 are shown as circles within the diagram.

Relationships Between Activities

All relationships within a logic network diagram are described in terms of
the relationships between activities. Events themselves are not considered
within these definitions of relationships but serve only to mark the commence-
ment of an activity and the end of an activity. There are four specific relation-
ships essential to the logic network diagram. These relationships can be ex-
pressed in a number of different ways, but the following formal definitions
are the most appropriate.

The first of these formal relationships is precedence. In Figure 9-1, A is
precedent to D, D is precedent to E, B is precedent to F. B is also precedent
to G, but C is precedent to G and F. Precedence simply means that one
activity must be completed before subsequent activities may commence.

The second formal definition concerns subsequence. If A is precedent to
D, then D is subsequent to A. E is subsequent to D, F and G are both
subsequent to C, and so forth. The less formal way of expressing these same
relationships might be: A must be completed before D can start, E cannot
start before D is completed, F and G depend on B and C; all express the
same form of precedence and subsequence.

The third formal relationship within the logic network diagram is concur-
rence. Activities are said to be concurrent when they share a common event
at either the tail or head. For example, in Exhibit 9-1, A and B are concurrent,
E and G are concurrent, D and F are concurrent, and so on. A further
limitation on the definition of concurrence is that concurrent activities need
not be performed in the same time frame.

A fourth formal relationships must be recognized in drawing the logic
network diagram. If activities share a common event, they are related. If
activities do not share a common event, they are unrelated. The point is
that no relationship can be inferred between activities not explicit in the
diagram. In philosophical logic, it may be appropriate to say: A is precedent
to D, D is precedent to E; therefore A is precedent to E. But in logic network
diagramming, if A is indeed precedent to E as well as to D, this must be
clearly shown. We can infer no relationship between A and E since it is
not explicit in the diagram. If some project modification would result in D
being removed as a project activity, the inferred dependences on D to show
a relationship between A and E also would be lost. If there is a necessary
relationship to be shown between A and E, it must be explicit in the diagram.
That is, they must share a common event.
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Absolute Logic of the Logic Network Diagram

The logic network diagram clearly depicts all relationships. As a consequence,
there is a minimal chance of misinterpretation of what the logic network
diagram in Exhibit 9-1 shows. A must be completed absolutely before D
can start. There is no way of telling, however, from the information given
whether the relationship between A and D is mandated by some physical
characteristics of A and D or whether the planner has simply chosen to do
A before D. In the one case, there is a physical constraint and, in the second
case, there is a planner’s choice which, within the context of the logic network
diagram, operates the same as a physical constraint. This, perhaps subtle
difference is essential to understanding both the power and limitations of
the critical path method.

To illustrate this point, if activity A represents excavation for the footings
and D represents the pouring of the footings, clearly the physical conditions
involved require that the trenches be excavated before the footings are poured
in those trenches. If, however, A represents the footings along the north
wall and D represents the footings along the east wall, the planner has the
option to pour either wall first. No physical constraint applies here.

In the planning process, where there is no physical constraint, many alter-
nates are available. In fact, one of the utilities of CPM is in the examination
of alternates where planner’s choices are involved. However, within the con-
text of the logic network diagram, physical constraints and planner’s choices
appear exactly the same and operate in exactly the same manner.

Project Planning

Two important features of the logic network diagram for the project are
shown in Figure 9-1. First, it represents the complete plan for the project;
it clearly shows the relationships between all activities making up the project,
and flows from the origin to the objective. The second feature is that it
has been possible to complete the entire project plan or strategy with no
reference of any kind to activity durations, scheduling computations, or a
calendarized schedule. The complete separation of the project plan from
the scheduling processes is a most useful characteristic of the critical path
method.

Scheduling Computations

Scheduling computations involve several arithmetic procedures and require
certain data. Before scheduling computations can commence, some determina-
tion of the resource to be used in performing each activity must be made
since this will have some effect on the duration of the activity.
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The first determination which must be made is the duration of each activity
within the logic network diagram. Of course, all dummy or dotted arrows
will have a duration of zero. All others will need a duration assigned. While
there are many exotic computational procedures, as a practical matter, activity
duration is usually assigned by someone expert in the work and/or processes
within each activity. Each planner must determine the ways in which activity
duration will be established. Duration units have arbitrarily been assigned
to the network shown in Exhibit 9-2. These are characteristically shown in
the middle of the activity arrow immediately below the designation.

The next set of scheduling computations is referred to as the “forward
pass.” The forward pass consists of summing the durations of activities to
each event and determining which activity controls the earliest time (Tg)
that event can occur. Any event cannot occur until all activities which end
in that event are completed. The number shown in Exhibit 9-2, at the arrow-
head, represents the early completion (Er) of each activity. Where several
activities end in a common event, the last activity finished controls when
the event can occur. For example, event 8 in Exhibit 9-2 cannot occur until
both activities D and F are completed. The last of these two events to be
completed will be F at duration unit 16. The earliest event 8 can occur,
therefore, is 16. Sixteen is noted at the event as the time earliest (Tg) for
that event. Forward pass calculations continue from the origin to the objective.
In most cases, calculations will begin with zero at the origin and end with
the calculated longest duration.

Exhibit 9-2. Scheduling Computations

Event Time Boundaries Event
. . Te = time earliest
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Activity Duration % 7 T, = time latest
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Designation
Activity Time
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ES = early start
LS = iate start
EF = early finish
LF = late finish
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The next set of scheduling computations to be made is the “backward
pass,” which determines the latest each activity can start without affecting
the schedule. It is similar to the forward pass except that the durations are
subtracted from the event time to determine the late start (Ls) of each activity.
For example, the late start for activity G in Exhibit 9-2 is determined by
subtracting the activity duration of 8 from the time latest, 26, for event 10,
resulting in a late start for activity G of 18. The latest event 6 can occur,
however, is controlled by when each activity beginning in event 6 must start
so that the schedule will not be delayed. The backward pass computations
taking into account the duration of activity F indicates that F must start
no later than duration unit 12. Therefore the latest duration unit at which
event 6 must occur (Ty) is 12 rather than 18.

A partial confirmation that the backward pass and forward pass calculations
had been made correctly is the confirmation that the time latest for event
2 at the origin is also zero (reached via activity B, the longer of A and B).

Identifying the Critical Path

The scheduling computations are included in Exhibit 9-2, with the appropriate
notational system for each. Those readers interested in a more detailed devel-
opment of the critical path methodology are referred to other more complete
treatments of the method. The purpose here is to show the simplicity of
the method and the computational procedures.

The last of the scheduling computational procedures is to identify the
critical path. The critical path is defined as the chain of activities which
control the overall duration of the job. In nontechnical terms, it is the sequence
of activities in which there is no room to move (float). This means that the
events associated with the critical path have the same time earliest and time
latest and that the activities between those events consume all of the time
available between the events. In Exhibit 9-2, those events having the same
time earliest and time latest are 2, 6, 8, and 10. It would be normal to
assume that all activities between those events would be on the critical path.
An examination of activity G, however, reveals this not to be the case. There
is available between the time earliest for event 6 and the time latest for
event 10 a total of 14 days (26 — 12 = 14). Since only 8 days, or duration
units, are required for the performance of G, 6 days of float are available.
It is clear, therefore, that G does not control the overall schedule. In the
case of activity B, F, and E, however, each fully occupies the time available
between events and are, therefore, critical activities. The sequence of activities,
B, F, and E, are, therefore, identified as the critical path and are so noted
by the double hash marks on the diagram.

These basic routines complete the critical path scheduling calculations and
the identification of the critical path.
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THE TIME SCALE NETWORK

There are a number of advantages of using the logic network diagram for
the basic planning and scheduling computational routines associated with
the critical path method. As a production control tool, however, logic network
diagrams for projects involving hundreds of activities tend to be confusing
and complicated to the point of uselessness in the field production environ-
ment. Most field supervision is familiar with bar charts, Gantt charts, or
other time scale presentations for project scheduling for production control.
Fortunately, the conversion of the logic network diagram, once the scheduling
computations have been completed, is a simple, straightforward task. Exhibit
9-3 shows the logic network diagram presented in Exhibits 9-1 and 9-2 con-
verted to a time scale network.

Note that in the logic network diagrams in Exhibits 9-1 and 9-2 the direction
of the arrows, and their lengths are unrelated to their durations. In Exhibit
9-3, however, each activity is drawn to a linear scale so that the length of
each activity clearly represents its duration. For example, B is shown 12
units in length, F is shown 4 units in length, and E is shown 10 units in
length. B, F, and E, represent the critical path and, combined, are 26 units
in length—the duration of the project. Note there are no gaps, spaces or
dotted lines in the critical path. A and D are similarly shown to scale but
together do not require completion before the end of duration unit 16. The
dotted line to duration unit 16 indicates the float available to the A and D
chain of 8 days. Activity G may start on day 12 but does not require comple-
tion before day 26. The earliest completion is day 20 with 6 days of float.
Activity C is a dummy. It has a duration of zero as indicated by the line
showing 7 days of float.

As a practical matter, the conversion of a logic network diagram to a
time scale network normally ignores the logic relationships and deals only
with the durations of activity and the float of the activities. The typical
method of plotting each activity is to begin with the early start (Es) plus

Exhibit 9-3. Time Scale Network
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the duration. In this way, the float indicated in the time scale network is
also the independent float available to that specific activity.

CALENDAR DATING THE TIME SCALE NETWORK

The processes described thus far in this chapter have dealt with several specific
details of creating a schedule for a job. The first of these is the independent
planning of the project, consisting of structuring the relationships between
the activities which make up a project. This is best accomplished through
a logic network diagram which explicitly shows the planned relationship
between activities which make up the project. The absolute nature of the
logic of the logic network diagram makes this kind of diagram an especially
powerful communications tool. The logic network diagram is, in fact, so
explicit that it is difficult to misinterpret. The nature of expressing the logic,
however, does not mean that the underlying planning processes are faultless.

Planning may be carried on without reference to resource requirements,
duration, or time boundaries. A separate determination of duration allows
the scheduling computations, including the forward pass, the backward pass,
and the identification of the critical path, to be accomplished. These are all
done in the framework of the logic network diagram. But logic network
diagrams for projects of any complexity tend to become too cumbersome
to be used directly as a production control tool. As a partial remedy, the
conversion of the logic network diagram with scheduling computations to
a time scale network places the expected performance information in a format
where activity is time scaled, but the logic relationship among activities is
less clearly evident.

Another major advantage of the critical path method of planning and
scheduling now becomes apparent. All of the tasks thus far reviewed (includ-
ing the scheduling computations which establish time boundaries for activities
and events) may be carried out without knowing specifically when the project
will be started or when it may be expected to be completed. Calendar dating
of the project plan may be deferred until an actual start date has been estab-
lished.

In Exhibit 9-3, assuming the duration unit to be one working day, the
horizontal time scale shows the working days. Immediately below the working
days, the calendar dates have been inserted. The insertion of any firm calendar
date permits the calendarization of the entire project. In fact, in a purely
technical sense, the project schedule does not exist until a calendar dated
schedule has been established. However, once a time scale network is com-
pleted, the second performance model then exists; calendar dating may con-
veniently be added to the time scale network as soon as a fixed start date
is established.
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All other derived performance models are dependent on the time scale
network and the budget. The many uses of the time scale network in the
derivation of other performance models will be discussed in detail. The time
scale network itself allows distribution of activities along a time scale. When
each activity has been budgeted separately, all cost related job performance
parameters such as budgeted costs, production values, schedule of values,
cash income, and cash requirements may be correlated with the time scale
network.

The time scale network serves as the foundation for integrated cost and
schedule control; it becomes the project schedule when calendar dated. While
the critical path methodology and logic network diagrams have been discussed
to establish an adequate background for developing the time scale network,
all further references to the project schedule as a performance model will
refer specifically to the time scale network with or without calendar dating.

THE ROSTER OF ACTIVITIES

As we have seen, the project schedule consisting of a time scale network
may be logically derived through critical path methodology. This is true
whether the time scale network attempts to maintain or show the logic or
not. When project planning and scheduling matures to the point the project
is ready for production, the time scale network becomes a much more useful
production management tool. Planning and scheduling processes which have
been discussed thus far are heavily dependent on the work, previously dis-
cussed, concerning the budgeting processes.

The basic unit of performance for measuring both cost performance and
time performance is the activity. Proper budgeting procedures result in the
creation of a roster of activities which reflect both the way in which the
job will be built and the level of control to be exerted. This roster of activities,
when properly set up for budgeting purposes, presents itself to the planning
and scheduling environment for use in the critical path anaylsis of the project.

Historically, the most difficult work in the planning and scheduling pro-
cesses using the critical path method has been the generation of the roster
of activities. This task at this stage is almost eliminated when the roster of
activities has already been generated for budgeting purposes. The planning
and scheduling processes may result in some additions to the roster of activities
for planning and scheduling purposes, but the bulk of the work on the roster
has already been accomplished. When, to accommodate scheduling require-
ments, activities are added to the roster of activities already prepared for
budgeting these added activities will also require budgeting. This budgeting
process for new activity requires attention to the same quantity/unit price
algorithms previously discussed (p. 105).



THE SCHEDULE AS A PERFORMANCE MODEL 119

The importance of using a common roster of activities for both cost budget-
ing and for planning and scheduling must be emphasized continuously. Where
the integrity of the job planning process is maintained, the process of inte-
grated cost and schedule control is measurably simpler and easier to accom-
plish.

The criteria for detail in the roster of activities is also simple. The roster
of activities should include the maximum detail required for planning, schedul-
ing, or budgeting as a function of the complexity of the job. But, again, a
point of caution is to avoid unnecessary detail in both the budget and the
schedule, which adds complexity but not usefulness to project control.

DATA SOURCES FOR PLANNING AND SCHEDULING

Several data sources are important in supplying information for the planning
and scheduling processes. First, as we have seen, the complete roster of activi-
ties is essential to beginning the planning and scheduling processes. The
roster of activities is initiated through the budgeting processes subject to
modifications which may be required for planning and scheduling purposes.
The roster of activities permits the commencement of the planning processes
and allows the development of a logic network diagram appropriate to the
project.

The second data source ties in with selecting the resources which will be
utilized in performing each of the activities. There are four principal resources
used in job construction. The first of these is the company’s own resource
consisting of its own labor, materials, and equipment. The second resource
are the many suppliers who provide miscellaneous materials required for
the completion of the project. The third resource is the subcontractors who
perform significant portions of the work on site. The fourth resource is that
of principal vendors who, while not installing work at the job site, provide
significant portions of the work fabricated to job requirements and delivered
to the job site.

Some preliminary determination of the resource to be used for each activity
is essential to the planning and scheduling process. The principal concern
from a planning and scheduling point of view is the duration of each activity.*

For field production activities, however, duration is a function of the re-
source available and the rate of application. The usual practical resource is
the standard critical path test of resources to be applied to any particular

* For resource analysis leading to establishing duration, all activities are divided into two catego-
ries: those involving job site work (field production activities usually own or sub labor or equip-
ment), and all others. The duration of all but field production activities usually involves setting
delivery times for materials, supplies, or in some cases, data such as shop drawings; these
serve as constraints or limitations on when field production may start.
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activity. Usual refers to the workforce size or kind and capacity of equipment
which would normally be used for the work being performed. Practical is
the modification to that resource to meet the constrictions of time and space,
and sometimes the need for a rate of placement beyond what might normally
be considered appropriate.

While the traditional method of using knowledge of resource to determine
duration of activity is empirical and is provided by a person knowledgeable
in the work, there are more definitive ways of addressing or determining
the duration of each activity. Duration is a function of rate of placement
in the field environment. Exhibit 9-4, Duration Data Requirements and Calcu-
lations, shows the raw data required and methods of calculating duration
based on specific budget data for the activity to be performed.

The budget for the rough-in includes 19 fixtures at $200 each or a total
of $3,800, a workday of 8 hours, and a typical workforce of two plumbers
and one helper which cost $38 per hour total, and 100 workforce hours
which, when divided by 8 hours per day, gives 12.5 days required for the
activity. Since duration is typically rounded to the next higher whole duration
unit, the duration unit used in this illustration is 13 days. If, after inserting

Exhibit 9-4. Duration Data Requirements and Calculations

NO. ITEM DESCRIPTION
1. Resource A.B.C. Plumbing
2. Activity Rough-in toilet rooms, 1st floor
3. Budget
COST TYPE QUAN. UNIT PRICE cosT
Sub labor 19 fixtures $200.00 $3.800.00
4. Workday 8 hours
5. Workforce:
CLASSIFICATION NUMBER RATE COST/HOUR
Plumbers 2 $15.00 $30.00
Helpers 1 8.00 8.00
Total cost per workforce hour = $38.00
6. Duration calculation:
a. Duration = labor cost =+ labor cost/day
b. = $3,800.00 + $38.00/hr X $8.00 hrs/day
= 12.5 days

c. Use duration = 13 days
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this duration into the schedule and performing scheduling computations, it
is determined that the duration of 13 days is longer than appropriate to
the overall schedule, several options could be used. The workforce size could
be increased, or the hours per day could be increased. Each of these would
require separate examination to determine the best course of action.

Not all construction organizations have developed this expertise or would
take the time for these rational calculations of activity duration. More typi-
cally, the direct supervision of the workforce is called upon to estimate (or
approximate) the time required for each activity. While this empirical method
is, perhaps, the most expeditious way to arrive at durations for each activity,
each should be tested against budget constraints to confirm that the unit
cost of the resource times the duration is at or less than the budget and
that the estimated duration makes sense.

With the logic network completed and durations assigned to each activity,
it is then possible to perform the scheduling computations. The scheduling
computations establish a series of time boundaries for each activity and for
each event throughout the logic network diagram. As we have seen, the
event as a point in time has two boundaries. The first is time earliest (Tg),
or the earliest the event can occur, and time latest (Ty), or the time the
event must occur. While each activity has eight time boundaries determined
as a result of scheduling computations, four are of particular interest. These
are the earliest an activity can start (Eg), the latest (Ls) it must start, the
earliest an activity can finish (Er) and the latest it must finish (Lg). (Also
see Exhibit 9-2).

The last piece of data required to complete the schedule as a performance
model is the calendar dating of any significant event within the project plan.
Typically, the calendar date of the origin of the project is expected to be
set first though other dates may be used. It should be obvious, however,
that the calendar dating of any event anywhere throughout the network
determines the calendar date of all the remaining events and of all activities.
Typically, the conversion of the logic network diagram to time scale occurs
after the scheduling computations have been completed but before the calendar
dates are inserted.

OTHER INFORMATIONAL REQUIREMENTS

Preparing a job schedule as a primary performance model is a significant
and noteworthy task. The data required for preparing the schedule is usually
readily at hand. However, other informational requirements will impact on
the planning process and the resulting schedule.

The terms and conditions of the contract concerning contract time perfor-
mance are especially important. Specific start dates required by the contract
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must be recognized. The prerequisites to the start of construction must be
carefully monitored from an administrative point of view. When the planning
and scheduling processes clearly indicate that these may not be met for one
reason or another, administrative action is required to document the reasons
why the project cannot be started within contract requirements so that neces-
sary schedule and legal adjustments may be made. The contract completion
date is also of significance. Where penalties and liquidated damages pertain
to the contract, planning decisions will need to be made to improve production
or productivity to assure the completion of the contract within the contract
schedule time.

Other major factors will have an impact on job scheduling. Seasonal consid-
erations are significant in most parts of the country; the schedule may be
more or less adversely affected depending on the kinds of construction and
the materials to be used. Market conditions also have a significant effect
on time schedules. In a rising market, limited resources within the subcontrac-
tor and vendor base significantly impact on what might otherwise be consid-
ered normal or reasonable performance of the work. Conversely, a falling
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