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CHAPTER 1

OVERVIEW

Introduction

Military Command, Control, and Communication (C3)
systems are receiving the same degree of attention as
weapon systems in the competition for limited defense dol-
lars. In his 1983 budget address to Congress, President
Reagan (28:13) summarized a recent study of our C3 capabi-
lity in one simple statement, "Current communications and
warning systems were found to be vulnerable to severe dis-
ruption from an attack of a very modest scale." The admin-
istration acknowledges that in order to provide for the
effective use of our forces in crisis situations, there is
a need for reliable real time communications to transmit
warning and intelligence data to the National Command
Authorities and for the subsequent dissemination of orders
to operational forces. To meet this need, the administra-
tion has made a commitment to identify existing deficien-
cies in our C3 capability, and has pledged the resources to
eliminate them. The FY 83 defense budget, which contains
significant increases for C3 modernization and upgrade pro-
grams, has grown from $14.0 billion in FY 82 to $18.0 bil-

lion in FY 83 (29). With the commitment of fiscal resources
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comes the challenge to ensure the prudent and efficient
application of these resources.

Part of this responsibility rests with the Air
Force Communications Command (AFCC). From its headquarters

at Scott Air Force Base, Illinois, AFCC manages worldwide

communications, air traffic services, and common user data
automation services for the Air Force and various federal
agencies. Additionally, AFCC is responsible for the engi-
neering, installation, modification, and removal of commu-
nications-electronics (C-E) equipment and systems at bases
throughout the world.

The magnitude of the Engineering and Installation
(EI1) responsibility can best be appreciated when one con-
siders that AFCC was tasked with the accomplishment of more
than 5,600 schemes (projects}) in calendar year 1%82 (33),
amounting to a total cost of $95.3 million (18). This
figure, however, fails to capture the actual amount of
resources expended. Most of the program costs are funded
by the procuring commands such as the Air Force Logistics
Command (AFLC), Air Force Systems Command (AFSC), and Flec-
tronic Security Command (ESC). Regardless, it has become
imperative that management action be taken to improve our
ability to control costs and accurately forecast resource
requirements.

The responsibility to oversee the efficient manage-

ment of the EI function is delegated to the Engineering and
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Installation Center (EIC)} located at Oklahoma City AFS,
Oklahoma. Established in 1981, the EIC is responsible for
programming new requirements; engineering, installing, and
retrofitting the equipment and systems; and performing on-
site depot level maintenance. These tasks involve a com-
plex series of actions distributed among many organizations
and management levels within those organizations.

The Engineering Installation Management system
(EIMS)--a vast computerized EI data base--provides EI man-
agers with their primary tool for meeting this challenge.
Since its implementation in 1967, the system has undergone
numerous modifications to improve its usefulness. For many
years, the system, previously known as the Ground Electron-
ics Engineering Installation Agency (GEEIA) management
information system, proved to be useful only for the man-
agement of short-term work schedules (22:74). The system
was unable to provide managers with accurate data for long-
range foreccasts, and its output products were often cumber-
some and difficult for functional managers to interpret.
Consequently, EIMS was regarded by the EI community as a
large historical data base with little analytical poten-
tial. Few individuals within the EI community knew how to
access and process this information to improve their
ability to forecast future workload (22:82). Both cost and
schedule estimates were developed independently and later
entered into the system. The estimates provided were often

inconsistent and unreliable (2).
3




Compounding the problem is the fact that the cost
and schedule estimates developed by EI managers are used by
the requiring commands (customers) to make a variety of
decisions. These estimates may be required for comparative
studies, trade-off studies, funding decisions, program
changes, cost-effectiveness analysis, independent reviews,
and program approval determinations (23). Without some
knowledge and experience of communications engineering and
installation, customers find it extremely difficult to
verify and adjust the estimates provided. A manager within
the Military Airlift Command (MAC), for example, is not in
a position to verify whether the projected direct labor
hours required to install the scheme in question are indeed
accurate. In most cases, he will accept the estimate as
provided.

Unfortunately, the estimator, normally the scheme
engineer, has a limited set of tools to develop accurate
estimates. Traditionally, estimates are obtained by asking
someone familiar with the type of scheme being implemented.
Clearly, one engineer's estimate is not representative of a
scientifically developed estimate. This tracition is:

o too often 'top-of-the-head', beased on a
sample of one, not documented, and non-reproducible,
resulting in an estimate that cannot be =2valuated by
the user [34:1].

This technique also suffers from a number of other short-

comings. First, engineers are generally not concerned with




how long 1t takes the installers to complete the scheme.

They are only accountable for whether the system satisfies
the needs of the customer. Secondly, it is often common
practice to "pad" the estimate to ensure that ample re-
sources are programmed. Finally, each scheme is suffi-
ciently unique that, regardless of the experience level of
the engineer, his estimates are prone to be inconsistent
and unreliable.

The EI community has acknowledged these shortfalls
and has initiated a variety of modifications to the EI
Management System in an effort to alleviate them. 1In 1976,
an AFCS study titled "Introspective Look" recommended a
complete overhaul of EIMS. This recommendation was the
catalyst for a number of modifications; one of which was
the development of an EI work measurement system. The sys-
tem was simply a catalogue of standard times to accomplish
units of work. The initial standards were based on the
collective judgement of a committee of "experts"”. The
committee segregated each major category of EI work into
the major operations involved. A standard time for each
operation was then subjectively determined. These stan-
dards were to be updated as schemes were completed.

The system, however, failed to improve the esti-
mates. In a letter to the EI community from AFCS (2:1), it
was stated that "the existing EI work measurement system is

inadequate in that the work standards generated through the

s
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system are unsubstantiated and unreliable.” In the aggre-
gate, however, the estimates appeared to be relatively
accurate. One study indicated that the average of all the
estimates came within "two percent”" of the actual man-hour
expenditures (22:75). Presumably, any estimation errors
may have been cancelling one another out. Taken individ-
ually, the variability between the actual and estimated
man-hours was often so large that it shortly became appar-
ent that the system was not useful (2).

Although there has been a lot of discussion concern-
ing the development of an improved work estimating system,
nothing has yet materialized. Engineers have returned to
the method of subjectively formulating estimates (22). As
can be expected, many of the problems inherent with this
technique are present today. For example, as depicted in
Figure 1-1, in the first quarter of FY 1983, 48 percent of
the required operational dates (ROD's) were delinquent
(16:2). Much of this problem can be attributed to the
inaccurate man-hour estimates provided at the outset. These
same estimates are used to develop budgets, schedule work-
load, forecast resource requirements, and establish mile-
stones against which progress and performance are measured.
Despite the vast number of modifications to the EI manage-
ment system, none of them attacked the most fundamental
problem. That is, until the inputs to the system are im-

proved, the outputs will continue to be useless. More

6
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Figure 1-1. Required Operational Date (ROD)
Delinquencies First Quarter FY 1983

specifically, a system must be developed that will draw on
the available historical data base to systematically for-
mulate man-hour estimates. The purpose of this research is
to explore the feasibility of developing an automatic work
estimation system which, as a component of the EI manage-
ment system, can be applied by EI engineers to arrive at
man-hour estimates that are accurate and reliable, yet
flexible enough to adjust to the uniqueness of a particular

scheme.




Problem Statement

There is a need to provide analytic support to EI
managers for estimating the man-hours required to accom-~
plish an AFCC EI scheme. Presently, there is inaccuracy
between the original man-hour estimates and the actual num-
ber of man-hours expended. This results in an inability of
management to adequately budget, schedule, forecast, eval-

uate, and control resources.

Background

The purpose of this section is to familiarize the
reader with the mission and organization of Air Force Com-
munications Command and the Engineering and Installation
Center. An explanation of the C-E programming process is
included to provide an insight into the complexity of the
process and highlight associated problem areas pertinent to
this research effort. A brief overview of the Engineering
Installation Management system is presented to associate
the reader with the architecture of the system as it exists

today.

Alr Force Communications Command

The mission of AFCC has remained the same since
1938: to provide the communications-electronics, meteoro-
logical, and air traffic control services for the Air Force

and for other agencies as directed by the Chief of Staff of




the Air Force (32:141). AFCC's mission responsibilities can

be divided into six functions. These are base communica-

tions, which range from telephone and message centers to

on-base radio networks; interbase communications via radio,

cable and satellite links which encompass 50 percent of the
Defense Communications System which serves all military

activities; air traffic services, which involve assistance

to both military and civilian aircraft in the air space

designated for Air Force control; data automation, includ-

ing the acguisition and evaluation of computer systems, and
maintenance and enhancement of the software for many common-

user programs; maintenance and evaluation of existing and

new communications systems and equipment, air traffic, data
automation, weather, intrusion detection, and radar systems;

and engineering and installation of communications, air

traffic services, weather and other electronic equipment
including replacement, retrofit and on~site depot level
maintenance actions (3).

These activities are carried out through seven sub-
ordinate command organizations called communications divi-
sions, an Engineering and Installation Center, arnd nine direct
reporting units (Figure 1-2). Five of the seven communica-
tions divisions manage the communications and air traffic
service needs of five of the Air Force's flying commands.
These include the Strategic Communications Division (SCD},

Tactical Communications Division (TCD), Airlift Communica-
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Bases Bases Command
TCD PCD
D&M Comm. O&M Comm.
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Figure 1-2. Air Force Communications Command

Organizational Chart




tions Division (ACD), European Communications Division

(ECD), and the Pacific Communications Division (PCD). The
Continental Communications Division (CCD) serves the
remaining major commands and separate operating agencies
with the exception of the Space Command which is serviced

by the Space Communications Division (SPCD) (1).

Engineering and Installation Center

As one of AFCC's intermediate headquarters, the
Engineering and Installation Center (EIC) is the focal point
for Air Force engineering and installation activities.

Their responsibility encompasses the full range of planning,
programming, engineering, material acquisition, installa-
tion, and mobile depot maintenance. These services are also
provided to other military services, federal agencies, and
foreign nations on a case-by-case basis. The center is re-
sponsible for nine active duty units as shown in Figure 1-2.
The center also advises and trains personnel at 19 Air
National Guard electronic installation squadrons. In 1982,
the center's 350 electronic installation teams and 600 plus
engineers spent nearly 3,000,000 man-hours completing more

than 5,600 schemes at 400 locations around the world (33).

C-E Programming Process

To place the complexity of the EI management respon-
sibility in perspective, a review of the basic process

through which a scheme is developed and implemented is in

11




order. The C-E programming process provides the framework
through which an operational need is transformed into a G5
scheme and subsequently an operational capability. A C-E
program can follow one of two paths: downward directed or
upward directed. A downward directed program is one that
is initiated at a management level above the ultimate user.
An upward directed program is generated by the ultimate
user. In many respects, both programs are handled identi-
cally. The major difference is that the downward directed
program has already been approved. The upward directed
program must be processed through a series of validation
boards before receiving program approval. Thus, in the
latter instance, the accuracy of information provided dur-
ing the approval process impacts the validity of decisions
reached by the validation boards.

Presently, the need for a specific communications
requirement is first identified through the development of
a program communications requirement (PCR). Much like a
Statement of Need (SON) required for major systems acquisi-
tion, the PCR identifies deficiencies in the existing
communications-electronics capability of a base and the
impact on the base's ability to carry out its mission. It
is the PCR that transforms the requiring command's need
into a C-E program and facilitates the subsequent program-
ming, budgeting, funding, and implementation activities.

The validity of decisions made throughout the process

142




depends on the accuracy of the initial cost, schedule, per-
formance, and supportability estimates presented in the
PCR.

The process of defining the need for a new or im-
proved communications capability is a continuous one that
occurs before the actual development of the PCR as illus-
trated in Figure 1-3. Once the need is defined, the first
action is to assess whether the requirement can be satis-
fied with existing resources. The responsibility for this
decision rests with the base Command and Control, and Com-
munications Requirements Board (C3RB). The C3RB is an
activity established at major commands, bases, and inter-
mediate levels if necessary, for the purpose of validating
communications~electronics regquirements. They are also the
focal point for establishing and maintaining coordination
among command supporting activities (35:A-4). The board
considers items such as mission impact, alternative solu-
tions, schedule, and cost. The emphasis at this stage in
the process, however, is often placed on the justification
and clarification of the need. The other considerations
are given less attention.

The current system provides an avenue through which
the requiring command can request assistance from the com-
munications community with the preparation of the PCR, as
illustrated in Figure 1~4. The process is initiated when

the requiring command submits a request for technical

'3
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assistance (RFTA). The RFTA is processed through the re-
quiring command's channels to the Engineering and Instal-
lation Center. The reguest 1is forwarded to the appropriate
branch and assigned to an engineer. The RFTA is the instru-
ment that brings the experience and expertise of the commu-
nications comr~ nity into the process. It is a critical
document because it serves as the foundation from which many
subsequent documents originate. For example, the RFTA 1is
returned to the requiring command after completion, and the
requiring command will incorporate the information provided
into the PCR. The PCR is processed through a series of
validation boards and, if approved, becomes an input to the
command's program objective memorandum (POM). The POM then
becomes one of the primary inputs into the Planning, Pro-
gramming, and Budgeting System (PPBS). Clearly, if the
information provided in the RFTA is inaccurate or incom-
plete, the validity of the managerial decisions made at
subsequent stages will be suspect.

AFR 100-18, the governing directive for C-E program
management, requires a detailed cost breakout be included
in the PCR. Implicit in this directive is the reguirement
to provide such a cost breakout in the RFTA. The breakout
must address the total cost of the program in terms of non-
recurring costs and projected first-year operation costs
(35:A2-3). Nonrecurring costs include acquisition costs of

major items of equipment, engineering and installation
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costs, minor hardware and eguipment, travel and per diem,
and minor construction costs. Annual recurring costs en-
compass O&M supplies, leasing and other contractual costs,
and other miscellaneous materials. The cost figures are
included in the PCR for review and approval by the major
commands C3R board. Upon program approval, the PCR is sent
back to the EIC where a program manager is assigned to
oversee the development of the scheme. The first step in
the development of the program is the writing of the com-
munications engineering and implementation plan (CEIP).

The CEIP is a comprehensive document showing the resources
required for a particular facility or system. Basically,
it is a recapitulation of previous planning and programming
decisions. It incluaes an analysis of the type of action
required (removal, installation, relocation, etc.), the
equipment reguired, a tentative system design, estimate of
the costs, and a detailed schedule of all the actions re-
quired (35:A-4). Upon approval of the CEIP, the program
formally enters into program development as governed by AFR
100-18. The scheme engineer then begins with the prepara-
tion of the Site Concurrence Letter (SCL) which describes
the proposed site for the equipment and other related in-
formation such as available supporting structures and host
command responsibilities (22:68). Once the requiring com-
mand agrees to the proposals in the SCL, the engineer pro-

ceeds with the development of the scheme package. The
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scheme package is a formal planning document that provides
specific guidance as to the supply, installation, testing,
and other requirements of the scheme. The scheme package
becomes the central document for governing the activities
of the EI team. The EI team has the opportunity to review
the package and comment on its contents. They also have
the chance to adjust the estimated man-hours provided by
the engineer. In many instances, the team will perform a
pre-installation survey after which they can again make
adjustments to the man-hour estimates. If everything is in
order, the team 1is redeployed to perform the work.

The progress of the scheme 1s monitored through the

workload control function of the tasked EI group/sgquadron.

Daily status reports are called in from the field each day.
The team provides a brief summary of the work accomplished,
potential problem areas, percentage of the job completed,
and man-hours expended. The vehicle by which the expended
man-hours are gathered is the AFCC Form 377. The form is
completed daily by the work-center responsible for the
deployed team. Expended man-hours are assigned a specific
"action taken" code. Action taken codes explain how the
man-hours for direct labor personnel were expended. The
codes fall into eight general areas (4:Al):

100 series - Engineering productive

200 series - Maintenance/Installation
productive

18
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300 series - Lag time

400 series - Productive indirect

S00 series - Supervisory time

600 series - Training

700 series - Duty absences

800 series - Non-duty absences
BEach of the series are further segregated into more speci-
fic action taken codes. For example, "309 time" is time
lost due to weather conditions which prevent C-E installa-
tion or maintenance, flight checks, etc.

It is evident that the C-E programming process and
subsequent control of EI workload involves many activities
distributed among many organizations and management levels.
For the sake of simplicity, however, a number of activities
were not incorporated in this overview. The point is that
the process is dependent upon estimates, both cost and
schedule, provided in the early stages. Although the esti-
mates are refined at subsequent stages in the process, it
is often too late to correct for the problems created by
poor quality initial estimates. At this point, resources

have already been budgeted and scheduled for use.

Engineering and Installation Management System

The EI management system was first implemented in
1967. At that time, the Ground Electronics Engineering
Installation Agency (GEEIA) was responsible for the system
which they called the GEEIA management information system.
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It was not until 1970 when GEEIA was absorbed by the Air
Force Communications Service (AFCS) that it was renamed
EIMS. EIMS is comprised of two major subsystems as depic-

ted in Figure 1-5.

EIMS
Production Workload
Reporting Management
System System

Figure 1-5. Engineering and Installation
Management System

These subsystems are the Workload Management System and

the Production Reporting System. The workload management
system is maintained by HQ AFCC and includes information
such as costing data, man-hour estimates, material delivery
estimates, and team composition. The production reporting

system identifies total EI direct labor man-hour resources

assigned by work-center and the number of man-hours expen-
ded by these work-centers on specified EI workload. It is
essentially the feedback loop to the workload management
system. Once a week, the data from the production report-
ing system is interfaced with the workload management

system to update the established milestones.
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Justification

The justification for this research is based on two
aspects: an AFCC request to develop an EI work measurement
system which would provide reliable estimates; and a recom-
mendation for a follow-on study to an AFIT sponsored re-

search project.

A 1976 AFCS study titled "Introspective Look" sug-~
gested that the EI management information system be over-
hauled so that it would provide more accurate and reliable
information. The study concluded that man-hour projections
are not consistent with actual expenditures (20). The study
further recommended the development of man-hour standards
for use in making projections. The result was the develop-
ment of an EI work measurement system. Unfortunately, the
system was short-lived. A letter to the EI community from
AFCS stated:

For some time, it has been evident that a new sys-
tem is needed for estimating hours required to accom-
plish AFCS EI work. The existing EI work measurement
system . . . is inadequate, in that the work standards
generated through the system are unsubstantiated and
unreliable. This inadequacy is compounded by the fact
that the system is also inflexible ([2:1].

In 1979, an AFCS project proposal titled "AFCS TAB

35123 -- EIMS Software" (6:2) proposed a vast expansion and

update of the EI management system. Specifically, four

requirements were outlined:




a) Workload assignment system: to evaluate
implementation requirements versus re-
source availability, remove the geo-
graphical boundaries for the division of
work, provide consideration for seasonal
work, and allow task leveling among EI
units.

b) Automated standards updating and estima-
tion system: to compute and keep cur-
rent standard engineering and installa-
tions man-hours for use in project
estimations.

c) Milestone adjustment system: to automat-
ically order programs, offer alternative
courses of action, and maintain cogni-
zance of all interested parties when
changes occur.

d} Unapproved/forecast workload projection
system: to allow identification, estima-
tion of costs, and estimation of man-hours
required for all potential EI workload for
up to a seven-year period.

Acting on the study's recommendation, AFCS sug-
gested the development of a table of estimates which, for
the purposes of work estimation, would provide a range and
average of the man-hours reguired to complete a similar job.
The engineer would project future jobs based on the table
of estimates. The effort never proceeded beyond the plan-
ning stages, however, because of the reorganization of AFCC
in June of 1981. 1In 1982, AFCC tasked the newly created
Engineering and Installation Center with the continuation
of the project. Presently, the EIC has been unable to
devote much attention to this project due to a large number

of higher priority projects. This research addresses a

portion of the overall requirement which, when combined
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with the efforts of the EIC, will lay the groundwork for
the development of an automated sta;dards updating and
estimation system as recommended by the 1979 AFCS study.

In 1980, HQ AFCC sponsored an AFIT research project
by Hammel (19). Hammel developed and used two mathematical
models for the assignment and scheduling of EI workload.
Throughout the study, Hammel (19:90) used several simplify-
ing assumptions, for which he explained that "It is neces-
sary to expand this effort to incorporate some real world
aspects in the model which had to be assumed away."

Brylski and Nelson, a year later, attempted to incorporate
realism into Hammel's model. One assumption that remained,
however, was that the man-hours within the EIMS data base
were accurate. Brylski and Nelson (10:17) concluded that
the Hammel model would not be valid until the EIMS data

base was "cleaned up". This research provides the ground-

work from which this recommendation can be achieved.

Scoge

The scope of this research is confined to the
development of a model for estimating the installation man-
hours required for one specific category of communications-
electronics facilities (facility code 0xxx). The methodol-
ogy discussed in Chapter 3, however, is applicable to all
facilities. Facility code 0xxx, base wire plant, includes

all schemes on base wire and telephone systems, government-
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owned and commercial, off-base and on-base, that are part
of the overall base switchboard and switching facilities,
station equipment, and supporting structures. Excluded are
missile countdown and launch control C-E facilities which
are included within a separate facility code. Additionally,
mobile depot maintenance (MDM) activities will be excluded
due to the fact that these actions are controlled by the
AFCC logistics staff and not the EI community. Also, this

i study is restricted to schemes completed within the conti-

nental United States (CONUS) in the last two years. The
reason for this is that only two years of historical data
are available, and the apparent need to obtain additional

data through telephone contacts.

Research Questions

The following research gquestions are proposed:

1. Does the EIMS data base contain sufficient in-
formation to construct a model to estimate the man-hours
required to install an EI scheme?

2. What degree of estimation accuracy is being
achieved today without the support of the EIMS data base?

3. What variables directly influence the time re--
quired to accomplish a C-E scheme within facility code 0Oxxx?

4. What is the relationship between the dependent
variable, total man-hours required, and the variables iden-

tified?
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5. Is there an interrelationship between the se-

lected independent variables?

Research Objectives

1. Identify and analyze the variables which impact
the total man-hours required to install an AFCC EI scheme
within facility code 0Oxxx.

2. Develop a multivariate regression model for
estimating total man-hours based on the variables identified.

3. Determine a level of accuracy that is feasible
for the model.

4. Test the model's accuracy and reliabilitv.

25
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CHAPTER 2

LITERATURE REVIEW

Work Measurement

Introduction

Work measurement is an indispensable part of the
planning and control of an organization and its resulting
productivity. The development and implementation of work
standards based on the principles of work measurement offers
valuable potential improvements in the productivity of
civilian, government, or military organizations. The cor-
nerstone of any productivity program built on work measure-
ment techniques is the determination of how long it takes
the average employee to produce one unit of work. 1In other

words, what is the standard?

History

Time and motion studies are two work measurement
techniques commonly applied in the development of work
standards. Barnes (7:4) defines time and motion study as
the:

Systematic study of (1) developing the preferred
system and method - usually the one with the lowest
cost; (2) standardizing this system and method; (3)
determining the time required by a qualified and pro-
perly trained person working at a normal pace to do a
specific task or operation; (4) assisting in training
the worker in the preferred method.
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In 1760, a Frenchman named Perronet utilized time
study techniques to develop a work standard for the produc-
tion of common pins (26:10). However, except for work done
by Charles Babbage in the 1800s, the real development of
time study methods and principles began in 1881.

Frederick W. Taylor, generally referred to as the
father of time study within the United States, began his
time study work in 1881 while employed as chief engineer
for the Midvale Steel Company in Philadelphia. In June
1885, he presented his research to the American Society of
Mechanical Engineers (ASME). Due to the prevailing atti-
tude held by these engineers towards piecework manufactur-
ing theories and technigues, his work was not readily
accepted. In June 1903, Taylor presented a second study to
the ASME which contained the results of his previous study
and also his famous scientific management philosophy for
organizations. This philosophy, which included the prin-
ciples of time study techniques as an integral part of the
entire mechanism for scientific management, was well re-
ceived by many factory managers and engineers. Although
the theory gained acceptance, implementation of the prin-
ciples advanced rather slowly and failed in many applica-
tions. The slow implementation and subsequent failure of
the scientific management concept can be attributed to
several factors such as the limited existence of literature

outlining the concept, unavailability of implementation
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training, worker/union resistance, and the growth of so-
called scientific management experts eager to reap large
consultation fees (26:10).

Responding to demands by workers and union leaders,
the US military establishment banned the use of time studies
and specifically stopwatch studies in its departments until
1947, when the House of Representatives removed the restric-
tions (26:12).

Taylor's time study procedure consisted of breaking
each task into identifiable elements which were separately
timed. Unce all the elements were timed, they were summed
to arrive at a standard time for the task studied (26:10).

Concurrent with Taylor's work, Frank and Lillién
Gilbreth were involved in the study of body motions relat-
ing to task accomplishment. In contrast to time studies
which emphasize methods of obtaining the shortest time to
complete a task, motion studies seek to develop improved
methods for task accomplishment by eliminating unnecessary
motions and simplifying necessary ones to establish the
most favorable motion sequence in terms of efficiency.

Today, time and motion studies are recognized as
necessary tools to effectively and efficiently manage busi-
ness or industrial operations. A large number of colleges
and universities are teaching the principles, techniques,
and philosophies of time and motion studies within their

industrial engineering curricula. Labor unions are train-
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ing their representatives on the results and uses of such
studies, and both small and large businesses/industries are
capitalizing on the benefits derived from these technigues.

The US Air Force requires any contractor awarded a
contract which exceeds $1 million to adhere to the provi-
sions of MIL-STD 1567 which requires a work measurement
plan and procedures, a plan to establish and maintain engi-
neered standards of known accuracy and traceability, a plan
for methods of improvement in conjunction with standards,
and a plan for the use of standards as an input to budget-
ing, estimating, planning, and performance evaluation
(26:19). There is also an increasing trend to extend the
application of time and motion studies to the area of in-
direct labor, as well as computerization of several predeter-
mined time standard systems.

In August 1973, the Deputy Secretary of Defense
announced the establishment of a permanent productivity
program within the DOD (13:Encl. 3). The implementing DOD
Directive 5010.31 requires all DOD components to implement
a department wide productivity program. The primary objec-
tive of such a program is to achieve optimum productivity
growth (13:1). Productivity increases will assist in off-
setting increased personnel costs and reduce the unit cost
of goods and services provided by the DOD. DOD Instruction
5010.34 distinguishes between two types of productivity--

resource and labor productivity. Total resource produc-
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tivity represents the efficiency with which organizations
utilize the various types of fund resources (l14:1). Labor
productivity represents the efficiency with which labor
resources are utilized. Within the realm of labor produc-
tivity, DODI 5010.34 mandates the refinement of labor per-
formance standards as an approach to increasing labor
productivity. Despite this instruction, there is no supple-
mental guidance to assist in the development of work stan-
dards. The need for the development of work standards is
apparent; the manner in which to achieve these standards is
not.

Charles Day (12:61), in a recent article, conveyed
that the science of work management has been hampered by
the inordinate attention being given to macro productivity
ratios. Industry, much like the DOD, is so concerned with
the productivity question that it has completely forgotten
about the foundation on which productivity rests--work
standards. Simply stated, productivity is the ratio of
output to input. The output is the time it should take a
trained employee working under normal conditions to com-
plete a unit of work. The input is the actual time spent
to produce that unit of work. The common element to both
output and input is time. Thus, the cornerstone of any
productivity program is a determination of how long it

takes an average employee to produce a unit of work.
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DODI 5010.34 (l4:Encl. 3) classifies labor standards
as either engineered or non-engineered. An engineered stan-
dard is one that is developed by the application of standard
time data, predetermined time systems, time study, rated
work sampling, or a combination of techniques. It further
stipulates that at least 80 percent of the total time
included in the standard be based on data which have, at a
minimum, an accuracy of plus or minus 25 percent at a 90
percent confidence level. A non-engineered standard is
L normally based on statistical or historical data, technical

estimates, or man-hour allowances. The degree of statisti-

cal reliability does not have to be determined. Although
less time consuming and often less costly, non-engineered
standards lack the accuracy and reliability of engineered
standards. The type of standard selected should be commen-
surate with the type and magnitude of workload being eval-
uated, the time and resources available to develop the
standard, and the statistical reliability required.

The US Navy implemented a work standards program to
take the place of the former system of self-reported infor-
mation. Prior to the new system, workers estimated the time
required to perform a particular unit of work based on how
long it took them to do the job previously. The Navy was
uncomfortable with this technique because of the high turn-
over and wide variation in experience levels of the crews

involved. Another method to gauge true performance and
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productivity was needed. The method, developed by the Plan-

ning Research Corporation, as discussed by Bihr, consists
of an integrated system that combines engineered time
values (ETV) with special allowances. The ETV system is
derived from a scientific measurement system common to
industéy called universal maintenance standards. This
technique employs benchmarks which are simply practical
standards based on a range of time within which a given job
should be done by a qualified worker (8:59).

The Navy's ETV system modifies the UMS data to
reflect the working conditions of a particular location.
Based on the norm of a middle-grade technician with at
least one year of experience, the work standards are adjust-
ed to reflect the skill levels of the personnel involved.
Additionally, learning curve theory is incorporated into
the UMS to account for additional job experience and extra
training.

The ETV system has proven to be the best method for
applying industrial standards to the Navy work environment.
The Navy claims that performance increases within the six
shops in which the ETV technique was applied have ranged
from 18 percent to 147 percent (8:61). ETV has taken the
trial and error approach out of the development of mainte-
nance standards and has given managers a more accurate
account of the amount of work which can and is being accom-

plished. Although the ETV system cannot increase a techni-
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cian's skills, it can ensure better utilization of the
existing reso;rces. Additionally, ETV has assisted man-
agers in pinpointing training deficiencies and identifying
poor performers. Disclosure of unfavorable trends enables
managers to take appropriate steps to correct such trends.

Trend data also provides managers with an assessment of

past actions and their corrective impact on the problem.

Cost Estimation Methods

This section reviews several estimating techniques
and methodologies used by the DOD. Although the majority
of the models studied are aimed at projecting dollar amounts
for aircraft systems or armament cost, the underlying prin-
ciples of these cost models are applicable to the develop-
ment of an automated work measurement system.

A cost estimate is a judgement or opinion regarding
the cost of an object, commodity, or service which is
arrived at formally or informally through a variety of
methods. Most estimates are based on the assumption that
past performance or experience is a reliable guide or
predictor of future costs. The techniques or methods uti-
lized in developing cost estimates range from intuition to
detailed application of material and labor standards.

Air Force Systems Command Manual (AFSCM) 173-1
lists seven basic estimation methods: industrial engineer-

ing standards; rates, factors, and catalog prices; estimat-
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ing relationships; specific analogies; expert opinion; cost
model applications; and trend analysis (21:4-1). Each of
these methods can be applied to the development of valid
cost estimates. Four of the most relevant techniques are:
industrial engineering techniques, specific analogies,
expert opinions, and estimating relationships.

Industrial engineering standards (IES) define and
measure the work content of discrete elements which com-
prise a production task (21:4-2). An IES is developed by
carefully analyzing work statements, drawings, and speci-
fications, outlining the tasks required to complete the
project, and then timing each task to arrive at the standard
man-hour estimate.

Industrial engineering standards require a large
number of personnel specifically trained in data gathering
techniques and methodology application.

One of the largest aerospace firms judges that the
use of this approach in estimating the cost of an air-
frame requires about 4,500 estimates; for this reason
the firm avoids making industrial engineering estimates
whenever possible [30:5].

Additionally, they are often less accurate than statisti-
cally derived estimates. As stated earlier, the engineer
identifies the various tasks required to complete a project
by analyzing initial work statements, drawings, and speci-
fications and assigns a standard to each task. In many

instances, the whole turns out to be greater than the sum

of its parts. Also, many tasks are situationally unique
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and are not accomplished the same way each time (30:5-6).
However, given adequate time and significant amounts of
data, this method is generally accepted to be the best
estimation technique.

Specific analogies (21:4-1) depend on the known
cost of an item used in prior systems as the basis for the
cost estimate of a similar item in a new system. Adjust-
ments are made to account for differences in relative com-
plexities of the design, performance, and operational
characteristics. Since many new systems are essentially
combinations of existing systems or subsystems, the use of
analogies represents one practical method of obtaining
estimates.

Expert opinion type estimates are obtained directly
from organizations or persons possessing specific knowledge
or expertise in a particular area to be estimated. This
method is normally used in situations where estimating or
other relationships cannot be used due to time and/or appro-
priateness. Specialists are often consulted to verify
estimates which have been obtained by analogy or other
estimation methods.

The Delphi technique, developed by the Rand Corpora-
tion in the late 1940s, utilizes the estimates of several
specialists to arrive at a final estimate.

Essentially, the Delphi technique is a series of

intensive interrogations of each expert (by a series
of questionnaires) concerning some primary question
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interspersed with controlled feedback. The procedures

are designed to avoid direct confrontation of the ex-

perts with one another {21:61]}].
The answers to each series of questionnaires are shared
with each of the other specialists in an iterative process
until a general consensus is reached.

The Delphi technique eliminates many of the disad-

vantages and pressures of round table discussions, thereby

allowing each expert to apply independent thought to the

problem under consideration.

Cost Estimating Relationships (CER)

The cost of equipment often varies in relation to
its weight, speed, frequency, power, or other distinguishing
characteristics. Data on these various factors can be col-
lected, statistically analyzed, and transformed into CERs
to predict equipment cost. These CERs may be cost-to-cost,
cost-to-noncost, or noncost-to-noncost relationships
depending on the variables used and the intended use of the
relationship (21:4-1).

Cost-to-cost relationships are used when the cost
of one item depends on the cost of another, such as the
cost of aircraft spares in relation to the cost of the air-
frame. Cost-to-noncost relationships are developed for
situations in which the cost of equipment varies with sys-
tem characteristics such as weight, power, frequency, and

range. A variant of this method, a noncost-to-noncost
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relationship, is often used to estimate the number of
administrative personnel required to support a system based
on the number of personnel needed in the operaticn of the
system. Installation man-hours often depend on the amount
of cable to be installed, the number of phone lines required,
or the quantity of equipments installed. Man-hour estima-
tion CERs are basically noncost-to-noncost relationships
based on previous or historical man-hour data.

The US Army utilizes CERs in several functional
areas (27:D-1). The Health Services Command employs a CER
to objectively quantify direct nursing care requirements

and the manpower required to staff these requirements. The

system: (1) assesses direct nursing care activities by
care area, (2) identifies the appropriate skill level mix
needed, (3) 1s readily adaptable to automated systems, (4)
easy to update, and (5) provides a 24-hour retrospective
assessment for the establishment of both patient care and
staff requirements.

The Detailed Operating and Support Cost Estimate
(DOSE) computer model (9:i) utilizes simple cost equations
to calculate the material and manpower reguirements asso-
ciated with both scheduled and unscheduled maintenance
actions during the operations and support (O & S) phase of
a weapon system's life. This model, developed by the US
Army Aviation Research and Development Command, contains a

simulation capability which allows the user to vary operat-
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ing parameters such as cost growth, reliability growth, and
maintenance induced failures to assess the effects of the
changes of cost required for O & S. Outputs can be obtained
in several different formats such as cost per year per
maintenance level, cost per Line Replaceable Unit (LRU),

listings of the 50 highest Shop Replaceable Unit (SRU) cost

drivers, or a maintenance allocation chart which summarizes
labor hour requirements for each item and lists each re-

guired maintenance action.

Man-Hour Estimation

The economical and effective utilization of resour-
ces (money, manpower, and materials) depends upon the proper
planning, programming, budgeting, and scheduling of these
available resources.

The American Telephone and Telegraph (AT&T) and the
US Air Force Communications Command were two of many organi-
zations which recognized this fact in the early 1970s and
developed management systems to assist them in their
efforts. AT&T developed the Broad-gauge Manual which was
primarily a cost guide for the installation of telephone
cable (24). AFCC developed an Engineering-Installation
Work Measurement System to compute standard installation
time for particular jobs which, when combined with material
and travel cost, would represent the total cost of an instal-

lation.
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Used primarily by AT&T engineers, the Broad-gauge
Manual provides cost factors for the manpower and materials
involved in a telephone cable installation. Once the type
of installation and the amount of cable required are deter-
mined, the engineer can consult the Broad-gauge Manual to
obtain the applicable cost factors for materials and labor.
Although the manual provides work unit amounts which can be
readily converted to man-hours, the engineering personnel
really have no need for actual man-hours. The construction
crews are very interested in the amount of hours reguired
to complete each job. Unfortunately, the estimated hours
obtained from the Broad-gauge are often inaccurate by as
much as twice the actual man-hours required, which is the
main reason construction crews must estimate their hours
using some other method. For the most part, they formulate
estimates based on the standard time increment concept and
prior experience. Although the Broad-gauge is inefficient
for specific jobs; in the aggregate, estimates are within
approximately three percent of the actual man-hours consumed
per year. Even so, AT&T has become more concerned with the
dollar figures in all areas of a particular job and has
decided to implement a mechanized system called the Job
Management Operation System (JMOS) which will allocate
resources, schedule workload, and cost out the various por-
tions of a job. The man-hours are to be computed using

standard time increments which have been developed as a
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result of a $1 million dollar effort by AT&T. The SMOS is
being tested in Illinois; and if successful, it will be
offered to the independent Bell Telephone companies by AT&T.

The EI Work Measurement System, developed by AFCS
in the early 1970s, was designed to furnish EI managers
with a standard installation time for various tasks which
could be used for budgeting, scheduling, and planning. The
initial standards were developed (5:1-1) by knowledgeable
experts such as program managers, project engineers, and
technicians. As jobs were completed, the actual task times
were to be reported and entered into the system. Once ade-
quate sample sizes were gathered, the computer was to update
the applicable standard automatically.

The system had great potential but never material-
ized due to ncnstandard reporting from the field, inade-
quate sample sizes, and the lack of overall management
support from all levels (l1l). The standards never changed;
and managers fell back to estimations based on experience,
judgement, analogies or any method they chose. This type
of estimation continues today and is the target of this

research effort.
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CHAPTER 3

METHODOLOGY

Chapters 1 and 2 provided a statement of the prob-
lem, the relevant background, and a brief discussion of
four techniques available for developing estimates. This
chapter outlines the methodology employed in this research
effort. The chapter is divided into two sections. Section
one describes the research approach, the data base, the
selection of variables, and the sampling plan. Section two
addresses the specific statistical techniques applied in

developing and selecting our final model.

Research Approach

The development of our functional model is carried
out within the framework of the general linear regression

model., The model is of the form:

Y = BO + Ble + 82X2 2°5 olaloar Ban + E
where,
Y = the variable we wish to predict
[xl""'xn] = the set of predictor variables on which Y
depends
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[B

the corresponding set of regression coeffi-

"Bn]

0,.-

cients to be estimated by the method of

least squares.
E = the random error component

Although regression analysis is a widely accepted tool for
modeling the response of one variable as a function of one
or more independent variables, there are a few aspects of
the general model that merit further discussion. First,
our ability to make valid inferences depends on the satis-
faction of a certain set of assumptions. Specifically,
regression analysis assumes that the random error components
(E) are uncorrelated random variables with a mean of zero
and a variance of 0'2. In order to perform hypothesis
testing and to construct confidence intervals for the vari-
ous regression coefficients, the assumption of normality is
also required.

A second point to be emphasized is the set of pre-
dictor variables does not necessarily contain all the pos-
sible variables that influence the dependent variable.
There may be other pertinent variables that have not been
addressed. The influence of these variables will show up
in the random error component only. The presence of the
error term suggests the existence of a measurement error
which, depending on the magnitude of the term, will impact

our ability to make predictions based on the functional

model specified.
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Finally, our ability to predict based on our func-

tional model is limited to the range of values in which the
sample data fall. Beyond this range, a straight line may

not provide a good model on which to base predictions.

Data Base

The data for the candidate set of variables was
collected from two sources. The principle source was the
workload management system. The workload management system
is a two year historical data base maintained by AFCC. The
data base contains over 200 data fields for nearly 15,000
file records (schemes). These include the actual man-hours
expended, estimated man-hours, workload identification num-
ber, and commodity code to name Jjust a few. Only schemes
that have been completed or deleted are included in the
data base. Once each week, the data base is updated. The
second source of information was telephonic contact with
communications squadrons responsible for maintaining the
installed schemes. A preview of the data maintained in
EIMS indicated that this was necessary because of the diffi-
culty ascertaining the nature of each scheme. Althouch
the data base contains a narrative description of each
scheme, in almost all cases, the narrative was too general

to accurately determine the scope of the project.
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Selection of Variables

The criteria for selecting the set of variables
used was based on three requirements: the potential sig-
nificance of the variable in predicting changes in the
response variable, the availability and accessibility of
the data, and the objectivity of the data. 1Initially, we
conjectured that several variables have an influence on
actual installation man-hours. Our set included variables
such as the size and length of the cable, the number of
splices required, the location of the cable (i.e., buried,
underground, aerial), the skills required (i.e., inside
plant, outside plant construction, outside plant cable,
etc.), the season of the year, the region of the country,
the type of soil (i.e., sand, rock, etc.), type of trench-
ing equipment used, the requirement to hand dig around
obstacles such as existing cables, and the need to cut
across roads, parking lots, etc. Through discussion with
managers within the engineering and installation community,
a number of these variables were eliminated because of a

lack of data. The final set of variables consisted of:

Dependent Variable

Total installation man-hours expended (MITOT) -
MITOT includes all direct labor hours considered normal

duties incidental to the installation of a C-E scheme.
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Independent Variables

Cable length (CLEN) - CLEN 1is a ratio variable that
specifies the physical length of a communications cable
expressed in feet.

Cable pair (CPAR) - CPAR is a ratio variable that
specifies the quantity of wire conductors in a cable. For
example, a 300 pair cable contains 600 conductors.

Cable location (CLOC) - CLOC is a nominal variable
that identifies the physical location of the cable (i.e.,
aerial, buried, or underground).

Commodity code (CMDY) - CMDY is a nominal variable
that identifies the type of skill required. Commodity codes
are listed in Table 3-1.

Region (REGN) ~ REGN is a nominal variable that
specifies the particular region of the country the scheme
was installed. The seven regions are illustrated in Figure
3-1.

Season (SEAS) - SEAS is a nominal variable that
specifies the season of the year the installation began

(i.e., spring, summer, fall, winter).

Sampling Plan

Population

In this study, we define the population as all
communications-electronics schemes completed in the CONUS

within the last two years involving base wire and telephone
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TABLE 3-1

ENGINEERING AND INSTALLATION COMMODITY CODES

Commodity
Code Description

A Telephone Inside Plant

B Telephone Outside Plant

€ Other Government Communications

D Commercial Leased Inside Plant Facili-
ties

E Commercial Leased Outside Plant Facili-
ties

F Other Commercial Leased Facilities

G Radiation Interference

H Radiation Hazard

J Microwave and Tropospheric Scatter

K Cryptographics

L Telemetry

M Meteorological

N Navaids Radio

p Public Address

Q Commercial Public Address/Closed Cir-~
cuit TV

R Radio

S Antenna Outside Plant

Or Instrumentation

v Closed Circuit TV

W Navaids Radar

X Radar

Y Electronic Data Processing Eguipment

y/ None of the above apply
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systems, switchboard, and switching facilities. These

facilities are identified with a facility code of Oxxx.
The facility code is a four digit code that identifies C-E
facilities. It is divided into two components. The first
digit, the "A" code, identifies the general category to
which a facility belongs. There are 11 possible categories
(35:A1-4) :

0000 - Base wire plant

1000 - Aerospace warning/weapon control faci-
lities

2000 - Navaids, meteorological, and flight
facilities

3000 - USAF common long-haul communications
systems

4000 - Other intercommand systems

5000 - Weather communications

6000 - Base command communications systems

7000 ~ Training facilities

8000 - Aerospace C-E facilities

9000 - Special projects

0000 ~ Air National Guard facilities
The last three digits, the "B" code, specifically identi-
fies an operational requirement. At present, there are 153
specific B codes, as shown in Appendix A. For example, the

facility code 0011 identifies a government-owned telephone

facility.




Sample

i The sample used in this research effort was drawn
from a population of 1,084 possible schemes. A two stage
sampling plan was used. The first step was the stratifica-
tion of population elements into seven mutually exclusive
categories. The specification of strata was based on the
previous areas of responsibility of the seven active duty
EI units as illustrated in Figure 3-1. Division of the
CONUS into mutually exclusive regions may facilitate the

analysis of the possible influence of weather, soil condi-

tions, and terrain on the dependent variable. It should be
noted that the classification of strata violates the
requirement that the elements within each strata be homo-
geneous--that is, having less variation than the elements
in the population insofar as the characteristic of interest
is concerned (31:199). No classification scheme was avail-
able to guarantee homogeneity of the strata elements. For
example, soil conditions and terrain could vary not only
from region to region, but also base to base. Further,
there could be differing soil and terrain conditions on a
particular base. Thus, the selection of strata was for
convenience.

The second step in the sampling plan was a random
sample from each strata. The number of schemes included in
each sample was dictated by two requirements: the need to

obtain information from various communications squadrons
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and the desired level of confidence of the results. Ini-
tially, it was determined that 20 schemes would be selected

from each strata for a total sample of 140 schemes.

Analysis Approach

The objective of the analysis was to develop a
functional model to predict the total installation man-hours
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