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CHAPTER I

INTRODUCTION

Real property maintenance 1s a continuous process of
deficiency identification, resource estimation, resource
a1llocation or programming, work accomplishment, and gquality
assessment. The organization of people at an installation
involved with this process is referred to as a Real Froperty
Maintenance Activity (RFMA) (Commandant of the Marine
Corpss1980). Although the actual functions performed in
this process are applicable to both civilian and military
situations, historically, the term Real Froperty Maintenance
Activity has referred to the lepartment of lefense anctivity
that is responsible for maintaining the physical plant

structures and facilities.

The individual responsible for managing the RFMA is, in
most cases, Known as the facilities officer. His responsi-

bilities are varied, demanding, and sometimes conflicting.

e e e _....._“7 —w " . N . ’
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The facilities officer 1s primarily responsible to the
installation commander for maintaining the installation in
accordance with the commander’s desires (Ellis,etal., 1973),

Additionally, the facilities officer is technically respon-

sible to the special staff of higher headquarters for main-
taining the installation in accordance with current direc-
tives (RFMA, 1968). Federal laws impose contractual and
monetary limitations which further reduce the flexibility
of the facilities officer (RFMA, 1968)., Within these con-
straints each RFMA is required to perform its function in an
efficient and effective manner. Figure I~-1 provides a more

graphic representation of the relationships described.

———— Congress
__ -Doha——"
_~Headquarte rod
~ Marine Corps
Laws
Local Tommander Regulations

orders\ ‘
RFMA

RFMA Guidance Sources

Figure I-1

The congress has recently bequn to re-emphasize both

rJ
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the improvement of productivity and the implementation of

the Office of Management and Budget‘s (OME) circular A-74,
which established the federnl policy of turning to the
private sector of the economy for goods and services
required by government agencies, This effort is also evi-
denced by a corresponding emphasis by the Department of
llefense on these sub.jects (Melchner,1982 1983). The final
impact on the RFMA is that the planning, programming and
spending of the maintenance dollar is coming under signifi-
cantly closer scrutiny, by Congress. Because of this [ol
has developed programs to specifically implement the
increase in productivity demanded by congress, as well as

the Commercinal Activities program established by A-76.

The [ol' productivity program, established in Dol Direc-
tive 9010.31, directs "... management attention on achieving
maximum detfense outputs within available resource levels by
systematically seekKing out and exploiting opportunities for
improved methods of operation.,® [Doll D, 5010.31, plj. This
broad description of the program further defines produc-
tivity as the "... ratio of goods or services produced (out-
put) to resources expended (input)® LloD s 90:0.31,p 1 encl
21. This directive indicates that the Doll Productivity
Enhancement Frogram is labor intensive and that the primary

basis for productivity assessment will be labor measurement.

ol




It also recognizes that labor measurement is only a subset

of total factor productivity or unit cost measurement.
*Where adequate cost information is available, total factor
or unit cost measures may be used in addition to labor based

productivity measures," LClholl 1.,T010.31 p21,

Any further definition of the program requires a4 review
of Doll Instruction 5010.,34, which further identifies produc-

tivity requirements through two very key definitions?

Efficiency Measurement-
Comparison of current performance against either
a pre—-established standard or actual performance
of a prior period., Efficiency measurement discloses
how an activity or group of individuals performs
during a current period in relation to either 3
(1) a standard established for a .job...; or
(2) the level of performance achieved for the .job
task in a previous period. Efficiency measurement
can be bansed upon manpower, monies, or a combination
of both.

Effectiveness Measurement-
Comparison of current performance against pre-established
mission ob.jectives (goals). If the right mission
ob.jectives (goals) are established, effectiveness
measurement discloses whether an activity does the
right thing at the right time - - it compares what
the activity or group of individuals actually
accomplish in relation to their assigned mission.
Litol! Inst. S5010.34 p10]

These two definitions are the basis for an ob.jective
evaituation of any performance. Extensions of these defini-

tions will be provided later in this study to show the




applications to the RFMA’s operations. However one addi-
tional concept must be introduced first. This concept is
Cost Effectiveness. Cost effectiveness is a combination of

21l the previously presented concepts, and is officially

defined as!

Organizations must be both (a) effective - -
accomplish the right things, in the right quantities,
at the right times and (b) efficient - - accomplish
the right things with the lowest possible expenditure
of resources.

fholl Inst.5010.34,p113

This idea of doing the right thing as cheaply as possi-
ble can easily be construed to mean, get something cheaps
without much regard to what i¢ being obtanined. This last
interpretation of cost effectiveness has led to many contro-
versies within [olls. The most publicized controversy is the
Commercinl Activities Frogram, published by the Office of
Management and Budget (OMB) in circular, A-74, in 1966,

This circular re-emphasized the federal policy of Lturning to
the private sector of the economy for goods and services
required by governmental agencies. These services range

from refuse disposal to total Rase Operation Services (R0OS).

The circular was designed to provide the most efficient

services to the government whether procured through con-

(]
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tract or in-house. It was intended to be a management tool
to "+¢s tighten up the organization' or have it converted to

a contractor CPayne 1982.,p.131.

This goal is an admirable one, yet it has had a very
significant negative impact upon federal employees. HMany
federal employees view A-76 us a threat to their .Jjob secu-
rity (Rogers, 1981), This is n perception that has proven
to be more of a fact than a perception. Once a function has
been converted to contract, the federal emplovees formerly
performing this function are displaced under civil service
reduction—-in—- force regulations. Those personnel positions
that are reduced by the contractunl action are either con-
verted to other functions or simply lost altogether. As vet
there are no guidelines that provide for regaining these

positions in future commercial activity reviews.

On the other hand, reviews of commercial activities
(C.A.s) that have been contracted out since 1977 have shown
that excessive cost increases have not occurred without pro-
portional increases in the initial scopes of work or from

poor statements of work (Horan, 1981; Jones, 1980).

Employees fears are also validated by the fact that the
government work force has been reduced by 120,000 employees

between 19270 and 1980 (Compt Gen Rpt.,1981). This reduction




may have been caused in part by some government agencies
having qgone further in their implementation of A-76 than was
originally intended. A recent General Accounting Office
report has indicated that some functions have been con-
tracted out that are not included within the provisions of

A—-76 (Compt Gen Rpt,1981). This has meant an additional

loss of civil service positions.

Military commanders have two concerns with A~76. The
first is that contracting out reduces their flexibility to
react to special situations, and second that contracting out
reduces the service’s ability to maintain military profi-
ciency in these functional sKills in order to support combat
requirements (Rogers, 1981; Lawter, 1981). The loss of
flexibility is supported by the lefense Audit Agency’s
report which indicated that initianl costs were increased due
to inadequncies in the initial performance work statements
{Melchner, 1983), These inadequacies were noted after the

contract was awarded.

The second concern is that the reduction of CONUS posi-
tions for military personnel will reduce the training avail-
able for certain specialties, This situation was found to
be very true for the Navy and Air Force (Lawter, 1981).

Eoth of these services utilize their military personnel to




conduct commercial or industrial type activities 1in peace
time in order to provide sufficient training for their
respective combat roles. Faragraph 8b(1)(c) of A-76, how-
ever states that the government may operate o commercial or
industrial type activity by military personnel when "the
activity is needed to provide appropriate work assignments
for career progression or a rotation base for overseas

r_\ssignments' (ﬁ‘—/‘éyl???yp 7).

The Department of Uefense has implemented the A4-746 com-
mercial activities program with IO directive 4100.33 and
has provided cost comparison guidance with IOI instruction
4100.33H. Both of these documents were derived from the A—-76
document and from OMR’s cost comparison hand book respec-—
tively. These two manuals are the basis for each service’s

implementing instructions.

The determination of how such work will be performed is
based on a study conducted in accordance with the Cost Com-
parison Handbook published by OME. The guidance contained in
Doll Instruction 4100.33 and 4100.33H, states that the in-
house manager must prepare a bid to do the work that has
been determined to be contractable. The bid is then submit-
ted to the contracting officials to be considered along with

prospective contractor bids. The lowest bidder wins the




contract, even if it is the qovernment activity,

The commercial activities program has largely been used
for separate functions within the maintenance and operations
of various government agencies. These functions include
grounds maintenance, refuse collection and shuttle bus ser-
vice. The trend however, is a preference for total base
operations contracts., The operation and maintenance of a
totnl base function is a large and comple:xt contract. There
are, however large total banse operations service contracts
that have proven successful., For example, the Trident Sub-
marine Rase in Bangor, Washington, has been used success-
fully by the Navy, and the USAF Eastern Test Range (Cape
Kennedy) service contract has a2 34 year history of success

(Rogers, 1981).

The maintenance of real property has been defined by
A-76 ns a commercinl activity, sub.ject to contracting nut.
Within the Marine Corps, the total maintenance function has
not been contracted out. However, two Marine Corps activi-
ties are considering this option. As contracts of this
nature have succeeded in other services, it is expected that
they will succeed at Marine Corps Activities as
well(Rogers,1981). Hefore this workK can be contracted

out,however, the A-76 process requires that both the con-

= S S ————— -
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tractor and the government in-house forces prepare bids on

the work specified.

Problem Statement

Neither the present Marine Corps RFMA evaluation sys-
temy, nor the Marine Corps service contract management staff
are prepared to evalunte the effectiveness of the mainte-
nance service contractor., Additionally, the Facilities
Maintenance Management Reporting system does not capture the
information required to conduct Commercial Activity reviews
of military efforte on commercial activities as required by

N=76(0ME,1979) .,

The implied tasks that accompany real property mainte-
nance include work generation, work control, work accom-
plishment, and appraisal. In order to ensure that the
facilities are being effectively maintained, measures of
effectiveness for these four areas must be identified for
both contractor and in-house forces, as well as provisions
being included in both the Ferformance Statement of Work
(FPSOW)Y, and the Facilities Maintenance Management Reporting
(FMMR) system to collect and transmit this information to

the service contract mapnager or the maintenance officer,

10




Summary level indicators of this information must then be
forwarded to Headquarters Marine Corps for

evaluation{(CMC,1980).

Congressional interest in the Froductivity and Commer-
cial Activities of [ol! has focused on the effective manage-
ment of I'oD Real Froperty Maintenance Activities. The
congressional ob.jective is to provide the government with
the most cost effective organizations, whether in-house or

contracted out. (Pavne p 13).

['ol! has established management guidance for the ser-
vices, That guidance, however escentially directs each com-

ponent to establish its’ own Productivity program.

This will require the establishment and use of
summary level indicators which represents true
measures of the prime measures of each functional
aren and the accumulation of output and input data
for each indicator. Normally a separate indicator
should be established for each ma.jor product produced
or service rendered in the functional area,

Lol Inst S010.34,p 31

The need for zummary level indicators has also been

11




identified in both Army studies reviewed. (Knight 1978, RFMA
19468). These summary level indicators, or indices, can be
used by managers to evaluate the performance of the indivi-

dunl RFMAs.

The Headgquarters Marine Corps Real Froperty Maintenance
section is responsible for managing the RFM program. In
recent interviews with Key personnel of this section, the
need for revision of their current effectiveness measures

was identified (Lee, 1983).

The overnll ob.jective of this thesis is to identify a
measure or combination of measures of effectiveness that
enable manngers to evaluate RFMAs regardless of who provides
the service. This ob.jective includes both defining meansures
of effectiveness for RFM, and developing a means of quanti-

fying and reporting these meansures.




Research Questions

1. How can an effectiveness measurement system be con-
structed for Marine Corps Real Froperty Maintenance Activi-
ties?

2. What measures of effectiveness should be extracted from
present information systems?

3. How will the measurement system identify problem areas
or efficiency and effectiveness shortfalls?

1. For purposes of this study, only current IOD and Marine
Corps directives will be utilized.

2, Dnta requirements for Congressional directives will not
be discussed in detail, however they will be mentioned as
appropriate.

3., The contract manager will be a member of the Facilities
Maintenance Officer’s staff, as specified in CMC message
080017 = Jan 1982,

4, By achieving a 100%Z level facilities inspection program,
ot least 957 of the totnl deficiencies will be identified.

%S¢ The service discussed will be for maintenance only.

Ma.jor repairs will be accomplished by separate construction
contract.

6., Automated cost accounting procedures at each activity, if
not completely accurnte, can be made so with sufficient com-
mand attention.,

7. Programmed work estimates for in—house forces will be
developed from Engineering Ferformance Standards.,

13




This study will concern only the U.S. Marine Corps Real
Froperty Maintenance Management system. It will attempt to
identify measures of effectiveness to be used by HMarine
Corps RFM managers at intermediate and strategic levels of
management. These measures must meet the following require-

ments;

Optimally measure overall effectiveness.
Comply with Commercinal Activity cost
comparison specifications.

Comply with current Dol and statutory
regulations.

Be compatible with current accounting systems.

)
* -
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“lan of Report

This initial chapter provides a background for the
reader as to the character of the Renl Property taintenance
Activity. Chapter II provides the necessary literature
review on methods of effectiveness measurement. Chapter III
develops the model and the analysis of the RFM process iden-
tifying the necessary effectiveness measures, to be used in
evaluating the RFMA. Chapter IV develops the relationships
of the proposed model components, and develops the actual

simulation program, Chapter V describes the experimentation

14




process as conducted. Chapter VI presents the conclusions

of both the research and the experimentation.
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CHAFTER I1I
LITERATURE REVIEW

Current Fractices of Effectiveness Evaluation

Effectiveness in the Real Froperty Maintenance Activity
has been the sub.ject of two ma.jor studies over the past fif-
teen yearsy both conducted by the Army’s Office of Ciwvil
Engineering, One was done under contract by a civilian firm
(Knight, 1978), and the other was an in-house study per-
formed by o Real Froperty Maintenance Study aroup

(RFMA,1968) .,

From the earlier study, n need was identified for an
inde:x or maintenance standard by which all maintenance
installations could be evaluated (RFMA, 1968)., Ten vears
later, no consistent set of performance measures had been
developed or applied (Knight, 1978). By studying maointe-
nance activities at civilian firms, universities, and muni-

cipal governments, Knight developed o large bhase from which

measures and procedures could be compared.




By comparing civilian industry maintenance activities
to the Army’s RFMA, Knight determined that civilian industry

was more effective because!

1. Industry is highly cost conscious and uses

relatively simple financial controls to monitor per-
formance. This is interpreted as a measure of productivity
considering efficiency as a subset of productivity.

2. Industry has the flexibility to ad.just the

personnel structure to meet changing demands.

3. Industry was consciouns of how the facilities

were utilized and attempted to maximize their use.

This 1% interpreted to mean that industry was successful

in planning their operation.

4. Industry consolidated engineering expertise

above the plant level in order to provide supervisory
control and coordination among plants. This is interpreted
as providing more reliable and consistent design work,

S Industry commonly provided more autonomy at the

plant manager’s level than the RFMA manager was allowed.,
This is interpreted as a measure of initiative, in that the
plant manager was freer to test management innovations.

(Knight, 1978)
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These mensures identified by the Knight study are signifi-
cant in that they address both costs and the more abstract
aspects of initiative and flexibility., These measures will

be evalunted more closely in the following sections.

Studies of Naval Real Froperty Management systems,while
not as extensive as those of the Army, have identified

several ob.jectives of these systems. These include

1. Increasing productivity of the work force.

2 Controlling and coordinating the maintenance
workload and workforce.

3. Froviding a means of directing the efforts of the
workforce to some departmental goals.

4., Reducing costs in conducting maintenance.

S Allowing for selectivity of flexibility between
alternatives.

(Ellis, et al., 197%)

A comparison between the Navy RFM ob.jectives and the
measures of effectiveness identified in the Knight study
revenl several significant parallels. These include concen-—
tration on control, productivity, planning and flexibilaty,

The actunl significance of these similarities will be

18
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developed later in this chapter.

Research did not revenl any major studies of RFMA with
respect to the Air Force or Marine Corps. Some studies were
found that addressed portions or components of the RFMA’s
operations. However, none of these studies was sufficiently
comprehensive to permit an overall evaluation of the orgnoni-
zation. The Marine Corps does not specifically identify
organizationnl ob.ectives in its Real Froperty Maintenance
manuuls. It does however, prescribe methods, procedures and
forms for conducting the real property maintenance opern-
tion. (CMC, 1980). These methods are in accordance with Dol

ob.jectives and guidelines.

Although the U.S. Coast Guard is not a part of ol and
therefore 1s not required to conform to loll! programs, they
have developed a system of facility evaluation that
addresses both the physical condition and the functional
adequacy of the facility for its mission. This system is
designated the Facilities Adequacy Scoring Technique (FAST).
The FAST system is an inspection procedure that produces na
numerical index for the physical condition and the func-
tional adequacy of the facility. The idea of indexing the
condition of a facility is not new. The Army has developed n

condition code for it’s Integrated Facilities System (IFS)
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(Barry,19269). The FAST system is a significant improvement
over the IFS system, aus it provides a measure of the ade-
quncy of the facility to support it’s intended purpose. A
particularly significant impact of this system is that deci-
sions on resource nllocation are based on the results of the
FAST scores, as well as *... evaluating the success of the
Civil Engineering maintenance effort.," (Lucas, 1982). The
FAST system however, does not directly evaluate the mainte-
nance process. This is crucial because without analy=zing

the process there is no way to measure efficiency or effec-

tiveness.

Regardless of how system and ob.jectives are estn-
blished, to an RFMA the acid test is the evaluation per-
formed by either higher headquarters, or by independent
audit agencies., The independent agencies referred to here
are the General Accounting Office, Noll Audit Agency, and the

audit agencies of the various services.

Four Army Audit Agency reports that evaluated four dif-
ferent RFMA’s were reviewed. All four of these audits
focused on the quantitative and procedural aspects of the
respective organizations. Deficiencies were consistently

identified in the following areas;




1, FPlanning work
2., Scheduling or controlling work( a measure of reliability
as well as supervisory control)
3., Efficiency of the work force
4, Assessing guality
S5, Sampling to determine areas that need improvement
(UsSAfs Ft.Bragg, Ft.RBenning, Ft.Rucker, 1978;

Ft.Campbell, 1980)

The fact that these deficiencies identified by the
agencies are similar to the problem areas identified in the
Knight study is significant. It indicates that, nat least on
the quantitative measures the services are adeguately
addressing the same type of obJjectives that civilian indus-
try is. Notably lacKking in these audit reports was any

evaluation of either flexibility or initiative.

Similar results were obtained from GAO reports and Lol
Audits of RFMAs. They consistently identify deficiencies in
areas of work identificationy work planning, work accom-
plishment, and work appraisal (Compt Gen rpt 1979). Recent
GAD and Dol studies have specifically concentrated on the
Commercianl Activities program (Melchner 1983). The problems

identified here are those of effective service contract
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management. This is a growing problem in Marine Corps Real

Property Activities, and will be developed further 1in the

next chapter.

It is apparent that there are a number of mensures of
effectiveness in use for evaluating the RFMA. Even from the
[lohh level, most of these measures deal in resource costszs.
The evaluation of a Doll RFMA only in terms of cost, can
detract from the primary mission of [oll, which 15 the
nation‘s defense. Though costs should be considered in
measuring effectiveness, there are andditionnl factors to be

considered. (Arnold and Fink 1974).

Effectiveness Theories

The concept of organizational effectiveness has been
the sub.ject of many studies in the past two decades. A 1977
review of some seventeen studies on organizational effec-
tiveness concluded that effectiveness should be examined
from the aspects of goal optimization, a systems perspec-
tive, and human behavior within an organization.(Steers
1977>+ The idea of organizational goal attainment was basic

to many of the studies on organizationnl effectiveness

reviewed by Steers.




The ma.jor advantage of the goal approach in
evalunting effectiveness 1s that organizational
success 1s measured against organizational inten-
tions instead of an investigator’s value judge-
ments( that i1s what the organization ®should” be
doing). HBecause different organizations pursue
widely divergent goals, it is only logical to
recognize this uniqueness in ob.jective evaluation
attempts.LSteers,1977,pdl

Another advantage to the goal approach is that it can
be easily guantifiable with careful selection of goal param-
eters. This particular aspect of organizational effective-
ness can be adapted to the number oriented Real Froperty
Miintenance Activity. Steers emphasizes that goals should
be collectively optimized rather than individually maxim-
ized, As an example, consider the space program’s goal of
putting a man on the moon. It effectively achieved this
goal; however, the gonl of efficiency was not maximized
(Steers, 1977). As an extension of the same programy con-
sider the space shuttle program. Ry developing a reusable
space craft, the emphasis is now more on efficiency. This
concept of optimization would appear to work best in an
organization with both multiple goals and multiple con-

straints, such as the space program.

The second aspect suggested for understanding




organizational effectiveness is a systems perspective. The
systems perspective views goals in a dynamic framework, one
where goals are constantly changing over time (Steers,1977).
The RFMA is an organization that is fluid in nature. IL is
not the change in guantitative goals that make them fluidy
as these goals are relatively constant, [t is the organiza-
tion itself that becomes dynamic with ench change of the
miintenance officer, Key maintenance personnel, or the
installation commanders. Ench change in personalities
causes a corresponding change in the emphasis of the goal
optimization process., This is primarily due to the dif-
ferent leadership styles and personal biases of each indivi-

dual that assumes the responsible position.

The remaining aspect of organizational effectiveness is
human behavior in organizational settings (Steers, 1977).
The RFMA ic comprised of both civil service and military
personnel. The ratio of military to civilian varies between
the services. Their individual contributions to goal
attainment depends on many variables, which are the same for
nll RFMA organizations. Variables such as relative com-
petence, experience, expertise, and Knowledge of procedures
are some of the variables that fall into this category,
These types of variables were not addressed by any of the

studies or audits reviewed on actual RFMAs. Therefore they




will not be addressed here.

Steers also evaluated the seventeen studies in terms of
criteria or dimensions that accounted for much of the varia-
tion in the effectiveness of the diverse organizations stu-
died. An important considerction in developing effective-
ness criteria is to "... ensure that the criteria are con-
sistent with the goals and purposes of a particular organi-
zation (Steers,1978,p.53)." Measuring effectiveness, even in
relotion to the organizational goals requires some form of
measurable criteria. In Steers’ review of the effectiveness
studies, a2 small degree of commonality was observed. More
notably, the criteria of adaptability or flexibility was
mentioned in over half of the seventeen studies (Steers,

19775,

The concept of adaptability or flexibility refers to
the ability of managers to adapt their organizations to
changes in the working environment (Steers, 1977). As pre-
viously stated, the influx of personnel in the RFMA creates
a constantly changing work situation. Additionally, as the
management of RFM at the headquarters level becomes more
sophisticated, the reguirements placed on the individuual
installations for reporting and managing will increase (Com-

mandant of the Marine Corps,1980)., The individual facili-
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ties officer must, if he is to be succeessful, be able to

quickly change his organization to coincide with new direc-

tives and guidelines.

The second most prominent criteria noted by Steers was
productivity. Productivity is referred to here as a summa-
tion of output for a given period. This ie not to be con-
fused with efficiency, which was also mentioned 1n these
studies. Efficiency is a ratioy or at least a comparison, of
outputs to inputs (Steers,1977). Froductivity deals in the
maximum use of time while efficiency deals in the maximum
nse of all types of resources (Steers,1977). These tuwo
similar concepts can easily be quantified in the management
of real property., The productive use of time and the effi-
cient use of materials and equipment are important con-

siderations when evaluating an RFMA.

When dealing with effectiveness of an RFMA, one 1is
affecting or can affect wany RPMA employees and military
tenants of facilities. PBecause an effectiveness rating will
result in a reallocation of resources or possibly manpower
reductions, it is important that the criterion for measure-
ment be as comprehensive as possible. In an effort to
assure the validity of criterion to be used, Cameron’s six

critical questions in evaluating organizational effective-




ness will be emplovyed. These questions are:

1. What is the domain of activity being focused
on?

2. Whose perspective or point of view will be
used?

3. What level of analysis is being used?

4, What time frame is being emploved?

S+ What type of data are to be used?

6. What referent is being employed?

[Cameron,1980,p. 721

Employing the nbove six questions in the criterion

selection process should assure that valid and reliable

measures will be obtained. However, the framework of the
overall effectiveness evaluation should be an optimization
process in view of the many conflicting constraints placed

on the RFMA management personnel.

In order to evaluate an organization and to predict and
direct its functions, a full understanding of the relation-
ships of its component parts to the whole is required. One

method of understanding these parts is to construct a model.

Many models of organizational effectiveness have been con-
structed and tested. Each model attempted to evaluate
organizational effectiveness, some for a limited community,
others on a more universal basis. Mr. Thomas A. Mahoney and

William Weitzel have empirically developed a model that




could do well in evaluating organizational effectiveness 1n
the RFMA. This model, called the general business madel,
was capable of accounting for some 65 percent of the vari-
ance in .Jjudgements of ultimate effectiveness (Mahoney &
Weitzel,1969)., This model was empirically constructed from
a survey conducted in 283 organizations. The model is best

summarized in the following figure!?

/Overoll Ef‘f‘ectiveness‘\
Reliability f Initiation
FPlanning =@ Fle:xibility

Productivity
Supervisory
Support Control
///;;ili:oti%;\\

Cohesion Cooperation
Supervisory llevelopment

Support

General Business Model

Figure II-1

The primary criterin for evaluation under this model
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are listed in order of their importance ¢ reliability, pro-
ductivity, planning, and initiation (Mahoney &
Weitzel,1969). It is interesting to note that these four
characteristics are part of the requirements for managing a
Real Property Maintenance Activity (Commandant,1980). It
would seem that this model would serve well as a normative
basis for a new Marine Corps effectiveness measurement sys-~

tem,

All models and studies reviewed in preparation of this
topic had o common theme, regardless of the approach taken.

»

This consensus is best expressed as !

The practicing manager must accordingly demonstrate
a capacity to understand these various approaches
and to derive from them such models whose concepts
are most applicable to his or her own unique
situation, LSteers,1977,p.501.,

There are numerous methods of measuring organizational
effectiveness, The [epartment of Defense requires the use
of summary level indicators for effectiveness measurement.

It aolso requires each service to develop 1ts own indicators




based on cost and labor measurements.




CHAFPTER III

METHODOLOGY

Overview

The ob.jective of this thesis is to identify a measure
or combination of measures of effectiveness thot enable
managers of Real Froperty Maintenance Activities to
comprehensively evaluate the performance of their activi-
ties:. The measures selected must be compatible with current
ol and Marine Corps Real Froperty Management programs.
Additionally the system will be designed for use by head-
quarters level managers. Information should be transmitted
in the form of 2 timely report submitted by each activity.
The report format must be upplicnbie to those activities
maintained by contractors as well as those by in-house

forces.,

A decision support system will be utilized to identify
the essential elements to be used as measures of RFMA effec-

tiveness., The first step will be the description of the

31




maintenance process. This will be accomplished through the
use of IDIEF diagrams, which will be explained later in this
chapter. The identified elements will serve as inputs to
General Rusiness Model which will produce an effectiveness
rating. A simulation of actual RMMAs will be used to gen-
erate data for the rating system., The data generated by the
simulations represents data currently available through USMC
accounting systems. The simulatione represent ongoing RFMAs
and produce output in the format of a full fiscal year of

reports.,

Selection of effectiveness measures can be made only
after the contracted maintenance process is required to
asccumulote data that is similar to that presently collected
by in-house forces. The data required will be developed in

the next chapter.

The effectiveness measurement report will pe con-
structed through the use of a conceptual model. The concep-
tual model is a component or factor representation of a con-
cept. In this case, the concept will be organizational
effectiveness, and its components, the factors used to

describe it., The model selected is shown belows
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Organizational Effectiveness

S~

Froductivity Initiation

Planning

Relinbility

Modified General Business Model

Figure III-1

This model is the General Business Model, developed by
Mahoney and Weitzel, and was introduced in the previous
chapter., This model used four primary dimensions of effec-
tiveness to evaluate the overall effectiveness of a business
organization., These four dimensions, with their subordinate
factors, were successful in explaining the responses of 56%
of the organizations surveyed. This is significantly better
than any of the other models reviewed. Therefore, this
model was selected to evaluate the overall effectiveness of
Marine Corps RFMAs., The dimensions of the model are defined

*

QS

Reliability - Consistently meeting ob.jectives

FProductivity - Efficient performance and resource
utilization




Flanning - Operations are planned and scheduled to
avoid lost time and crisis management.
This includes the flewxibility to
incorporate environmental changes in
the planning of operations.

Initiation - The nbility to tauke steps to improve
work methods and operations.

The model will be limited to these four primary dimen-
sions because "The secondary dimensions in the model tend to
be descriptive of organizational behavior rather than output
or performance; this, then might be viewed as criterin of
organizational capability for future output

performance."LMahoney and Weitzel, 1969, p. 3603,

Mahoney’s analysis of the four primary dimensions with
their subordinate factors concluded that the dimensions of
productivity and planning were most significant in explain-
ing the evaluations of overall effectiveness (Mahoney &
Weitzel, 1967), The selection of these two factors as meas-~
ures of effectiveness is consistent with the productivity
and planning guidance provided the various services by [oll.
As previously stated, Dol and congress have been concerned
with proper planning and productivity in the management of
Real Froperty. A comparison of Dol definitions presented
earlier and Mahoney’s definitions shows a high degree of

correlation. This makes the analysis of the dimension of
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productivity much easier as the [oll cost accounting system
already has provisions for data collection. The analysis of
the planning dimension is also fuacilitated as the Marine
Corps has specific guidelines for planning documents (CMC

1980) .

Simulation is the process of designing a model of
a2 real system and conducting experiments with this
model for the purpose of either understanding the
behavior of a system or evaluating various stra-
tegies (within the limits imposed by a criterion
or set of criteria) for the operation of the
system.Shannon, 1975,p.21

The system to be simulated for this study is the Real
Property Maintenance Activity. The model represents the
work control and the work accomplishment processes of the
activity, The function of the model is to accomplish work
identified by an Annual Work Frogram, within the constraints
of manpower and funding, Ferformance data on these
processes will be collected and converted into the proposed
effectiveness evaluation system. The process to be followed

is illustrated in Figure III-2.
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Contract
Maintenance

Model \
Simulation
RFM \Generul Business

Model Model

Effectiveness Ratina

Thesis Methodology
Figure III-2

The selection of actunl elements or factors to be
included in the final model can only be accompliszshed after
an analysis of the RFM process. This analysis will be
nccomplished through the use of a process model recently
developed for the Air Force’s Integrated Computer Aided
Manufacturing (ICAM)> program. This modeling system is Knouwn

as IDEFO (Softech, 1981).

IDEFO is used to produce a function model which is
a structured representation of the functions of a
manufacturing system or environment, and of the
information and ob.jects which interrelate those
functions.LSoftech, 1981, p.3~-11]
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The IVEF model uses a cseries of boxes and arrows to
represent the various functions and activities. An example

is shown in Figure III-3.

Controls

Manufacturing
Inpyts —————gm|{Function - Outputs

Mechanism

IDEF Frocess Model

Figure III-3

The manufacturing process is further divided into the sub-
functions that comprise it. These sub-functions are
represented in additional boxes that present a more detailed
picture of the manufacturing process. & graphic example of

this is depicted in Figure III-4,
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For purposes of this study, the maintenance process
will be represented without reguard to organizational struc-
ture, but with respect to the processecs required. Once the
RPM process has been modeled, the process as it applies to
the contracted maintenance will be addressed through the use

of a decision support system construction process.

The decision support system process will be used in

this thesi ir

n
1n

to nerform tun faynrtinmng., First it will he used
to identify information that will be reguired from the con-
tract maintenance process to develop planning, programming
and productivity data. Second it will be used to select
effectiveness elements from the RFM process to serve as

inputs to the effectiveness measurement system.

Computer technology has advanced to the point that data
(informtion) can be collected, and otherwise processed at
amazing rates and quantities. The manager of today has more
information available to evaluate thon ever before. So much
s0 that there may be too much information for the manager to
effectively use.,(Hussain 1981). A manager is pormally

responsible for maKing decisions and generally conducting
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business. This 1s no less true for the Real Froperty

Maintenance Manager. In order for the headquarters level
manager to manage his activities it is essential that he
have sufficient information, but not too much. He must
determine exactly what information is needed, why it is
needed and how often it is needed.{(Hussain 1981,p.11) This
1sy in reality, the pre-design phase of constructing a Deci-

sion Support System.

lecision Support Systems (DISS) are an outgrowth of
Management Information Systems(MIS), and are intended to be
management tools. They are tools aimed at improving the
effectiveness of a manager with the design of the system
under the control of the manager.{(Keen 1973,p.2). These
systems have been implemented in several industriec, withn a

great deal of success. (Keen 1978,p.15).

The development of the U8S occurs in three phases. The
first phase requires that Key decisions be identified. This
phase will be referred to as the pre-design phase. It will
require the construction of both descriptive and normative
models of the decision making process. It will also gen-—
erally define ob.jectives for support effort, as well as per-
spectives and Key interests.(Keen 1978, p.175). In effect

it will provide design specifications.
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The second phase or design phase, requires the refine-

ment of the ob.jectives and eventually the construction of

the actunl system. The design phase will answer the follow-

ing questions:

1. What do we want the IISS to accomplish?

2. How will we recognize when the system is complete-
that i1s, when it has met its design ob.jectives?

3. What are the priorities and or sequence of stages

planned to meet the design aims? [Keen, 1978, p.1801]

Once these questions are answered, then the final phase, the

implementation phase, can begin. In this study the imple-

mentation phase will be a recommended sequence of implemen-

tation steps.

The Real Froperty Maintenance Activity can be charac-

terized using the IDEF configuration shown in Figure III-S
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Funding

Work Accomplished
»
Tenant Work REMA
Requirements _ >

Ferformance I'ata

Man-Hours Available

Real Property Maintenance Process

Figure I1I-5

The individual maintenance processes conducted by the
RFMA will be further analyzed in the following chapter. The
process basically requires that deficiencies be identified,
corrective action be estimatedy programmed, and accom-
plished, and finally the work should be appraised for qual-
ity and completeness. Ferformance data from the areas of
worK generation, and work accomplishment will be collected

and processed in to an effectiveness evaluation.
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Model Formulation

PR P—0— P I B gLy L -

This simulation is intended to capture performance data
involved in the RFMA operation, These performance data are
the result of the sequential execution of an Annual Work
Frogram (a listing of work programmed to be accomplished
during the fiscal year), requiring the consumption of two
primary resources, man—hours and dollars. A graphic

representation of the model is illustrated in Figure III-6,
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Work
Control
Model

Work
Accomplishment
Model

Effectiveness

Evaluation

Effectiveness
Rating

RPMA Simulation Model

Figure I1II-6
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Work Control Simulation Model

The work control model is illustrated in figure III-7.

Normally Distributed Normally Distributed

Labor hours Pro.ject costs

Normally Distributed Normally listributed
Source Code Repair Code

No Line items

Required

Work Control model

Annual Work Frogram Funding Level

Work Control Simulation Model

Figure III-7




The labor and dollar components represent the estimated
resources required to correct the deficiency identified by
the line item. The work source code component identifies
the source of the work requirement. This will be from
either the Long Range Maintenance Flan, tenant requests, or
other unprogrammed sources, These unprogrammed sources

represent emergency requirements or work that was not anti-

cipated.

The repair code component represents a programming
decision to accomplish the work by either in-house forces or
by contractor(small service or repair contracts)., The per-
centage for contract or in-house accomplishment will vary
with the size of the base, ns does the number of line items

required to be generated.
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The Work Control Simulation Model generates an annuyal
work program that represents o full fiscel year’s worth of
programmed work., The Work Accomplishment Simulation Model
executes the annual work program and collects performance
data for effectiveness report preparation. For ease of pro-

gramming the effectiveness evaluation system was included in
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the work accomplishment simulation. The Work Accomplishment

Simulation Model is illustrated in Fiqure III-8,

Labor Hours Number of Facilities
Available Inspected
Ease Si=z Funding Level

Annunl Work
Frogram

Work Accomplishment
Model

Work Effectiveness Ferformance
Accomplished Rating Data

Work Accomplishment Simulation Model
Figure III-8

The labor and funding components of the model are two of the
variables that will be manipulated, and will be determined
from the Annual Work Frogram component. The base size com-
ponent is the number of facilities that the RFMA is required
to maintain. The facilities inspected per quarter
represents the number of facilities that the activities’
inspection section has actually inspected during the guar-

ter.,
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The data elements described here represent the input

L data for the Renl Froperty Maintenance Frocess. These data

will be processed by the two subordinate simulations, the
Work Control model and the Work Accomplishment model to pro-—

duce the effectiveness rating.

As previously described the data used in the construc-—
tion the RFMA model are generated from either a normally
distributed random number generator or established by the
author for test purposes. Each data structure will be dis-
cussed in detail in the following chapter. Listed below are

the data elements and their sources.

Table II11-1
Work Control Model Variables

Data Element Sopurce

Labor Hours Normally Distributed Random Number

Pro.ject Cost Normally Distributed Random Number

Repair Code Normally Distributed Random Number
With selection parameters

Source Code Normally Distributed Random Number
With selection parameters

No line Items rqd Established in relation to base size

48




-

Table III-2
Work Accomplishment Model Variables

Data Element Source
Annual Work Frogram Work Cantrol Model
Ense Size Established by the fAuthor
No Facilities inspected

per quarter Normally Distributed Random Number
LLabor Hours Available A percentage of the hours generated

for the Annual Work Program

Funding lLevel f percentage of the costs generated

for the aAnnual WorkK Frogram

Several different experiments were conducted with the
RFMA model. Each experiment was conducted for three dif-
ferent bnse sizes, in order to demonstrate the applicability
of the effectiveness measurement system for all Marine Corps
Bases. FParometers tested to determine the sensitivity of
the model were labor hours available, funding level, levels
of programming( the source code) and the level of inspec-
tion. Chapter V contuins'descriptions of the simulatiaon

experiments and their corresponding scenaric’s,

The development of an Effectiveness meacsurement system
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for Real Froperty Maintenance activities will be accom-—
plished through the use of a conceptual model of overall
effectiveness, This conceptunl model includes four primary
dimensions of effectiveness. These dimensions are produc-

tivity, planning, reliability, and initiation.

The selection of elements for the proposed effective-
ness rating system will be accomplished only after specifi-
cations were developed to epable contracted maintenance
activities to collect information similar to that currently
collected by in-house forces. The actual selection process
was accomplished through the use of o decision support sys-

tem construction process.




CHAFTER IV

THE MOLDEL AND ITS ELEMENTS

Overview

. T e e S e

The effectiveness rating system will be based on
Mahoney’s General Business Model. This conceptunl model
will then be applied to the maintenance process, as
developed for the contracted maintenance specifications con-

struction.

fis previously described, the conceptual model includes
the primary components of reliability, productivity, plan-—-
ning, and initiation. i{inhoney’s research identified a
definite importance level for each of the four primary
effectiveness factors. These significance factors will be
applied to the proposed rating system. The factors will
approximate the weights established by Mahoney’s linear
regression model., The effectiveness measurement elements

will be weighted according to the following equation:




Effectiveness = ,45 x Froductivity value
+ .25 ¢ Planning value

—+
[y
~N

3 Keliability value

+ 413 ¢ Initiation value

The final result of this thesis, an effectiveness
measuring systemy, will be used to compare various Marine
Corps RFMAs, and accordingly allocate resources. The selec-
tion of specific elements for the effectiveness measurement
model and the data collection specifications for contracted
maintenance will be performed through the use of a decision

support system construction process.

Now that the effectiveness rating system has been esta-
blished, it is necessary to select elements of information,
presently available, to provide data for the rating systewm.
This will be accomplished through an analysis of the RFMA

process model.
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As previously stated the process of [OD Real Froperty
Maintenance is a continuous one. The essential elements of

the process are work generation, work control, scheduled

i
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accomplishment, and work appraisal. Their relationship 1is

shown in the following model!

Total

Work Requirements
Work

[Planning Documents

Generation
Work — -.md
Funds
Control Accompéljshed Work
Romts Accompti o >
Estimated Work Sampled Work
shment

Unfini'shed Work Appraisal

/ Hours
.
v

RFMA Process Model

Figure IV-1

in this model the appraised process includes the evaluation
of the quality of work accomplished as well as reviews of
worK geﬁerated and work control outputs. In order to under-
stand .just what is reviewed a closer look at the work gen-

eration and work control sections is necessary.
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The model of the work generation process 1z shown

below?
Inspected
Inspection
Deticiencies
Program
Tenant Reqmts ,2 Total Work Reqirements,?

T e

Work Generation Frocess

Figure IV-2

The tenant work requests are basically the work which
tenants desire to have performed on their facilities. This
can range from minor repairs to minor construction. These
work requirements are a small portion of totnal work and are
grouped with the results of the facility inspection process,
The Facility inspection process includes a physical inspec-—
tion of each facility, and a listing of deficiencies with
estimated repair costs and, if applicable, time frames when
repairs are needed, Ideally, all focilities will be
inspected in order to identify total work requirements,
ﬁdditioﬁolly, the quality of the reports should be suffi-
ciently accurate so that the cost requirements identified

approximite the cost of repnirs as they are actually per-




formed. The output from this work generation process 1is 2

listing of total work requirements,

The outputs from the work generation process feed into

the work control process. The model for this process is

Planning Documents ——~——'—7
S8

—

shown below:

LR MP

Annual Work AW p2

Current Year Program

W
or Kk % w
R
J

P B MAR

L Unfinished Work-—-]

Work Control Process

Figure IV-3

As shown in the model, the total work requirements
serve as a basis for the programming of all work. The long
range maintenance plan serves to project resource require-
ments for the next five vears. The annual workK plan is an
unconstrained scheduling of work required in the next fiscal
yvear. This plan becomes the Annual Work Frogram as it is

executed during the scheduled accomplishment phase. It is

w
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constrained at that time by funds, manpower and materials
available., At the end of the fiscal year , any unexecuted
work is returned to the work control process to be included
in the EBacklog of Maintenance And Repair report. This
report is assembled and forwarded to Heandquarters Marine

Corps for ultimate submission to congress.

Finally the inspection reports are maintained in a
facility historical file for the purpose of developing an
audit trnil of modifications to, and condition of the facil-

lt)'o

In the process of conducting Facilities Maintenance,
the responsible officer would continuously monitor the vari-
ous processes previously described. He would specifically
concern himself with acquiring answers to the following

guestions:

-
-

What are the total deficiencies that require
correction?

How is the workload programmed for accomplishment?

How is the Freventive Maintenance being conducted?

Which facilities require the most work?T

How much money should be allocated for repair proJjects

in future years?

At what level should this activity be funded to

Md W
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prevent deterioration?

There are, as yet, no provisions for acguiring this
information from the contractor. These points of informa-
tion individually viewed do not evaluate performance, How-
ever,y, if they are collectively reviewed they can provide
indications of completeness of the work identification, the
thoroughness of the maintenance programming process, the
commitment to work accomplishment and an overall feel for
effectiveness. It is understood that these are not the only
measures of effectiveness, These are measures that, if mon-
itored regularly, will indicate how well the installation is

being cared for.
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With the increased emphasis on contracted Real Froperty
Maintenance, measurement methods are required to evaluate
the contractors RFM process, as well as the in house forces.
Presently the in-house forces conduct the process as
described in the RFMA Frocess model, Selecting effective-

ness measures for them can be done from that model.

The contracted RFM process is, as yet, new enough that




provisions for the process evaoluation have not been
developed. Within the provisions of A-76, management func-
tions thot involve allocation or progromming of federal
funds must be performed by federal employvyees. This will
mean that those wark control functions that involve these
functions must be performed by the maintenance officer’s
staff. Further discussion of this process as it relates to
effectiveness will be contained in the proposed contract

model section.,

Marine Corps Service contraocts are presently ndministered
through the nearest Naval Facilities Engineering Command’s
Officer In Charge of Construction (0ICC), This is the only
services contracting source available to Marine Corps
RFMA‘s. Historically, the O0ICC andministered ihe service
contracts by coordinating with the mointenance branch as he
felt necessary. Reginning in Japuory 1982, the Marine Corps
established o service contract administration section within
the mointenance branch(CHMCMSG 080017 = Jan 82). This sec-
tion perfaorms all aspects of service contract administration
except the actual payment and modification of contracts.,

The essentinl informational flow of information between




manager and contractor 1is shown below?

Tenant Rqmts

Contract
~
Manager — Payment Controls
Work Rqmts
Y Work Accomplished
Contractor T = >
Sampled Work
c>/’)
P o a € =N
QAE Reports
)

Present Contracted Maintenance Frocess

Figure IV-4




As shown in the descriptive model, the communication
between the contractor and the service contract manager is
currently a transmittal of work requirements, contract
interpretation and requests for clarification on contract
details. The contractor’s performance is monitored through
the quality assurance evaluators attached to the maintenance
branch. The contractor performance referred to here is the
actual quality of the work performed. For example were
replacement windows of the quality specified, or were pave-
ment cracks sealed properly. However, with the use of new
total maintenance operations contracts additional means of
evaluating the contractor’s performance will be necessary.
The elements of information required will be identified in

the next section.,
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Froposed Contracted Maintenance Model
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Proposed Contracted Maintenance Process

Figure IV-3

In the above model provisions are included for the sub-
mission and evaluation of planning, programming and inspec-
tion of maintenance manangement documentation. The reports

and files to be maintnined, include the following areas:

Work schedules (monthly & yearly)

Workload programs (monthly)

Annual Inspections

Freventive Maintenance Inspections

Facility History files

Heating, Ventilation, and Air Conditioning standards
Freventive Maintenance standards

The reports to be submitted are defined in the proposed
specifications contained in appendix D, These specifica-
tions are abstracted and modified from an existing Military

Family Housing Maintenance Ferformance Statement of Work
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(FPSOW) . (NAVFAC,1981) The reasons for selecting these areas

for monitoring are presented in the same appendix.
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Implementation of this proposed contracted maintenance
information system has two basic requirements. First the
proposed specifications should be incorporated into the per-
formance statement of work for the contract. The second
requirement is that the Maintenance Officer’s staff be
instructed on the proper use of these reports. As these
reports, or information contained in these reports, are
currently being used in the Manintenance process, this should

not be a new requirement for staff personnel.,

Once these specifications are implemented, then the
uniform evaluation of the maintenance process effectiveness

can begin,
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The decisions that require support at the headquarters
level are the same as those that were utilized for the con-

tract maintenance process and the RFMA process; however the
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level of detail does not need to be as refined. As there
are many different factors influencing the RFMA, any correc-
tive action initinted by the headguarters level managers
should only be made after a careful review of the cir-
cumstances surrounding the problem. This is a particularly
wise approach when one recnlls that Headquarters level
managers are only technical staffs for the commander (CMC,
1980)., The fucilities officer, on station, owes his primary
allegiance, to the local commander (CMC, 1980). Any action
taken by the facilities officer that impacts on the local
commander must be approved by the local commander. There-
fore the elements selected for the Effectiveness Measurement
system will support the same types of decisions that the
facilities officer will need to make, but with less resolu-

tion, These guestions are!

1+ Are the total deficiencies that require correction
being identified?

2, How is the workload programmed for accomplishment?

3+ To what degree is the preventive maintenance being
conducted?

4, Houw confident can we be about the stated condition
of the facilities?

S5+ How well does the base allocate money for local
repair proJects?

6+ How should money be allocated for repair projects
in future yenrs?
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Froductivity defined, both by Doll and the General Rusi-
ness Model, refers to efficient performance. That is,
present performance compared to a stapdard either predeter-
mined or from a previous period. Each activity is required,
by Marine Corps Order,y, to prepare ap Annual Work Flapn and an
Annual WorKk Program from the total work requirements of the
work generation process. In the case of contracted mainte-
nance, these documents would be prepared by the facilities
officer’s staff from inspection reports provided by the con-
tractor. It is proposed that the productivity of the RFMA
be measured by two means. The first would be a comparison
of the portion of the Annual Work Frogram scheduled for the
particular quarter to the work actually accomplished for the

quarter. The measure would be computed as follows!

Quarterly portion of the Anpual Work Frogram accomplished

Quarterly portion of the Anpual Work Frogram scheduled

The second means would be a cumulative comparison of work
accomplished to date to the total work identified on the
Annual Work Frogram. The measure would be computed as fol-

lows;
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Total worK accomplished to date

Total Annual Work Program

Both of these measures address the output of the
maintenance processy in man—hours, as compared to planned or
programmed work. Ry comparing these two measures, the Head-
quarters level manager can determine how well the activity
is moving toward it‘s established productivity goals. The
first means will indicate the quarterly progress which
should also be reflected in the second. There are occasions
that would couse the first means to decline while the total

effort would continue to increase.

The dimension of planning, as defined by Mahoney and
Weitzel, involves the planning and scheduling of operations
to avoid lost time. The total dimension includes the flexi-
bility to be able to incorporate changes in the environment
into operations (Mahoney and Weitzel, 196%9). There are
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