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FOREWORD

This Pamphlet provides assistance to the military operations
analyst and guidance for the combat developments study officer in
the selection and use of appropriate measures of effectiveness to
t,;aluate and compare land combat systems and subsystems. The scope
of the pamphlet covers the development, formulation, and use of
measures of effectiveness in the combat developments process.

Included are the roles of measures of effectiveness in the
analysis, test and experimentation, and documentation of Army
doctrinal, organizational and materiel systems concepts. The
critically important role of measures of effectiveness in the
decision nrocess for combat systems development is highlighted.
Emphasis iz on the methodology to develop measures of effectiveness
- - a process which can best be described, at present, as an art
trying to become a science. Additional emphasis is placed upon the
impact that selective measures of effectiveness can have on modeling,
military judgement, and the degrees of various sorts of risks which
may be involved in conclusions.

A compendium of examples of measures of effectiveness (MOE) is
provided that illustrates the methodology. While this compilation
of over two hundred detailed MOE descriptions is specifically not
intended as an "approved" list of MOE, nevertheless the compendium
does present a comprehensive set of previously used evaluation
criteria for combat systems and, as such, is an appropriate point
of departure for anyone faced with a new study of the varied aspects
of land combat systems. Application of any MOE contained in this
compendium must always be made with critical attention to the
objectives of the combat developments study at hand. The development
of new MOE, as needed, to more completely describe combat systems
is always to be encouraged and presents a continuing challenge to
the military analyst.

The purpose of this pamphlet will have been served if it helps
the combat developments study officer to understand the crucial roles
played by measures of effectiveness and if it provides tangible
assistance in making the evaluation of combat syscems an objective,
explicit and considered process. Suggestions for improvement' in the
pamphlet and newly developed measures of effectiveness are continually
solicited and should be directed to the Commander, US Army Training
& Doctrine Command, ATTN: DCS-CD, Fort Monroe, Virginia 23351.
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Force Development

THE MEASUREIfIENT OF EFFECTIVENESS

CHAPTER 1 INTRODUCTION

1. Purpose. This Measurement of Effectiveness Pamphlet responds to the
requirement recognized in tle Commanding General's Letter (CGL) 1-72,
22 February 1972 (Figure 1.1). This letter is reproduced here because it
represents one of the few instances in which major decision making levels
have recognlized the importance of measures of effectiveness to the Army
decision process. This pemphlet provides guidance to combat developments
study officers and assistince to operations analysts in the selectioi. and
use of valid measures o' effectiveness (MOE) in the analysis of Army combat
systems.

2. Frame of Reference. CGL 1-72 sets the specificatioas for the tone and
content ot the Mbasureuae-xt of Effcctiveness Pamphlet. The Pamphlet is to
be read and understood as expressing minimum requirements for selecting and

applying MOE in the combat developments process. The technical content is
based on the fundamentals of algebra and physics, but explicit mathematical
considerations are contained in annexes which can be pursued as the oc-
casion of interest arises.

3. Definition. A formal definition of measure of effectiveness, as the

term is used throughout this Pamphlet, is: A criterion expressing the ex-
tent to which a combat system performs a task assigned to that system under
a specified set of conditions. Thus, an individual MOE supplies a partial
answer to the question: How well d'es System X perform assigned Task Y
under a set of combat conditions Z?

4. Scope. The scope of the Measurement of Effectiveness Pamphlet covers
the development, formulation, and use of VOE in the combat developments

* process. The roles of measures of effectiveness in analysis, test and
experimentation, decision, and documentation are discussed in detail.
Emphasis is placed upon the methodology to develop measures of effective-
ness which can be best described as an art trying to become a science.

2S
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Included is an extensive compendium of examples of MOE that illustrate the
methodology. For the most part, the Pamphlet describes the present state
of the art; however, at appropriate points in the discussion, suggestions
are made for advancing the state of the art.

5. Perspective. The approach of the Measurement of Effectiveness Pamphlet
is to describe the "place" of measurement of effectiveness in the combat
developments process. The Pamphlet emphasizes that military judgement is
as important as scientific judgement in the process of measuring the ef-
fectiveness of combat systems. Practical criteria as well as academic and
mathematical criteria are considered as the basis for selection of MOE to
compare systems. A compendium of MOE is provided that will furnish:
(1) Examples that have been used in the past and have potential use, with
judgement, for future studies; (2) Examples that have potential for use
in elements of doctrine, organization, concepts, forces, and materiel studies;
(3) Examples that have potential for use in elements of threat, tactics,

technology, techniques, troop organization studies, tests, and experimenta-
tion; (4) Examples that have potential for use in elements of command and
control intelligence, communliations studies, tests, and experimentation;
and (5) Examples that have potential for use in logistical studies, tests,
and experimentation. These examples have been extracted from virtually
all Army combat developments studies and tests since 1965.

6. Organization. In Chapter 2, the place of measures of effectiveness is
discussed vis-a-vis the combat developments processes. Chapter 3 provides
systematic methodology for the development and application of measures of

effectiveness. Chapter 4 provides a compendium of examples of measures of
effectiveness, Annexes are provided for bibliography and referenres, an-
index of terms, and selected backup academic and mathematical explanations
for the methodology.

4
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VAL# A 
DEPARTMENT OF THE ARMY

I-1EAIDQUA RTERS

UNITED STATES ARMY COMBAT DEVELOPMINTS COMMANO

iOs'r BELVOI.. VIRGIN'A 22060

CLCG 22 FVbruary 1972

CXM¶MANDING GENERAL'S IYlIrm (CGL) 1-72

SUPJECT: Considerations Concerning the Use of Mvodels ara Simu-
lations Lo Assess Systems Effectiveness

'1: Colonel H. J. Childress, Jr.
Cwrnanding Officer
US AnV Combat Developments Command
Systems Analysis Group
port Belvoir, Virginia 22060

1. The value of analytical means and methods to help solve combat develop-
ment problems continues to grow in imTortance. Current utilization of and
dependence on such analyses have now reached the point where everyone in
the declslon-naking process mubt. ziave a co,-jrrn undcrztandirng of the capabil-
ities and limitations of analytical techNolopy. I have stwmarized below nV
current thinking on this vital area for the guidance of combat developments
personnel.

2. Central to the problem of evaluating alternative combat systems -- in-

lcuding their doctrinal, organizational and materiel elements - is the
requirement for valid Measures of Effectiveness (MOE) which car be applied
to assess the effectiveness of various systems across tho board, ranging
f-rm individual items of materiel through complete force designs such as
CONAR, and all the way up to our must complex system studies like LDS-I and
ALTSTRAT. There are two equally important considerations in the correct
use of NOE:

a. First, pror to constructing (or exercising) a model, simulation,
or an experiaental design for a field test, we rust select those MOE which
best describe overall systems effectiveness.

b. Second, our selected 1FE rust be rmde accptable to the Acncy which
is going to actually conduct the stuv or test, as -T Ias to the decision
rakers and DA and DPO analysts who will review the re.sults. We must select
the right tMOE, and fin acceptahce for the MOE both up and down the chain

*. tto-insure a clear understanding of our mt--hod-logy and its limitations --
at the outset. UlTe development of good NUE is so important that the Army

tti
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CDCCG 22 February 1972
SUBJECl: Considerations Concerning the Use of Models and Simulations

to Assess Systems Effectiveness I
should make full use of the expertise available on advisory groups such
as the PSAC, ASAP and our new CDAG.*

3. Models and simulations muwt be put in combat perspective before and
during the evaluation process. Often, once a set of MOEs is selected, I
the analyst focuses narrowly on these measurements and fails to adequately
consider the numerous intangible factors which tend to make ground combat
more of an art rather than a science. Thmeasurables, Judgmental factors,
and the multiple assumptions in a situation can greatly outweigh the ef-
fect of the selected MOEs on real systems effectiveness, and render ti-i
analysis invalid. Within CDC, analysts should strive to rate the model
and associated NOEs - in relation to the problem under study and advise
decision makers, within a stated level of confidence, on the relative
weight which the factors addressed in the model have as a percentage of
all 1'actors affecting real-world systems effectiveness.

4. The Army's best protection against an over-reliance on, or misuse of,
models and siJTialaLions - and also oagtinst selecting too few or too sim-
plistic flDEs - is to encourage our best combat leaders (tactical and
logistical) to become conversant in ORSA. This will insure that an appro-
priate blend of the art and science of combat is automatically built-in
to our analytical work.

5. Two key MOEs which appear to apply to practically all our systems

assessment work are;

a. The strategic deployability of the system under evaluation.

b. Ti-e capability of the system to operate in a tactical nuclear
vmrfare environment.

I am seeking better guidance for CDC in these areas.

6. We need to develop a clearer appreciation of CDC's overall quantita-
tive and qualitative requirements for modeling and simulation. These
requirements must be specific, relatable to our assigned missions, and
capable of being documented and understood by the Department of' the Army.
(DCSOPS)

*Combat Developments Advisory Group

CGL-2
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CDCCG 22 February 1972

SUBJECT: Considerations Concerning the Use of Models and Simulations

to Assess Systems Effectiveness

7. To improve our overall systems assessment posture, the following

actions should be considered:

a. Expand our CDC "in-house" and outside ORSA training program~s.

" ~(DCSMAR)

b. Review our earlier request for help frr the ASAP on the develop-

ment of MOE, and prepare a new initiative - if necessary a letter from

OG, CDC, to Dr. La4wrence O'Neill - to reenergize this work. (SAG)

c. Continue our ongoing SAL action to develop a coupendium of MO~s,

and adjust SAG's priorities to insure the IMOE problem gets the attention

it deserves. Brief me on the status of this action, and on the most

critical MOEs now in use. (SAG)

d. Review and ýPovide a status report on ongoing actions to strengthen

COMSG's analytical capability by-:

S~(1) Reassigning agency level spaces to the COMSG HQ. (DCSMAR)

• • -(2) Increasing the numbers and capabilities of personnel in tile

Leavenworth SAG field office. (DCSMAR)

(3) Making the SAG field office an organic part of COMSG. (DCG)

S(4) Establishing an In-house wargaming facility. (DI.SOPS)

(5 Encouraging top Army civilian ORSA analysts to relocate to

COMSG. (Scientific Advisor)

e. Brief me on the current status and effectiveness of the STANO Sys-

tems Assessment Model. (INCS GP)

8.I expect all key personnel cf this conrend to be thoroughly conversant

with the contents of this letter (paro-aphs 1-6) and to make personal

4 contributions towards xapidly upgr•.ding CDC's analytical capabilities.

_ -utenant General, US Army
Commyanding

S~CGL-3

JIMA"

tV
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CHAPTER 2 THE CONCEPT OF MEASURING EFFECTIVENESS

1. General. Measuring effectiveness is an everyday process for most of
us and a part of our rational thinking. It can be a weighing in the mind
or a more deliberate use of calculations. It involves rational development
and, usually, a decision. Most times, it is rechecked before considered
action is taken. Each of us is measuring or being measured in our daily
functions on the job. The concept is not new but has been witlh us since
man has been weighing the advantages and disadvantages of hJs tools and
weapons -- as he thought abouc them conceptually and subsequeibtly produced
those deemed most desirable. In this Chapter, by way of wotivation, we
illustrate the measurement of effectiveness process by using an example
that is familiar to most of us -- the buying of a•i automobile. Ws will
show the situabt6aq, how we develop our reasons for measurins certain things,
"and how we arrive at the kind of measures we use: what kind of car we think
we want, why we want it, how much we can afferd tD pay or want to pay, to
obtain it -- in short, why we buy what we buy. This somewhat mundane ew-
ample is intended to illustrate the process of measuring effectiveness in
everyday life anti provides an introduction to the subsequent discussion of
the critically important place that measurement of effectiveness has through-
out the combat development process,

2. An Illustration -- Buying an Automobile. Measures of effectiveness are
used whenever a decision is made. Although this pamphlet concerns MOE in
the combat developments process, everyone actually uses MOE in one form or
antother quite commonly in everyday contexts. A decision always irrolves a
choice between alternatives, even if the choice is only between continuing
on a present course or not continuing at all. A choice necessarily in-
volves comparing alternatives by examiuiatg all factors that differentiate
between candidate decisions. Whenever any factor becomes part of a compari-
son, it must be measured in some way. The measure may be quite precise and
require complicated instruments, or it mry be a less precise judgemental
estimate; but in either case, a measure is necessary tor a comparison, and
a comparisoit is necessary for a decisi-n.

"a. Let us consider a "typical" example of the applicatýion of 40E in a real
life, non-military situation. Whenever o:e considers buying &n attomoblle,
the competitive free enterprise piocess ensures that there is a choice of
alternatives. The decisions will be made on the basis vf all characLeristics
of the various automobiles available that make them different from one an-
other in relation to the buyer's objectives. These qualities might include

Sacceleration capability, cost, dafety, comfort, appearance, dependability,
prestige, buyer's relation to the seller, preference for domestic products,

2-1



and ease of handling. Which of these ten factors (or others) are important
depends upon the buyer's objectives. If the primary mission is commuting
to &ad from work, he may value dependability and economy highly; but if the
mission includes much long distance business travel, he may prize safety
and comfort more highly. Once his objectives are clear he can determine
which qualities are most important in the comparison.

b. Having stzted the objectives and ranked the qualities in order of im-
portance to him, he will need to measure the effectiveness of the various
p:'ospective automobiles (the "candidate systemns") in satisfying these ob-
jectives. A particul.ar quality may be measuzed in several ways. There
are at least four forms of measurement: nominal, ordinal, interval, and Si
ratio. Each ua, be. measured at various degrees of precision. Furthermore,
there are usually several possible measures of each type available.

c. A woman might consider the color of her automobile important for her
objectives concerning appearance. In this case a nominal measure would be
appropriate. A nominal measure divides candidates into sets but does not
allow addition, subtraction, or other arithmetic handling of values. A
classificacion that develops into values such as yes/no, one/zero, or with/
without is a special case of ncminal measurement. If her preference were
for blue alone, her measure would be simply blue versus non-blue.

d. A construction engineer might determine th't an auto's durability under
adverse cunditions is important to zils ob-n-ctives. An ordinal measure which
ranks candidates in respect to each other iaay be eppropriate. A four-wheel
drive vehicle is considered more rugged thx-n a standard sedan although it
might be difficult to compute how much mt.re so. The sedan in turn is ranked
over an inexpensive compact in durability. He continues in this manner
until all candidates are ordered in place with respect to one another.

e. In another case a real estate dealer may determine that capacity is the
most significant factor fo-ý his objectives which include taking the maximum

number of prospect ve buyers to house sites. He might be able to employ an
interval measure which not oaly measures which is better but also how much
better•, lie observes that a fuhl-size car cRrriei five adult sales prospects
while a iaedium-size carries foux', and a compact three, Similarly, a young

man way count prestige as important to his objecttxes which include
performance-conscious friends. He may measure prestige partly in terms of
horsepower on an interval scale in which 3S5 horsepower is not only better
than 350, but also makes clear the interval or superiority in this respect.

f. A housewife might be interested in a gcneral purposc vehicle that takes
into account several competing objectives. She might want an economical car

2-2
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to make short shopping trips and at the same time she may want powerful
acceleration for access to interstate highways on long vacation trips. She
might like the sporty appearance that is esthetically appealing to her
friends and simultaneously the dependability to preclude breakdowns away
from home. She might desire easy handling for parking in the city but at
the same time need a car with capacity to transport a whole den of cub
scouts safely. Such trade-off's suggest ratio measures that divide the
desirability of positive features by the undesirability of negative features.
The number of miles travele is divided by the number of gallons of fuel
used, for the ratio of mileage. Ratio measures can be used on a higher
level to make trade-off's directly. The ratio measure of mileage could be

Z divided by seconds required to accelerate to 65 mph as an indication of
trade-off between economy and acceleration.

g. Given ten or so qualities for comparison, four forms of measures, various
degrees of precision in measure, and different measures for each quality,
a large number of possible measures is taken into consideration. Having
compared a new compact with the current family car, and with a convertible
that a brother-in-law needs to sell, plus all the other candidates in terms
of miles per gallon, it would still be necessary to consider other elements
of economy such as acceptance of trade-in, deprecittion, initial sales price,
taxes and licensing, maintenance, and insurance. Furthermore, each of these
factors in economy may require a different preference in importance before
the issue of overall economy has been settled. After economy there are
matters of safety, comfort, appearances, dependability, and other qualities
to consider, each differing in preference or "weighting" concerning objec-
tives. Sometimes one factor overwhelms all others, as for example when
prestige is so important a Rolls Royce is selected regardless of any con-
siderations of cost or any other factor. This has the effect of giving
one quality nearly full weight in the decision and assigning all other
measures nearly zero weight.

h. Figure 2-1 diagrams a possible decision process. In the far left column
the MOE for economy and relation to the seller are shown. Each of the mea-
sured values is carried forward to the right in respect to its weight in
importance to the third column. In the third column are several qualities.
The value assigned to each of these qualities is some combination of the

i" primary MOE values and their "weights.'* The MOE leading to safety, com-
fort, and so forth are not shown but would be combinations of primary mea-
sures and their weights similar to those shown for economy and relation to

* seller. When each of the eight or more qualities in column three has a
value, their values are then carried forward with their weights to the
overall effectiveness rating of one candidate automobile. The third and

"I -
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fourth columns were combined to rate a single quality concerning the buyer's
objectives. The final combined score in the box in the fifth (far right)
column is the measured effectiveness for a single candidate for example,
th2 compact or the brother-in-law's used convertible, The score for each
candidate can be compared to the scores of all other candidates in order
to arrive at the final decision.

i. This process, or something very much like it, actually is undertaken,
whether implicity or explicitly, whenever one makes a decision concerning

*, buying an automobile. In spite of the apparent complexity of the factors
in the decision, buying an automobile is a common decision that almost
everyone makes from time to time. The final soundness of the decision
rests to a significant extent upon the validity of the measures defined
and estimated down to the lowest level of the process.

3. MOE and the Combat Developments Process. The example showed the
rational process involved in making the decisions to buy the automobile
and, subsequently, which automobile to buy. There is a direct analogy
between this process and the process used for combat developments. It is
important for the study officer to realize that land combat development
studies, analyses, tests, and experimentation are performed in order to
provide forecasted information about operational concepts, tactical doctrine,
equipment, and organizational structures. The information is to be made
explicity concerning a set of possible actions to meet a set of desired
ends which are evaluated using elements of land combat effectiveness.
Because analytical studies are increasingly used as bases for combat de-
velopments decisions, they must meet exacting standards and contain speci-( fied types and quality of information. Thus, the information provided by
these studies needs to be developed and substantiated in a highly credible,
quantitative and objective manner. The selection of appropriate measures
of effectiveness is central to this credibility, and the MOE used are the
most important keys to a successful and approved land combat development
action. Selection of appropriate measures of effectiveness is influenced
in the carliest phase of the project by the objectives and subobjectives
of the study directive and study plan or the test directive and test plan.
When models are used, the MOE describe the type of outputs needed, which
in turn prescribes the type of inputs needed (not -icu versa). In cost-
effectiveness analyses the MC2 are the predicted consequences of the be-
havior of considered candidate land combat systems, subsystems, or changes
to systems or subsystems. In test and experimentation, the MOE used are
essentially the same MOE used in a study of the candidate systems. Figure
2-2 shows that the combat developments process is analogous to the scienti-
fic process wherein measurement plays an important role. The phase order
in combat developments may not be strictly in the order shown, but the
analogy still holds. The following points should indicate why measures of
effectiveness are critically important to the success of all phases in com-
bat developments studies.

2-5
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V

THE COMBAT PHASE ORDER THE
DEVELOFMENTS IN THE PROCESS SCIENTIFIC

PHASE PROCESS PROCESS

1. Stuuy Directive, Study Formulating the

Plan. Problem.

2. Waz Gamings Modeling. Constructing a
model to represent
the system under

study. '

3. Cost-Effectiveness Analysis. Deriving a
solutron from
the model.

.4 Test & Experimentation. Testing the
.model and the

solution.

5. Materiel Needs and Personnel Putting the

Needs Documentation. solution to work:•/ Implementation.

41.)

FIGURE 2-2. ANALOGY OF rHE COMBAT DEVELOPMENTS
; PROCESS WITH THE SCIENTIFIC PROCESS
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Al
a. Study Directive. In the study directive the MOE are the starting points

a. for an effective study orientation by the study director. It is part of the
"formulation and definition of the problem.

b. Study Plan. Here the MOE are refined and expanded thts determining
the depth and detail of the study. If it is determined that the sub-
objectives are not quantifiable or pragmatically not measurable, then the

M. problem has to be restructured until they can be measured,

c. Modeling and War Gaming. After the problem is formulated, the MOE
determine the type and detail of modeling to support a study. This is a
normal process for rational problem solving. The model represents the
system under study using the MOE to define the outputs needed from the

model which in turn help to define the inputs required. Figure 2-3 shows
basic type of models used in land combat studies.

A- d. Cost-Effectiveness Analysis. Here the MOE are the vehicles for
comparison of alternative candidate systems. Figure 2-4 shows dia-
grammatically how the MOE fit into the process.

e. Test and Experimentacion. In scientific test and experimentation a
nypothesis is established which is tested using measures of essential
factors to accept or reject the hy2othesis. In combat developments the
essential factors to be measured are hypothesized during analysis to be
"proved or disproved by tests, experimentation, or simulation.

f. MaLuriEl and Personnel Needs Docuimentation. The basic mission forcombat developments is to formulate and document concepts, doctrine,

materiel requirements, and organization pertinent to the Army in the
elV Field. Included in that responsibility is the design of land combat

systems for at least 20 years into the future to facilitate the integra-
tio,> of new or improved doctrine, materiel, and organizations. The combat
developments process includes studies, simulotions, and testing and

t experimentation in which the final product is rectmnnended doctrinal,
organizational and equipment changes for the imnmediate future and for
long range planning programs. The recommendations involve estimates
based upon the best available information indicating the impact of such
recommendations. Doctrinal recommendations are applied in field manuals,
Orbanizational recommendations are applied in Tables of Or 6anization.
SMateriel recommendations are applied in Tebles of Equipment and in materiel
specifications. As such the credibility of MOE establishep the validity
of such things as basis of issue of equipment, the establishment and
maintaining of MOE, and the credibility of requirements for organizational
and doctrinal changes.

2-7
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BA.SIC TYPE A GENERAL A MILITARY A COMBAT
OF MODEL EXAMPLE EXAMPLE DEVELOPMENTS

EXAMPLE

ICONIC MODEL SAND TABLE FIELD
AIRPLANE TRAINING

EXERCISE p

ANALOGIC ROAD MAP SCALE TERRAIN MAP EXERCISE !
SLIDE RULE MAP

SYMBOLIC:
ANALYTIC

DETERMINISTIC OHM's LAW MOVE TIME BONDER-IUA
E = IR DISTRANCE/MARCH RATE (BONDER-INDIVIDUAL

UNIT ACTION)

PROBABILISTIC PROBABILITY CASUALTIES=NUMBER SIMTANK

DISTRIBUTION ENGAGED X PR (NLIT) (SIMPLE TANK MODEL)
DISCRETE • • •

DETERMINISTIC AIRLINE MILEAGE FIREPOWER TRANS-HYDRO . !
TABLES SCORES (LOGISTICS-OVER-

TH!E-SHORE)

PROBABILISTIC WEATHER PR(O, ,2,...,n) PR (HIT) TABLES
PREDICTIONS HITS WHEN n FOR RANGE-AMMO

ROUNDS ARE FIRED TYPE COMBINATIONS

HYBRID
DETERMINISTIC REDLEG

(ARTILLERY MODEL)

PROBABILISTIC DYNTAC S
(DYNAMIC TACTICAL

SIMULATOR)

I
FIGURE 2-3. MODELS IN USE IN COMBAT DEVELOPMENTS " I
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g. Decision. The culmination of the combat developments process is the
recommendation to higher authority which of the alternative combat systems
vhuld be developed and eventually fielded. These decisions are inevitably
couched in terms of MOE The role of MOE in the Army decision process is
often implicit but nonetheless real. Interjecting scientific objectivity
into the decision process involves making explicit the various MOE and their
selective weights which are driving the decision. This most important as-
pect is discussed in Chapter 3. At this point it is sufficient to note that
virtually no Army decision concerning the development of a new combat system
is ever made without at least an implicit consideration of MOE. Making these
considerations as explicit as possible should be a continuing goal of a ra-
tional combat developments process.

4. Sumary. The concept of measuring effectiveness is really not new to
any of us. It is used in our daily functions on the job and in evaluating
our personal needs.

a. A typical example is when one considers buying an automobile. Usually
there Is a cheice of alternative candidates. The decision to buy one of,
them will be based on all characteristics of the various automobiles that
are specific to the buyer's objectives. Once the objectives are clear --

e.g., to commute to and from work, for long distance business travel, for
prestige, for family pleasure, or for possible combinations of each -- the
buyer can then determine which qualities are most important in comparison.
The qualities might include cost, safety, comfort, appearance, prestige,
relation to the sellsi, accelcration capehilitv. preference for domestic
products, and ease of handling. Once the objectives are clear and the
most important qualities are determined, then the buyer sets up a set of
rules in his terms for measuring the effectiveness of each of the perspective
automobiles.

b. The process is conceptually similar for combat developments but much
more complex and formalized. The quelities desired are different and more
complex, but the rules for measuring and decision are very nearly the same.
ANNEX D covers most of the basics of measurement that a combat developments
study officer needs to know for a fundamental understanding of the use of
measures of effectiveness.

s2-1 Ii'
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CHAPTER 3. TECHNIQUES FOR DEVELOPMENT AND APPLICATION OF MFASURES OF
EFFECTIVENESS

1. General. An evaluation is a comparison. The bystem evaluated is com-
pared to other systems, or to the same system under other circumstances.
An effectiveness evaluation makes the comparison in terms of effectiveness
rather than on the basis of other possible points of comparison, and a com-
bat effectiveness evaluation compares a system's effectiveness under combat
conditions, Effectiveness may be expressed as maximizing performance,
minimizing cost, or optimizing both at the same time. Whenever possible
the comparison is made between numerical descriptions of effectiveness;
but whether the indicators of effectiveness are numerical or verbal, they
are called measures of effectiveness. It is sometimes difficult to measure
effectiveness because of complex or subtle relationships among factors, as
discussed in ANNEX D; but unless effectiveness is measured, there can be no
actual objective evaluation. It is always desirable and usually necessary
to state the relationship of relevant factors contributing to effectiveness.
This can be done by constructing a representation of the lcgical framework
of functional interdependencies among the elements of a system and its en.-
vironment. This logical framework, or model, may be as simple as a verbal
rule of thumb or a single formula, or as complex as a set of interrelated
equationis in a cdmputerized simulation. A model makes it possible to ex-
ploit the powerful tools of analysis and experimentation to predict results
of changes in the system. When the relevant factors are immeasurable, or
only some of them are measurable, estimates are used aDd the evaluation
cannot be wholly routine and mechanical. This is usually the case in com-
plex military systems, so that both military judgement and analytic tech-
niques are required in most combat developments projects. Just how much
of an evaluation is judgemental and how much is analytic determines the
appropriatenes 0 of possible measures of effectiveness. Appropriateness
is discussed in ANNEX 0, but in summary an appropriate MOE has five ele-
ments: (1) it addresses an objective of the system; (2) it is reliable in
the sense that it yields the same value under the same circumstances; (3)
it is valid in the sense that it correctly predicts results; (4) it is at
the correct level to assess effectiveness of a system in a given situation;
and (5) it is as quantitative as possible.

2. Approach to the Development of MOE. MOE have to be acceptable to Army
decision makers and fit their needs. In order to reliably forecast the
consequences of future actions, it is necessary to develop quantitative
relationships of a hypothetical (if/then) character. It is here that the
methods of operations research are applicable. These methods alone, however,
do not make MOE acceptable. Prcatical judgemental considerations have also
to be a part of the MOE process.

L •3-1
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a. Criteria for MOE. (Figure 3-1) Measures of effectiveness have to be
developed for each new study and test because no one set of MOE has been
forwarded that fits all situations. The criteria for MOE that evaluate
proposed land combat systems in keeping with specific study purposes are
discussed in Chapter 2. There are three criteria for selecting final MOE
from a list of considered measures.

(1) The first criterion is that an MOE expres4 the extent to which a sys-
tem meets the best possible performance. An MOE may express system per-
formance as a proportion of maximum performance. Percentages and probabil-
ities are direct measures of effectiveness because percent is proportion of
the best value, 100%, and probability is proportion of highest probability.
1.00. Other measures can be made into MOE by expressing them as the ratio
of actual ar-d best results. For example, percent of targets hit and prob- V
ability of hit are MOE, and firing rate is a measure of performance that
can be converted into an MOE by dividing it by maximum required (or desired)
firing rate. Ton-miles per hour is a measure of performance that can be
converted into an MOE by making it a proportion of required ton-miles per
hour. Obviously, making the best required performance the denominator of
the measure means that MOE can only be developed in keeping with the ob-
*jectives of a system.

(2) The second criterion for MOE is that they should be consistent in

quantities and units as discussed in ANNEX D. This criterion requires
that the analyst consider how the nuiibers cxpressing the MOE are to be

W •manipulated mathematically in order to derive conclusions conccrning the
effectiveness of the systems being evaluated.

(3) The third criterion is that the MOE be "appropriate" in accordance

with the definition given in Figure 3-1, and explained and demonstrated

in this Chapter. This criterion requires that the analyst insure that
the MOE chosen produce results which incorporate in a consistent way the
objectives of the systems evaluated.

b. Creative Thinking to Develop MOE. A major problem to most analysts is
their apprehension in selecting MOE that could contribute to errors in the
conclusions of a study. This causes the analyst to be too critical to start
with. As a result, many potentlally good MOE are dropped out too early in
the selection process. It should be understood at the beginning of a study,
test, or experiment that there are no completely comprehensive lists of MOE
available. Chapter 4 contains a compedium of MOE, but i. consists only of
representative illustrations of MOE tbat have been used or could be used
under appropriate circumstances. The way to go in setting up candidate MOE

3-2



CRITERIA FOR MOE

POINTS TO CONSIDER WERE DISCUSSED

i. Criterion of choice should Chapter 2
be well defined for the MOE.

2. Quantities and units of the ANNEX D
measure should be consistent.

3. MOE are appropriate because: Chapter 3

The MOE has an objective.

* The MOE is reliable-

The MOE is valid.

The MOE is at the correct
level of objectives for the
situations considered.

The MOE is accessible to
quantitative estimation.

FIGURE 3-].. CONSIDERATIONS FOR
THE DEVELOPMENT OF MOE
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is to drive through the logical maze of what the study appears to be arid 4
than "brainstorm" MOE, possibly use some of the MOE contained in the com- I
pendium, add others, and even use quick guesses. It pays to be creative I
first and precise afterwards; in that way a foundation of possible MOE is |
laid from which a good set of MOE can be selected. It will become apparent
after the study is on its way what the criteria of choice among alternative
systems will be and, hence, which MOE will then be needed and appropriate.

* c. Military Judgement in Developing MOE. Answering questions regarding
which MOE to consider and ultimately adopt demands a background of expert- 1
ence, especially military experience. The experience we are referring to
reaches back into many generations of practitioners of the military and 4ý

analytical sciences. If, for instance, we are to tt-ava a certain problem
using only a "firepower" measure of effectiveness (for example, by resorting
to a formulation depending upon "ballistic effects" and "rate of fire"), we

must have enough background to be assured that "mobility of the weapon sys-
tem" is not an essential item under the specific circumstances of the problem.
Thus, experience has to indicate the laws which govern the variation of the 4
systems, and which of the elements that must be considered in formulating "
the relations between the parts. It is thus that systematic errors in the I
formulation are kept to a minimum. (A discussion of "systematic error" in
the use of MOE is contained in ANNEX D.) Furthermore, military Judgement
necessarily has an impact upon the development and assessment of MOE. The
points of impact occur throughout the land coubat study and test and ex-
perimentation process from the definition of the problem through to the I
conclusions, recommendations, and implementation where required. The rea-
sons for the ncecd of military judgement are mostly based on the need for

credibility in the measures used and the results obtained with those mea- \...

sures. Figure 3-2 shows some of the reasons.

d. MOE Derived from MOE Objectives. The purpose of a specific measurement
of effectiveness is to be derived by means of a statement of objectives.
This statement may not necessarily be the same as the statement of the )
purpose of the study. It is usually derived from the sub-objectives and . -
essential elements of analysis In the study. The process involves a se-
lection of a set of best criteria in order to compare candidate systems
usually having variations of certain desirable characteristics. Once these
criteria are determined, then the measurements have to be bounded by the
six considerations shown in Figure 3-3.

'I
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MILITARY JUDGEMENT IS NEEDED BECAUSE

1. Error in Evaluating MOE Statistical inferences in land
combat operational effectiveness
cannot always be reliable.

2. Comprehensiveness of MOE Evaluation of the real merits
of alternative candidate systems
is not accomplished mechanically.

x 3. Unequal Tmportance of MOE Chosen Rational choice between candidate
systems goes beyond measure and
scale. It has tD involve a sense
of worth or importance, therefore,
an additional dimension of value.

4. Non-Quantified MOE Proper weighting of such attributes
as "leadership", "flexibility",
I'vonvenience", and "morale".

I.M

FIGURE 3-2. ITE NEED FOR MILTTARY JUDGEMENT
IN DEVEWPING CREDIBLE MOE
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.i What is to be compared?

2. What are the differences upon which the comparison

is to be made?

3. What are the circumstances (of combat) under which the

comparison is to be made?

4. What is the maximum possible amount of each difference? 4

5. What vehicle (test, model, judgemental analysis) will be

used to determine the impact of differences upon effectiveness?

6. What methods will be used to present the possible errors

associated with the measuring process?

FIGURE 3-3. CONSIDERATIONS IN DERIVING MOE FROM
SYSTEM OBJECTIVES.

31
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An example such as the following describes the process of developing an MOE
from a sub-objective.

EXAMPLE: (1) Sub-objective:

"r"To compare alternative Field Army level communication

systems having different mixes of satellites by comparing
Stheir traffic handling capability and vulnerability with

existing systems in the European Theatre of Operations
during the 1975-1980 time frame."

(2) MOE Objectives:

"Traffic handling capability"

"Vulnerability"

(3) MOE Definition could be:

"Traffic handling capability is measured by the
percentage of calls completed to those requested."

"Vulnerability is measured by the probability of completing
a call while the candidate systems are subjected to electronic
countermeasure."

Because the goal of a land combat study or test is usually to compare
candidate systems at some organized level, principal differences are to
be considered in order to distinguish the candidate systems one from an-
other. The qualitative characteristics bound the scope of the investiga-
tion and stipulate the nature and number of MOE to apply. (In the example
there are two: "Traffic handling capability." and "Vulnerability.") The
general environment and time frame sets the conditions under which the

* candidate system is to be compared. (In the example they are: European
Theatre of Operations and 1975-1980 time frame.) The criterion of choice
defines what the candidate systems are to be compared to: whether specified
performance, a specified candidate system, or some baseline system.

e. Evaluating Alternative MOE. After "free-wheeling" for as many MOE as
one can think of, the study officer may note that there are similarities
among them. The next step is tu evaluate and, possibly, reduce the number
of alternative MOE. Figure 3-4 illustrates a suggested prccedure to ac-
complish this. Each remaining MOE should then be evaluated for mathematical
consistency with the proposed analysis procedures and for consistency with
the objectives of the systems to be evaluated.

4.3-7
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SACTION REASON

I

I. Eliminate Alternative MOE a. Technical Infeasibiiity.

b, Economic Infeasibility.

c. Clearly Dominated by Other
Alternatives.

2. Consider Eliminating Other a. Weak at the Most Important
4MOE and/or Most Frequent MOE

Objective.

b. Has Greater Risk Relative to
Other Alternative MOE.

3. Rank Remaining Alternative a. Differences in Sensitivity
MOE to Uttknowables. ( I

b. Differences in Robustness

Against Counteraction.

C. Differences in Preservation
of Flexible Options.

d. Differences in Contribution

to Longer Term Goals.

4. Reexarmine Those Elimi- a. They May Be Better Than First
na!ed Realized.

b. What is Left May Make Another
ii I Alternative More Appealing.

FIGURE 3-!4. A METhOD TO APPRAISE ALTFRNATIVE MOE/ij 3-8
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f. Point towards the Next Higher Level.(i
(1) Part of the criterion of selecting MOE consistent with the objectives
of any given study is to pick MOE appropriate to the operative decision-
making level. There is a hierarchy of MOE which is analogous to the levels
of decision being addressed. As a general rule, a measure of effectiveness
at one level (say, the combat developments level) is dependent upon one or
more measures at the next lower level (say, the system performance level).
For example, the ratio of red losses to blue losses (a typical combat de-
velopments level MOE) depends partially upon the rate of fire (a typical
system performance level MOE). The key point here is that a system's ef-
fectiveness in its own domain (or level) is not usually as important as

& its contribution to the next higher level. Care should be taken to select
the MOE at the correct level in the "MOE hierarchy." This, in itself, will
help to insure that the MOE are applied at the correct level of objectives.
(The MOE hierarchy is discussed in detail in ANNEX C).

(2) An example of these hierarchical considerations is selection of MOE
for a particular type of night vision device. One measure of performance
for such a device could be the number of targets it detects; a corresponding
MOE would be percent detections of targets presented to the device. This
is a good MOE but limited in usefulness to the next lower level, namely
evaluation of components of the device to increase probability of detection.
A more interesting evaluation of this type of device would be one based on
the next higher level. In this case the next higher level is the tactical
"unit that combines the devicen, their operators, and techniques of employ-
ment. At this next higher level a measure of performance is the number of

(• . detections by the whole unit including those by other means than the night
vision devices, and the MOE is percent of the unit's targets detected by

night vision devices. This expresses the device's performance in terms of
its contribution to unit effectiveness, which is a more useful measure than
the device's performance in its own domain. This would be apparent if two
devices were compared and each detected 90% of the targets presented to it
but one detected 75% of targets presented to the unit while the other de-
tected only 50% of unit targets.

3. Application of the MOE.

a. Mathematical Notation of MOE. When knowledge of the implications of
one or mere of the available MOE for evaluating candidate systems is in-
complete or nonexistent, the usual procedure for obtaining information is
to perform an analysis or a series of experiments. The analysis could be
computerized or it could be wholly a paper exercise. Experiments can in-
clude field tests, field experiments, computer simulations -- each based

3-9
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on some experimental design for statistical analysis.* In all cases, the
quality of the input information used to calculate an MOE is a function of
the design of the experiment or analysis and the validity of the associated
raw data. In the measurement of effectiveness process, the raw data ob-

* tained from an analysis or experiment is generally of little value by it-
self. It must be processed, i.e., converted to information. A vehicle
used to convert raw data to information is called a measure of effective-

* • ness. In order to do this one tries to formulate at, arrangement of the
data or develop an algorithm by which one can rank the candidate systems.
Figures 3-5 and 3-6 are examples of ways that this can be done; each of

* :these Figures is discussed below. Sufficient mathematical machinery now
exists to define the concept of measure of effectiveness and explore it
in detail. Some of this is given or referenced in ANNEX C and some in
ANNEX D. Although it is definitely needed from a professional operations
research point of view, the full and abstract formulation of a mathematical
theory of measures of effectiveness and the development of the mathematical

* notation lies outside the scope and purposes of this pamphlet. If further
investigation is desired, the preliminary notes in ANNEXES C and D and the
references in ANNEX A may be consulted.

b. Tabular Sread Sheet. At times the MOE may be unmeasurable in practice
or involve combinations of numbers of different character (i.e., mixed
scales: tank, interval and ratio.) Furthermore, it might occur that the
critical matter of "importance" of a measure does not easily lend itself
to simple numerical treatment. When such a situation develops there is
a temptation to develop some simple weighting type approach and a Grand
Score calculation routine. Instead of this approach, however, it is better
first to explicitly depict the facts as perceived in some sort of tabular .
spread sheet format. An example ot such a spread sheet is shown as Figure
3-5. When this procedure is followed, a judgemental evaluation or dominance
analysis can be made of the most preferred candidate systems. (ANNEX £
contains a rigorous mathematical treatment and explanation of such matrixing
of MOE for candidate system evaluation.)

c. Modeling the Combat Situation. Another useful technique is to analyse

the combat situation. Figure 3-6 presents a possible framework using five

functions of combat. The scenario and threat are portrayed and each of
the MOE within a functional area is weighted (Wij). In addition, the func-
tion itself is weighted (Uj) in order to evaluate the candidate system's
overall combat effectiveness when all functions are considered. (This
structure is evaluated for each alternative system under study.) The symbols
indicates that the formulation consists of some mathematical uperation,

*C.B. Bates, "The Role of Design in Experimental Investigation."

Technical Reports, ANNEX A.
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perhaps not just simple addition.* Although this structuring in terms of
five functions is somewhat arbitrary and does not fit all cases, some such
structure certainly underlies consideration of alternative candidate systems
during the combat development decision process. When this structure, and
evaluation tools such as simulation and field experiments to generate quant-
itative MOE values are used, such questions as the following clearly need
to be addressed:

(1) DOES THE MODEL OR TEST ADEQUATELY MEASURE THE INDIVIDUAL MOE?
(Can be answered by examining assumptions underlying the model's use and
the accuracy of the model input data. For tests, the adequacy of the ex-
perimental design would be evaluated.)

(2) WHAT MOE ARE NOT ADDRESSED BY THE MODEL OR TEST?
S(A measure of this deficiency might be given by the sum of wij which the

model does not address.)

(3) WHAT IS THE ESTIMATED IMPACT OF UNMEASUREABLE FACTORS?
(One way is to reduce the decision maker's judgement factor assigned to a
Functional Area j containing unmeasurable factors, This adjustment will
result in a lower E for the candidate system.)

4. Statistical Testing. Values resulting from measures of effectiveness
are tested in order to determine the degree of risk that may be present in
the information processed from the data, As discussed briefly in ANNEX D,
there are many statistical tests that may be applicable. Such testing
should always be considered and, where possible, actually performed in
order that the decision-maker can be made aware of possible uncertainties ,J
in the MbE values predicted by the study analysis.

5. Summary. ME have to be not only analytically precise but logical and
intuitively acceptable. They must lead to practical and explicit representa-
tions of the effects being portrayed for the candidate systems under-isdoy.

r" M14OE are created for specific circumstances and must be backed up by military
judgement. A suggested procedure for the development and application of
MOE is the following:

a. Development:

(1) Initially develop as many MOE as possible from the study or test sub-
obj ectives.

* In order to bound the effectiveness measure and avoid combining unlike

quantities, each MOE could be "normalized" to the most favorable MOE value
for the alternative systems under study. This process is illustrated by
a hypothetical example given in ANNEX E. Further research with this ap-
proach is continuing.

3-13
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(2) Create as many more MOE as possible, brainstorm even though at first
many of them may appear to be alike.

(3) When it appears that all possible MOE have been advanced, categorize
them into groups of similar measures. (

(4) Appraise the alternative MOE in each group using a selective procedure
to evaluate those that are strong or weak, or alike or similar. Figure 3-4
is a suggested method to do this.

(5) Point the remaining MOE to the next higher level of objectives: i.e.,
insure that the MOE are so constructed that they can serve as performance
indicators to the next higher level. If not reconstruct them so that they
can.

(6) Express the MOE in standard notation of physics, engineering, and
mathematics.

b. Application:

(1) Apply the MOE in a methodical manner (using appropriate test instru-
,! ments such as simulation, field test, judgemental analysis) to measure,

portray, and evaluate effectiveness. Two examples are as follows:

(a) A tabular spread sheet (Figure 3-5) will make it easier to use judge-
mental factors and dominance to arrive at the most preferred candidate sys-
terns.

t~(b) Structuring the situation in some manner (Figure 3-6) will be most

useful in functionally grouping MOE into single composite measures of

effectiveness.

1 . (c) Statisticallv test the MOE values for type/degree and range of risk
*in the measurements.

3-14
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a CCHAPTER 4. A COMPENDIUM OF MEASURES OF EFFECTIVENESS

1. Introduction.

a. Purpose of the Compendium. Potential MOE are listed to aid the
study officer in developing his own MOE for a current action.

b. Use of the Compendium. The list of potential M0E Is intended to

suggest ideas for development of MOE; it is not intended as a list of ap-
proved MOE. The study officer ond analyat are not encouraged to un-
critically select described MOE for use. Rather, they are encouraged to
review the listed MOE for ideas toward developing the unique MOE they will
need for their specific action. Almost all measures used in Army combat
development actions since 1965 are listed. The MOE included vary widely
in quality, and even when the analyst finds an applicable measure, he may
well be able to improve on it in developipg MOE for the action at hand.
The appropriate use of the compendium is to provide ideas- for candidate
MOE.

c. Organization of the Compendium. Since no general theory of measure-
ment is advanced, the compendium organizes MOE in a manner convenient to
analyst review for leads. The categorization is by subject matter. The
first part is organized into five functions of combat developments:

* . idoctrine, organization, materiel, training, and logistics. The second
part is organized into five functions of land combat: command-control-
communications, firepower, mobility, acquisition-intelligence, and combat

Sservice support. Previously used measures and potential proposed MOE are
divided into these ten categories to assist the action officer in reviewing
ideas toward development of his own MOE. In cases where an MOE might rea-
sonably have been included in more than one category, it has never-te-
less been placed into a single category to avoid unnecessary redundancy.
This means the action officer must usually review more than one category.
For example, an action concerning organization of an intelligence unit will
probably find relevant leads in the categories of organization, materiel,
and intelligence. There may also be suggestions in other categories, such
as doctrine or command-control-coxaunications. In addition to the MOE

j suggested by the compendium in a given area, it will be necessary to con-
struct some original measures in keeping with the objectives of the action.
After this list of candidate MOE has been used in initial attempts et the
model ox Lest design, the compendium may be useful again in providing ideas

Sfor revising the set of MOE to be used. The compendium is arranged fut con--
venience into ten categories of subject matter. Within each category there
is no scheme or ordering other than an intent to group similar subtopics.

4-1
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2. Presentation of each MOE.

Each MOE in the compendium is titled at the top of a page in capital letters.
The MOE title is the simplest possible phrasing of the measure, so that the
title is a convenient rather than a complete statement of the measure. The
complete statement and descriptioxý of each MOE is presented in seven pars-
graphs,

a. Definition of the Measure. The first paragraph starts with the
complete statement of the muesure. The paragraph includes the input data,
the output number, and the relationship between input and output. In each
case all the elevents of input are stated and the method of processing the
input to obtain the single output number is shown. In most cases the method
of processing Is shown in the form of a computational formula or other
notational means for expressing the output as a function of input. The
anlayst should keep in mind that the definition is meant to be precise and
unambiguous only for the particular described measure, but that he is not
constrained by the computation procedure if he desires to use essentially
the same measure modified foi. his own specific objectives. For example,
a previously used MOE may be a percentage and include in its definition the
multiplying of a decimal fraction by 100% to convert it to a percentage. The
action officer may find it more relevant to use the measure in its decimzl
form or even in its fractional form. The fractional form would usually be
a better MOE in the case of very small numerators and denominators in the
sense that 1/2 or 7/8 may be more meaningful than 50% or 87.5% when the re-
sults are actually one out of two or seven out of eight. In respect to
changing the form of measure, howevet, it should be pointed out that some
measures have become fairly standard Army studies and tests; and their'W definitions are generally accepted, e.g., circular error probability, loss

exchange ratio, operational readiness, probability of detection, and mean
time between failures. When the action officer changes the form of coin-
putation for a measure for his own particular project, he should change

ithe name of the measure too, to avoid confusion with the spme name in
other actions.

Ib. Dimension of the Measure. The second paragraph states the form
of the measure and the unit of measure for the output number. The form
may be a sum, difference, rank ordering, product, quotient, or some more
complex form. A sum may be a simple number count cr addition of number
counts. A ditference may be a subtrwtion of number counts, or subtraction
of two values such as start time and end time. Quotients include propot-

tions, ratios, and percentages. In some cases a complex form may result
in an index number that has no simply stated form other then the definition
of the measure. The dimension of the measure includes the unit of measure
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f of the output number. For example, the unit of measure for "percent
casualties" is each casualty and the unit of measure for "rate of movement"
may be kilometers per hour. In some cases, especially index numbers, there
is no output unit of measure that can be stated less simply than defining
the measure, so that the unit of measure is a pure number. The analyst

t may note that the form of the measure is one of the areas of greatest flex-
C ibility in developing MOE. Almost any measure can be changed in form for

a particular purpose. For example, a measure of casualties inflicted may
be suggested in the form of a sum, a simple number count of casualties or
a sum of number counts by different means. The form could be changed to
a difference between the number of Red personnel at the start of the en-
gagement and the number at some point in time, If attrition is at issue.
It could be converted to a product if that fits the purposes of the action,
for example the potential casualty total obtained by multiplying the
casualties per type weapoa by the numbers of that weapon committed. It
could be a ratio of number of casualties over number of personnel at the
start of the engagement. Or- ft could be a more complex form such as the
slope of the curve of cumulative casualties over time. The analyst may
be interested in essentially the same measure as that suggested by the
compendium, but in a different form. Many of the combat service support
measures included in the compendium are simple sums such as tons delivered
or rounds expended. The action officer may find it more meaningful in some

Z • context to convert this to ton-miles delivered, or rate of expenditure of
ammunition. Generally, changing to a more complex form gives a more sen-

i $~~itive measure but imposes, more_ limits on the range of the measure.

Sc c. Limits on the Range of the Measure. Many measures have no limit
on input or output; all values may vary freely from -n to + 9. In many
cases, however, the output is limited, For example, a probability is

limited to the range .00 to 1.00, number count sums are limited to positive
values, and some quotients are defined such that they can not exceed unity.
There may be limits to the input values which must be considered by the
action officer in developing a measure. Foi example, most ratio's are
meaningless if the input value to the denominator is zero and decimal
"fractions are limited to the precision of the input. Where there are ap-
parent limits on the range of the measure, the compendium includes them
in the presentation of MOE.

d. Rationale for the Measure. The fourth paragraph discusses why the
particular MOE described was considered useful when it was proposed. If
"it is a previously used measire, the paragraph tells why it was selected
for the action referenced. If it is a potential or proposed measure that

p *has not previously been used, the rationale explains what properties may
make it useful. The rationale given in the compendium might not be ap-

" 41 ulicable to a given action under development, but may furnish the analyst
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some ideas toward developing his own measure. For example, helicopter air-

to-ground detection time was measured in a field experiment because it is
one of the components of helicopter survivability against anti-aircraft
fire. An analyst may not be interested in air-to-ground detection time
but he may agree that some measure of aircraft survivability is important

to his action and proceed to develop a more relevant measure. Regardless
of how the action officer uses the information in the compendium rationale,
he should keep in mind that he must have a rationale to defend the selec-
tion of each of his own MOE and that the rationale must take into account

the cost of making the measure.

e. Decisional Relevance of the Measure. The fifth paragraph states
the circumstances in which the measure would contribute to the decision
process. It extends the discussion of usefulness started in the rationale
paragraph. While the rationale stated why the MOE would be useful. in
general, this paragraph goes on the explain when and how, the output value

can be used in the decision process of a combat development action. A
measure may be useful in some other context but not applicable to the action
at hand. For example, an MOE that has been used in several tests of in-
telligence systems is "percentage of targets detected", but was applied
inappropriately in a doctrinal troop test. The troop test found that both I
the standard and the experimental doctrine resulted in 50% detection of
enemy targets, while in the standard doctrine a very low percentage off
friendly targets were detected. If the friendly intelligence system had
been the issue, the MOE would have been appropriate and would have led to
the decision that there was no difference between the two candidate doctrines. i
The appropriate measure might have been the relative friendly to enemy dc-
tection ratio, leading to a meaningful decision concerning targeting op-
portunities. In considering decisional relevance, a single MOE is seldom
able to stand alone. In most cases associated MOE must be taken into ac-
count.

N

f. Associated MOE. The sixth paragraph lists associated measures found
elsewhere in the compendium. The associated MOE are other measures which
would probably have to be used in conjunction with the MOE described.
Since the associated MOE are completely presented elsewhere, the form of
association is not stated; only the titles are given to make it possible
to refer to the other descriptions.

g. References. The fitial paragraph in the MOE description names
actions in which the measure was used if it has been used since 1965.
Actions include studies, field experiments, field evaluations, and field
tests. Many of the MOE included in the compendium have been used in only

4-
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one previous action. Some of the MOE included are potential proposed mea-
sures that have not previously been used and have no references. This pars-
graph lists only the USACDC action control number (ACN) and designation of
the previous action. The reference can be traced through the bibliography
if further information is required.

3. Contents of Compendium. The compendium contains 207 MOE divided into
ten categories of subject matter. The categories, number of MOE in each
category, and page number of the start of the category are listed first.
In the section for each of the ten categories, there is a sub-index listing
all MOE in the section and the page number where that MOE can be found. For
ease of overall reference, these sub-index listings are reproduced in ANNEX
F.

I'

or,

' I '
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oNomber Page

CATEGORY of MOE Number

Part I. Combat Development Functions

SDoctrine . . . . . . . . . . . . . .. . 2__0 . . . . . ._4-1

Sorganization ... . . . . ......... 20 . . . .... 4-31

Materiel ..... ............... ... 20 ..... .. 4-52

Training ................ ............... 15 ..... 4-73

Logistics .... .............. ... 22 ..... .. 4-89

Part 11. Land Combat Functions

Command-ControI-Communicatiions . ... 26 . . 4-112

Firepower .... .............. 31 ... ..... 4-138

Mobility .......... ............... 8 .. ..... ... 4-170

Intelligence .... ............. ... 25 .. ..... 4-179

Combat Service Support ....... ........ 20.. ...... ... 4-205
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Force effectiveness indicator 4-12
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Rate of advance 4-15

Distance from objective 4-16

Range of engagement 4-17

Area acquired 4-18

Percent missions within time 4-19

Time to mission completion 4-20

Loss exchange ratio 4-21

Relative loss exchange ratio 4-22
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Relative ammo expenditures to casualties ratio 4-24
Red casualties per initial blue strength 4-25
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PROBABILITY OF SUCCESS

1. DEFINITION OF TIlE MEASURE: Probability of success is a general term for
arty of a group of indicators based on the incidence of success in accomplish-
ing a stated objective as a proportion of the opportunities for successful
accomplishment. Input data are the number count of observed successes and
the number count of potential opportunities for success. Relation of out-
put to input is:

* probability of success - number of Qbserved succe~sps
number of opportunities (or attempts)

f-

Alternatively, the data may be in the form of probabilities for various types
of failure (PFl...PFn) such that probability of success would be:

Ps = 1 - rPFJ) (PFZ)..(PFn)J

2. DIMENSION OF TEE MEASURE: Ratio -- Output is a probability.

3,. LIMITS ON THE RANGE OF THE MEASURE: Probability may vary from zero to
unity, inclusive. Its main disadvantage is that it usually subsumes a set
of factors which must also be treated separately.

4. RATIONALE FOR THE 1MEASURE: This is a direct measure of mission ac-

complishment and is directly useful in a predictive sense.

I- 5. DECISIONAL RELEVANCE OF THE MEASURE: Probability of success can be
used to compare alternative systems in effectiveness in several subject

areas. Number of successes may be engagements won, objectives seized,
4 m$ ssile flights completed, fire missions on target, aircraft flights

surviving, targets destroyed or neutralized, moves completed in accordance
with plan, orders executed as intended, or any indication of favorable out-
comes in relation to all outcomes.

6. ASSOCIATED MEASURES:

4. Percent tasks completed Reliability
Probability of detection Probability of survival

7. REFERENCES:4
f ACM 15758, ASARS 1, Jun 70

ACN 07346, Optimum Mix of Arty Units 1971-75
ACN 15724, Optimum Mix of Arty Units 1975-80
ACN 13138, Divisional Arty Study
ACN 13708, TACFIRE Cost Effectiveness Study
ACN 06488, Artillery Study 1970-75
ACN 03434, LANCE Cost Effectiveness Study
ACN 15137, Support of Airmobile Operations

L ACN 03010, Infantry Rifle Unit Study - 75
ACN 07395, Ground Observer Field Exp:eriment 31.1, Sep 68
No ACN - System Effectiveness Status Report (PERSHING), Feb 72
No ACN - "Candidate Measures of Effectiveness for Air Strike

SSystems," Naval Weapons Center Report #TP4687, Sep 69

No ACN - Proceedings of the Third NM.OC r'ystems Performance
l " Effectiveness Cpn yirnnce, 1967
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FORCE EFFECTIVENESS INDICATOR (
1. DEFINITION OF THE MEASURE: Force effectiveness indicator (FEI) is
the ratio of the total value of the blue force (TVB) and total value of
the red force (TVR):

FEI =TVB
TVR

The total force value for blue (TVB) is computed as the sum (E) of the
number of each type red weapon destroyed (ni) multiplied by the value
of that type weapon (vi) for all red weapons (k), and the total red
force value is computed similarly for all blue weapons (1):

k 1
TVB l nivj TVR njvi

The unique characteri&,ic of this measure is that weapon values are
computed as the fractional value of the enemy force destroyed by a given
weapon. That is tnhc value (vi) of a type blue weapon (i). is the ratio
of all (1) the numbers of red kills by that type weapon (ni) multiplied
by the values of the destroyed red weapons (v.) to the total red value
(TVR), and the vxl'xe of blue weapons is computed similarly:

I k
nijvj S njivi! ~vi =V =-

vi VR TVB

The FEI does not have a closed form solution; it is usually calculated by
assuming an initial finite value for all weapons and solving the equation
in a series of iterations until final values converge reflecting losses
inflicted.

2. DIMENSION OF THE MEASURE: Ratio -- weighted by losses inflicted.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may be zero or
any positive value. Since losses are a function of several factors in the
scenario, the output value of the FEI cannot be dissociated from the
circumstances under which it was derived. The measure has a weakness in
that a force that complerely destroys the other without taking any losses
is zero effective because the weapons destroyed had not obtained any valueby intlicting losses.

4. RATIONALE FOR THE MEASURE: This is a complex form of loss exchange
ratio with the advantage that weighted values are based on actual performance.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure is suitable for
measuring overall effectiveness of a mixed weapons force. In the referenced
studies it was used to evaluate candidate armor-Lnfantry mixes in terms of
combined force firepower and survivability.

6. ASSOCIATED NEASURES: Proportion feree destroyed. Loss exchange ratio.

7. REFE', ENCES"

ACN 07356, Tank, Antitank, Assault Weapon Systems Requirement Study,
Phase III (TATAWS III); ACN 17018, Antitank Weapons Systems Requirement
Study 4-12
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RANKING OF OUTCOMES

I. DEFINITION OF TEE MEASURE: Ranking of outcomes is a systematic
procedure for assigning an evaluative value to a system by taking
into account its relative rank in one or more relevant factors. Alter-
natives can simply be ranked first through last on one factor (e.g.,
degree of win), or on two factors (e.g., degree of win and resources
expended) in matrix form:

Defeat Hold Fail to
Alternative One Eners FEBA Hold

Most of Resources First Second Third
Remain rank rank rank

Normal Second Third Fourth
Expenditure rank rank rank

All Resources Third Fourth Last
Expended I rank rank rank

Ran-cnng can be on any number of factors by constructing matrices with
more dimensions.

2. DIMENSION OF THE MEASURE: Ordinal -- Output is in terms of relative
W . rank.

"3. LIMITS ON THE RANGE OP THE MEASURE: The convention for establishing
rank on each factor must be established. The procedure allows ties in
the same factor.

4. RATIONALE FOR THE MEASURE: The usefulness of the measure is an
orderly means of assigning rank.

5. DEC.SIONAL RELEVANCE OF THE MEASURE: The measure is intended to
compare whole unit doctrinal and organizational systems.

6. ASSOCIATED MEASURES:
Probability of success
Degree of win

7. REFERENCES:
No ACN - "A Method of Evaluating the Combat Effectiveness of

a Tactical Information System in A Field Army,"
Lewis A. Leake and Roland V. Tiede, Research

*, , Analysis Corporation, McLean, Virginia
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CONTROL MEASURES REQUIRED

I. DEFINITION OF THE MFASURE: Control measures required is a list of
the control measures used in an action. Control measures include:
line of departure, time of attack, intermediate objectives, direction
of movement, axis of advance, attack position, formation, unit
boundaries, coordinating points, trace of FEBA, defensive line, phase
lines, delay positions, delay times, pyrotechnic signals, and so
foLth. Input is a list of all such measures used.

2, DIMENSION OF THE MEASURE: nominal -- output is a list of measures.
Alternatively, the measure could be in a ratio form by dividing the
number of control nveasures actually used by the number possible.

3. LIMITS ON THE RANGE OF THE MEASURE: As a nominal measure, this
MOE is non - quantitative and can not be used in numerical comparisons,
As a ratio measure it has the weakness of treating all control measures
as of equal Importance.

4. RATIONALE FOR THE MEASURE: This measure addresses difficulty of
command and control. Its basis is the fant that more difficult command
and control situations require more control measures, and therefore
more control measures indicate such difficulty.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to
evaluate command and control systoms. In ACN 16819 it was used to
compare nignt vision systems that were expected to make command and
control In darkness easier and require fewer control measures. It
could be us-ed to evaluate a proposed change In doctrine or organization
that could make control easier or more difficult.

6. ASSOCIATED WT!ASL¶RES:
Chanrn, per order
Repetitions per order
Percent orders with request for clarification

7. REFERENCES:
ACN 16819, STANO II Test )
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RATE OF ADVANCE

I. DEFINITION OF THE MEASURE: Rate of advance is the computation of
distance per time period achieved in the advance. Distance input may

tbe in the form of meters (or miles) advance of the forward point or

squace meters (or square miles) of territory taken. Time is in hours
(or days). Relation of output to input is:

Frate of advance total distance advanced
Sreelapsed time

2. DIMENSION OF TIlE MEASURE: Ratio -- output is meters per hour,
Ssquare3 meters per hour, square miles per day, or similar. If several

observations are taken over time, it may be computed as the first
derivative of cumulative distance for time, and expressed in the same
terms.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure increases in use-
fulness as elapsed time increases. In its simple form it is constrained
to a given time, but if several observations are taken to account for
changing rates it may be used as a mean rate of advance.

4 •4. RATIONALE FOR THE MEASURE: This is a direct measure of performance
when the mission includes advance, as in the attack. It is consfAered
superior to simple amount of advance which Jocs not take into account
a possible increase in difficulty of advance as distance from enemy(. decreases.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful in com-

paring alternative concepts when advance is part of the primary mission.
It is not usually useful alone, since cost of the advance must be taken
into account by means of loss exchange ratio or other suitable measure.

6. ASSOCIATED MEASURES:
Amount of advance
Loss exchange ratio
Degree of win

Probability of mission accomplishment

7. REFERENCES:

ACN 15758, Army Small Arms Requirements Study I (ASARS I),
Vol. IV, Jun 70
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DISTANCE FROM OBJECTIVE

1. DEFINITION OF THE MEASrRE: Distance from objective Is the linear

distance that an advancing unit Is from its objective at a given time.
Input data are the location of the advancing unit and location of the
objective. •

2. DIMENSION OF THE MEASURE: Interval -- Output is a distance in 9

meters, kilometers or miles.

3. LIMITS ON THE RANGE OF THE MEASURE: Output may assume any positive
value. An absolute value in this form is not usually valuable unless
collected over time for a rate of change in distance from objective
(rate of advance) or other utilization in the form of a ratio.

4. RATIONALE FOR THE MEASURE: Distance from objective Is assumed

to be an indication of the effectiveness of a unit in closing upon an
objective.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to

distinguish among candidates In their effectiveness at reducing the
distance to the objective In a given time period and under specified
circumstances.

6. ASSOCIATED MEASURES: A
Rate of advance
Range of engagement

7. REFERENCES:
"ACN 15758, Army Small Arms Requirements Study I (ASARS I) -

Jun 70 \i
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RANGE OF ENGGAGEMENT

1. DEFINITION OF THE MEASURE: Range of engagement is the distance
:.between opposing forces when either side initiates firing. Data input

is the location of each force. Location may be measured at forward
I , •edges or at centers of mass. Relation of output to input Is the simple

measurement (or estimate) of distance between the two location inputs.

2. DIMENSION OF THE MEASURE: Interval -- A linear measure of distance.
Unit of measure of output Is meters, kilometers, or other suitable

4n measure of tactical distance. (With several measures, the MOE may be
-i a ratio in the form of "mean range of engagement",)

3. LIMITS ON THE RANGE OF THE MEASURE: Output may assume any positive
value. Resolution of the measure depends on the accuracy of locations
and refinement of the unit of measure.

4. RATIONALE FOR THE MEASURE: Range of engagement measures effectiveness
when the mission includes the intent to engage as late as possible (as
in the attack) or as early as possible (as in the defense).

5. DECISIONAL RELEVANCE OF THE MEASURE: This is a measure of the
4•sucecss of a unit in causing or preventing early engagement.

6. ASSOCIATED MEASURES:
Time to detection
Mean detection range
Probability of detection

7. REFERENCES:
ACN 17874, Mecharnized Rifle Company STANO Test - Nov 71
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AREA ACQUIRED

I. DEFINITION OF THE MEASURE: Area acquired Is the amount of area
taken inder tactical circumstances. Input data are the amount of area
taker. In nquare meters, square kilometers, or square miles, and the
length of time required. Relation of output to Input is:

area acquired - area held at end time minus area held at start time

2. DIMENSION OF T1lE MEASURE: - interval -- amount of area In terms of

square kilometers or other suitable unit of measure. The measure could
be in a ratio form such as "rave of area acquisition" by taking tho
first derivative of cumulative area acquired as a function of time,
or "proportion of assigned area taken"t. j
3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any value
up to the total amount of area assigned as the objective. The data
Input may be complicated by the necessity to measure many small irregular-
shaped areas. The measure may be misleading if the primary mission Is
not to take area. This measure is related to rate of advance.

4. RATIONkLE FOR THE MEASURE: The measure addresses accomplishment
of mission directly If the mission Is to take territory. Otherwise,
It •ray still be a useful supplementary measure.

5. DECISIONAL RELEVANCE OF THE MEASURE: ThIs measure can be used to 4
evaluate a system when the primary mission of the system is to tAke area.

6. ASSOCIATED MEASURES:
Rate of advance Percent area coverage
Distance from objective Probability of success

7. REFERENCES:
ACN 05546 Army Air Mobility Evaluation (ARAME), 15 Feb 65
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PERCENT MISSIONS WITHIN TIME

1. DEFINITION OF THE MEASURE: Percent missions within time is the

percentage of missions accomplished within the suspense tlmc ordered,

out of all missions ordered. Input data are the number of missions
accomplished within time ordered and the number of missions ordered. (A
mission with no time limit is counted as accomplished within time if it
is accomplished, regardless of time taken). Each missicn has its own
time limit, as set by the commander ordering the mission. Relation of
output to input is:

number msns completed
e mwithin time orderd

Spercent missions within time = number msns ordered • 100

2. DIMENSION OF THE MEASURE; Ratio -- A percentage in terms of percent
of missions.

3. LIMITS ON THE RANGE OF THE MEASURE: A substantial portion of the
missions ordered must have a specified time limit, for a meaningful
measure, and the measure becomes more meaningful as the number of
missions increases. The output can assume any value from zero to one
hundred percent, but the percentage will be partly inflated by the
missions with no time limit.

4. RATIONALE FOR THE MtASURE: This is a direct measurre of timeliness
which capitalizes on the commander setting the criterion for each mission.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used as an
indicator of timelinesr in any situation where suspense times are
ordinarily set. In the referred study it was used to measure timeliness
of emplacing unattended ground sensors. It could be used to measure
timeliness of taking intermediate objectives, filing reports, completing
moves, firing artillery missions, completing patrols, negotiating
obstacles, delivering messages, or any military mission that normally
has a suspense time.

6. ASSOCIATED MEASURES:
Time to acquisition Pearcnt missions accomplished
Mean time to completion Probability of success

7. REFERENCES:

ACN 15353, Field Evaluation HIGH GEAR - Jun 69
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TIME TO MISSION COMPLETION

AI. DEFINITION OF TiE ýEASURE: Time to mission completion is the elapsedtime from start to end of a stated mission. Input data are the initiation
and completion times, and output is the subtracted difference: R

time to completion - (end time) - (start time)

2. DIMENSION OF THE MEASURE: Interval -- output is an elapsed time in
second8, minutes, hours, days, or as appropriate. It may be used in the
ratio form, "mean time to completion". A

3. LIMITS ON TIE. RANZE OF THE MEASURE: The output value may be any
positive expression of time. Resolvtion of the measure depends on theprecision of measuring time. Completion must be defined and the measure
can not be dissociated from the definition.

4. RATIONALE FOR THE MEASURE: This Is the simplest and most direct
measure of timeliness. It is usually inexpensive to take, although more
difficult than "percent missions completed within time".

5. DECISIONqAL RELEVANCE OF THY, MEASURE: This measure Is used to evaluateany sort of system in regard to timeliness. It is stated here in general
torm, but is more often stated in specific form such as: time to complete
move, time to adjust fire, time to defeat, time to resupply, tim• to La
destroy, planning time, time on target, and so forth.

* 6. ASSOCIATED MEASURES:
Percent missions completed within time
Percent moves within time order
Time to occupy positions
Time to adjust fire
Time to resupply

7. REFERENCES:
ACN 13233, Land Navigation Systems Troop Test, Jul 70
ACN i3'25, WETOXE Test, Dec 69
ACN 17494, Divisional War Game Model
No ACN, Mobility System Planning Compendium
No ACN, "Candidate MOE for Air Strike Systems," Naval Weapons

Center document #4687
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LOSS EXCHANGE RATIO

1. DEFINITION OF THE MEASURE: Loss exchange ratio is the quotient of
red losses divided by blue losses. Input data are number counts of
losses for each side. The relation of output to input is:

number of red lossesloss exchange ratio - number of blue losses

2. DIMENSION OF THE MEASURE: Ratio of two number counts -- The unit of
measure of the output Is a pure number. Output may be in the form of a
ratio (1:10), proportion (.I0), or fraction (1/10).

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
if the number of blue losses is zero, and not very useful if losses on
both sides are low.

4. RATIONALE FOR TIE MEASURE: This is a measure of blue effectiveness
taking into account both blue's capability of Inflicting losses and
capability of surviving red actions.

5. DECISIONAL RELLVANCE OF THE MEASURE: The measure can be used in the
situation where both forces have the primary mission of destroying the
other. It is less useful if either side has some other primary mission.
It is diffinult to apply if both forces are heterogeneous such that
unlike elements have to be combined to yield the input values. It can

* be used to distinguish among compared candidates for doctrine, organiza-
tion, materiel, training, or logistical support because it combines
aspects of both offensive and defensive capability.

6. ASSOCIATED MOE'S:
Relative loss exchange ratio Survivability Index
Rate of attrition

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75.
ACN 18171, Attack Helicopter--Daylight Defense Field Experiment.

* ACN 05546, Army Air Mobility Evaluation, Feb 65,
ACN 17419, Employment of Attack Helicopters to Defeat Armor,

Apr 71.

lNo ACN, HELL TANK Exercise, UK Defense Establishment Memo #2/69,
Jan 69.
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I RELATIVE LOSS EXCHANGE RATIO

z

1. DEFINITION OF THE MEASURE: The relative loss exchange ratio is the
quotient of proportion of red losses divided by proportion of blue losses.
Input data are: red initial strength, blue initial strength, red losses,
and blue losses. The relation of input to output is:

red casualties

red Initial strength
relative loss exchange ratio -

blue casualties
blue initial strength

2. DIMENSION OF THE MEASURE: Ratio of two ratlo's -- The unit of measure
of the output is a pure number. The unit of measure for all four input
values is number of personnel, tanks, major weapons, subordinate units, or
other suitable count of force size.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful if t
any of the four input variables is zero, and not very useful if either of
the initial strength values Is quite snmall.

4. RATIONALE FOR THE MEASURE: The relative loss exchange ratio is a measure
of Blue effectiveness taking two major factors into account. The numerator
is an indicator of Blue destructive capability; the denominator is an
Indicator of Blue survivability. The combination approaches an overall
indication of Blue combat effectiveness.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used in the

situation where both forces bave the primary mission of destroying the other.
It is still useful, but less so, if either force has any other primary
mission. It is difficult to apply if forces are quiln heterogeneous such
that unlike elements have to be combined to yield ahy of the input values.
It can be used to distinquish among competing candidates for doctrine,
organization, materiel, training, or logistical support when attribution of
force strength is a significant consideration.

6. ASSOCIATED MOE'S:

Loss exchange ratio Survivability Index
Rate of attrition

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75
ACN 17494, Development of a Divisional War Game Model, Dec 71,
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li o, BLUE TO RED FIRST ACQUISITION

C

1. DEFINITION OF THE MEASURE: Blue to red first acquisitions Is the
ratio of first acquisitions by each side in the case where both sides
start attempting to acquire each other simultaneously. Acquisitions
are detection and proper identification; first fire, first round on

- target are components of engagement. The measure can be left in the
form of blue;red (for example, 17 blue first detections to 13 red first
detections) or the quotient, Ties are not included. Relation of out-
put to input is%

blue:red first acquisitions - blue first acquisitions
red first acquisitions

2. DIMENSION OF TIM MEASURE: Ratio -- Unit of measure of the output
is an ordered pair of first acquisitions (or can be the pure number
quotient).

3. LIMITS ON THE RANGE OF THE MEASURE: The output values -can be zero
or any positive number. The quotient would not be meaningful If the
denominator Is zero, and the measure is not very useful when both
numerator and denominator are small numbers. One or the other should be
large eno1,gh to represent a stable sample of all engagements.

4. RATIONALE FOR THE MEASURE: This measure addresses an important
component of acquisition in which both sides begin attempts to acquireSsimultaneously. In the torm of flyst fires, i.t relates to survivability!
versus firepower. A"• simulr•tanteouly Ihn thelcortof fistel xposed ~therelvtes to survivbiit

5, DECISIONAL RELEVANCE OF THE MEZASURE: The maasure can be used as an
indication of superior acquisition in the case where both sides competi-
tively attempt to acquire simultaneously. In the referenced experiment
tuiwng started when helicopters suddenly exposed themselves to gro,,nd

air defense vehicles and both sides attempted to detect, identify andbring fire on the other first. It could be used in any sort ot meeting
epgagenv-nt situation.

6. ASSOCIATED MEASURES:
Loss exchange ratio
Time to detect
Time to fire

ACN 18171, Attack 11elicopter-Daylight Defense Field Experiment

l1.,

I.[
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RELATIVE AMMO EXPENDITURE TO CASUALTIES RATIO

1. DEFINITION OF WhE MEASURE: The relative ammunition expenditure to
casualties ratio is the quotient of proportion of casualties to pro-

portion of ammunition expended. Input values are counts of force size
and losses, and ammunition. Relation of output to input is:

relative ammo expenditure tc casualties ratio =

first force casualties
first force initial strength
second force ammo expended
second force basic ammo load

2. DIMENSION OF THE MEASURE: Ratio of two ratios -- the unit of output
is a pure number, or may be considered a complex form of casualties per
ammunition expenditure. I
3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
if any of the four input values is zero, and not very useful if the
initial strength or basic load is a small number.

4. RATIONALE FOR THE MEASURE: The relative ammunition to casualties

ratio is an indicator of firepower effectiveness if the casualties are
the opposing force, or is an indicator of survivability if the casualties

are the friendly force. It is superior to the absolute casualties per
round ratio in that proportions of initial values are taken into consid- -
eration, so that some trade-off of production and cost is considered.

5. DECISIONAL RELEVANCE OF THE MW "URE: This measure could be useful
in the case of a decision involving a firepower situation which must
take into account both firepower and survivability.

6. ASSOCIATED MEASURES:
Absolute casualties per round ratio
Expected remaining tank killing capability
Loss exchange ratio

7. REFERENCES:
None; this is a potential measure.

N 4241
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RED CASUALTIES PER INITIAL BLUE STRENGTH

1. DEFINITION OF THE MEASURE: Red casualties per initial blue strength
is the ratio of number count of red losses to number count of initial
blue force -i~e. Input values are any suitable count of force strength
such as perw!%-xnel, tanks, weapons, or other. Relation of output to
input is:

Yed casualties per initial blue strength

number of red losses
n imber count of initial blue force size

2. DIMENSION OF THE MEASURE! Ratio -- the output is a ratio in terns
of red losses pýer initial blue force size. In this form it is a
dimensionless ratio for a stated time period. Dimension could be
added by tNki.ný incremental losses and remaining strength at periodic
time points and using the measure as a rate of red casualties to re-
maining blue force strength.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
if the numerator is zero, and not very useful if the denominator is a
small number. The measure is difficult to apply when forces are
relatively heterogeneous because the number counts of strength and

: losses would have to convert all input into a cutimion form.
4. 4. RATIONALE FOR THE MEASURE: This MOE is an indicator of "kill.

productivity." It was used in a study to discriminate between candi-
date organizations with different mixes of the same weapon types to
see if there was a difference in kill productivity due to mix. It
is primarily concerned with firepower and is not appropriate to most
other aspects of combat operations.

5. DECISIONAL RELEVANCE OF THE MEASURE. The measure could be quite
useful in order ranking competing concepts in terms of kill pro-
ductivity holding cost relatively constant. It can yield an interval
moeacure in the sense of how much better or poorer one candidate is,
but would have to be handled partly judgementally since the diatri-
bution of values with differing denominators is probably not linear.

6. ASSOCIATED MEASURES,

Roundb expended per casualty
Loss exchange ratio

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study -75
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CASUALTY RATE

1. DEFINITION OF TIP, WMASURE: Casualty rate Is the number of
casualties per time period. There are two input values, number
counts of casualties and number of equal time periods. Relation
of input to output is:

total' number of casualties
casualty rate -

number of time periods

Alternatively, the casualty rate might be computed as the arith-
metic average of the number counts of each time period, or as the
first derivative of the cumulative number of casualties as a function
of time.

2. DIMENSION OF THE MEASURE: Ratio -- Output in terms of casualties
per day, or other time unit.

3. LIMITS ON THE PANGE OF THE MEASURE; The usefulness of the measure
Increases as the amount of time In the denominator increases. The
measure Is more refined as the unit of measure of time decreases. The
rate may change over time, so the output can not be disso-lated from
the time period involved.

4. FATIONALE FOR THE MEAULTRF: When enemy casualty rate is computed,
this Is a measure of firepower. In the referenced study It was used
as an indicator of small arms effectiveness. When friendly casualty
rate is used, It can indicate survivability.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
compare effectiveness of systems over time when the systems include
a mission of inflicting casualties on the enemy or preventing friendly
casualties.

6. ASSOCIATED MEASURES:
Proportion of blue losses
Proportion of red losses
Loss exchange ratio
Relative loss exchange ratio

7, REFERENCES:
ACN 15758, Army Small Arms Requirements Study I (ASARS I) -

Jun 70
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ATTRITION RATE

1. DEFINITION O' THE MEASURE: Attrition rate is the amount of enemy

capability neutralized per time period. It is usually stated in terms
of the proportion of enemy capability neutralized. Input data are

chronological time and either amount of destruction of proportion of
destruction. The compucation is usually the proportion of enemy destroyed

a.• in a given time period, bit may be the first derivative of cumulative
72- destruction as a function oF time. Relation of output to input is:

t oamount or proportion of enemy destroyedS• attrition rate - ..
time period

2. DIMENSION OF THE MEASURE: Rati3 -- Output is a rate in terms of
destruction per time period, such as, 5% destruction pce hour, or 20
tanks destroyed per day.

3. LIMITS ON THE RANGE OF THE MEASURE: The o'.rput value may be zero
or any positive value up to the total capab.lity of the enemy. Since
rates may change over time, the output value may not be dissociated
from the time period involved. It is often difficult to supply input

E value for total capability.

4. RATIONALE FOR TFE MEASURE: This measure addresses fire power directly
taking into account both amount and timeliness of destruction.

( 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be applied to

evaluations of inflicting casualties (casualty rate), destroying targets
(target destruction rate), reduction in logistical flow, or any other

situation involving effectiveness of fire power.

6. ASSOCIATED MEASURES:
Casualty rate

j Target destruction rate
Expected remaining force size

t 7. REFERENCES:

io ACN - "Candidate Measures of Effectiveness for Air Surike
Systems" Naval Weapons Center #TP4687, China Lake, Cal.,

Sep 69

ACN 17494, Development of a Divisional War Game Model, Dec 71

ACN 15758, Army Small Aims Requirements Study 1, Jun 70
ACN 03010, Infantry Rifle Unit Study - 75
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DEGREE OF BLUE WIN

1. DEFINITION OF THE MEASURE: The degree of blt.e win iý: an index
number describiag the degree to which blue stays within its i,.eak-

point in casualties in an engagement. The input data ar% numrber of
blue casualties experienced and number of blue casualtiecr- allowable,
both expreesed in a suitable number count of force size such, as per-
sonnel, tanks, weapons, or other. Relation of output to Laput is:

degree of blue win

iFactual number of blue casualties
Lspecified breakpoint (maximum allowable blue casualties)l

2. DIISNSION OF THE MEASURE: Index number -- the output meao-ire is a
difference between unity and the proportion of actual casual..ites to
casualties allowable. The unit of measure of output is, ir efihct,
the remaining allowable proportion of casualties.

3. LIMITS ON THE RANGE OF THE MEASURE: The specified breakpoint must J
be a value greater than zero. The value of the measure can be + I or
any lesser value. The best possible score is positive one. All posi-
tive values are favorable, and zero may indicate a standoff. Negative
values might best be interpreted as degree of blue loss. (The lowest
poessible score is the negative value of initial blue force size minus
one.)

4, RATIONALE FOR THE MEASURE: This is a more refined measure ot blue
win than simple win/loss dichotomy or probability of win. In the refer-
enced study it was used to supplement grosser measures for breaking
ties in rank ordering of candidate alternatives. If applied across a
number of engagements it can be used as average degree of blue win.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used when
Sblue wins is the primary objective. It would ordinarily be used in
conjunction with other measures of blue win, such as probability of win,
to further refine the measure. Its main advantage is that it takes
blue survivability or cost of winning into account.

6. ASSOCIATED MEASURES:
Probability of win
Loss exchange ratio
Degree of red loss

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75
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DEGREE OF RED LOSS

1. DEFINITION OF THE MEASURE: The degree of red loss is a ratio
expressing the degree to which red exceeds its breakpoint in casualties

Sin an engagement. The input data are number of red casualties experi-
enced and number of red casualties allowable, both expressed in a suit-
able count of force size such as personnel, tanks, weapons, or other.
Relation of output to input is:

degree of red loss =

actual number of red casualties
specified breakpoint (maximum allowable red casualties)

2. DIMENSION OF THE MEASURE: Ratio -- the out-put measure is a pure
number expressing the proportion of actual red casualties to allowable

number of red casualties. Or, in a slightly different form, (multi-
plying proportion by 100%) it is the percentage of allowable casualties.
3. LIMITS ON THE RANGE OF THE MEASURE: The breakpoint must be speci-

fied at a value greater than zero for a meaningful measure. The value

can be zero or any positive number. It is noted that the value will
* be less than 1.0 (or 100%) if the engagement ends before red reaches

its breakpoint. A fractional value may be interpreted as a "partial
loss" for red, while a zero value indicates no loss but may be a

! ( standoff.

4. RATIONALE FOR THE MEASURE: The measure is a more refined indicator
of red loss than just a simple win/loss dichotomy. The measure takes
survivability into account and also places values on partial losses.
In the referenced study it was used to supplement grosser measures of
win/loss for purposes of rank ordering alternative candidates.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used for
engagements in which blue win is the primary objective and is useful in
discriminating among different red losses. It would ordinarily be used
in conjunction with a measure of blue probability of win to further
refine the measure of equal probabilities.

i 6. ASSOCIATED MEASURES:

Probability of win
Degree of blue win

I Loss exchange ratio

I 7. REFERENCES:

ACN 03010, Infantry Rifle Unit Study 75

i
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RATIO OF BLUE/RED SURVIVORS

1. DEFINITION OF TIlE MEASURE: The ratio of blue/red survivors is
the number of blue survivors divided by the number of red survivors.
Input 3rc the numbers of surviving personnel (or tanks, aircraft,
subordinate units) for both sides. Relation of output to input is:

Ratio of blue/red sur\ ivors = riumber of blue survivors
number of red servivor,

2. DIMENSION OF TIlE MEASURE: Ratio -- Output is a pure number ex-
pressing the ratio. In the slightly more complex form "relative
ratio of blue/red survivors" it is a ratio of two ratios, the two
ratios being percent of each force surviving.

- 3. LIMITS ON THE RANGE OF TBE MEASURE: The output value may be zero
or any positive value. A pure ratio measure like this suffers from
being a performance measure rather than a true measure of effective-
ness. The relative ratio is better in this sense.

4. RATIONALE FOR THE MEASURY: The measure gives an indication oft ~the rLaive stat~us of two forces.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is best used as
an input to higher leve] measures such as proportion of engagements
won, or probability of success. It has, however, Lee-.n uted to compare I 1_,
, ystems on survivability when both sides started with equal force

i size.

6. ASSOCIATED MEASURES:
Percent engagement won
Probability of success
Probability of survival
Loss exchange ratio
Relative loss exchange ratio

7. REFERENCES:
No ACN - "Parametric Design/Cost Effectiveness Study for a

Mechanized Infantry Combat Vehicle - ]970, Cot)n•I 1,
Laboratory Report VCNG 2144-I1-la, Nov 66

No ACN ArticlU: "Aerial Blocking Force," Army Aviation,
Apr 72

i i
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I Reporting time 4-34

Percent reports on time 4-35
IOn-road movement rate compatibility 4-36
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SPAN OF COMKAND

1. DEFINITION OF THIE MEASURE: Span of command is the number count

of next lower echelon subordinate elemonts reporting directly to a

cotnmaqd. Input is the simple number count:

span of command (each directly subordinate element)

2. DIMENSION OF THE MEASURE: Interval -- Output is a nunber of
commands.

3. LIMITS ON THE RANGE OF THE MEASURE: The output is a positive
integer greater than one.

4. RATIONALE FOR THE MEASURE: The measure is intended to guage
probable difficulty in command and control due to organizational
structure. It is not truly a measure of effectiveness by itself
but only an indicator of possible difficulty. Too great a span
would probably result in control difficulties.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is an indicator
of probable difficulty in evaluating proposed organizational structures.
Its best application is in aiding identification of causes of problems
as determined by better measures.

6. ASSOCIATED MEASURES;:
Repetitions per order
Mean number transmissions required
Changes per order

7. REFERENCES:
None - this is a potential measure
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TOP-TO-BOTTIOM DISSEMINATION TIME

I. DEFINITION OF THE MEASURE: Top-to-bottom dissemination time is
the time required to disseminate any item of information from the head-
quarters of an organization to the individual troops at the lowest
echelon. Input data are the time dissemination starts and the time
all the troops have received the information. Information may be an
order, directive, change of password, or any matter requiring total
dissemination. Relation of output to input is the subtracted difference:

Sdissemination -(time last individual receives item)-(time disseml-

t1Ime nation started)

"2. DIMENSION OF THE MEASURE: Interval -- measure is an elapsed time.
If several disseminations are observed the measure may be in ratio forms,• 1 • such as "mean top-to-bottom dissemination time." •

3, LIMITS ON TIHE RANGE OF THE MEASURE: The output may assume any
positive value. The measure may be modified to the time that a given1 • percentage of troops have received the information or until a set of

pre-selected individuals are reached. In either of these cases the
measure would be less expensive to take.

4. RATIONALE FOR TILE MEASURE: The measure is presumed to evaluate the
effectiveness of organization. It addresses a command, control, and

communications function directly but with the intent of asueitainIngw.7hether tho size and structure of the organization allow clear channels

of rapid dissemination.

5. DECISIONAL RELEVANCE OF THE MEASURE; The measure is intended to
evaluate alternative propostd organizational structures. It might
apply to guaging effectiveness of training in respect to command and control.

6. ASSOCIATED MEASURESt:
Percdnt personnel informed
Planning time forwarded
Repetitions per order

7. REFERENCES:

None - this is a proposed measure

II
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REPORTING TIME

1. DEFINITION OF THE MEASURE: Reporting time is the elapsed time from
occurrence of a reportable event tz sub'mission of the report. Input
data4re the times of occurrence and submission. Relation of output to
input is:

reporting time - time of submission minus time of occurrence

2. DIMENSION OF THE MEASURE: Interval measure -- Output is elapsed
time in terms of days, hours, and minutes.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value. Resolution of the measure depends on the precision of
timing. A convention has to be established for reports that are periodic,
or otherwise routine, for the appropriate occurrence time. The convention
is usually the end of the time period covered.

4. RATIONALE FOR THE MEASURE: This measure combines several aspects
* of reporting time such zts the time to collect information, time to

prepare the report in the proper format, staffing time, and dissemination
time. The speed of reporting is assumed to indicate efficiency of
command and control.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable to
any of numerous kinds of reportj or tc all reports combined from a (
given organization. It may be use d to compare organizations or other
command, control, and cnmmunications systems in effectiveness.

6. ASSOCIATED MEASURES:
Planning time Pct mission within time ordered
Pct messages received Amount of information
Response time

"". REFERENCES:
ACN 00004, A Method for Integration of Mediacl Accounting

Reporting Supply and Regulating of the Army in the Field
into ADSAF - CS 3 Program.

ACN 17036, MASSTER !!I Test, Oct 71.
ACN 06930, Troop Test Frontier Shield, May 66.

43
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PERCENT REPORTS ON TIME

I,' 1. DEFINITION OF THE MEASURE: Percent reports on time is the percentage
of all required reports that are submitted by the required time, Reports
that have no required time are counted as on time regardless of delay.

Input deta are the number of reports submitted late and the total number
Sof required reports. Relation of Output to input is:

number required reports minus

number late reports
number required reports

2. DIMENSION OF T1IE MEASURE: Ratio -- Output is a ratio in the form
of percentage of reports.

3. LIMITS ON TIHE RANGE OF ThE MEASURE: Percentage can vary from zero
to one hundred per cent. The measure is diluted somcwhat by the inclusion
of reports which have no suspen,.e time. The measure is somewhat gross
in that it treats all late reports in the same class regardless of
whether they are slightly late or very late, and ignores differences in
importance of reports.

"4. RATIONALE FOR THIE MEASURE: The measure is at. indicator of one aspect
of command, control, and conurtunications, timeliness of reporting. It is
based cn the theorem that. timely reporting is essential to effective

- command. While the measure is somewhat gross it is very convenient and

"inexpensive to take.

5. DECISIONAL RELEVANCE OF THE MEASURE: The mQasure can be applied to
1W evaluation or comparison of command and control systems, especially

alternative organizations. This measure would ordinarily not stand
alone but be used in conjunction with other measures concerning reporting

S�-and conmmunications.

6. ASSOCIATED MEASURES:
Pct messages received

Reporting time

7. REFERENCES:

None, this is a proposed potential measure.
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ON-ROAD 14OEMENT RATE COMPAT IB IL ITY

1. DEFINITION OF THE MEASURE: On-road movement rate compatibility is the
difference between mean on-road movement rat-i of all vehicle types in the
organization and the on-road rate of the slowest vehicle, Input data are
the on-road rates of each type of ground vehicle in the organization. The
relation between output and input is: n

I Ri
on-road movement rate compatibility - il - R

n

Whex-: R1 - on-road movement rate of first vehicle type

R - oa-road movement rate of second vehicle type
2

R - on-road movement rate of last vehicle type
n

R - on-road movement rate of slowest vehicle type
s

2, DIMENSION OF THE MEASURE; Difference between two rates - Output value
is a rate, in terms of kilometers per hour or other suitable expression of
rate.

3. LIMITS ON TIHE RANGE OF THE MEASURE: The output may assume a value from

zerO to anay positive number. Input Valuus aeu nut limlted but must bu
expressed in terms of the same definition of rate. The measurv is most
meaningful when measures are most refined, that is, kilometers per hour Is
more meaningful than kilometers per day, because rounding off ct cruder
measures sacrifices some of the measure.

4. RATIONALE FOR THE MEASURE: This is a measure of one aspect of efficiency
of organization. An organization's vehicle mix should be compatible In theik
sense that no one type vehicle should detract seriously from the overall
movement rate of an organization. While movement rate Itself is a measure
of mobility, compatibility of movement rates may best be considered a measure
of soundness of organization. Rate compatibility could be measured in
different ways, such as the difference between the slowest and second slowest
vehicle or in average deviation of rates from the mean. The difference
between the mean rate and the slowest rate is chosen as meaningful for military
purposes because it is associated with the most critical inmmediate problem.

5, DECISIONAL RELEVANCE OF TIHE MEASURE: The measure is useful for comparing
competing proposed organizations when mobility is one of tche aspects of
comparison.

6. ASSOCIATED MEASURES:
Cross-country rates compatibility Payload capacity
Movement rate Turn-around time

3 7. REFERENCES:
ACN 16495, Family of Army Vehicles Stpdy (FAVS)
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CROSS-COUNTRY RATE COMPATIBILITY

1. DEFINITION OF THE MEASURE: Cross-country rate compatibility is the
difference between mean cross-country rate of all vehicle types in the
organization and the cross-country rate of the slowest vehicle, Input data
are the cross-country rates of each type of ground vehicle in the organiza-
tion. The relation between output and input is: n

Z Ri
cross-country rate comphtibllty - i.l -its

n
Where: R, - cross-country rate of first vebicle type

R - cross-country rate of second vehicle type

R - cross-country rate of last vehicle type
n

Rs W cross-country rate of slowest vehicle type

2, DIMENSION OF THE MEASURE' Difference in two rates -- Output value is a
J rate In terms of kilometers per hour or other suitable expression of rate.

3. LIMITS ON THE RANGE OF THE MEASURE: There is no limit on the output
"value; it may be zero or any positive number. Input values are not limited,
but must be expressed In terms of the same definition of rate. The measure
Is most meaningful when measures arw most refined, that is, kilometers per
hour is morc meaningful than kilometers per day, because roundhig off of
cruder measures sacrifices some of the measure.

4, RATIONALE FOR THE MEASURE: This is a measure of one aspect of efficlenýcy
of organization. An organization's vehicle mix should be compatible in the7 sense that no one type vehl.ele should detract seriously from the overall

"movement rate of an organization. While movement rate itself is a measure

of mobility, compatibility of movement rates is an indicator of soundness of
organization between fastest and slowest vehicles, variation of rates or
siome comparison of the slowest rate to others. The difference between t:he
mean rate and the slowest rate is selected as the most meaningful in the
"militAry sense of Identifying critical restraints.

5. DECISIONAL RELEVANCE OF THE MEASURE. The measure is useful for comparing
J

""competing hypotheses of organization when mobility Is one of the aspects of 4

comparison.

6. ASSOCIATED MEASURES:
Movement rate Turn-around time
Payload capacity On-road movement rates compatibility

7. REFERENCES:
ACN 16495, Family of Army Vehicles Study (FAVS)
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PERCENT CIRCUITS SOLE USER

I. DEFINITION OF THE MEASURE: Percent circuits sole user is the
percentage of all telephone wire loops dedicated to one sole user,
Input data are the number of loops in the organization and the
number of these reserved for designated sole users. Relation of
output to input is:

percent circuits sole user number sole user circuits X 100
total number circuits

2. DIMENSION OF THE MEASURE: Ratio -- The output is a percentage,
in terms of percent of circuits.

3. LIMITS ON THE RANGE OF THE '-iEASURE: The output may vary from
zero to one hundred percent. It could not reasonably be a very high
percentage unless general users were left without access.

4. RATIONALE FOR THE MEASURE: This measure is intended to address
one aspect of organizational structure effectiveness, namely the use
of one means of compensating for faulty organization. In principle

sole user circuits are undesirable because sole user lines get a
much lower rate of use than general user lines. Sole use circuits
are employed when difficulties in the structure of an organization
require special means of comumunication beyond normal considerations.
This mcasurc is bascd on the theorem that an ideal organization would h

require no sole user circuits.

5. DECISIONAL RELEVANCE CF THE MEASURE: The measure is used to eval-
uate the effectiveness of hypothesized organizational structures.

6. ASSOCIATED MEASURES:
Transmissions completed
Messagc backlog
Span of control

Dissemination time

7. REFERENCES:
ACN 0210, TASS Ficld Evaluation, Jun 71

1~1
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AREA COVERAGE

1, DEFINITION OF THE MEASURE: Area coverage is the amount of
area under influence. In surveillance coverage it is the amount
of area in which surveillanc( is adequate; in fire coverage it is
the amount of ar•.a in which fire can be delivered. IZ is necessary
to define adequat'....gree of influence. Input data are the dimensions
of the area under coverage. If -he pattern of coverage is circular
only a radius is needed. In most cases a sum of small square areas is
the Input in the form: n

E (liwj)
area coverage - i-1

where: 1-length
w-width

2. DIMENSION OF TilE MEASURE: Interval -- Output is a simple total
of area covered in the form of square meters, square miles, or similar.

3. LIMITS ON TIHE RANGE OF THE MEASURE: The resolution of the measure

is limited by the unit of measure of input, and the precision with

which small areas are blocked before totaling. Care must be taken,
especially in circular area, to account for dead space not covered.
The output value is bonded to the circumst:ances under which it was
rreasured and can not be dissociAtod from these conlitions.

4. RATIONALE FOR THE MEASURE: This is a direct measure of the
amount of surveillance or fire potential capability.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful
"whenever surveillance of fire control of an area is a part of the

j, .system objectives, for comparison of such systems. It could be
used in other types of systems evaluations, for example, the area
covered by a medical evacuation system, the area within one day's
movement of a unit, or the area free of enemy Insurgency forces.

6. ASSOCIATED MEASURES:
Maximum range
Maximum effective range
Percent area coverage

I 7. REFERENCES:
* ACN 17874, Mechanized Rifle Company STANO Test. - Nov 71
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PERCENT AREA COVERAGE

1. DEFINITION OF THE MEASURE: Percent area coverage is the percentage
of a given area which Is under influence of the system whose effective-
ness is measured. For example, it may be the percent of a baLtalion's
AO that is within unobstructed range of mortar fire. Input data are
area of coverage and area assigned. Both input values are in terms of
squa'- meters, square kilometers-, square miles, or similar. Relation
of output to Input is:

percent area coverage - area covorage K 100
area assigned

2. DiMENSION OF THE MEASURE: Ratio -- A percentage of area, in square
meters, kilometers, or appropriate unit of measure of area.

3. LIMITS ON THE RANGE OF THE MEASURE4: Output may vary from zero to
one hundred percent inclusive. Resolution of the measure depends on
refinement of unit of measure.

4. RATIONALE FOR THE MEASURE: This measure addresses the amount of
effectiveness of any system that has among its objectives the influences
of an area. It is somewhat more refined than simple area coverage
because it takes Into account the goal for coverage.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
compare alternative s.ystema with an area coverage mission. Systems
with area coverage objectives include surveillance devices or units,
weapons or unlt flý.-copcx~er Potential, Lut'-_L mobillity within a. given time.
medical evacuation team, colmmunications space, and pacification program.

6. ASSOCIATED MEASURES:
Maximum range
Maximum effective range
Area coverage

7. REFERENCES:
ACN 17874, Mechanized Rifle Company STANO Test - Nov 71.

ACN 17494, Development of a Divisional War Game Model, Dec 71.
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H NUMBER LOSSES

. •. I* DEFINITION OF THE MEASURE: Number losses is a simple number countof losses inflicted on a force. Input data is a count of losses of

a certain type (personnel, antitank weapons, tanks, radars, aircraft,
subordinate elements, or any suitable number count of force size) or
a combination of number counts. Relation of output to input is a
simple sum, or a total of weighted sums:

numer (each loss of a typel or .Esum of losses,each type)(wt]S~losses

2. DIMENSION OF THE MEASURE: interval -- a number count, or
weighted number count

3. LIMITS ON THE RANGE OF THE MEASURE: The measure may be zero or
any positive integer limited only by the total force size, in the
simpler case. In the weighted case, it is zero or any positive number
up to force size, but may be fractional.

4. RATIONALE FOR THE MEASURE: ThIs is the simplest, most direct mea-
sure of the effectiveness of firepower, or of survivability. But
since it is an absolute number it cannot be dissociated from the exact
circumstances under which it was derived.

; 5. DECISIONAL PELEVANCE OF THE MEASURE: The measure may be used to
1w icompare systems on firepower or survivability when the competing

systems are tried under precisely the same conditions. It is usually
used as part of a non-absolute measure such as loss exchange ratio,

-4. proportion of force surviving, or loss rate.

6. ASSOCIATED MEASURES:
Loss rate Loss exchange ratio
Casualty rate Relative loss exchange ratio
Percent loss rate Proportion of force surviving

7. REFERENCES:
ACN 15724 - Optimum Mix of Arty Units, 1975-80
ACN 13708 - TACFIRE Cost Effectiveness Study
ACN 06488 - Artillery Study 1970-75
ACN 12757 - Secondary Armament for the MBT - 70
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NUMBER CASUALTIES

1. DEFINITION OF THE MEASURE: Number casualties is the number count
of personnel casualties inflicted. Also called "personnel losses,"
"'body count", "red casualties", "blue casualties", or "personnel kill."
The measure may be limited to kilis or include both kills and any
other type of casualties that immediately cost loss of manpower.

2. DIMENSION OF THE MEASURE: interval measure -- a number count of
personnel casualties
3. LIMITS ON THE RANGE OF THE MEASURE: Output can be zero or any

positive integer. Liike all number counts the use of the output value
cannot be dissociated from the time period and other circumstances of

Sits generation.

4. RATIONALE FOR THE MEASURE: This meapure is one of the most direct
indicators of directed firepower.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable
in any situation where one or both sides has among its mission the
destruction of the opposing force.

6. ASSOCIATED MEASURES:
Loss exchange ratio Attrition ratQ
Relative loss exchange ratio Losses inflicted

7. REFERENCES:
ACN 15724, Optimum Mix of Artillery Units (1975-1980)
ACN 07346, Optimum Mix of Artillery Units (1971-1975)
ACN 13138, Divisional Artillery Study
ACN 13708, TACFIRE Cost Effectiveness Study
ACN 06488, Artillery (1970-1975)
ACN 03434. Lance Cost-Effectiveness Study

ACN 15137, Support of Airmobile Operations through Destruction
Enemy Air Defense Systems

ii
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PERCENT CASUALTIES

1 DEFINiION OF' THE MEASURE: Percent casualties is the percentage

of a force that become casualties. Input data are the number of
personnel in the initial force and number of casualties. Relation
of output to input is:

c tnumber casualties
Spercent casualties k 1 00"pretnumber in Intial fore 1

1 2. DIMENSION OF THE MEASURE: ratio -- a percentage of force size

3. LIMITS ON THE RANGE OF T11E MEASURE: Output can vary from zero to

one hundred percent.

4. RATIONALE FOR TIHE MEASURE: This is a direct measure of the loss

¶ suffered. When applied to the enemy force it addresses effectiveness

of friendly operations; when applied to the friendly force It addresses

resistence to enemy operations.

1 5. DECISIONAL RELEVANCE OF THE MEASURE* The nsure is used to evaluate
'. total force effectiveness when destruction of the opposing force is the

primary mission of both sides.

6. ASSOCIATED MEASURES:
S1Percent target destroyed Attrition rate

Remainiung force size Casualty rate

7. REFERENCES:

"ACN 13338 - NUWAR War Game, 1970-1975
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LOSS RATE

1. DEFINITION OF nE •MEASUý£E Los:3 rate, or casualty rate, is the
number of losses per time period or mission. Losses are measured in

number of personnel, tanks, aircrdaft, length of rail, buildings, sub-
ordinate units, or other suitable unit of measure of force size.

Relation of output to input is:

number of losses (or casualtiesp
Loss rate (or casualty rate) elapsed time (oA missions

Alternatively, if data are available for cumulative losses as a functiou
of time, the loss may be computed as the first derivative.

2. DIMENSION O. TIE MEASURE: Ratio -- output is a rate in terms of casualties
per minute, tanks per heur, aircraft per day, oil tanks per sortie, or as
appropriate,

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
until at least one loss has been inflicted, and increases in usefulness
as the elapsed time (or number of missions) increases.

4. RATIONALE FOR THE MFASURE: The measure addresses how much firepower
must be applied to achieve a certain amount of loss damage. If the losses
are enemy the measure gauges firepower; if the losses are friendly, it ,-
gauges survivability.

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to evaluate..
or compare firepower systems, or to compute losses for higher level
measures such as time to defeat.

6. ASSOCIATED MEASURES: Probability of kill Proportion of force lost
Number Losses Probability of survival
Time to defeat

7. REFERENCES:
ACN 17419, Employment of Attack Helicopters to Defeat Armor

No ACN "Candidate MOE tor Air Sttike Systems", Naval Weapons
Center Document # TP4687

"ACN 17494, Divisional War Game Model
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AVERAGE HOURLY PERCENT LOSS

k 1. DEFINITION, OF THIE MEASURE: Average hourly percent loss is the

arithmetic mean of the percentage of initial force lost each hour.
Input data are the initial force size and the losses each hour
counted in number of personnel, weapons, tanks, aircraft or other

It suitable number count of force size. Relation of output to input is:
n

4 number of losses each hour
L number of initial force size X 100ja• avg hourly pet loss number of hours

2. DIMENSION OF TIHE MEASURE: Ratio -- The output is a rational
number in the form of an average percentage of force size.

3. LIMI'IS ON THE RANGE OF THE MEASURE: Losses and in..al force size
must be counted in the same unit, such as tanks or aircraft. If it is
necessary to combine different units, the measure is more complex.
Since this measure is a form of "loss rate" the answer can not be
dissociated from the time period during which the counts are made. In
general, the usefulness of the measure increases as the time period

rV increases. The output is between zero and one hundred percent.

J" 4. RAT1ONALE FOR THE MEASURE: The measure is a more advanred form of
the "loss rate" mcature taking iniitial force size into account. The
enemy's average hourly percent loss is art indicator of friendly force

(• firepower and the friendly average hourly percent loss is an indicator
of survivability. One of the useful features of th6 measure is that a

T, known average hourly percent loss can be used in conjunction with a
specified percent loss breakpoint.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can. be used to
compare systems in firepower or effectiveness, or it could be used to
project a system's sustainability in the sense that a 5% averagej hourly percent loss implies 10 hours sustainability if 507, is the

specified breakpoint.r
- 6. ASSOCIATED .MEASURS:

Loss rate Loss exchange ratio
Casualties inflicted Relative loss exchange ratio

7. REFERENCES:
ACN 17494, Development of a Divisional War Game Model (DIVVJAG)
Dec 71

N 4
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EXPOSURE TIME

S1. DEFINITION OF THE MEASURE: Exposure time is the total elapsed
time exposed to enemy acquisition. Input data are start time of
exposure and end time. Relationi of output to input is the difference
in the two input times:

exposure time end of exposure timepoint - start of
exposure timepoint

2. DIMENSION OF THE MEASURE: Interval -- elapsed time in seconds,
minutes, or hours. If measurements are taken across time or in varying

* •conditions, the measure may assume the form of mean exposure time or
median.

"3. LIMITS ON THE RANGE OF THE MEASURE: Output may assume the value
of zero or any positive measure. Exposure must be defined (is usually
defined as line of sight or line of fire, but may include being within
range of electronic detection) and the output can not be disassociated
from the conditions defining exposure time.

4. RATIONALE FOR THE MEASURE: This measure directly addresses vul-
nerability or survivability. Exposure time is assumed to be the amount
of time vulnerable to acquisition.

J5. DECISIONAL RELE"VANCE OF THE ....... E Exo"r tim is...ll

multiplied by probability of acquisition to determine loss in simu- 4L
lations. Acquisition may be intelligence acquisition or acquisition
"by fire. The measure is applicable whenever survivability is an
important aspect of effectiveness.

6. ASSOCIATED MEASURES:

Time to detection
Time to identification
Time to estimate range
Probability of detection
Accuracy of identification
Detail of identification
Probability of kill
Loss exchange ratio
(Any survivability measure)

7. REFERENCES:
ACN 18171, Attack Helicopter - Daylight Defense Field Experiment

4-46

O ws



CUMUI.ATIVE EXPOSURE TIME

I. DEFINITION OF THE MEASURE: Cumulative exposure time is the total
amount of Lime an element is exposed to hostile fire. Input data are
the elapsed times of each exposure. Relation of output to input is:

cumulative exposure time - ! (each elapsed exposure time)Si-i.
2. DIMENSION OF THE MEASURE: Interval -- Output is a simple total of
elapsed times expressed in seconds, minutes, hours, or other suitable
unit of measure for chronological time.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any"positive value. Resolution of the muasure is governed by the degree

of refinement of measuring time.

4. RATIONALE FOR TIlE MEASURE: The antount of time exposed to enemy
fire is a direct expression of susceptibility to kill, and an important
component of survivability.

* 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used in
any situation where survivability is an issue. It could be used to
compare competing systems on expectation of survival.

6. ASSOCIATED MEASURES:

Probability of survival
-Loss rate

7. REFERENCES:
ACN M3523, Small Arms Weapons Systems (SAWS) Field Experiment
65.4 - May 66. I
ACN 18171, Attack Helicopter Daylight Defense Field Experiment
43.6 - Jun 72.
ACN 16914, M6OAI Add-on Stabilization Troop Test, Apr 72.
ACN M1144, Army Aircraft Survivability Field Experiment 63.3,

Jun 66.

' ! IACM1561,S~L~BLAGHi Field Exe~at11.6, Jun 69,

& /
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PROPORTION . J-RVIVORS

1. DEFINITION OF TnE MEASURE: Proportion of survivors is the fraction
of initial force suiviving at a givcn time. Inuts are number count of
initial. f-rce size and number count of remaining force size. Unit of
measure is any suitable counting unit such as personnel, tanks, weapons
or other. Relation of output to input is:

proportion of survivors -remaiinin• . force size

2, DIMENSION OF -1E MEASURE; Proportion -- fraction of force sizesurviving. Unit cf measure 07 output is a fraction, The portion may i

be expressed as a fraction (31/50), decimal (.62) or percentage (62%). iIA
3. LIMITTS ON THE RANGE OF THE MEASURE: T his fraction can assume values
between zero and unity, inclu.,ive. The measure can be used in any situ-
etiun where survivability is a dependent variable, but the measured out-
put is limited in applicability to a given time period under given

1 conditions.

4. RATIONALE FOR THE NEASURE: This measure addresses survivability
directly. While it does not neasure the primary miss,o-n of a military
unit, it addresses effectiveness indirectly in the sense that a unit

must have sole deg-ee of burvival to accomplish its primary inission.

5. DECISIONAL RELEVANCE OF 'IE MEASURE: The measure can he used in (
any situation where survivability is an important issue. It Would not
"ordinarily be useful alone, beý'ause a force could have high surviva-
bility at the cost of not accomplishing its mission.

6. ASSOCIATED MEASURES:
Loss exchange ratio
Expected remaining kill capability

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75
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REMAINILXG FORCE SIZE

1. DEFINITION OF THE MEASURE: Remaining force is the proportion of an
initial force that survives at the time of measure. Input data are the
size of the initial force and the size of the force at a given time.

Relation of output to input is;

_sremaining number in force
Remaining force initial number in force

Force size is counted in number of personnel, weapons, canks, aircraft,

subordinate units, or as appropriate.

2. DIMENSIuN OF THE MEASURE: Ratio -- output is a proportion in terms of
initial force, such as .25 or 25% of force remaining. Another form of
the measure computes "expected remaining force size" as the integral with
respect to time of the force size as a function of time.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero
to unity, inclusive. It is often difficult to count force size if several
different types of elements must be combined.

4. RATIONALE FOR THE MEASURE: The measure is useful in assessing the
outcomes of simulated engagements. It has direct military relevance
especiallv when used in conjunction with a specified breakpoint such as
the Commonly used dictum that a military force is ineffective below 707.
of full strength.

5. DECISIONAL R[ELEVANCE OF THE MEASURE: The measure is usually used to
ccompare competing forces on a combination of relative firepower and
survivability. It could be used directly to compare systems intended to
influo.nce survivability.

6. ASSOCIATED MEASURES: Expected remRining force size
Expected remaining tank killing capability
Proportion force surviving¶ Ratio of blue/red survivors

7. REFERENCES:
ACN 17494, Divisional War Game Model, Dec 71
ACN 17419, Employment of Attack Helicopters t, Defeat Armor

F4o ACM' Candidate MOE for Air Stiike Systems, Naval Weapon

Center Document # TP4687
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PROBABILITY OF SURVIVAL

1. DEFINITION OF THE MEASURE: Probability of survival is computed
as one (the probability value of certain survival) minus the product
of probabilities oZ killing factors. Input data are the probability
values of contributing killing factors. Relation of output to input
is:

probability of survival 1 - )(P) (P
1 n

Where P through P are factors such as - probable number of roundskJ
fired, probability of single shot hit, probability of kill given a hit,
and so forth.

2. DIMENSION OF THE MEASURE: Ratio -- A probability computed as unity
milnus, the product of a set of probabilities each of which is a ratio In
the sense of expressing the proportion of observed kills for attempts.

3. LIMITS ON THE RANGE OF TU1E MEASURE: The output depends on Input of
a set of mutually exclusive probabilities, each expressing the expected 1'
outcome for an independent variable but all under the same set of

circumstances. The computed probability may assume any value from zero
to orne, but nan not be dissociated from the circumstances governing the
input probabilities.

4. RATIONALE FOR THE MEASURE: This is a measure of survival that takes
chance variation into account, and also attempts to Includa all signifi-
cant influencing factors. If all relevant factors are properly included,
It is assumed the final resultant value represents the actual expectation
of survival.

5. DECISIONAL REL.EVANCE OF THE MEASURE: The measure may be used i.n any [

circumstance in which survivability is part of effectiveness, and

survivability is always a part of it in the sense that regardless of its
effectiveness in performance otherwise, a system has zero effectiveness
If it does not survive.

6. ASSOCIATED MEASURES:
Probability of hit Probability of success
Probability of kill given a hit Casualty rate 3
Attrition rate Exposure time

7. REFERENCES:
ACN 1144V, Field Experiment 63.7 (Lethality Probabilities of
Forward Area Radar Controlled Air Defense Weapons Against
Army Aircraft) - Jun 67
ACN 17494, Development of a Divisional War Game Model, Dec 71.
No ACN, "Candidate MOE for Air Strike Systems," Naval Weapons

Center Document ITP4687
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PERSONNEL AVAILABILITY

1. DEFINITION OF THE MEASURE: Personnel availability is the percentage
of either authorized or assigned personnel available. Input data are
the number of personnel on hand available for duty (D), and the number
of personnel either authorized or assigned (A). Relation of output to
input is:

Personnel availability - A x 100

2. DIMENSTION OF THE MEASURE: Ratio -- output is a percentage of all
personnel.

3. LIMITS ON THE RANGE OF THE MEASURE: Output value may vary from zero
to any positive value. It may exceed one hundred percent if based on
personnel authorized. The measure has a weakness in counting each
individual equally whether or not his specialty is needed.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of
effectiveness of organization. It is assumed that an inappropriate value
indicates difficulty in maintaining readiness due to either personnel
administration or to a faulty table of organization.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to evaluate l
effectiveness of either a personnel administration system, or a proposed
table of organization.
6, ASSOCIATED MEASURES: Operational availability

-4 .Reporting time

7. REFERENCES:

ACN 10698, Automatic Data Processing Techniques to'Support Army
* .Aircraft Maintenance for the Army in the Field, Jun 67
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MATERIEL

CAPABILITY Page Number
Percent of tasks satisfied 4-53

Number additional missions capable 4-54
Percentage deviation in performance 4-55
Maximum effective range 4-56
Burst radius 4-57
Casualties per dose . 4-58
Signal to noise ratio 4-59
Telephone channel capacity 4-60
Mobility index (wheeled vehicles) 4-61
Mobility index (tracked vehicles) 4-62 1*
Human factors rating 4-63

RELIABILITY AND VULNERABILITY
Item failure rate 4-64
Mean time between failures 4-65
Mean miles between failure -•4-66

Missile preflight reliability 4-67
Vulnerability index 4-68

COSTING
Cost effectiveness index 4-69

Performance to cost-ratio figure of merit 4-70
Cost equalization point. 4-71
Initial cost amortization figure of merit 4-72 1
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PERCENT OF TASKS SATISFIED

1. DEFINITION OF THE MEASURE: Percent of tasks satisfied is the
percentage of a range of tasks satisfied by the evaluated system.
The set of tasks varies In difficulty and is meant to represent the
types of tasks expected. Input data are the number of tasks satis-
fied (T.) and the number not satisfied (Tn). Relation of output to
input is:

Tpercent of tasks satisfied a + T- 100
.s n

Z, DIMENSION OF THE MEASURE: ratio -- output Is percentage of tasks,

3, L114ITS ON THE RANGE OF THE MEASURE: The output value may vary from
zero to one hundred percent. The main constraint is that the set of
tasks tried must be-distributed in keeping with the normal expected
distrIbution of such tasks, that is, there must be the appropriate
number each of easy, intermediate and difficult tasks. Also, the
criterion for satisfying a task has to be defined and the output value
can not be dissociated from this definition.

4. RUTIONALE FOR THE MEASURE: When the tasks properly represent the
distribution of real tasks, the measure addresses effectiveness directly
in terms of the amount of production expected. The measure would not
ordinarily be used alone beceuse it d~es not take into account differences
in timeliness and accuracy.

5. DECISIONAL RELEVANCE OF THE MEASURE: The tueasure is usually
applied to evaluating a system in terms of the range of tasks satisfied
In ACN 16495 the measure was applied to the effectiveness of vehicles
i.n satisfying tasks of various difficulty relating to mobility, range,

cazrying capacity, speed, and reaction tia. t

6. ASSOCIATED MEASURES:
Probability of success
Time to complet 'Lon
Mean errorI '

"7. REFERENCES:
ACN 16495 - Family of Army Vehicles Study

1%[I 4-53
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1, DEFINITIONOFTHE_______ Number additional missions capable is

a sste iscapbleofachieving. Input data are the number counts of

alltyps o misios tat anbe accomplished. Relation of output to
inpu isthenumer oun ofmissions (N) minus the one primary mission:Y

numbr o aditinalmissions capable - (N-1)

2. _DIENSIOOF_ HE_ MESURE Interval -- output is a number of
(addtioal)missons Ifthenumnber varies tinder different circumstances,
the utpt ma bein atiofor i Le., mean number of additional missions

3. ________ MIISO H AG FT EAW1SURE: The output may be zero or any
postiv Inege. I raio ormIt may be any positive fractional number.

4, RATIONALE FOR THE MEASURE: This measure is the simplest, most drc

apraht ttn h flexibility of a system. It Is not a eie
as probability of success" which takes Intoa
various missions, but it is relatively easy to measure,j

5.DECISIONAL RELEVANCE OF THE MEASURE; The mwasure is used to evaluaite
flexibility of a system. It may be particularly useful when systems are 's
equivalent In most respects but one has greater flexibility.

6.ASSOCIA'IED MEASURES:DEFI ProObUEa ofDsucce MISSIONS CAPABLE
Pecn M D NTON T Acompleted

S17419, Eumermou d oyentof Attacki Helicopters to Defeat Armor
No Ayte "Candp a e h MOE for Air Strike Systems," Naval Weapons

Cener ocuent#TP4687
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PERCENTAGE DEVIATION IN PERFORMANCE

1, DEFINITION OF THE MEASURE: Percentage deviation in performance is
the difference between current observed performance and previous pet for-
mance. Input data are the current performance and the previous perfor-
mance measured in any suitable quantitative measure of output. Relation
of output to input is:

percent . previous pertormanco minus current performance
deviation previous petformance

- 2. DIMENSION OF THE MEASURE: ratio -- a difference in terms of per-
centage of previous performance

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero
to one hundred percent. The measure iz- constrained by the resolution

of the performance measure used.

4. RATIONALE FOil THE MEASURE: The measure is intended to indicate
unusual differences in performance, Insituations where performance
should remain relatively constant.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be applied
in any situation where small deviation in performance is an issue.
In ACN 16819 it was used to compare night vision systems that should

( yield a fairly constant level of visual aid.

6. ASSOCIATED MEASURES!
Mean error
Standard deviation

]'V 7. REFERENCES:
ACN 16819 - STANO II Part I Troop Test, Dec 69

-~ 4-55

"A iJ
1

F . .. , _i . J,-



MAXIMUM EFFECTIVE RANGE

1. DEFINITION OF THE MEASURE: Maximum effective range In the longest
distance at which a specified probability of kill is achieved. Input
data are acquisition probability values as a function of range. Proba-
bility of kill may include target hits, penetration of a given target,
and probability of detection. Relation of output to input is the range
with respect to a given probability of kill:

probabfl ty-criterion

kill
range

2. DIMENSION OF THE MEASURE: interval -- output is in terms of range
in meters, kilometers, or miles

3. LIMITS ON THE RANGE OF THE MEASURE: The criterion probability of
kill counted as "effective" must be specified. Sufficient information
must be available to express probability of kill as a function of range.

The output can be any positive value up to the maximum range of the sys-
tem.

4. RATIONALE FOR THE MEASURE: This measure addresses effectiveness
of a system in one of its important aspccts. rarne. in a manner 4
directly applicable to decision making. Q

5. DECISIONAL RELEVANCE OF THE MEASURE: There are two primary uses
of the measure:

"a. Weapons fire. Maximum effective range of w3apons
fire can be measured for evaluating battle range of
types of weapons.

b. Intelligence. Maximum effective range of radars,
optical devices, surveillance aircraft and other I
intelligence systems can be evaluated or compared.

6, ASSOCIATED MEASUBES:

Range of engageivnt Maximum range
Range at detection Time to Acquisition

7. REFERENCES:
ACN 06081 - Army Small Arms Weapon Systems Troop Acceptability

Test
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BURST RADIUS

I. DEFINITION OF THE MEASURE: Burst radius is the distance from center
of burst within which there is a specified weapon effect. Input data is
the specified effect which may be in terms of destruct-ion of vehicles,
killing of exposed personnel, a given concussion in terms of pounds
per square Inch, or other suitable expression of effect, and the
observed range of the effect.

2. DIMENSION OF THE 1MEASURE: interval -- output is a distance in
terms of inches, meters, or kilometers.

3, LIMITS ON THE RANGE OF THE MEASURE: The specified effect must
be defined. If the terrain varies within the range of some effects,
a convention must be established for combining differing ranges for
the same effect, such as probability or mean distance. The output
may assume any positive value.

4. RATIONAIE FOR THE MEASURE. The measure directly addresses the
destructive potential of a weapon. Once the burst radius has been
determined through empirical means it can be used to cooipute expected
effects.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually
utilized in computing Lxpected effects of nuclear weapons and artillery
ane iortar rounds. It could be applicd to comparison af alternative

S•- firepower systems.

6. ASSOCIATED MWAsURES:
Probabi] ity o' hit

t Probability uf kill
"Circular error probable

7. REFERENCES:
ACN 4260 - "Personnel Risk and Casualty Criteria for Nuclear

Weapons Effects", 2 A14 71

4



CASUALTIES PER DOSE

1. DEFINITION OF THE MEASURE: Casualties per dose is the number
of enemy casualties resulting from the delivery of a dose of
chemical agent. It is the chemical warfare equivalent to casualties
per round. Input data are the number of casualtiet Inflicted and
the number of doses delivered. Relation of output to input is:

IL {number 
of casualties Inflicted

casualties per dose u number of doses delivered

2. DIMENSION OF THE MEASURE: ratio -- output is in terms of cas-
ualties per dose

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may bezero or any positive number. It may be fractional. The number

of casualties is a function of several factors other than number
of doses, so the output value can not be dissociated from the con-
ditions under which it was derived.

4, RATIONALE FOR THE MEASURE: This is a direct measure of the
casualty-producing effectiveness of chemical agents. It subsumes
many other factors such as range of delivery, type of delivery,
accuracy and timeliness of delivery, wind and other environmental
factors at the target; protective measures, size of target, and agent
dissemination.

5. DECISIONAL RELEVANCE OF THE MEASURE: 7he measure may be used
to compare chemical weapons systems in casualty-producing effectiveness.

6. ASSOCIATED MEASURES:4
Casualties per round
Range at acquisition

7. REFERENCES:
ACN 1514 - Operational Effectiveness of Vapor/Aerosol
SWeapons Systems

I1
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SIGNAL TO NOISE RATIO

.DEFINITION OF THE MEASURE: Signal to noise ratio Is the quotient

derived from dividing the intensity of the examined signal to the sum
of all other contributors to intensity. Intensity input may be in the
form of decibels for noise, brightness for light, or other suitable
unit of measure of intensity appropriate to the type of signal observed.
Relat" a of output to input is:

signal to Intensity of signal

noise ratio total intensity of all other contributors

2. DIMENSION OF THE MEASURE: ratio-- a pure number expressing the ratio
of a given intensity to the background intensity

3. LIMITS ON THE RANGE OF THE MEASURE: The ratio may be zero or any
positive value. Typically, Intensities vary so that means may be
necessary in both numerator and denominator. Since intensities may
change, the ratio is bonded to a given set of circumstances and the
output value can not be dissociated from the conditions under which
it was observed.

4. RATIONALE FOR THE MASURE: The measure takes into account nc.1
only the intensity of the sought signal but also its contrast to
competing signals.

5. DECISIONAL RELEVANCE OF THE MEASUnE: The measure is usually used
in evaluating whether a system generates a signal of sufficlent inten-
sity to be dliscriminable from ambient signals. In ACN 18170 it was
used to determine if an airborne loudspeaker could overcome natural
competing noises. It can also be used to evaluate whether a display
board sufficiently identifies t)'e sought information.

6. ASSOCIATED MEASURES:
Probability of detection
Time to detection

" REFERENCES:
ACN 18170 - ALOUV Field Experl-mant 1.2.10, Aug 71
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TELEPIHONE CHANNEL CAPACITY

1. DEFINITION OF THE MEASURE: Telephone channel capacity is the percent-
age of message demand on a telephone system that can be transmitted by
the system. Input data are the number count of messages transmitted (T),
the number count of messages submitted for transmission (S), and the time
in hours during which these two number counts are taken (t). Relation of
output to input is: IT

telephone channel capacity

2. DIMENSION OF TIHE MEASURE: Ratio -- Output is in the form of
percentage transmitted per hour.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may vary from
zero to one hundred percent per hour. In order for the measure to be
useful, the numbers and types of message submitted must be representative
of expected operational conditions.

4. RATIONAIE FOR TH1E MEASURE: The measure addresses directly the amount
of transmission that can be handled by a telephone system.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to evaluate
telephone systems.

6. ASSOCIATED MEASURES:
Message rate
Message backlog

"7. REFERENCES:
Communication Electronics Study 75, Phase I.
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MOBILT' Y NDMOE (WIHEELED VEHICLES)

1. DEFINITION OF THI, ' \SI'IRE: The mobility index for wheeled vehicles
is a relative index iisc for comparing the ability of wheeled vehicles
to traverse real estate ,ithout hinderance from obstacles, which include
water barriers, steep slopes, soft soils, and dense vegetation. Input
data are:

CPF- contact pressure factor (expressed as:
gross vehicle wc (lb)

tire width, (in) x rim dia., (in) x no. of tires
WE = weight factor (expressed in pounds)
TF - tire factor (expressed as 1.25 x tire width, in.)

i00
GF = grouser factor (expressed as a factor for vehicle

with or without chains).
WLF- wheel load factor (gross vehicle weigh•)

no. of wheels (single or dual))
CF = clearance factor (ground cl.earmLce( in.)

EF = engini factor (hp/ton expressed as a factor).
(factors .6 and 20kare used to scale down the mobility

indexes of wheeled vehicles for purposes of comparison).

Relation of output to input is:

m index .6 FPF x WF X WIF - C x : EFx T- 20

'.r 2. DIMENSION OF 1UF. MEASURE: Index number

3. LIMITS ON TIIE RANGE OF TIH MASURE: The output may assume any value
.I but is ordinarily a large positive number driven by vehicle weight in

pounds. The combination of factors makes it difficult to use the index
for any other purpose than comparison of vehicles.

4. RATIONALE FOR TIF F7:•.S;RE: This is a combination of most vehicle
characteristics significant to wheeled vehicle mobility.

5. DECISIONAL RELEVANCE OF TWE MEASURE: Used to compare wheeled vehicles.

6. ASSOCLA'1EO NEASUR,7S: Mobility index (tracked vehiclues)

7. REFERENCES:

ACN 16149, Mubility Study: Fonward Area Units Vehicles

* I
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MOBILITY INDEX (TRACKED VEHICLES)

1. DEFINITION OF THE MEASURE: The mobility index for tracked vehicles
is a relative index used for comparing the ability of tracked vehicles
to traverse real estate without hinderance from obstacles, which include
water barriers, steep slopes, soft soils, and dense vegetation. Input
data are:

CPF = contact pressure factor (lbs/sq in. of track in

contact with the ground)
WF - weight factor (gross weight in pounds)
TF = track factor (track width, in./100)
GF = grouser factor (height in inches)

BF= bogie factor (gwt, lbs/) (no. of bogies in contact

with ground) x (area in sq in. per track shoe)
CF = clearance factor (ground clearance, in.)

10
EF = engine factor (horsepower per ton)
TF = transmission factor for hydraulic and mechanical systems

Relation of output to input is:

mobility index j 1 CPF x WF + BF - CF x EF x TFt TF x GF

2. DIMENSION OF THE MEASURE: Index number. ( I
3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any value,

but is ordinarily a large positive number driven by vehicle weight in

pounds.

4. RATIONALE FOR THE MEASURE: This measure is a combination of most
factors significant to tracked vehicle mobility.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure is used to screen
candidate tracked vehicles according to the requirements of the intended
user-mission environment. The knowledge thus derived provides a basis
for focusing attention on vehicle performance factors most in need of

siguificant improvement and enabling the development of the equipment
according to requirements imposed by the environment.

6. ASSOCIATED MEASURES:
Mobility index (wheeled vehicles)

7. REFERENCES:
ACN 16149, Mobility Study: Forward Area Units Vehicles
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HUMAN FACTORS RATING

I. DEFINITION OF THe MEASURE: The human factors rating is a combi-
nation of judgemental raLings on both the favorable and unfavorable
aspects of each quality judged. The individual qualities ara rated
on a zero to one scale for favorable aspects (x) and zero to one for
unfavorable aspects (y). The y for the first is subtracted from the
x for the first (xl-yl), the second (x2-Y2) and so forth until Lhe
last considered aspect. (xn-yn). The differences are then added and
divided by the number of aspects (n) for the overall rating:

human factors rating = (xi'yI) + (x2"Y2) + -.. (xn'Yn)
n

2. DIMENSION OF TIHE MEASURE: Ratio -- an average of the ratings of
all qualities. If the qualities are not all of equal importance, each
difference could be multiplied by a weight, itself a decimal fraction
of unity, to yield a weighted average.

3. LIMITS ON THE RANGE OF THE MEASURE: Vhe final measure is limited
by the validity and reliability of the judgements that constitute the
input. The final value is an average rating that can vary from nega-
tive one to positive one, unlebb weights are used that do not total to
unity.

4. RATIONALE FOR TH MEASURE; This measure takes each contributing
factor into account, and considers both the pusitive and negacive
aspects of each. The judgements are somewhat disciplined by the con-
straint for rating from zero to one. A positive overall value indicates
a favorable balance of human factors, a negative shows an unfavorable
balance, and zero indicates no effect from human factors.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
put human factors variables into a usable form. The referenced study
used two qualities of weapons, ease of operation and sensory character-
istics. Any number of factors can be used. if more than one person
does the ratings, a mean average rating can be computed. A human factors
rating will probably be secondary and supplementary to primary perfor-
mance measures, since if human factors are significant enough they will
affect primary measures.

6. ASSOCIATED MEASURES:
(Any primary effectiveness measure)

7. REFERENCES:
ACN 03498, Small Arms Weapons System Study
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ITEM FAILURE RATE

1. DEFINITION Or TH. MEASURE: Item failure rate is the number of items
failing per stated unit of time. Input is a number count of failures,
and elapsed time during which failures were counted. The relation
between input and output is:

number of failures
fa~ilure rate - increment of time

2. DIMENSION OF IHE MEASURE: Rate -- Unit of measure of the output is
failures per stated time period.

3. LIMITS ON T11E RANGE OF THE MEASURE: The output may be zero or anI
positive value. If the time period is short it may be fractional.
Although the range of the measure is not limited, it is noted that its
usefulness is tied to the time period stated because the failure rate
may change over time. A failure rate of 30 per month may not be equivalent
to one per (ay if failures tend to increase with time, and if the rate
accelerates lile this 30 per month would also not be eauivalent to 360
per year. A limitation to this measure, then, Is that it is applicable
only to the time period stated unless the rate is a straight-line constant~~over time. i

4. RATIONALE FOR THE MEASURE: Failure rate is an Indication of the

cxpected re•i-ability of an item. Reliability is a component of the
effectiveness of an iLem in the sense that regardless of degree of
effectiveness when operating, an item has zero effectiveness after it
has failed and the expectation of failure should be tal<en into account
in measuring effectiveness.

5. DECISIONAL RELEVANCE OF THE MEASURE: The m•,asure can be used to
compare items' effectiveness when reliability is part of the comparison.
It was used in ACN 10698 both to compare Items and to compare maintenance
programs for an item. This is a measure that can seldom be used alone;
it usually must be used in conjunction with associated measures of
effectiveness. In a more complex form of "change in failure rate over
time" it could be used in evaluating system life characteristics.

6. ASSOCIATED MEASURES:
Mean time between failure
Mean time to repair

4

7. REFERENCES:
ACN 10698, Automatiz Data Processing Techniques to Support
Army Aircraft Maintenance for the Army in the Field - Jun 67.

AGN 06081, Ariiy Small Arms Weapon Systems Troop Acceptability Test.
ACN 16818, STANO II Test.
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MEAN TIME BEWEIVEN FAILURES

1. DgFINITION OF THE MEAS•RE: Mean time between failures (MTBF) ir the
average elapsed time between failures of a system. Input data are the
number of failures and elapsed time between them. Relation of output to
input is the sum of the elapsed times divided by the nt.mber of failures (n):

(each elapsed time to next failure)
MTBF =

2. DIMENSION OF THE MEASURE: Ratio -- a mean in terms of average time.

3. LIMIIS ON THE RANGE OF THE MEASURE: Ountut can be any expression of
chronological time in seconds, hours, days, or higher. The measure is
not meaningful until there has been at least one failure and becomes more

, i ~iseful as the amoun~t of total elapsed time increases.

4. RATIONALE FOR THE MEASURE: The measure addresses mne aspect of system
effectiveness, reliability. The MTBF is used as an expected failure-free

5. DECISTONAL REIVANCE OF THF 1EASURE: The measure can be used to
comp.are mnateriel systems, compute maintenance requires, nr adjust other
measitres to take reliability intn account.

6. ASSOCIATED MEASURES: Expected system life
Failure rate
Mean time to repair

7. REFERENCES:
ACN 10698, Automatic Data Processing Techniques to Support Army

Aircraft Maintenance for the Army in the Field, Jun 67
ACN 11585, Division Logistics Systems Test, Jul 69
ACN4 06930, Troop Test Frontier Shield
ACN 06500, Maintenance Study - 75
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MEAN MILES BETWEEN FAILURE

1. DEFINITION OF THE MEASURE: Mean miles between failure is the
arithmetic average of number of miles traveled by a vehicle before
experiencing a vehicle failure, Input is miles traveled and number of
failures. Relation of output to input is:

mnmiles between failure - total miles traveled each failure)
number of failures(n)

2. DIMENSION OF THE MEASURE: Ratio -- Unit of measure of the output is
miles per failure, Units of measure for the input are failures and miles.
If observed over time it can be computed in the form of probability of

failure or expcctation of failure by taking an integral of the failures
by time.

3. LIMITS ON THE RANGE OF THE MEASURE: The output is meaningless until
there is at least one failure, and becomes wore meaningful as the number
of fallures increases. The output takes any positive value over zero.
(In the probabil ity or expectation form the highest value is unity.)

4. RATIONALE FOR THE MEASURE: This measure is a uniform measure of
reliability for different vehicles which might have different values for
other measures of reliability.

5, DECISIONAL RELEVANCE OF TlHE MEASURE:: This measure allows whole vehicle
systems to he compared in logistical terms for operational circumstancesC
regardless of differences among vehicles and maintenance systems involved.

6. ASSOCIATED MOE'S:
Mean time. between failure Failure rate
Expected mean time to failure Operational readiness

7, REFERENCES:
Risk Analysis for XM705/XM737, US Army Logistics Management
Center
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M.SSILE PREFLIGIhT RELIABILITY

1. DEFINrTION OF TIlE MEASURE: Missile preflight reliability is the
probability that the missilk system will enter and complete all functions
necessary for the successful launching of a missile. Input data are
the reliability of the missile (Prli) and reliability of ground support

equipment (PrGSE). Relation output to input is:

missile preflight reliability - (PrM) x (PrGSE)

2. DIMENSION OF TI1E MEASURE: ratio -- the output is essentially a
probability which Is basically the number of favorable outcomes divided
by the number of possible outcomes. In this case two such probabilities
are multiplied because they are conditional.

3, LIMITS ON THE RANGE OF THE MEASURE; The output reliability value
can vary from zero to unity. The measure is the product of two
probabilities each of which can vary from zero to unity. The usefulness
of the measure depends In large part on the amount of data that is
used to derive these two ratios.

4, RATIONALE FOR THE 'MEASURE: The measure addresses reliability
directly in the sense that the reliability of the whole system is j
made of the probability of success in two subsystems.

15. DECISIONAL RELEVANCE OF THE MEASURE: The measure Is sultabe for
rating missile systems on reliability. ThIs measure is, in effect,
the probabil ity of success for a launch.

6. ASSOCIATED MEASURES:
Probability of success (in missile flight)
Failure rate

7. REFERENCES:
(No ACN) - AMCQA - 113 System Effectiveness Status Report
Pershing, 10 Feb 72

L
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VULNERABILITY INDEX

1. DEFINITION OF TiIE W;ASURE,: This Vulnerability index Is a combination
of exposure time, defensive fire, and hits. Input data are:

TH - target hits RF = rounds fired
NM - near misses RA - rounds available
ET - exposure time

Relation of output to input it:

vulnerability index JET_ N

2, DIMENSION OF THE MEASURE: index number -- a combination of factors
intended to express vulnerability

3. LIMITS ON THE RANGE OF TIHE MEASURE: The out-put is a fraction between
zero and unity. Usefulness of the index is limited to the assumptions
in its construction. For example, In this case target hits are counted
as exactly four times as valuable as near misses. Other Indexes may
be as useful or more useful.

4. RATIONALE FOR THE MEASURE: The measure combines three factors that
are relevant tL vulnerability. Exposure time is one factor and the
amount and accuracy of defensive firing are the others.

5. DECISIONAL RELEVANCE OF TIlE MEASURE: The measure may be used to
compare alternative weapons systems. In the referenced study it was used
to compare competing material systems and tactical procedures for tanks.

6. ASSOCIATED MEASURES:
Probability of survival
Exposure time
Probability of kill given a hit

7. REFERENCES:
AuN 16914 - M60AI Add-Qn Stabilization Troop Test, Apr 72
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COST EFFEC'T'IVENESS INDEX

1. DEFINITION OF THE MEASURE: The cost cffectiveness index is the
ratio of incremontal effectiveness divided by difference in cost.

Incremental effecLiveness is computed as a percentnge. The four in-
put values are candidate effectiveness, standard effectiveness, candi-
date cost, and standard cost. (Costs are peacetime costs.) Relation
of out.,lnt to input is;

cost effectiveic'ss index

candidate effectiveness - standard effectiveness x O00
__ _ standard e feetivenes
candidate pcacetime co.L - standard peacetime cost

2. DINENSIlN OF THEE MEASUtRE: Index number -- a combination of quotients
and differences in a form yielding a pure number that is a ratio of a
percentage and a cost so that the output is a percentage improvement per
dollar.

3. LIMITS ON THE RANGE OF TM-E MEASURE: There is no limit on the
measure itself. It may be any positive or negative value and will
ordinarily be a small fractinal value of percentage p r dollar. The
two effectiveness inputs must be expre, ssed in the same unit of measure,
and the two cost inputs in Lhe same unit. While the measure itself is
no'. limited, it iE nr~ed that it is usual.ly difficult to collect effective-
ness data and cost data.

4. RATIONALE FOR THE MEASURE: This measure takes into account both per-
formance and costs in determining the effectiveness in meeting objectives.
Further, it handles both in terms of differences between the candidaLe

and the standard so that the measure goes directly to the differences.

5. DECISIONAL kELEVANCE OF TIlE ME:;ASU2E: The measure was used to compare
candidates with the standard in the referenced study, and was further
used to rank order candidates. It •,ai be used any time the performance
effectiveness is directly measureable and costs are a relatively int-
portant part of the objective. it is less useful when costs are not
an important part of the decision.

6, ASSOCIATED MEASURES:

V

7. REFERENCES:
ACN 07356, Tank, Antitank, Assault Weapons Systems Requirement

Study - Phase III (TATAWS 111)

4-69

Cr
iI

U ' .I



PERFORNMANCE TO COST-RATIO FIGURE OF MERV]'

1. DEFINITION OF THE WMVAgURE: Perforu'auce to cost-ratio figure of
merit is any mceasure of peirformince divided by the ratio of the cost
of the considered candidate to the average cost of all candidates.
Input data are the pertormance measure value and the costs of all
candidates. Relation of output to input is:

performance performance
to cost-ratio t cost of considered candidate

average cost of all candidates

2. DI1£NSIONS OF TilE 'MEASURE: index numher -- the output is the ratio
of performance to a cost Indicator, (The perforirance measure may itself
be a ratio). The output is a pure number or might be considered
"performance per cost-ratio value."

3. LIMITS ON TIHE RANCE OF THE MEASURE: If the performance measure
is positivo, the figure of merit may assume any positive value limited
only by the size of the difference between the oandidate cost and the
average cost.

4. RATIONALE FOR TIlE MEASURE: This measura Is simply a convenient
combination of performance and cos, measures. Other combinations are
equally viable, for example:

ONg cost of q) I calndidates
"(performance) X cost of considered candidate

5. LjEC!-ONAL R;ELEVANCE OF TilE ýEASURE: The measure may be used to
comparc: cý,Adidates on both cost and performance simultaneously,

! especit.3.ly to r'ank several candidates. In the referred study the

performnwnce i;i:st:ure was friendly/enemy force ratio.)

6. ASSOCIATED 4..ASURES:
Cost ratio
Cost eque'LU;ation point
Initial cest amortization figure of nerit

R7. EFERENCES:
No ACN- larametric Design/Cost Effectiveness Study for a
Mechanized Infe.itry Combat Vehicle-19 70 (MICV-70), Cornell
Aeronautical Laboratory Report #GM 2144-H-la, Nov 66

SiiAI
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COST EQUALIZATION POINT

1. DEFINITION OF THE MEASURE: The cost equalization point Is that
point in the useful life of two candidate systems at which their
cumulative costs are equal and their cumulative production is equal.
Production might be measured as time in service, casualties, or any
measuie of effectiveness. Input data are cumulative cost curves
for the two systems as a function of cumulative production. Relation
of input to output is the point-of intersectioiý o[ the two curves:

total cumulative candidate A
cost candidate B

Cumulative
Service

2. DIMENSION OF T1F EASURE: ratio -- the relationship between the
two costs is essentially their ratio for each value of production,
with the intersection point at the ratio 1.00

3. LIMITS ON THE RANGE OF TIE MEASURE: Both cumulative cost and cum-
ulative p~oductlon are difficult data to obtain, and both may have
to be projected into the future for decision. If there is no Inter-
section point within the domain of cumulative service, there is no cost
equal iza;.ion point.

4, RATIONALE FOR TIHE ýWASURE: The measure is haged on the assumption
that a system with a lower initial cost per unit of production may
have a higher cumulative cost after soDLe production has been accom-
plished and support and replacement costs are considered. If this
does not hold. there is no cost equalization point. The graph of
measures the amount of production a higher initial cost system must

yield before it is competitive with a lower initial cost system.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used po compare
two systems on cost effectiveness, taking expected system life into account.

6. ASSOCIATED MEASURES:
Initial cost amortization tigure of merit.

7. REFERENCES:
No ACN -, "A Model for Cost Effectiveness Evaluation of
Counterbattery Target Acquisition Systems", Cornell
Aeronautical Labortorles Report iIGM 2144-Ii-la, Nov 66
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INITIAL COST AMORIZA1ION FIGURE OF MERIT

1. DEFINITION o1- THlE M'ASURE: Initial cost amortization figure of

merit Is the point of intersection between cost curves for alternacive
systems over service life-. Input data are the costs (including both

initial cost and cumulative support costs) for each alternative as

a function of life. Life may be expressed In number of hours service,
rotnds firedp chronological time, or engagements fought. Relation of
OutpuL to input values Is the plotted intersoction of the curves:

cumulative alternative A
lite alternative 13
cost

servIc lee1fP

"2. DIMENSION OF TilHE MASURF: ratio--although the output is a value
equal to the service life at point of intersection, the measure is
essentially a ratio in the sense that it could be expressed as the
quotient between cost of A and cost of B at each point in life, with
the 1.00 point defining the intersection.

3. LIMITS ON TilH RANGE OF TIlE MEASURE: The measure requires cost data
that inay be difficult to obtain. Tho point of intersection may vary
from zero to any positive value, or to infinity if there is no practical

intersection.

4. RATIONALE F-OR THEt MEASURE: The measure is based primarily on the

assun•ption that systems with lower initial cost have higher support
costs over time (Including replacement) than systems with higher

initial costs. When this is true, the plotted curves show a cross-over
point. Below the cross-over point the cheaper system has the lower
life cost and above the cross-over point the more expensive system has
the lower life cost. That is, the cheaper system is better in the short
run and the more expensive system is better in the long run. If there
is no cross-over point the on¢sure is trivial but still valid.

5. DECISIONAL RELEVANCE OF TilE MEASURE: The measure compares systems
on life cost, so that a decision can be made for any stated required

life.

6. ASSOCIATED MEASURES:
Initial cost Expected system life
Cumulative support cost Cost equalization point

7. REFERENCES:
No ACN- "Parametric Design/Cost Effectiveness Study for
a Mechanized Infantry Combat Vehicle-1970 (MICV-70),
Cornell Aeronautical Laboratory Report #GM 2144-11-lA, Nov 66
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COMPOSITE PASS/FAIL INDEX

1. DEFINITION OF THE MEASURE: The composite pass/fall index is a
combination of pass or fail decisions into a higher level pass or
fail decision. It may be combined at scveral levels, in pyramidal
form .leading to a grand pass/fail index at the highest level. Input
data are the pass/fail decisions at the lowest level.

2. DIMENSION OF THE MEASURE: index -- at the lowest level the measure
is a binary one for each element, and at each higher level the com-
binatlon becomes more abstract.

3. LIMITS ON THE RANGE OF THE MEASURE: The criterion for each pass
or fall at the lowest level must be specified. A characteristic of
the Index is that a single failure at any level leads inexorably to
a failure at the top. The index is thus constrained to only elements
that are in fact critical pass or fall elements, or a complex compen-
satory scheme must be constructed.

4. RATIONALE FOR THE MEASURE: The measure has the advantage of a
clear and Immediately applicable output. It also delineates the point
or points of failure. One of its primary advantages is that it is
relatively inexpensive 'An the evaluatlorp of a large system with many
variables.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable
in any system evaluation that is limited to a pass or fail issue.

W Since it does not address the degree of passing or failing it is

usually only applicable in the case of accepting or rejecting a
system.

6. ASSOCIATED MEASURES:
Probability of success
Probability of win

7. REFERENCES:
ACN 06930 Troop Test Frontier Shield, May 66
ACN 17496 - Field Evaluation of the Modified ASTRO Mechanized

Division
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MEAN EVALUATOR RANKING

1. DEFINITION OF ThiE MEASURE: Scan evaluator ranking is the average
of a set of rankings by a selected group of experienced personnel.
Input data are the rankings assigned by each evaluator to each
alternative, and the number of evaluators. The relation of output to
input is:

mean evaluator tanking _(ranking by each evaluator)
number of evaluators

2. DIMENSION OF THE MEASURE: Ratio -- The output is an arithmetic
mean of rankings.

3. LIMITS ON THE RANGE OF THE NEASURE: The output is limited to the
number of ranks used by the evaluators. If the evaluators rank three
candidates as first, seco:,d, and third, the mean rank for a candidate
falls between one and three. A higher number of evaluators makes the
mean ranking more refined, and theoretically makes it more valid. In
any case, the larger the number of evaluators, the more stable the
mean is, in the sense that each additional evaluator has less influence
on the overall mean than each of a lesser number of evaluators.

4. RATIONALE FOR THE MEASURE: This measure addresses effectiveness
by using opinions of evaluators directly. A mean evaluator ranking is
considered wore valid than any single person's opinion.

5. DECISIONAL RELEVANCE OF TIlE MEASURE: The measure may be used in
any situation involving ranking of candidates. Its application is
quite broad, depending only on the suitability of using a judgemental
evaluation.

6. ASSOCIATED MEASURES:

Mean estimate

7. REFERENCES:

ACN 3067, Infantry Rifle Unit Study 1970-75 (IRUS), Field
Experiment 65.1 - Jul 69.
ACN 16813, ACCB I Field Test.
ACN 11585, Organization and Operation of the Division G4 Section

Standardized Division G4/DISCOM Commander Relationship
Worldwide.

ACN,16495, Family of Army Vehicles Study
ACN 00079, Field Evaluation of the Combat Support Hospital
ACN 06933, Explosive Ordnance Disposal in the Field Army

C477775
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TIME TO COMPLETION

1. DEFINITION OF THE MEASURE: Time to completion is the elapsed time
from initiation to completion of a task. Input data are the time of
initiation and the time of completion. Relation of output to input is:

time to completion = completion time minus start time -

2. DIMENSION OF THE MEASURE: interval--a measure of time in seconds,
hours, or days as appropriate. With successive observations the measure
could be in the ratio form, such as mean time to zompletion, or expected I
time to completion.

3. NLIMITS ON "tiE RANGE OF THE MEASURE: The output may assume any positive
value. The reo,,olitions of the measure depends on the degree of refinement
of designating start and end times.

4. RATIONAlI. FOR THU MEASURE: This measure directly addresses timeliness
as a comiponent of effectiveness. It subsumes many factors that may
delay completion of a task, so that it is a higher level measure suitable
togrosser evaluations.

5. DECISIONAL RELEVANCE OF 'fiE MEASURE: The measure can compare alter-
native systCms in the timeliness aspect of efiectivetiess. It is quite
general and can be applied to many different sort0 of tasjs such as
tactical moves, intelligence missions, and taking of objectives,

6. ASSOCLAT[ED MEASURES :

Probabilit; y of success Planning time

Time to first fire rct moves completed on time
Time to detection .

7. REFERENCES:
ACN 3067 - Infantry Rifle Unit Study (IRUS) 1970-75, 15 Aug 67

A
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ACTUAL/POTENTIAL PRODUCTIVITY RATIO

1. DEFINITION OF THE MEASURE: Actual/potential productivity ratio is
the actuil amount of production as a proportion of the potential
production. Potential production is defined as the maximum possible
production. Input data are any measure of actual production and any
measure of potential production, both in precisely the same unit of
"measure.

actual/potential actual production
productivity ratio maximum potential output

2. DIMENSION OF THE MEASURE: Ratio -- Output is a pure number express-
ing actual productivity as a fraction of potential. The numerator and
denominator may be ratio's or complex indexes, but are expressed in
exictly the same form so that all referents cancel, leaving a pure
number.

3. LIMI'TS ON THE RANGE OF THE MEASURE: The output may be zero or any
pos;tlve value up to unity. The main disadvantage to this measure is
that maximum productivity is sometimes difficult to compute. The
.maximum productivity o0 a firing batter> could be computed by multiplying
the n'imber of tubes b4 the firing tate for the maximum rounds per
minute, hot the maximi.n theoretic production of a command and control
sy.-.tem such as a .'ni% staff is more difficult to handle. Also, there
are cases in which the maximum production is easy to state but is utio
altogether relevant, such a:; the percent casualties returned to duty.

V,; ,4. RATTONALE FOR THE vlEASURE: This measure is probably the most direct

measure of etfectivotiess available. When the maximum possible producti-
"vity can be stated meaningfully and actual production can be observed in
"precisely th-Ž same units, this measure .s usually the best MOE.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable in
any situation where the two lnput values can be obtained. Applications
are: proportion targets detected, proportion moves completed by time
ordered, 1.roportion enemy force destroyed, proportion engagements won,
proportion transmissions complete, percent supply requests met, and
operational availability.

6. ASSOCIA.TED MEASURES,

(All proportion, percent, and probability measures)

7. REFERENCES:
. -None, this is a potential proposed measure
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SLOPE OF LEARNING CURVE

1. DEFINITION OF THE MEASURE: The slope of the learning curve is the
numerical expression of the rate of improvement in performance at a given
point in training. The input data is performance level ot two or more points
in training. (If training is constant, the points in training are
equivalent to points in time.) The relation of output to input is:

slope of learning curve - incremental gain in performance level
incremental added training

(or incremental time)

2. DIMENSIUN OF THE MEASURE: Rate of learnirg -- Unit of measure of output
is in terms of gain in performance per additional block of training ( or
per time period). *

3. LIMITS ONT11E RANGE OF THE MEASURE: The rate can vary from zero upward,
and is constrained on the high side only by the degree of performance that
constitutes perfection. The amount of training given must be measured in
at least two increments, and improves in usefulness s-hen measured in smaller
increments. (In addition, the measure would be meaningless if full
performance is attained without any training.)

4. RATIONALE FOR THE NEASURE: A characteristic learning curve has been
observed in most military training situations. In general, performance
improves rapidly early in training when everything learned adds to performance
but improves less and less rapidly as performance approaches perfection and
improvement is difficult. Assuming this relationship to hold, the slope of
the learing curve is a measure of'state of training. A zero rate means
fully trained; a slight slope means nearly fully trained; a steep slope
indicates early stage of training.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful in the
situation where a unit is training under a new system, with developmental
equipment or with a trial organization. In this situation it may be easy
to measure performance but difficult to say what proficient unit performance
is. In general, the MOE is to determine whether a military uniL is still
early in training or has nearly reached the highest level it will attain.

6. ASSOCIATED MOE'S:
Unit proficiency

7. REFERENCES:
None, this is a proposed potential MOE not previously applied.
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CIRCULAR MISS DISTANCE

1. DEFINITION OF THE MEASURE: Circular mLss distance is ths straight
line distance from the observed point to the true canter of target.
Input data are the distances norLh-south and east-wa,•t of true center,

V and angle of the straight line distance. Relatibon of input to output Ins

true center

observed poiuc

square of + square of east-west
circular miss distance north-south distance distance

_ _ _ north distance

3r alternatively - cosine of angle from observed point to true center
(wher. cos 0 ÷ 0)

2. DIMENSION OF THE MEASURE: Interval -- output is a distance in terms
of inches, meters, kilometers, or miles, The measure could be in ratio
form such as "mean circular miss distance" or "mean spherical miss
distance (taking north-south, c-ast-west, and altitude into account)".

3. LIMITS ON TVE WiNGEC OF T11. MEASURE: The measure can assume any
positive value. It requires a grid, such as map grid, for coordinates.
Resolution of the measure depends on the refinement of the grid used.

4. RATIONALE FOR THE MEASURE: This measure directly addresses accuracy
of location.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is ordinarily used
to evaluate accuracy of position location or delivery of fire,

6. ASSOCIATED MEASURES: Mean error
Mean offset error
Circular error probable

Standard deviation

"7. REFERENCES:
P ACN 17781, Precision Position Locater System Field Experiment

42.9, Jun 71

J4
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PERCENT PERSONNEL INFCRMED

1, TErINITION OF THE MZE: Percent personnel informed is the
percentage of a unit's personnel that are aware of a selected item of
information that should be Rnown to all. The Information can be
password/countersign, current mission, location of prisoner compound,
or any other item of Information that is intended to be fully dissemi- [
nated. Input data are the number of troops questloped in the survey
and the number aware of the information. Relation of output to Input

percent personnel informed - number personnel aware of itemX00
number personnel asked

2, DIMENSION OF THE MEASURE: ratio -- output Is a percentage

3, LIMITS ON THE RANGE OF THE MEASURE: Output can vary from zero

to one huxmdred par cent. Since the output Is a percentage of a
sample of all personnel, the value ý.s an estimate of the percent
informed of the whole unit, and the sample must be large enough to
ensure acceptable confidence that it L epresents the whole unit.

4. RATIONALE FOR THE MEASURE: The message addresses effectiveness
of the command, control and communications system. It addresses the
efficiency of disseminating needed information which is considered a
function both of the command and control system currently and as an
end result of training.

"5. DECISIONAL RELEVANCE C7 THE MEASURE: The measure is intended to
assess level of training in regard to command, control, and communications.

6. ASSOCIATED MEASURES:

Reporting time
Time to disseminate

.7. REFERENCES:

No ACN, Reserve Components Revised ATT, USCONARC, Mar 72

4.8
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PERCENT POSITIONS AUTHORIZED MOS

I. DEFINITION OF TUIE MEASURE: Percent positions authorized MOS is the
"percentage of actual organization positions in a unit that are cur:ently
occupied by persornel with the military occupational specialty authorized

for that position. Input data are the number of positions and the
number of these positions so occupied. Relation of output to input is:

percent positions number Ro sitf ion
authorized MOS nr with authorized MOS assigned

2. DIDbNSION OF Tile MEASURE; Ratio -- output is n percentage of
inp positions.g

3. LIMITS ON THE RANGE OF TUE MEASURE: Output could vary from zero to
one hundrec percent. As defined this measure has a w-uakness bet ause it
ignores empty positions. It might be more lsefUl as "percent authozized
XIDE positions with authorized nOS*.

4. RATIONALE FOR TIIC MEASURE: The measure addresses effectiveness of
organization indi.rectly by euamining success in assigning to positions.

It is based on the theorem that if the organization is faulty personnelS] •mill be assigned other than as3 organi.zed.

5. DECISIONAL RELEVANCE OF TIT, MEASURE: The measure was intended to
evaluate a proposed organzation. It was used differently, however,
in the referenced study. In that project it was used as an indirect
assessment of probable state of training.

6. ASSOCIATED MEASURES: Proportion authorized strength assigned
Slope of learning curve

7. REFERENCES:
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72

'Ii 1 ~4-814
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PERCENT EEl MET

I. DEFINITION OF THE MEASURE: Percent EEl met is the percentage of
planned es'c.inLial elements of information that are satisfied during
an operation. Input data are the number of EEl included in the
intelligence plan and the number of those baLisfied. Relation of

output to i'nput is:

EE number EEl satisfiedS, percent LEI met -x I00
pcnt Ar number ELI planned

S2. DIMENSION OF THE MEASURE: Ratio -- output is a percentage of

!ELI

3. LIMITS ON THE RANGE OF TjiLCASURE: Output may vary fren zero
to 100%. The criterion for satisfying an EEl must be defined.

fe4. RATIONALE FOR THE MEAS1URE: The measure addresses intelligence
effectiveness in the sense ob bow well the intelligence system

* •performs in meeting its own goals for essential information.

5. DECISIONAL RELEVANCE OF T1IE MEASURE: The measure is used to
• } :evaluate ~n. iaitclligence SYStLM. It might be applied to acomparison .,

of intelli1 ;enca procedures, trial of collection iMeaus, or test of
training.

6. ASSOCIATED MEASURES:
¶ Percent targets 9cquired Time to acquisition

Probability of detection Time to detection S

7. REFERENCES:
None - this is a potential measure.

48ii
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PERCEN-T ENERY DOCUMENTS TIMELY EVACUATION

I. DEFINITION OF THE MEASURE: Percent enemy documents time evacuation is

the percentage of all captured enemy documents that are either, one, deliv-

ered to the interrogation site prior to or coincident with the delivery of
associated prisoners, or two, delivered to G2 prior to start of any action

stated in the documents. Input data are the times stated, and relation of

output to input is:

Percent enemy documents number documents on time x 100
timely evacuation number documents captured

2. DIMENSION OF THE MEASURE: Ratio -- output is a percentage of documents.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may vary from zero
to one hundred percent. It may be difficult to define the criterion time in

some cases. The measure is somewhat diluted by the inclusion of documents
that are neither associated with prisoners nor contain information associated
with any timed actions, because these documents are by definition always on
time.

4. RATIONALE FOR THE MEASURE: The measure is intended to address effec-
tiveness of one aspect of an intelligence system, the timeliness of evacu-

ating documents.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure was used to assess

� intelligence training of a unit.

6. ASSOCIATED MEASURES: Evacuation time (enemy materiel). Evacuation time
(prisoners).

7. REFERENCES: No ACN, Reserve Components Revised ATT, USCONARC, Mar 72.
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ENEMY MATERIAL EVACUATION TIME

i. DEFINITION OF TILE MEASURE: En1emy material evacuation time is the

elapsed time from capture of an item of enemy material with Intelligence
value to the techical intelligence element designated by the G2. Input
data are the time of capture and the arrival time at the technical
intelligence site. Relation of output to input is;

enemy material evacuation - time material arrives at designated
technical intelliince point minus
tirre of capture

2. DIMENSION OF TIHE MEASURE: Interval -- elapsed time in minutes,
hours, and days. If several observations are madc, the measure may
be in ratio form such as mean evacuation time.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any I
positive value. The absolute time interval Is usually not meaningful
in itself and can not be dissociated from the type of material involved

and the tactical circumstances.

4. RATIONALE FOR TIHE MEASURE" This measure addresses one aspect of I
effectiveness in intelligence collection.

5. DECISIONAl RELEV.ANCE OF THE MEASURE: The measure Is usually applied (4
to an evaluation of intelligence functioning.

6. ASSOCIATED MEASURES:
* Mean time to report Intelligence

Mean intelligence document evacuation time
Mean time to evacuate prisoners I

7. REFERENCES:
ACN 00004 - A Method for Integration of Medical Accounting ?

Reporting Supply and Regulating of the Army in the Field

Into ADSAF - CS3 Program

I.I
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PERCENT PLATOON LEADERS WITH1 •AP OF A0

1. DEFINITION OF TUE MEASURE: Percent platoon leaders with map of AO is
the percentage of all platoon leaders in an organization who have been
issued a map of the area. of operations. Input data are the number of
platoon leaders and the number of those who have a map of the AO. Relation
of output to input is:

Pern pnumber with map --"= Percent platoon leaders with map of AO number platoon leaders x 100

2. DIMENSION OF 'IE MEASURE: Ratio -- output is a percentage of platoon

leaders. If the measure is taken over time, it might be used in the form
"average percentage of platoon leaders with map of AO".

3. LIMITS ON T11E RANGE OF TILE M4EASURE: The output may vary from zero to
one hundred percent. The measure is limited somewhat by being confined to
just one level of leadership, and is somewhat unrefined in treating all
platoon leaders as of equal need.

4. PATIONALE FOR THE MEA&SURE: The measure directly addresses one aspect
uf effectiveness of an intclligcnee syctem, the dissemination of relevant

¾
maps.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to evaluate
one aspect of an intelligence system. It would most likely be applicable
to measuring training level.

6. ASSOCIATED MEASURES: Dissemination time.

7. REFERENCES: No ACN, Reserve Componenits Revised ATT, USCONARC, Mar 72.

4-85

I--

tt



PERCENT TRANSMISSIONS WITH VIOLATIONS

1. DEFINITION OF THE MEASURE: Perce.nt transmissicri• with violations
is the percontage of all conmnunicatioa transmissions by a unit with
either procedural or security violations, or both. Input data are the
number of transmissions and the number of transmissions with errors.
Relation of output to input is:

percent transmissions _ number of te-anamlsUionl with errors
with violations number of transmisasons X 100

2. DIMENSION OF TUE MEASURE: ratio-- output is a percentage of total
transmiss ions

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero
to one hundred percent. The measure has two weaknesses: (1) It does
not take into account differences in seriousness of violation, and (2)
it does not take Into account more than one violation per transmission.

4. RATIONALE FOR THE MEASURE: This measure addresses state of training

concerning communications. It is an indicator of how well a units'
personnel can observe significant communications and security rules.

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to assess
training level.

6. ASSOCIATED MEASURES:
Percent transmissions completed
Message rate

7. REFERENCES:

No ACN - Reserve Components Revised ATT, USCONARC, Mar 72

.11
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TINE TO ESTIMATE RANGE

I. DEFINTTION OF THE MEASURE: Time to estimate range is the elapsed
time from detection of a target to estimation of range. Input data
are the moment of detection and the moment estimation of range is
complete. Relation of output to input is:

time to estimate range - time of estimation - time of
detec Lion

2. DIMENSION OF T1HE MEASURE: Interval -- elapsed time in terms of
seconds. If the measure is taken at different times or under varying
circumstances, it can be used in the form of mean time to estimate
range or median time.

3. LIMITS ON THE RANGE OF THE MEASURE: The output cai! be zero or
any positive value. The resolution of the measure is limited by the
precision of taking start time and end time. The data cannot be
disassociated from the definition of competed estimation used, whether

it is the first estimate stated regardless of accuracy or is the final
in a series of estimates which is used for firing.

4. RATIONALE FOR THE MEASURE: This measure addresses a component of
target acquisition time. Problems in estimation are assumed to con-
tribute to the length of estimation time.

5. DECISIONAL RELEVANCL 0i THE O EASUPE: This measure can be used to
I," compare estimation times of means ei range estimation (techniques,

aids, rangefinders, trained personu-l) to each other or to a standard.
It would not ordinarily be used alone, but would be combined with
accuracy of estimation or accuracy of firing in most cases.

6. ASSOCIATED MEASURES:
Accuracy of range estimation
Firing accuracy
Time to detect
Exposure t ;me
Time to identify
Probability of hit
Probability ot kill

7. REFERENCES:
ACN 18171 Attack 'Helicopter - Daylight Defense Field Experiment

I
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TRANSCRIFPION SPEED

1. DEFINITION OF THE •EASURE: Transcription speed Is the rate at

which a court reporter transcribes verbatim court pro iedings into an
authenicated court record. Input data are the number of words trans- *
scribed and the nuiýiber of minutes elapsed In transcription. Relation
of output to input is: { I

transcription speed - number of words transcribedI
number of minute3 elapsed

2, DIMENSION OF THE MEASURE: ratio -- output is a rate, words per minute

3^ LIMITS ON TIHE RANGE OF THE MEASURE: The output can assume any
positive value. A convention must be established for the effect of

errors on the measure.

4. RATIONALE FOR THE MEASURE: This measure is the single relevant

measure of effectiveness for court reporters.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to deter-

mine the number of court reporters needed.

6. ASSOCIATED MEASURES:
None

7. REFERENCES (
ACN 13114, Court Reporting Systems Study, Sep 70

4 -881
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Page Number
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Aý4UNITION EXPENDITURE RATE

1. DEFINITION OF THE MEASURE: Ammunition expenditure rate is the
amount of amino used in a given observed time. Unit of measure of
input is rounds (or tons, or DOA), and days (or hours, or seconds).
Relation of output to inp,-t is:

ammunition expenditure rate

amount of ammo fired (rounds, tons, DOA)
elapsed time (days, hours, seconds) 4

2. DIMENSION OF THE MEASURE: Ratio -- rate of expenditure. Unit

of measure of output is DOA per day, tons per hour, rounds per second,
etc.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
positive value. The measure is meaningless until the first round is
fired, and becomes more useful as the time period increases. Since
the rate may change, the measure cannot be disassociated from the time
period of the observation.

4. RATIONALE FOR THE MEASURE: This measure indirectly addresses sus-
tainability and cost. It is often used because it it an easy mcasure
to take in models, simulations, or field work, and can be combined with
costs of ammunition or capability of resupply to make useful decisions.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measur& is rarely of
use by itself. It would ordinarily be used with other measures as
part of a more complex measure of effectiveness. It -ould, however,
be used by itself to distinguish among competing candidates equal in
other respects.

6. ASSOCIATED MEASURES:
Required ammunition resupply rate
Resupply capability
(Any measure of firepower potential)

7. REFERENCES:
ACN 03498, Small Arus Weapons System Study
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REQUIRED AII4UNITION RESUPPLY RATE

1. DEFINITION OF THE MEASURE: Required ammunition resupply is the
rate of ammunition need. Input is rounds required per day. Unit of
measure of input is rounds, or alternatively tons or DOA. (Day of
Ammunition -- a specified number of rounds for a type weapon.) Re-
lation of output to input is:

required ammo resupply

total number of rounds required (or tons, or DOA)
number of days in time period observed

2. DIMENSION OF THE MEASURE:. Ratio -- a rate in terms of rounds per
day or tons per day. Unit of measure of output is rounds (or tons).
In its most esoteric form it in the ratio between a predetermined "day
of ammunition" which is meant to be the amount of ammunition required
per day and the actual ammo per day. In this form it is "DOA per day."

3. LIMITS ON THE RANGE OF THE MEASURE: The measure must include at
least one day's observation, and as the denominator gets larger the
measure gets better. The output may assume any positive value. The
measure is limited to a single type of round in the form "rounds per

day." In the form of weight per day, it is more encompassing. For
complete inclusion of different types of ammunition it is usually
necessary to use the form "DOA per day."

4. RATIONALE FOR THE MEASURE: This measure addresses sustainability.
It is reasoned that a good performance in other respects may be offset
somewhat by difficulty in sustainability. If sustainability were diffi-
cult enough, it would affect performance and could be measured other-
wise. This measure is meant to be sensitive enough to address sustain-
ability before it is serious enough to affect performance of the mission.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure could be used
to distinguish between firepower systems that are equal in productivity.
Or it could be used as a further refinement in a more complete description
of successful systems.

6. ASSOCIATED MEASURES:

Resupply frequency
Ammunition expenditure

7. REFERENCES:
ACN 03498, Small Arms Weapons System Study
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TOTAL THEATER IINENTORY

1. DEFINITION OF THE MEASURE: Total theater inventory is the sum of
supplies in safety stock, operating level, and interruption stock
in a theater of operations. Input data are;LI

Is = safety stock in tons
1o = operating level stock in tons
Ii = interruption stock in tons

Relation of output to input is the sum:

total theater inventory - Is + 10 + I,

2. DIMENSION OF THE MEASURE: Interval -- Output is a number of tons.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
positive value. The measure is limited in treating all supplies by
weight as a common denominator, overlooking differences in importance
by weight.

4. RATIONALE FOR THE MEASURE: The measure directly addresses amount
of inventory.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate supply and transportation effectiveness at the theatre level. 4
6. ASSOCIATED MEASIRES:

Total deployed inventory.

7. REFERENCES:
ACN 06841, Army Logistic Support Concept - Air Lines of

Communication.
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4,PROPORTION INIVENTOR DEPLOYED

1. DEFINITION OF THE MEASURE1 Proportion inventory deployed is the
proportion of all suppiies'in inventory that have been dist:ributed
to the operating level. Input data aretthe total amount of supplies
(St)s the amount designated as operating level (SO), tbe amount in
safety stock (Ss), and amount in interruption stock (transitstorage.
or handling). All are measured In a common denominator such as tons,
rounds, or gallons. Relation of output to input is:

proportion of inventory deployed = So+Ss or
or ýOS

St So+Ss+Si

2. DIMENSION OF THE MEASURE: Ratio -- A proportion in terms of
a decimal fraction.

3. LIMITS ON THE RANGE OF TIE MEASURE: The output may be any value
from zero to unity. All inputs must be expressed in the same unit of
measure and it must be a unit suitable for the echelon and type of
supplies. Such as tons of class IV at theatre, or number of rations
at company.

4. RATIONALE FOR TIME MEASURE: In theory a perfect supply system
would have 100% cf inventory deployed. If it were possible supplies
would be replaced at precisely the rate used precluding the expense and
vulnerability of storage sites. This measure determine s how closely a
supply system approaches the ideal.

5. DECISIONAL RELEVANCE OF THE NEASIRE: The measure is used to evaluate
the effectiveness of a supply system in terms of avoiding an inventory
build up. The measure can not be used alone since the best score could be
obtained by simple undersupply; it must be used in conjunction with
proportion of supply requirements met.

6. ASSOCIATED MEASURES:
Total theater inventory Proportion supply requirements met
Days of supply on hand Time to resupply

7. REFERENCES:
SbNone, this is a potential measure.
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SUPPLY THROUGHPUT EFFECTIVENESS

I. DEFINITION OF THE MEASURE: Supply throughput effectiveness is the

amount of cargo handling saved, as a proportion of the greatest possible
amount of savings. Input data are:

c - cargo, in tons or other suitable unit of measure
n number of possible bandling points
h. - cargo handled at point i (tons, or other unit)

Relation of output to input is tons-handling saved divided by maximum
possible tons-handling saved: n 4

nc - L (hl + h 2 + ... h
Ssupply through = Jul

effectiveness c(n-2)

2. DIMENSION OF THE MEASURE: Ratio -- the output is a pure number
expressing the ratio between actual tons-handling saved and maximum
possible tons-handling saved.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any value
from zero to unity. It is necessary to treat cargo in a common unit of
measure, such as tons or cubic feet, and treat the savings in tons-
handling or cubic feet-handling.

4. RATIONALE FOR THE MEASURE: The measure is tons-handling saved as a f
proportion of the maximum possible tons-handling saved. Maximum possible
tons-handling is cn and minimum is handling at first and last points
only, 2c, so maximum possible savings is cn - 2c or c(n - 2). Actual I
savings is the total possible handling, cn, mimus actual handling, the
sum of tons-handling at each point, ' (hi + h2 *.. he).

i-i
5. DECISIONAL RELEVANCE OF THE MEASURE: The measure allows supply
systems to be evaluated in terms of throughput effectiveness. This
measure can be combined with other supply effectiveness measures for
overall measures of supply effectiveness.

6. ASSOCIATED MEASURES:
Proportion of supply requirements met
Time to resupply
Proportion of stock in inventory

1 REFERENCES:

ACN 06534, Transportation Service Study, TASTA-70 - Jan 67
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LOT ESTIMATE PERCENT DEFECTIVE

1. DEFINITION OF THE MEASURE: Lot estimate percent defective is a
measure of the proportion of defective units in a lot of Class I
supply (rations). The input data nre the size of the lot (N), the
size of a sample drawn randomly from the lot (n), and the number of
defectives in the sample (d). Relation of output to input is:

lot estimate percent defective -t) N 100

2. DIMENSION OF THE MEASURE: Ratio output is the percentage of defec-
tive units of rations in the lot.

3. LIMITS ON THE RANGE OF THE MEASURE: A pc :entage may vary from
zero to one hundred per cent. This measure is subject to the amount
of error that can rise from statistical sampling.

4. RATIONALE FOR THE MEASURE: The measure is based on the rationale
that if a sample is drawn randomly from the whole lot, the perceitage
of defectives in the sample is likely to be the percentage of defecgives
in the lot.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is basically in-
tended to lead to a decision on whether or not the lot is acceptable.
It may be used as an evaluative indicator of a Class I supply system
at higher echelons.

6. ASSOCIATED MEASURES:

Percent supply requests met
Percent supply requirements filled

S-7. REFERENCES:

ACN 00008, Inspection of Operational Rations

i - 4-95

It

p-
i



CARGO HANDLING RATE

1. DEFINITION OF TiE-I MEASURE: Cargo handling rate is the amount of
cargo that is loaded, transported, or unloaded in a specified time
period. The amount of cargo is counted in tons, cubic feet, or other
appropriate measure of bulk. Time is counted ii minutes, hours, or
days as appropriate. Relation of output to input is.

cargo handling rate = amount of cargo hanaled

clnumber of time intervals

Alternatively, if the amount of cargo moved is expres;cd as a function
of time, the rate could be con.Duted as the first derivitive.

2. DIMENSION OF THE MEASURE: Ratio -- the output is a ratio in terms
of cartons per minute, tons per hour, tons per day, or othier suitable
expression. Other possible ratio forms are "mean cargo handling rate"

or "average percentage handling rate".

3. LIMITS ON THE RANGE OF THE MEASURE: The resolution (-f the measure

depends on the size of the time intervals; minutes are mo.ec refined
than hours. The usefulness of the measure increases as the time period
increases. Since the rate may change, the output value cannot be
dissociated from the time period observed. The output may be zero or
any positive number.

4. PRTIONALE FOR THE MEASURE: This measure addresses the timeliness
of cargo handling directly. This is a factor in the larger logistical
measure of turnaround time. The measure subsumes several difficulties
in handling which may be expected to influence the amount of time

* required.

5. DECISIONAL RELEVANCE OF TH-I MEASURE: The measure may be used to
- compare cargo handling systems.

6. ASSOCIATED MEASURES: Turnaround time
Payload capacity

, IPercent supply requests met

" 7. REFERENCES:
Article: "Some Aspects of a Compari.3r-n of Shipboard Cranes
and Burtoning Gear in Service", Publication #592, Recent
Research in Maritime Transportation, National Academy of
Sciences.
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REDUCTION IN CUBE REQUIRING TRANSPORT

1. DEFINITION OF THE MEASURE: Reduction in cube requiring transport
is the proportional change in volume of payload awaiting delivery.
Input data are the volume (in cubic feet or meters) of payload at
two observed timepoints (Cl, C2 ) and the interval between timepoints.
Relation of output to input is:

C2 - Cl
Cl

reduction in cube requiring transport = elapsed time

2. DIMENSION OF TUE MEASURE: Ratio -- Output is in terms of propor-
tional reduction per time period, such as .25 reduction per day.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero
to unity. The resolution of the measure depends in part on the pre-
cision of time measurement. The usefulness of the measure improves as
the elapsed time lengthens, but the measure cannot be dissociated fromthe specified time interval because the rate of reduction may change.

4. RATIONALE FOR THE MEASURE: The measure addresses the effectiveness

of a transport system in the sense that rapid reduction of backlog is
an indicator of success in transport.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to eval-

"uate Lranspoct systems.

6. ASSOCIATED MEASURES:

Cargo handling rate

VT~me to resupply
Supply throughput effectiveness
Payload rate

7. REFERENCES:
ACN 02330, Subsistence and Food Service for the Army in the

Field
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DIMENSIONAL CARRYING CAPACITY OF CARGO BED

1. DEFINITION OF THE MEASURE: Dimensional carrying capacity of cargo
bed is the cubic payload carrying capacity of a tactical transport
vehicle. Input dataare the height (11), length (L), and width (W) of
the bed. Relation of output to input is;

dimensional carrying capacity = H x L x W

2. DIMENSION OF THE MEASURE: Interval -- Output is in terms of cubic
meters, feet, or inches.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may be any
positive number. The output actually represents a maximum capacity

not taking into account unused space because of the weight or shape
of the payload.

4. RATIONALE FOR THE MEASURE: The measure is an indicator of the
transport effectiveness of a vehicle, or a transport unit.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
compare transport systems on dimensional capacity, or used in a
computation of expected number of vehicles or runs required.

6. ASSOCIATED MEASURES:

Meantime to resupply (.
Mean payload

.eY 7. REFERENCES:
ACN 16494, Family of Army Vehicles Study
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PERCENW CARGO UNITIZATION

1. DEFINITION OF THE MEASURE: Percent cargo uMitiZation is the percen-

tage of cargo by volume or weight that is unitized. Unitized is defined

as packed on pallets or containerized. Input date are the total volume

or weight of cargo handled (T) and the same melsure of total cargo

unitized (U). Relation of output to Input is:
U

percent cargo unitization - x 100

2. DIMENSION OF THE MEASURE: Ratio -- output is a percentage of total

cargo

3. LIMITS ON THE RANOE OF TIHE EASURE: The output may vary from zero

to one hundied percent. A difficulty in applying the measure is the

necessity of measuring different categories of cargo in a common unit

such as tons or cubic feet or meters.

4. RATIONALE FOR THE MASURE: The measure addresses one aspect of

cargo handling effectiveness. In this respect, it is subordinate to

higher level cargo handling measures concerning amount and timeliness

of transport.

5. DECISIONAL RELEVANCE, OF THE MEASURE: The ixeasure may be used to

determine whe ''r ineffectiveness in a transport system in a higher mea-
S~sure is due -, lack of unitization.

6. ASSOCIATED WEASURES:

Propor ion or su ly Time to resupply
r qu fomens mr

Percent supply requests Resupply rate

filled

7. REFERENCES:
ACN 06534 - Transportation Service Study, TASTA - 70, Jan 67

"4-99

W- "r••rI,..7 TF-•:• • , .• •- .• ... . -' ••• ••• • . . .---.. '.•:• . . .. ... .... , ... . .• . ,• . .. ,



NUMIBER TRANSPORT AIRCRAFT REQUIRED

1. DEFINITION OF THE MEASURE: Number aircraft required Is the number
of aircraft required to perform a specific transport task. Input data
are:

L - amount of load to be transported (tons or number passengers)
7 - round trip flying time (hours)

AL - allowable load per aircia;ft (tons or passengers)
U - utilization rate (hours per aircraft)
A - allowable time to complete transport task (hours)

L x 1number transport aircraft required - (AL x U) x A

2. DIMENSION OF THE MEASURE: interval -- output Is in terms of number
of a ircraft

3. LIMITS ON THE RANGE OF THE MEASURE: Output may vary from one to
any positive integer. If different aircraft with different allowable

loadG are used, the terms AL and U must be expanded to express
n plowable utilization.

4. RATICNALE FOR THE MEASURE: The measure indicates productivity of
a transport aircraft system.

5. DECISIONAL RELEVANCE OF THE MEASURE: The imeasure can bc used to
compare effectiveness of alernate air transport systems, or perhaps Tk
to select the optimum aircraft type for a task.

6. ASSOCIATED MEASURES:
Time to completion

7. REFERENCES:
No ACN - "Mobllity System Planning Compendium", Oct 68
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AIRCRAFT CAPABILITY INDEX

1. DEFINITION OF TIHE MEASURE: Aircraft capability index is an index
number of amount of aircraft productivity by time. Input data are:

N - number aircraft used
U - utilization rate (hour per day aircraft used)
A - number of days
L - allowable payload
T - round trip flying time

Relation of output to input is: 14 x U x A x L
aircraft capability index - TT

2. DIMENSIONS OF THE MEASURE: index number-- output is a pure number
expressing capabl ity

3. LIMITS ON THE RANGE OF THE MEASURE: Input values must be in like
units, such as all loads in tons, all times in days and hours. The
output can be zero or any positive number. The output is meaningful
if none of the terms in the numerator are zero, and becomes more

meaningful as the values are higher.

4. RATIONALE FOR TI11 MEASURE: The index number combines several
relevant factors of aircraft: capability Into a convenient index

( number. Other combinations of the same facLors might be useful.

5. DECISIONAL RELEVANCE OF THiE MEASURE: The measure can be used
to compare systems involving several aircraft in terms of load-
carrying capability.

6. ASSOCIATED MEASURES:
Tons per day
Cargo handling rate
Sortie rate
Aircraft payload

7. REFERENCES:
none -- this is a potential measure.

I i
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OPERAT IONAL READ INESS

1. DEFINITION OF THE MEASURE: Also called "OPERATIONAL AVAILABILITY".
Operational readiness or availability is the number of ready vehicles,
aircraft, weapons, or other unit of measure available for operations
divided by the total number in the organization or fleet, multiplied
by 100. RelAtion of output to Input is:

operational readiness - number available for operations 100
number assigned

2. T)IMENSION OF T'HE MEASURE: Ratio -- proportion of items assigned
that are ready, multiplied by 100 to ensure two significant digits q

to the left of the decimal.

3. LIMITS ON THE RANGE OF THE MEASURE: Both the numerator and the
denominator must be counted in the same unit of measure. Output takes
any value from zero to one hundred. Larger values of the denominator
give more refinement to the measure. The i asure refers to a given
moment in time, but if successive measures are taken over time, the
MOE may be referred to as "expected operational readiness."

4. RATIONALE FOR THE MEASURE: This measure addresses readiness
directly, which is considered a significant component of capability
or potential.

5. DECISIONAL RELEVANCE OF THE MEASURE: The outpqt can be compared ,
to 100% readiness or to a standard for decisions irvolving problems
in capability. Or outputs of different units can be compared directly
for measures of combat service support systems or logistical systems.

6. ASSOCIATED MEASURES:
Reliability
Failure rate

7. REFERENCES:
ACN 10698, Automatic Data Processing Techniques to Support

Army Aircraft Maintenance for the Army in the Field (Jun 67)
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MAINTENANCE FLOAT ITEM AVAILABILITY

1. DEFINITION OF THE MEASURE: Maintenance float item availability is

the proportion of number of items authorized in a maintenance float that are
available. Input data are the number authorized and number available.
Relation of output to input is the quotient, multiplied by 100 to ensure

significant digits to the left of the decimal:

maintenance float number available
item availability number authorized x 100

2. DIMENSION OF THE MEASURE: Ratio -- output is a number Indicating
* proportion.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may vary from

zero to one hundred. The measure is more difficult to apply when items
of different types must be aggregated,

4. RATIONALE FOR THE MEASURE: The measure is an Indicator of how
nearly fully stocked the maintenance float Is kept.

5. DECISIONAL RELEVANCE OF THE MEASURE" The measure is used to evaluate

effectiveness in keeping the float resupplied. It must be noted that
it is not a measure of effectiveness of maintenance because the most

ideal maintcnance system would always have exactly zero maintenance
float items.

6. ASSOCIATED MEASURZS:
Mean time to repair
Mean time to restore to service
Percent maintenance requests met
Operational availability

7. REFERENCES:
ACN 10698, "Automatic Data Processing Techniques to Support

Army Aircraft Maintenance for the Army in the Field" Jun 67
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MEDICAL DEMAND TRANSACTION PROCESSING TIME

1. DEFINITION OF THE MEASURE: Medical demand transaction processing
time is the elapsed time required to communicate and process demand
transactions between nodal points in COMMZ and Field Army. Input data

* are the start time and completion time. Relation of output to input
is the subtracted difference:

processing time = (completion time) - (start time)

* 2. DIMENSION OF THE MEASURE: Interval -- An elapsed time in hours.
Alternately the measure could be takn as a ratio measure, such as
"mean medical demand transaction processing time."

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may assume
any positive value. (The current system takes 728 to 1400 hours.)

4. RATIONALE FOR THE MEASURE: This measure addresses the timeliness
aspect of one factor in medical resupply.

* 5. DECISIONAL RELEVANCE OF TIE MEASURE: The measure may be used to
evaluate proposed improvements in the medical resupply system.

6. ASSOCIATED MEASURES:
Reporting time
Time to resupply

7. REFERENCES:
ACN 00004, A Method for Integration of Medical Accounting,

*i Reporting, Supply and Regulating of the Army in the Field into ADSAF-CS3
Program.

41

* .I.



HOSPITAL EFFICIENCY INDEX

1. DEFINITION OF THE MEASURE: Hospital efficiency index is a
combination of utilization factors expressed as a Measure of
Effectiveness Index. This index is directly proportional to
the number of personnel assigned and the percent of beds occupied
and inversely proportional to patient working time. Input data are:

Pb - the percent of .beds occupied within the medical
facility 0% to 100%.

E - the optimal utilization of critical MOS withinthe medical facility (60%).
Ai - the actual utilization of the critical MOS

within the medical facility.
w - the average Vatient waiting time.
n - number of MOS a

Relation of output to Input is: n

hospital efficiency index Pb (1 (Ei Aj
w

2. DIMENSION OF THE MEASURE: index number -- combination of
relevant factors

3. LIMITS ON THE RANGE OF THE MEASURE: The index can assume any
positive value.

4. RATIONALE FOR THE MEASURE: This index provides an expression
forcomputing the efficiency of operation of a given aedical
facility in terms of the utilization of available facilities,
"personnel, and patient waiting time.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used as
the criterion for determining how the use of hospital resources
(personnel and equipment) can be improved.

6, ASSOCIATED MEASURES:
Hospital flexibility index

7. REFERENCES:
Evaluation of Final Report, Field Evaluation, Combat
Support Hospital (TOE 8-123), Medical Service Agency

-1I
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HOSPITAL FLEXIBILITY INDEX

1, DEFINITION OF THE MEASURE: The hospital flexibility index is a
combination of capacity, requirements and capability expressed as a
Measure of Effectiveness Index. This index is defined as the ability
of the hospital to react effec'tively to any enemy threat or attack
with appropriate and adaptable actions under existing circumstances.
Input data are:

D - the total number of admissions during the period of
operation of the medical facility.

C - the total available capacity of the hospital consistent
with the type category of unit.

Pb- the percentage of bed occupancy In the hospital,
0b to 1007.p

El- the optimal utilization of the critical MOS personnel
in each patient care area of the hospital (.60)

Ai- the observed utilization of critical MOS personnel in
each patient care area of the hospital (.0 to .60)

Relation of output to input is:

hospital flexibility index - i -- (El - Ai)j ph

2. DIMENSIONS OF THE MEASURE: Index number -- combination of relevant
factors

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value, but will be a fraction between zero and one unless
admissions greatly exceed capacity.

4. RATIONALE FOR THE MEASURE: Thig Index is used to compute the
flexibility index of a given support hospital. For a given size
medical facility with a stated evacuation policy and stated qedical
workload, the degree of flexibility can be determined. it provides
the planner/manager with an accurate means of determining the
desired efficiency rate and flexibility rate based on daily medical
workload and evacuation policy.

5. DECISIONAL RELEVANCE OF THE MEASURE: This index is used as a means
for checking points of primary concern to the planner/manager
to determinq the adequacy of the medical facility. The planner/manager
is primarily concerned with the value of the index between 0.0 and 0.5.

6. ASSOCIATED MEASURES:
Admission rate Hospital efficiency index
Hospital capacity Mean evacuation time

7, REFERENCES:
Evaluation of Final Report, Field Evaluation, Combat Support
Hospital TOE (8-123).
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BULLDOZER CUBIC MOVEMENT RATE

1. DEFINITION OF THE MEASURE: Bulldozer cubic movement rate is an
index number based on the amount of cubic feet of earth moved by
bulldozers in a specified time period. Inpit data are:

W width of dozer blade (feet or meters)
D - working depth of dozer blade (feet or meters)
P - push distance (feet or meters)
T - turn-around tIme (cycle including shearing, loading,

returning) in minutes

Relation of output to input is:

Cubic movement rate - WxDxP
T

2. DIMENSION OF THE MEASURE: ratio -- a rate in terms of cubic feet
or meters of earth moved per minute or hour

3. LIMITS ON THE RANGE OF THE MEASURE: The output value can be any
positive number. The rate computed is actually a maximum rate assuming
total efficiency, and has to be multiplied by a fraction indicating
expected efficiency in terms of personnel, environmental, or tactical
hindrances.

4. RATIONALE FOR THE MEASURE: The measure directly addresses pro-
ductivity of tulldozer operations.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate the effectiveness of a bulldozer or unit performing bulldozer
operations.

6, ASSOCIATED MEASURES:
Grader spending rate
Area sprinkling rate

7. REFERENCES:
No ACN - Ettectiveness Analysis of Equipment Mixcs for

Engineer Units
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GRADER SPREADING RATE

1. DEFINITION OF THE MEASURE: Grader spreading rate is thenum!er of
square feet of dirt spread over a given area In an hour. Input data
are'

W - width of working area (ft)

L - worklng distance (ft)
E - a working efficiency function
T - time worked (min)

Relation of output to input is:

WxLxE
grader spreading rate TT

,I DiMENSION OF THE MEASURE: ratio -- putput is irv terms of square
feet per minute

35 1IMITS ON THE RANGE OF THE MEASUR",: The output may assume any
positive valae. The efficiency function has to be defined as a dimen-
less value based on personnel efficiency and job difficulty.

4. RATIONALE FOR TIHE MEASURE: This measure addresses effectiveness
of grader operation in terms of one of the primary aspects of its
productivity. 4,
5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate effectiveness of grader operation.

6. ASSOCIATED MEASURES:
Grader maintenance function

7. REFERENCES:
No ACN- Effectiveness Analysis of Equipment Mixes for

Engineer Units, Logistics Document 19.678B, pp. 216-219
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BUCKET-LOADER EFFECTIVENESS

I. DEFINITION OF TRE MEASURE: Bucket-loader effectiveness is the
observed payload movement rate of bucket-loaders as a proportion of
maximum possible movement rate. Input data are:

t C -capacity of bucket (in cubic feet.)
T - cycle time per bucket lift, including empty return time
C = apocnty of payload cbi fet

M - amount of payload actually moved (in cubic feet)
T time operation observed for measure

Relation of output to input is:
MIT

bucket loader effectiveness 0

C/

2. DIMENSION OF THE MEASURE: RATIO -- A ratio of two rates, the
':•,served rate divided by the possible rate. The output is a pure number.

3. LIMITS ON THE RANGE OF TtIE MEASURE: The output may be zero or any
positive fraction. It is necessary to measure both productivity values
in the same unit (cubic feet) and both time measures in the same unit
(hours or minutes) as appropriate The measure increases in usefulness
as the amount of time observed increases. /

. 4. RATIONALE FOR THE MEASURE: The mcasure is a direct computation of
how much work is producea as a fraction of the maximum amount that could
be produced.

4.".

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate the effectiveness oE bucket-loaders, or bucket-loader operations
with several machines.

6. ASSOCIATED MEASURES:

Actual/Potential Productivity Ratio
Earth Movement Rate (bulldozer)
Grader Spreading Rate
Water Distributo" Sprinkling Rate

7. REFERENCES:
No ACN, Effectiveness Analysis of Equipment Mixes for Engineer

Uni ts.
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WATER DISTRIBUTOR AREA SPRINKLING RATE

1. DEFINITION OF THE MEASURE: Water distributor area sprinkling rate
Is the amount of area sprinkled by a water distributor in a specified
time period. Input data are:

W - width of water sprinkler bar (feet or meters)
D - distance traveled by distributor while unloading one

tankful of water (feet of meters)
T - turnaround time (time to fill, transport, empty, and return)

in minutes

Relation of output to input:

Sprinkling rate D
T

2. DIMENSION OF THE MEASURE: ratio -- a rate in square feet or meters
per minute or hour

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value. The measure is actually a computation of maximum
rate, and should be multiplied by a fraction representing the degree
of expected efficiency after taking into account personnel, environ-
mental, and tactical factors.

4ý RATIONALE FOR THE MEASURE: This measure directly addresses pro-
ductivity of a water distributor.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate a water distributor or a unit engaged in sprinkling operations.

6. ASSOCIATED MEASURES:
Bulldozer cubic movement rate
Grader area spreading rate

7, REFERENCES:
No ACN - Effectiveness Analysis of Equipment Mixes forEngineer Units J

I
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PRODUC'rlViL RATE (COMPACTOR TOOL)

rI r

I. DEFINITION OF TUE MEASURE: The productivity rate of the compactor
tool is the amount of square feet of earth compacted per hour. Input
data are thu number of square feet compacted and the number of hours
worked. Relation of output to input is:

numbeK square feet compactedcompacting rate - ubr or

2. DIMENSION OF TILE MEASURE: Ratio -- Output is a rate in terms of
square feet per hour.

3. LIMITS ON TIIE RANGE OF THE MEASURE: The output may be zero or any
positive value. A criterion for adequately compacted earth has to oe
defined.

4. RATIONALE FOR THE MEASURE: This is a direct performance measure
of productivity of the engineer compactor tool.

5. DECISTONAL RELEVANCE OF THE MEASURE: The performance measure can be
used to compare tools or units with compactor tools. Or the observed
compacting rate can be divided by the maximum possible compacting rate

.(based on physical properties of the tool) for an effectiveness measure.

6. ASSOCIATED MEASURES:

Actual/potential productivity ratio
Bucket- loader effecýiveness
"Earth movement rate (bulldozer)
Grader spreading rate
'Water spreading rate

7. REFERENCES:

No ACN, Effectiveness Analysis of Equipment Mixes for Engineer
Units.

4
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NUMBER OF ORDERS ISSUED

1. DEFINITION OF THE MEASURE: Number of orders issued is the simple
number count of the orders issued for a given operation. Input data is
the number of orders.

2. DIMENSION OF THE MEASURE:

INTERVAL -- number of orders

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
positive value. The value of 'the output is a function of several
factors and can not be dissociated from the conditions under which
the measure was taken.

4. RATIONALE FOR THE MEASURE: This measure directly addresses the amount
-' of command and control, and is considered an indication of the amount

needed which relates to the cost or burden of command and control.

5. DECISIONAL RELEVANCE OF THE MEASURE; The measure may be used to
compare alternative command and control systems under the same conditions.

6. ASSOCLATED MEASURES :

- Changes per order Planning time
Repetitions per order Pet actions initated in time

7. REFERENCES:

ACN 3067 - Infantry Rifle Unit Study (IRUS) 1970-75, 15 Aug 67
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REQUIRED N1UMBER COMMANDS

1. DEFINITION OF THE MEASURE: Required number of commands is the
sImple number count of conmmands necessary to accomplish a stated
mission. Input data is the total count of commands.

2. DIMENSION OF THE; MEASURE: Interval -- A simple number count of
commands. The measure could be taken in the form of a ratio, such as
the average number of commands per mission, per objectiveU, or per hour.

3. LIMITS ON THE RANGE OF THE MEASURE" There is no apparent limit on
the output value; it can assume the value of zero or any positive Integer.
There is a serious limitation on the application of the measured output.
It can only be applied in circumstances very similar to the circumstances
under which it vas observed.

4. RATIONALE FOR TIH MEASURE: This measure can address difficulty in
command and control in the sensc that more commands may be required when
command and control is more difficult. Alternatively it the difficulty
of command and control is nol variable, this measure may be ai indication
of facility In issuing commands.

5. DECYSIONAL RELEVANCE OF THE MEASUZE, The measure may be usod to
compare coilunand and control systems in effectiveness when conditions
causing commands are relatively stable. In the referenced study it was
used to determine whether new devices complicated command and control by
requiring more commands.

6. ASSOCIATED MEASURES:
Changes per order
Reaction time (time to order)

7. REFERENCES:
ACN 12944, Exploratory Examination in Night Operations Field
Experiment 71.4 - Jun 68
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REPETITIONS PER ORDER

I. DEFINITION OF T1iE MEASURE: Repetitions per order is the arithmetic
mean of number ot repetiLions for each order issued. input data are
the number of orders issued and the number of repetitions of the same
order (or part of an order) issued before the execution of the order
is completed. Relation of output to input is:

r (number of repetitions issued each order)
number of orders issued

2. DiMENSION OF TiE MEASURE: Ratio -- An average in terms of
repetitions per order.

3. LIMITS ON THE RANGE OF Tl1E MEASURE: The output value may be zero or
any positive number. The usefulness of the measure increases as the
size of the denominator increases.

4. RATIONALE FOR THE MEASURE: The measure addresses effectiveness of
command and cotitrol indirectly. While some repetitions of orders (or
parts of orders) are ordinarily to be expected, and unusually high
average of changes indicates difficulties in command and control.

5. DECISIONAL RELEVANCE OF TiHE MEASURE: The measure may be used to
compare conmAand and control systems on one aspect of effectiveness
when other conditions are eHLuivAlvLt.

"6. ASSOCIATEi) MEASURES:

Change per order Planning time
Rate of orders Mean length of orders

7. REFERENCES:

ACN 3067, Infantry Rifle Unit Study (IRUS) 1970-75 - 15 Aug 67
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CHANGES PER ORDER I
I. DEFINITION OF THE MFASURE: Changes per order Is the arithmetic
mean of number of changes for each order issued. Input data are the
number of orders issued and the number of changes made before execution
of the order is completed. Relation of output to Input is:

e (number of changes issued each order)changes per order number of orders issued

2. DIMENSION OF THE MEASURE: ratio -- an average In terms of changes -

per order

3. LIMrIS ON TIIE RANGE OF THE MEASURE: The output value may be zero
or any positive number. The usefulness of the measure increases
as the size of the denominator increases.

4. RATIONALE FOR THE MEASURE: This measure addresses effectiveness
of command and control indirectly. While some corrections to orders
are ordinarily to be expected from a normally changing situation, an
unusually high average number of changes Indicates difficulties in
command and control.

, . DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
compare command and control systems on one aspect of effectiveness
when other conditions are equivalent.

6. ASSOCIATED MEASURES:
Repetitions per order Planning time
Rate of orders Mean length of orders

7. REFERENCES:
2 ACN 3067 - Infantry Rifle Unit Study (IRUS) 1970-75, 15 Aug 67 A
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DEFINI TIOO WARNING ORDERS TO OPORDERS

t1. DEFINITION OF THE MEASURE: Ratio of warning orders to operation

orders is the number of warning orders divided by the number of op r

ation orders. Input data are the number of operation orders (in-
cluding fragmentary orders) and numbcr of warning orders. Relation
of output to input is the quotient:

ratio warning orders 'to operation orders -

number warning orders
number operation orders

2. DIMENSION OF THE MEASURE: Ratio -- The output is a pure number
expressing a ratio.

3. LIMITS ON THE RANGE OF TIHE MEASURE: The output value may vary

from zero to unity.

4. RATIONALE FOR THE MEASURE: The measure addresses one aspect of
effectiveness of command and control, the issuance of warning orders

prior to operation orders to assist reaction time. It is assumed
- that the higher the ratio is, the more effective is command and

control.

5, DFCISIONAL RELEVANCE OF THE MEASURE. The measure is used to
evaluate a command and control system. It is a secondary measure V

in the sense that it indirectly addresses something that can be

w measured directly, reaction time. It has been used to measure level
of training.

6. ASSOCIATED ML.SURES:
"Number orders issued

Planning time forwarded
* Time to decision

Reaction time

7. REFERENCES:
No ACN - Reserve Components Revised ATT, USCONARC, Mar 72
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TIME TO DECISION

1. DEFINITION OF THE MEASURE: Time to decision is the proportion of
time from receipt of mission to time of executing action that is
devoted to the commander's decision. (This measure also called
PLANNING TIME.) Input data are the time of receiving the mission
(tr), time order is approved (to) which is counted as the final de-
cision, and time execution of the ordered action is to start (te).
Relation of output to input it:

time to decision = to-tr
te-tr

2. DIMENSION OF TUE MEASURE: Ratio -- Output is a pure number ex-
pressing the proportion of total time available devoted to reaching
a decision.

3. LIMITS ON THE RANGE OF TWE MEASURE: The output may vary from zero
to unity. It could only be zero if the order is given without planning
or consideration, and could only be unity if the order were not com-
plete by the time the ordered action was to start.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of

the conueand and control system, the amount of time consumed in planning
and preparing the order. It is assumed that a more effective command
and control system (including commander, staff, SOP's, and assisting_(
technology) requires less of the available time for finalizing the '

order.

5. DECISIONAL RELEVANCE OF THE MEASULE: The measure is used to eval-

"uate a command and control syste-

6. ASSOCIATED MEASURES:
Number orders required
Planning time forwarded
Changes per order

7. REFERENCES:
None - this is a potential measure
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TIME FROM MISSION 1T ORDER

I. DEFINITION OF THE MEASURE: Time from mission to order is the
elapsed time at one echelon of command from the moment of receiving a
mission. from the next higher echelon to the moment of issuing the
responsive order to the next lower echelon. Input data are the two
chronological times. Relation of outpuL to input is the subtracted
difference:

time from mission to order * moment of issue of order minus
moment of receipt of mission

A 2. DIMENSION OF TRE MEASURE: Interval -- An elapsed time in minutes,
hours, or days as appropriate. Several observations could be combined

S t into a ratio measure such as the mean time or expected time.

3. LIMITS ON T11E RANGE OF THE MEASURE: The output may assume any
positive measure. Since the main factors are nature of the mission
and the echelon involved, the output value can not be separated from
the conditions and these should probably be stated with the value, as
for example, time from receipt of attack mission to battalion order.

4. RATIONALE FOR THE MEASURE: The measure directly addresses the
timeliness of the command function. It includes planning time, decision
time, and time to prepare and disseminate the order. It subsumes most

d of the important factors of difficulty in the command function, but
ki ' •does not include the factor of quality or soundness of the order.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
compare alternative command and control systems on the timeliness
aspect of effectiveness. Since the soundness of the order is not
included, this measure would not be expected to stand alone, but. would
be used in conjunction with other measures.

6. ASSOCIATED MEASURES:
Planning time Time to prepare order
Decision time Dissemination time

(Any measure of soundness of order)

7. REFERENCES:

ACN 3067, Infantry Rifle Unit Study (IRUS) 1970-75 - Jul 69
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PERCENT i'IANNNING TIME FORWARDED

1. DEFINITION OF THE MEASURE: Percent planning time forwarded is the
percentage of total planning time available that an echelon allows to all
lower echelons. Input laca are the total time from receipt of a missioni ~(R) to time ordered to start execution (E), and time from receipt of
mission (R) to issuance of the related order (0) to the next lower echelon.

Relation of output to input is:

R - 0
Pct planning time forwarded R - E x 100

2. DIMENSION OF THE I•EASURE: Ratio -- output is a percentage of total
preparation time allowed. Several observations could be combined to "mean
percent planning time forwarded".

3. LIMITS ON THE RANGE OF THE MEASURE: Output can vary from zero to one
hundred percent. It would be close to zero only when the order is given
immediately to execute a contingency plan, or when an SOP is implemented.
It would be 100% only if the echelon issuing the order used up all the
preparation time, not issuing the order until the intended time of execution
had come.

4. RATIONALE FOR THE MEASURE: The measure addresses effectiveness of command I
and control by assessing how quickly planning is completed on an order Q J
issued in relation to the time available. Infantry School instruction includes
the policy that each echelon should allow the next lower echelon 50% of the
time it had available s- that if a division receives a mission to attack in
24 hours it should have •ts attack order to the brigades within 12 hours,
the brigades should issue orders to the battalions with 6 hours and so forth,
This measure is superior to elapsed planning time which is only a measure
of performance. This MOE is truly a measure of effectiveness because the
best possible performance (zero percent) is included in the measure.

5. DECISIONAL RELEVANCE OF THE NEASURE: This MOE is intended to assess
the effectiveness of a command and control systern. It takes into account
planning time, decision time, and time to prepare and disseminate orders.

6. ASSOCIATED MEASURES: Elapsed planning time
Time to decision

7. REFERENCES:
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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PERCENT ORDERS CLARIFICATION REQLUSTED

I. DEFINITION OF TIHE MEASURE: Percent orders clarification requested
is the percentage of total orders issued including fragmentary
irders, for which any subordinate element requested clarificution.
"Input data are the uumber of orders issued and the number of those
orders for which one or more subordinate elements requested
clarification in whole or part. Relation of output to input is:

r percent orders number orders clarification revuested
clarification =number o orders issued--
requested

2, DIMENSION OF THE MEASURE: Ratio -- output is a percentage, in
terms of percentage of orders.

S3. LIMITS ON THE RANGE OF T11E MEASURE: The output can assume any

value from zero to one hundred percent. The measured is not very
refined in that it ignores the effect of more than one request 'er
order, ignores the possibilities of most requests coming from the
same subordinate; and makes no distinction betdeen minor poirts and
crucial ambiguities. A more refined measure could be cons'=ructed to
take these into account.

d 4. RATIONALE FOR THE MEASURE: The measure addresses quality of

the command and control system indirectly by assessing the clarity of
orders. It is assumed that a more effective command and comtrol
system has fewer requests for clarification.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is ,.sed to
evaluate effectiveness of a conanand, control, and communucatlons
system when the system is defined as including both consuaander and
subordinates, The measure cannot be used alone because g.:eeer dela:
could increase clarity. This measure is used in conjunction with
a timeliness measure.

6. ASSOCIATED MFASURES:
Time to decision Changes per order

-r Planning time forwarded Repetitions per order
Span of control Reaction time

* •7. REFERENCES:
NO ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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PROPORTION FRIENDLY ELEMENTS ENGAGED j
1. DEFINITION OF THE MEASURE:. Proportion friendly elements engaged is
the quotient of the number of friendly elements erroneously engaged by
fire to the atumber of all such friendly elements. Input data are the
number of erroneous firing incidents and the total number of friendly
elements. Relation of output to input is:

proportion friendlyelements engaged number erroneous fires on friendly
number friendly elements

2. DIMENSION OF THE MEASURE: Ratio -- Output is a proportion in
decimal form.

3. LIMITS ON THE RANGE OF TBE MEASURE: A proportion can vary from
zero to one. The measure is made more complex if it includes different
types of friendly elements.

4. RATIONALE FOR THE MEASURE: This measure addresses one of the
most catastrophic failures in commnani-control-cowmunications, the
erroneous firing on friendly elements. In the referenced study it was
applied to mistaken engagements of friendly aircraft by friendly air
defense weapons.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful in
assessing the accuracy of command-control-communications in the
situation where erroneous fire on friendly elements is possible in

S the event of failure.

6. ASSOCIATED MEASUPES:
Required number commands Mean dissemination time

j Changes per order Percent transmissions completed
Percent orders clarification requested

7. REFERENCES:
ACN 10784. Troop Test REDEYE, 1967
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MEAN DISSEMINATION TIME

1, DEFINITION OF THE 1EASURE: Mean dissemination time is the time
required to disseminate an order, directive, or warning to all

elements at the next lower echelon of command. Input data are each

time ths order is approved and each time the last immediate subordinate

headquarters acknowledges receipt. Relation of output to input is:

mean dissemination . Ef(each time aPprov'al) -(each time acknowledgeý9

time number orders

2. DIMENSION OF THE MEASURE: ratio -- output Is an arithmetic mean

In terms of averaige number of minutes and seconds

3. LIMITS ON THE RANGE OF-THE MEASURE: The measure may assume any

positive value. The value is usually in terms of minutes since the

only time involved Is the time required to deliver or transmit n

single message. A convention must be established, for the possibility

that an element fails to receive an order.

4, RATIONALE FOR THE MEASURE: The measure addresses one aspect of

command and control directly, timeliness of disseminating orders.

This Is one area of command and control that can be expected to

Improve with technology.

5. DECISIONAL RELEVANCE OF THE MEASURE, The usual application of

the measure Is evaluation of proposed technology to assist command and

control. The time measure does not stand alone but has to be used in

"W ~conjunction with a measure of accuracy.

6. ASSOCIATED MEASURES:
Repetitions per order
Changes per order
Span of command

7. REFERENCES:
ACN 16849, MASSTER II Test
ACN 17036, MASSTER III Test

ACN 10784, Troop Test RIEDEYE
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PERCENT ACTIONS INITIATED Bi iIt; ORPERED

1. DEFINITION OF THE MEASURE: Percent actLn• i,<tiated by time ordered
is the percentage of all actions initlated in r(sioasc to orders that
are initiated within the time specified by tic' urder. (If the order
does not specify a distinct time, it is counted i initiated or. time
regardless of delay), Input data are the tim• orliered and the times
action is initiated. Relation of output to infL;t is:

percent actions - number actions I: i ataed by time ordered X 100
initiated on time number ateAons ordered 1

2. DIMENSION OF THE MEASURE: ratio -- output 1 'in the form of a
percentage

3. LIMITS ON THE RANGE OF THE MEASURE: The outiput -.zn assume any
value from zero to one hundred pe.:cent. The usefuliae'-s of the measure
increases as the number of orders in the denominator •[ith specified
times increases.

4. RATIONALE FOR THE MEASURE: This measure addressos the timeliness
of reaction to orders.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be an
indication of the effectiveness of command and control in the sense
that when other tactou-s are equal bettear command and control leads to
faster reaction. This may make the measure useful in comparing
alternative systems of command and dontrol. Alternatively command
and control may be held constant and this measure may distinguish
between reaction systems.

6. ASSOCIATED MEASURES:
Time to first fire Planning time
Changes per order Mean length of orders
Repetitions per order Percent moves completed on time

7. REFERENCES:
ACN 3067 -Infantry Rifle Unit Study (IRUS) 1970-75, 15 Aug 67
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NUMBER OF OPTIONS REMAINING

1. DEFINITION OF THE MEASURE: Number of options remaining is the
number count of options available to a decision-maker. Input data are
the number of decision points open (di), the numbp.r of options for
each decision point (0) and the nuber of decisions (n). Output is:

number n

options - (d )(0) + (d 2 )(O 2 ) + • , • (d)(On) r (d o0)
.remaining 2 2i

2. DIMENSION OF THE MEASURE: Interval -- The output is a positive
potential number of options. It can be used in the form of "proportion
of options remaining."

3. LIMITS ON THE RANGE OF THE MEASURE: The output is a positive integer
equal to or greater than twice the number of decision points. There is
often some difficulty in determining the two input values and some
tendency to estimate an infinite or very high number of options for a

decision point.
t

4. RATIONALE FOR THE MEASURE" The measure is a direct indication of
the amoint of flcxibility left to a commander. It is based on the theorem
that more options is always more desirable.

S. DECIhlONAL RELEVANCE OF THE MEASURE: The measure is intended to
gauge the effectiveness of a conrnand and control system. In the form

"proportion of options remaining" the situation is compared to the
V !number of options available before a decision was made.

6. ASSOCIATED MEASURES:
Amount of information conveyed
Time to decision

7 REFERENCES:
No ACN - "Candidate MOE for Air Strike Systems," Naval

SWeapons Center Document #TP4687.
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PROPORTION FIRE REQUESTS BEYOND RANGE

* 1. DEFINITION OF THlE MEASURE: Proportion fire requests beyond range is
the proportion of all fire missions requested (or required in the case
of a simulation) that are not fired because target is beyond range. Input
data are total number of fire missions required and number denied because
target is beyond rane. Relation of output to input is:

proportion fire " (ar. reg's) - (nr. denied for range)
requests beyond range nr. req's

2. DIMENSION OF THE MEASURE: Ratio -- output is a fraction expressing pro-
portion.

3. LIMI'IS ON '[1iE RANGE OF THE MEASURE: Output can vary from zero to
unity.

4. RATIONALE FOR THE MEASURE: This measure is a direct assessment of
the effectiveness of a firepower system in meeting requirements, taking
raogu into qccount.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate a firepower system. Indirectly, it may be used to evaluate a j
command and control system because the largest single factor in the
measure may be deployment of fire suppuCt in relation to the suipported
force mission. .

6. ASSOCIATED MEPASURES: Percent fire request met

Maximum effective range
Area coverage

7. REFERENCES:
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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COMMUNICATIONS PERFORMANCE INDEX

1. DEFINITION OF THE MEASURE: This communications index is q weighted
sum of ft communications system's performance in relation to its require-
ments. Input data are the relative weights of each requirement
(WI...Wn) and the performance (PI...Pn) observed in each requirement

(Rlo .Rd). Relation of output to input is:

index WI (a) +R 2 (a W -a) z[
R2 i-i

Examples of system requirements are: direct connunications capacity,

organic communications equipment, conference call capability, specific
range, security, mobility, message hard copy, dependability, and

vulnerability, each of which is measured directly or rated by evaluators
on a comnmon scale.

2. DIMENSION OF THE MEASURE: Index -- A weighted sum.

3. LIMITS ON THE RANGE OF THE MEASURE: The values assumed by the output
depend on the performance/requirements scale and weights. The

maximum value is n times the maximum scale, times the total weight. The
measure is limited by the selected of requirements and weights.

4. RATIONALE FOR THE MEASURE: The measure is intended to combine

performance in all requirements to preclude over-valueing some requirements.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to

compare alternative communications systems.

"6. ASSOCIATED MEASURES.
Percent messages completed
Communications system capacity

7. REFERENCES:
ACN 02747, "Theater Army Communications Systems Requirements,

1965-70."
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PERCENT TRANSMISSIONS COMPLETED

1. DEFINITION OF THiE MEASURE: Percent transmissions completed is the
percentage of all communications transmissions attempted that are com-
pleted. Input data are the number of attempts to transmit a message
(T) and the number of these attempts that are completed (C). Relation
of output to input is:

IC

percent transmissions completed = C X 100S~T

2. DIMENSION OF TEE MEASURE: Ratio -- Output is a percentage of
transmission attempts.

3. LIMITS ON THE RANGE OF THE MEASURE: The output could vary from
zero to one hundred percent. This measure has a weakness in that it
ignores differences in length and importance of messages not completed.

4. RATIONALE FOR THIE MEASURE: The measure addresses amount of com-
munications directly. It is a true measure of effectiveness because it
assesses what proportion of the best possible performance is accomplished.
Because this measure does not require recording the content of messages,
it is relatively inexpensive to take.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to eval-
uate communications systems. It can be applied to a comparison of
alternative communiications procedures or equipment.

6, ASSOCIATED MEASURES:
Message rate
Message backlog

7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, Feb 67
ACN 03210, TASS Field Evaluation, Jun 71
No ACN - Reserve Components Revised ATT, USCONARC, Mar 72

ACN 10784, Troop Test RUDEYE, 1967
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- Al T IME MESSAGE DF'LIVERY

I. DEFINITION OF TIll. MASURE: Mean time message delivery is the arithmetic
average of the ohse ved times to communicate a message from sender to
addressee. It InrLudes time waiting to get into commiunicattons system,
time lost to unsuccessful attempts, time to copy, receive, and time to

V distribute from message center to addresses. Relation of output to
Input is the total elapsed time:

n

mean time E 'coach (arrival time)-(start time
message delivery number messages

2. DIMENSION OF TiE MEASURE: Interval -- output is an elapsed time
in seconds, minutes, or hours

3. LIMITS ON THE RANGE OF THE MEASURE: The output can be any positive
value. It is usually necessary to subdivide this measure into types of
message both for precedence (FLASH, IFDIATEPRIORITY, ROUTINE) and
means of transmission (radio, telephone, teletype, courier) to make
the output meaningful.

4. RATIONALH FOR TH1E MEASURE: This measure addresses timeliness of
commiunlcations directly. Any difficulties in a communications system
would probably be noticeable in mean delivery times before they can be
detected in grosser measures such as percent messages completed.

5. DECISIONAL RKEVANCE OF THIE 'MEASURE: Thc measure is used to evaluate 4
a eommunscatfons system. It could be used indirectly to evaluate other
systems, for example as a subtle measure of whether a proposed doctrine
or organization results in command, control, and communications problem. i
6. ASSOCIATED MEASURES:

Percent transmissions completed
Message rate
Message backlog

Comnunications system capacity

7. REFERENCES:
AGN 06930, Troop Test Frontier Shield, Feb 67
ACN 03210, TA,)S Field Evaluation, Jun 71
No ACN, Roserve Components Revised ATT, USCONARC, Mar 72
ACN 10784, Troop Test REDEYE, 1967
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MESSAGE RATE

1. DEFINITION OF THE MEASURE: Message rate Is the number of messages
transmitted per time period. Input data are the nunber of messages
transmitted and time elapsed. Relation of output to input is:

number of niessages transmitted
message rate elapsed time

Alternatively, if data is availhble expressing cumulative messages
transmitted as a function of time, the rate can be computed as the first
der ivat lye.

2. DIMENSION OF TIHE MEASURE: Rat.o -- a rate in terms of messagas per
hour or messages per day

3. LIAIITS ON THE RANGE OF THE MEASURE: The output Is not meaningful
until at least one message has been transmitted, and is more stable as
the length of elapsed time increases. The output is any positive value,
and may be frictional. Resolution of the measure depends on unit of time
used.

4. RATIONALE FOR THE MEASURE: This :'asura addresses capacity of a
communications system. It is a performance measure rather than a measure I
of efftctivenoss, but could bc converted to an MOE by dividing observed
performance by maxlnun possible message rate.

5. DECISIONAL REIEVANCE OF TIHE MEASURE: The measure is used to compAre

or evaluate comaunications systems in terms of capacity.

6. ASSOCIATED MEASURES:
Percent transmissions completed
Peak trzffic load

7, REFERENCES:
ACN 06492, Communications - Electronics Study - 75
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MESSAGE BAC¢GLOG

1. DEFINITION OF THE MEASURE: Message backlog is the number of
messages awaiting transmission by a communications system. In its
simplest form, current message backlog, it is a simple number count
of waiting messages, or the difference:

message backlog = messages submitted minus messages transmitted

In the form, peak message backlog, it is the examination of a historical
record of messages submitted and transmitted in each time period for the
time of greatest difference.

2. DIMENSION OF THE MEASURE: Interval -- The output is a number count
,in terms of number of messages. Alternatively if data is available
over time a ratio measure can be computed in terms of "mean message
backlog" or "expected message backlog."

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be zero or any
postive integer. (In ratio iorm it may be fractional and negative.)

4. RATIONALE FOR THE ME.ASUPE: The measure directly addresses the
effectiveness of a communicationm system in terms of amount and
timeliness of production. Furthermore the measure is directly relevant
in tactical terms because message backlog is directly related to tactical

S( success.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate or compare communications systems.
6. ASSOCIATED MEASURES:

N. Message handling rate

Communications system capacity

7. REFERENCES:
ACN 06930, Troop test Frontier Shield.
ACN 17036, MASSTER III Test, Oct 71.

rt
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MEAN NUMBER TRANSMISSIONS REQUIRED

1. DEFINITION OF THE MEASURE: Mean number transmissions required
is the arithmetic average of radio transmissions made each time a

specified type of action is expected. Input data are the number

counts of messages Initiated for each execution. Relation of output
to input is:

mean number (number transmissions per execution)

transmissions required number executions

2. DIMENSION OF THE MEASURE: ratio -- a mean in terms of mean number
of transmissions

3. LIMITS ON THE RANGE OF THE MEASURE: The output can be zero or
any positive value. The usefulness of the measure increases as the
number of repetitions of executing the action increases. The output
value can not be dissociated from the type of action from which it
was derived.

4. RATIONALE FOR 'THE MEASURE: This measure addresses command and
control indirectly. A larger number of transmissions is assumed to
indicate a greater amount of command and control. After normal
variation is averaged out, a/n unusually high mean indicates command/
control difficulties.

5. DECISIONAL RELEVACE OF THE MEASURE: The measure is used to
compare alternative systems in one aspect of command and control burden.

6. ASSOCIATED MEASURES:
* Mean number orders issued

Mean number changes per order

7. REFERENCES:
ACN 13223 - Land Navigation Systems Troop Test, Jul 70
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PERCENT NET CAPACITY UTILIZATION

I. DEFINITION OF THE MEASURE: Percent net capacity utilization is the
percentage of the total capacity of a communications net that is utilized.
Input data are total time in minutes that net is observed and time in
minutes that the net is carrying any traffic. Relation of output to input
is:

percent net
apecenty et time net carries traffic (mrin)

utilization total time net is observed (mi) X i00

2. DIMENSION OF THE MEASURE: Ratio -- Output is a percentage of time,
such as 25% net capacity usage in 24 hours.

3. LIMITS ON THE RANGE OF THE MEASURE: Output can vary from zero to
one hundred percent. Zero percent would indicate an available net not
used; one hundred percent would usually indicate a backlog. Since
capacity usage would be expected to vary over time, the output value
cannot be dissociated from the time period observed.

4. RATIONALE FOR THE MEASURE: The measure is an indication of communi-
cations systems effectiveness in the sense of how much potential capacity
is used. In theory 100% usage is ideal, provided backlog is within
acceptable limits.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measL-e can be used to assess 7

the necessity of a net, as in ACN lb849. More often it is used to
determine whether nets approach overloading, as in ACN's 06930, 17036,

"03210, and 16819. Often the useful figure is not ordinary utilization 40

'I but the percent utilization at peak usage.

6. ASSOCIATED MEASURES:

Mean time message delivery
Message backlog
Message rate
Percent transmissions completed

7. REFERENCES:

ACN 16"49, MASSTER II Test
ACN 17036, MASSTER III Test

i *ACN 06930, Troop Test Frontier Shield
ACN 03210, TASS Field Evaluation
No ACN, Candidate MOE for Air Strike Systems, Naval Meapons

Center Report #TP4687
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I V
f' PERCENT CUM LINKS WITH ALTERNATE ROUTE

1. DEFINITION OF THE MEASURE: Percent comm links with alternate route
* _ is the percentage of all established node-to-node communications links

that also have an existing alternate route for communications. The
alternate may be defined as of the same means only (i.e., wire links

* with alternate wire) or by any means (i.e., wire links with radio, tele-

type, or other alternate means). Relation of output to input is:

percent comm links number links with alternate x 100

with alternate route number links

- 2. DIMENSTION OF THE MEASURE: Ratio -- output is a percentage.

3. LIMITS ON THE RANGE OF THE MEASURE: Output may vary from zero to

one hundred percent. Definition of alternate must be established.
The measure has a weakness in that nodes must be defined so that both a
link and its alternate are not counted as two links each with an alternate
inflating the output value.

4. RATIONALE FOR THE MEASURE: The measure addresses the effectiveness
of a communications system indirectly in gauging its probable resistance
to disruption. This is a secondary measure because its resistance to
disruption can be measured directly by primary measures such as percent

of transmissions completed and mean delivery Lime.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually used to
assess where difficulties in a communications system are when difficulties
are revealed by primary measures. It might, however, be applicable fo'r
measuring potential resistance when it is impractical to compute actual
disruption.

6. ASSOCIATED MEASURES: Percenttransmissions complete4

Mean message delivery time
Message rate
Message backlog

7. REFERENCES :
ACN 03210, TASS Field Evaluation, Jun 72
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72

4.
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COMUNICATIONS INTERCEPTION SUSCEPTIBILITY

I. DEFINITION OF THE MEASURE: Communications interception suscepti-
biliLy is the proportion of messages that can be intercepted. Input
data is the number of messages transmitted under circumstances in
which interception is possible and the total number of messages inter-

Siucepted. Relation of output to input is:

interception susceptibility

number of messages which could be intercepted•i total messages transmitted

"2. DIMENSION OF THE MEASURE: Ratio -- Output is in the form of pro-
"portion of total messages, such as .25 susceptible.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can vary from zero
to unity. In dealing with susceptibility rather than actual observed
success in interception it is necessary to make an educated decision
"as to each message on the basis of the conditions of transmission.

4. RATIONALE FOR THE MEASURE: The measure addresses one aspect of
vulnerability of a communications system. It is noted that this
measure results in the highest possible value, the highest theoretic
proportion.

5. DECISIONAL RELEVANCE OF THE MASURE: The measure is used to eval-
uate communications systems.

6. ASSOCIATED MEASURES:
Percent successful interception attempts

t Percent messages intercepted

7. REFERENCES:
ACN 02908, Field Army Requirements for Tactical Communications,

Oct 66
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PERCENT SUCCESSFUL INTERCEPTION ATTEMPTS

I. DEFINITION OF THE 1AEASURE: Percent successful. interception
attempts is the percentage of attempts to intercept communications
that result in an interception. Input data are number of attempts
and number of interceptions. Relation of output to input is:

percent successful interception attempts

number of interceptions x 100
SnuWmber of interception attempts

2. DIMENSION OF THE MEASURE: Ratio -- Output is a percentage of

interception attempts.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may vary
from zero to one hundred percent. The measure is always limited to
the means used to intercept and cannot be disassociated from the
equipment and procedures used.

4. RATIONALE FOR THE MEASURE: The measure is an indication of the
probable amount of interception that can be done under tactical. cir-
cumstances.

5. DECISIONAL BELEVANCE OF THE MEASURE: The measure is used to

evalhuate the success of a countermeasures system or a counter-
counteimeasures system. It is usually extrapolated in the sense

that if 50% of attempts are successful it is usually surmised that
the interceptor would be able to intercept on half of all attempts

I - if he increased his attempts.

6. ASSOCIATED MEASURES:
Comnunications Interception Susceptibility
Percent messages intercepted

7. REFERENCES:
¶ ACN 17036, MASSTER III Test
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SPERCENT MESSAGES INTERCEPTED

I. DEFINITION OF THE MEASURE: Percent messages intercepted is the per-
centage of all messages transmitted that are intercepted, input data
are the number of messages transmitted and the number of interceptions.
Relation of output to input is:

percent messages intcrcep'-ed = number interce tions
number messages transntted X 100

j 2. DIMENSION OF THE MEASURE: Ratio -- Output is a percentage of all
I messages.

I 3. LIMITS ON TUE RANGE OF THE MEASURE: Output can assume values from
zero to one hundred percent. The usefulness of the measure increases
as the number in the denominator increases. The output value depends
on the circumstances of interception attempts so that the value cannot

be disassociated from the circumstances under which it was derived.

1 •4. RATIONALE FOR THE MEASURE: This measure goes directly to the tactical

aspect of susceptibility to interception. It has more direct tactical
application than theoretic susceptibility or percentage of successful
interceptions because neither of these tells just how much traffic is

lost to interception.

S 15. DECISIONAL RELEVANCE OF TFE MEASURE: The measure evaluates effective-
ness of countermeasures or counter-countermeasures in a tactically relevantn .

sense.

6. ASSOCIATED MEASURES: 1
Communications interception susceptibility
Percent successful interception attempts

7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, 1967

4-3
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MEAN TIME RESPONSE TO JAMMING

1. DEFINITION OF THE MEASURE: Mean time response to jamming is the
arithmetic mean of each elapsed response time to enemy jamming of
friendly communications. Input data are the times of detection of
jamming, times of switching frequency, and number of jamming attempts.
Relation of output to input Is:

mean time eac apsed response time
response to jamming number jaimwings

2. DIMENSION OF THE MEASURE: Ratio -- output is a mean time in seconds
and minutes

3. LIMITS ON THE RANGE OF THE MEASURE: The measure may assume any
positive value. A convention must be established for a jamming
incident that is ended before any response is made,

4. RATIONALE FOR THE MEASURE: The measure addresses effectiveness
of one countermeasure aspect of a communications system.

5. DECISIONAL RELEVANCE FOR THE MEASURE: The measure is used to
evaluate effectiveness of a countermeasure system. This measure does
not stand alone, but is used in conjunction with moasures of effective-
ness of communicatIons, it was used in the referenced sLudy. as d
measure of training.

6. ASSOCIATED MEASURES:
Percent transmissions completed
Mean message delivery time
Message rate

7 REFERENCES:

No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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FIREPOWER

Page Number

AMOUNT OF FIRE
Number rounds fired ' 4-139

Percent of basic load expended 4-140

'Percent targets hit 4-141

Casualties per round 4-142
Rounds per casualty 4-143
Percent target destruction 4-144

Degree of neutralization 4-145

Average number of red tanks killed 4-146

TIMELINESS OF FIRE
SFiring rate 4-147

Time to first fire 4-146

Time to adjust 4-149

Rounds to adjust 4-150

Time to first hit 4-1.51
, •Mean rounds to first hit* 4-152 •

Mean time target engaged 4-153

Average time firing on moving target 4-154

Rate of target destrudtion 4-155

Rounds to completion 4-156

ACCURACY OF FIRE
SProbabiltty of hit 4-157

SProbability of kill 4-15U

Percent rounds hit 4-159

Percent near misses 4-160

Mean offset error 4-161

Circular error probble 4-162

f FIREPOWER POTENTIAL
Military worth index 4-163

Firepower potential (point fire weapons) 4-164

Firepower potential (area fire weapons) 4-16S I

Weapon fractional kill value 4-166 3

Expected remaining tank killing capability 4-167
Percent avenues of approach covered . 4-168

SSmall arms air defense potential, 4-169

44
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ttNUMBER ROUNDS FIRED

1. DEFINITION "OF THE MEASURr: The number of rounds fired is the

number of rounds expended from start to end of engagement. Relation
of output to input Is:

number of - Z (rounds fired)
rounds fired il

2. DIMENSION OF THE MEASUPE: Interval -- A number in terms of rounds,
tons, DOA, or other suitable expressions of ammunition expenditure.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be zero or any
positive value. The meaningfulness of the measure increases as the
time period observed increases. However, the output value cannot be
dissociated from the time period Involved.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of

firepower directly, amount of fire. While it would not ordinarily
stand alone, it can be combined with timeliness and accuracy of fire
to more nearly cover the whole Issue of firepower.

5. DECISIONAL RELEVANCE OF TILE MEASURE: The measure is applicable

on at least two levels. At the system hardware level it can be used
to discriminate among individual weapons in fire capability. At a
higher level it can discriminate among whole units, alternative
proceduris, or largi-r material systems.

6. ASSOCIATED MEASURES:
AnununitIon expended Time to first fire
Remaining ammunition Percent of rounds hit

- i Casualties inflicted Percent of targets hit
"I Loss exchange ratio Circular error probable

7. REFERENCES:
ACN 3067, Infantry Rifle Unit Study (IRUS) 1970-75, Field

Experiment 65.1 - Aug 67
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PERCENT OF BASIC LOAD EXPENDED

I. DEFINITION OF THE MEASURE: Percent of basic load expended is the
amount of ammunition expended as a proportion of basic load. Input
is number count of rounds, tons, or DOA expended, and the number of
rounds, tons, or DOA in the basic load. Relation of output to input
is:

amount expended
pet. of basic load expended = as dS~~amount in basic loadXI0

2. DIMENSION OF THE MEASURE: Ratio -- a quotient of two number counts.

It could be used in the form of a simple decimal proportion or fraction. -
Unit of measure of output is a pure number expressing a ratio.

3. LIMITS ON THE RANGE OF THE MEASURE: -a assume any positive value.
Is limited in applicability to the time period and circumstances ob-
served, so that the measure cannot be disassociated from the conditions
of its measurement.

4. RATIONALE FOR THE MEASURE: This measure addresses cost directly,

and sustainability indirectly.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
distinguish among competing firepower systems of about equal perfor-
mance in other respects. Or it can be used to supplement a description

Sof a firepower system for greater refinement in cost or probable sus-
tainability.

6. ASSOCIATED MEASURES:
Ammunition expenditure rate
Required rate of ammunition resupply

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75.
ACN 06930, Troop Test Frontier Shield, Dec 66.
ACN 03067, IRUS Field Experiment 65.1, Aug 67.
ACN 05546, Army Air Mobility Evaluation, Feb 65.

UA
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PERCENT TARGETS HIT

I. DEFTNITION OF THE MEYSURE: Percent targets hit is the percentage
of all enemy targets presented that are hit by one or more rounds.
Input data are the number of targets presented and the number of targets
hit. Relation of output to input is;

percent of targets hit -nuher targets hit
number targets prcsented

2. DIMENSION OF '1H1E MEASURE: Ratio -- Output is in terms of a per-
centage of targets,

3. LIMIiS ON THE RANGE OF THE MEASURE: The output can assume any
value from zeLo to one hundred percent. The measure is somewhat crude
in the sense that targets with only one hit are counted the same as

targets destroyed by many hits. Furthermore, the aumber of targets
presented must be defined; it may be all enemy, all enemy witbin iangc,
those enemy that might reasonably be considered tactical targets, or

only targets actually fired at.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of
firepower directly, but is only an indirect indication of a.curacy of
fire. It more closely approaches tactical significance than percent

of rounds hitting, but is not as refined a measure. It is easier to
take mcasuren of the casualties inflicted or other measures of damage,
but not as tactically significant. '_ m

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
compare firepower systems on the amount of .irepower in a manner
approaching tactical significance.

6. ASSOCIATED MEASURES:

Number rounds hit
Percent rounds hit
Casi.ialties inflicted

7. REFERENCES:
ACN M3ý23, Small Aimb Weapons Systems (SAWS) Field Experi-
mert 65.4 - May 66
ACN 3067, Infantry Rifle Unit Study (IRUS) 1970-75, Field
Experiment 65.1 - Aug 67
ACN 06081, Army Small Arms Weapons Systems Troop Acceptability

& Test.
ACI4 16975, Airborne STANO Systems, Part 1I.

ACN 02874, Troop Test: Overall Effectiveness of Artillery
Organizations, Doctrine and Concepts, Aug 65
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CASUALTIES PER ROUND

1. DEFINITION OF THE MEASURE: Casualties per round is the ratio
between casualties inflicted and rounds fired, Input are number count

of casulalties inflicted and number count of rounds fired. Relation of
output to input is:

casualties per round - number casualties
cut pronumber rounds fired

2. DIMENSION OF TH1E M•EASURE: Ratio -- output is in the form "casual-
ties per round." In this form, the output value is usually a small
fraction of a casualty.

3. LIMITS ON TIE RANCGE OF TUE MEASURE: The measure is not meaningful
until both numerator and denominator are greater than zero. The output
then takes any value above zero. It is usually a small fraction because
few rounds kill even one enemy, but could theoretically assume any
positive value.

4. RATIONALE FOR TIHE MEASURE: The measure addresses kill productivity
of a weapons system directly.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure can distinguish
among weapons systems in kill productivity. it takes into account
both chance of killing hits and the number of casualties per hit.

6. ASSOCIATED MEASURES:
Loss exchange ratio
"Rounds per casualty

7. REFERENCES:

None; this is a proposed potential measure.

4-142"
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ROUNDS PER CASUALTY

1. DEVINITION OF THE MEASURE: Rounds per casualty is the number of
rounds expended divided by the number of casualties inflicted. Casual-
ties can be a number count of any appropriate strength indicator, such
as personnel, tanks, weapons, or other. Relation of output to input is:

rounds per casualty = number of rounds expended
number cf casualties inflicted

2. DIMENSION OF THE MEASURE: Ratio -- rounds per casualty. If accumu-
lated over several engagements the form may be changed to average rounds
per casualty. Or the form may be inverted for casualties per round,
which would ordinarily be a small fraction.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is meaningless
until at least mne round has leeni expended and at least one casuilty
inflicted, It becomes more useful as the number of rounds increases.
It is more difficult to apply when differing types of casualcy losses
or different types of rounds must be combined.

4. RATIONALE FOR TIHE MEASURE: This can be a useful measure of fire-
power effectiveness, especially in comparenag siwilar but differeut
weapons or amnmunicion systems. In its inverse form, casualties per
round, it is an indication uf probability of kill ("k). it was used
in the referenced study to rank order weapons mixes in firepower po-
tential.

V5. DECISIONAL RELEVANCE OF THE MEASURE: This measure would ordinarily
be used to compare weapons systems against a certain threat.

6. ASSOCIATED MEASURES:
Relative _eimio expenditure to casualties ratio
Loss exenange ratio

7. REFERENCES:
ACN 03010, Infantry Rifle UniL Study - 75.
ACN 12757, Secondary Armament for the Main Battle Tank-70,
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PERCENT TARGET DESTRUCTION

I. DEFINITfON OF THE MEASURE: Percent target destruction is the
percentage of an attacked target that is assessed as killed, destroyed,
or neutralized. Input data are the size of the target and the amount
destroyed. This input values may be in terms of number of personnel,

4= number of vehicles or major weapons, size in terms of square meters,

number of buildings or oil tanks, length of road or track, or any
appropriate count of target size. Relation of output to input is:

Wý percent target destruction - a of target destroyed X 100•" ~~size of target (area, volume) y 0

2. DIMENSION OF THE MEASURE: Ratio -- A proportion in terms of percent
of whole target, such as, 30% of troops, 307. of area, 3%7. of road lcngcLI,
and so forth.

3. LIMITS ON THE RANGE OF THE MEASURE: A percentage may vary from
zero to one hundred percent. The main limit to this measure is the
problem of measuring damage. The measure is constrained by the
necessity of expressing both the target size and the amount of damage

in numerical form.

4. RATIONALE FOR TIfE MEASURE: The measure addresses one aspect of

firepower directly, the amount of damage done. Furthermore, the amount

of dmaiige is expresseoL as a pcoportion of Lotal target, for convenient
usage.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate or compare firepower systems.

"6. ASSOCIATED MEASURES:
I Percent target hits Casualties inflicted

Percent rounds hit Proportion Remaining Force
Range at firing

7. REFERENCES:
SNo ACN, "Candidate Measures of Effectiveness for Air Strike

Systems, Naval Weaponis CciLey #ifP4687, China Lake., Cal., -

Sep 69

ACN 02874, Troop Test: Overall Effectiveness of Artillery
Organizations, Doctrine and Concepts, Aug 65
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DEGREE OF NEUTRALIZATION

"1. DEFINITION OF THE MEASURE: Degree of neutralization is the pro-
portion of a force that is killed plus the proportion suppressed.
Unit of measure of the three irlputs is any suitable number count of
force size, such as nxunber of personnel, tanks, veapons, or other.
Suppression is defined as not killed but not operating. Relation of' !" Output to input is:

Oupu degree of neutralization ,- number killed + numbet suppressed
egreetotal number in force

2. DIMENSION OF THE MFWASURE: Ratio -- a pure number expressing a ratio
between two counts of force size. May be expressed in terms of a
fraction, ,roportion, or percentage of force s1ze. If measures are
taken over ime, the MOE may be compuved in terms of average degree of
neutralization, rate of neutralization, or probability of neutrali-
zation.

3. LIMITS ON THE RAN.E OF TIHE MEASURE: Number killed and number sup-
pressed must be held exclusive, i.e,, one may not be counted as both.
The measure is not meaningful until at least one has been counted
killed or neutralized. The measure is tied to a given point in time
because the number suppressed may fall or rise.

4. RATIONALE FOR Tl'E MEASURE: The measure is superior to proportion f ,
killed at a given time because suppressed are no more effective than
killed at that moment.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure Is useful il, the
case of comparing doctrinal or materiel concepts that have appreciable
suppression effects in addition to killing capability.

6, ASSOAfEIA MEASURES:

Degree of win
Probability of kill
Loss exchange ratio

7. REFERENCES:
ACN 15758, Army Small Arms Requirements Study 1 (ASARS 1),

Vol. IV, Jun 70

I,
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AVERAGE NUMBER OF RED TANKS KILLED

1.. DEFINITION OF THE MEASURE: Average number of red tanks killed is
the sum of red tanks killed in each engagement divided by the number
of engagements. Input data are number counts of tanks killed and

unuber count of engagement. Relation of output tv input is:

average number of red tanks killed

SUM: number tanks killed each engagement
number engagements

2. DIMENSION OF THE MEASURE: Average number -- output measured in
number of tanks.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
uutil at least one tank has been killed. The measure is limited in
that it is an absolute number and its interpretation depends on the
number of tanks participating but this is not a part of the measure.
The measure is not reliable when the denominator is small.

4. RATIONALE FOR THE MEASURE: Usea as a primary measure when the
mission of the competing candidates is to kill tanks. It is not con-
sidered a strong measure when standing alone, but is a basic measure
when used in conjunction with other measures.

5. DECISIONAL RELEVANCE OF THE MEASbRE: The measure is clearly a
valid one of antitank effectiveness, and becomes increasingly reliable
as the number of engagements increases. The measure is useful vhen

4 all other factors are held constant or measured concurrently.

6. ASSOCIATED MEASURES:
Degree of blue win
Proportion of r.2d losses
Expected remaining tank killing capability

_7. REFERENCES:
* ACN 17018, Antitank Weapons Systems Requirements Study
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FIRING RATE c-

I. DEFINITION OF THE MEASURE: Firing rate is the number of rounds
fired within a specified unit of time. Input data are a number count
of rotinds fired and elapsed time. Relation of output to input is:

firing rate- _number of rounds fired
elapsqd time

2. DIMENSION OF THE MEASURE: ratio--- a ratio in terms of rounds
per second, minute, hour, or any suitable unit of time

3. LIMITS ON THE RANGE OF ThE MEASURE: The output can be any positive
value. The measure is not meaningful until at least one round has
been fired, and increases in usefulness as the period of time increases.
Since firing rate may change over time, the output value can not be
dissociated from the time period observed.

4. RATIONALE FOR THE MEASURE: The measure takes into account time
required to acquire, aim, and order fire and the cyclic rate of the
weapon system.

5. DECISIONAL RELEVANCE OF TIHE MEASURE: The measure is directly
applicable to the computation of fire potential, and may be used
to evaluate or compare weapons systems.

6. ASSOCIATED MEASURES:

Time to acquire Time to adjust
Time to reload Cyclic rate
Ammo expenditure rate

N -7. REFERENCES:

ACN 06081 - Army Small Arms Weapons System Troop
Acceptability Test I1"

. i t 
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TIME TO FIRST FIRE

i. DEFINITION OF THE MEASURE: Time to first fire is the elapsed time
from detection of a target to arrival of the first reaction firing round
on the target. Input data are the moment of detection and the moment of
arrival of the first round. Relation of output to input is:

time to first round a time of arrival of first round minus
time of detection

2. DIMENSION OF THE MEASURE: Interval -- Output is an elapsed time in
S: seconds.

3. LIMITS ON TiHE RANGE OF THE MEASURE: Output can assume any positive
value. An absolute measure like this cannot be separated from the con-
ditions under which it is taken. If several such measures are taken
they can be combined into a ratio measure such as "mean time to first
round" or "expected time to first round."

4. RATIONALE FOR THE MEASURE: This is a direct measure of the timeli-
ness of fire. It subsumes the times required to recognize, identify,
and locate a target plus the times to communicate a fire request, fire
the weapon system, and flight time of the projectile. In general. it
is a measure of fire reaction effectiveness.

5. DECISIONAL RELEVANCL OF THE MEASUR•: The measure can be used to

compare alternative systems for bringing fire to bear; for example, com-
peting forward observer procedures, alternative fire control materiel,
candidate tactics, or proposed organizations.

6. ASSOCIATED MEASURES:
Time to acquisition Probability of kill
Cumulative exposure time Probability of survival

7. REFERE ýCES:
ACM 17271, Ability to Adjust Artillery on Moving Materiel

Targets Field Experiment 32.1
ACN 18288, Artillery versus Moving Target Follow-On (REACT)
ACN 1817', Attack Helicupter Daylight Defense Field Experi-

ment 43.6
ACN 03067, Infantry Rifle Unit Study (IRUS), 1970-75, Field

* Experiment 65.1, Aug 67
ACN 16914, M60AI Add-On Stabilization Troop Test, Apr 72
ACN M1144, Army Aircraft Survivability Field Experiment 63.6,

Jun 66
. I ACN 15961, SHILLELAGH Field Experiment 11.6

No ACN, "Candidate MOE for Air Strike Systems," Naval Weapons
Center Document #TP4687" No.ACN, Systems Effectiveness Status Report (PERSHING), Feb 72

T
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TIME TO ADJUST

1. DEFINITION OF THE MEASURE: Time to adjust is the elapsed time
from start to completion of adjusting a fire mission. Input data are
the start time and the completion time, and relation of output to input
is the difference:

time to iPdjust - moment of completing adjustment minus moment
of starting adjustment

2. DIMENSION OF THE MEASURE: Interval -- A simple elapsed time in
seconds, minutes, hours, or any suitable expressicn of chronological
time. It may also be In the ratio form "mean time to adjust".

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
positive value.

4. RATIONALE FOR THE MEASURE: This measure addresses timeliness of
adjustment directly. It Is Important because the nature of the target
may change during the adjustment It the time is too long.

5. DECISIONAL RELEVANCE OF TIM- MEASURE: The measure is useful in
comparing adjustment of fire systems in timeliness of adjustment.
Systems would usually be observer teams with their equipment and
techniques.

6. ASSOCIATED MEASURES: -
Time to acquisition
Rounds to adjust

7. REFERENCES:
ACN 7395, Croun:1 Observer Probabilities of Acquisition and
Adjustment Field Experiment 31 .1 - Sep 68

4
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ROUNDS TO ADJUST

I. DEFINITION OF THE MEASURE: Rounds to adjust is the number of

t' rounds fired In the course of adjusting a fire mission. Input data
are the number of rounds fired.

2. DIMENSION OF THE MEASURE: Interval -- A simple number count of
rounds.

3. LIMITS ON THE RANGE OF THE MEASURE: Output may assume any positive
integer value.

4. RATIONALE FOR THE MEASURE:. This measure addresses the effectiveness
of adjustment Is the sense that fewer adjustment rounds is always better.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
compare altcrnative adjustment systems in effectiveness. A fire
adjustment system is ordinarily an observer team with its equipment
and procedures.

6, ASSOCIATED MEASURES:
Time to acquisiltion
Time to adjust

7. REFERENCES:
ACN 7395, Ground Observer Probabilities of Acquisition and
Adjustment Field Experine.nt 31,1 - Sep 68

I
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TINE TO FIRST HIT

1. DEFININITTON OF TIHE MEASURE: Time to first hit is the elapsed time
from initiation of firing to the first round on target. Input data are
the two chronological times. Relation of output to input is the
subtracted difference between the two times:

time to first hit - time of first hit minus time of start fire

2. DIMENSION OF THE MEASURE: interval -- an elapsed time in xiniutes
The measure may bc taken in ratio form, such as "mean time to first hit"
or "expected time to first hit."

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of
timeliness of firepower. It tales into account time to acquire, issue
fire order, adjust and deliver fire, and correct for accuracy. Time
Is measured only to first hit because subsequent hits are not independent
of the first hit.

5. DECISIONAL RELEVANCE OF THE MEASURE" The measure can be used to
compare alternative firing systems.

6. ASSOCIATED MEASIURES: k
Time to acquisition
Time to adjust
Time to completion Ir

04 I Rounds to adjust

q 1 7, REFERENCES:
ACN 06081 - Army Small Arms Weapon Systems Troop AcceptabilityS~Test

ACN 16914 - M60AI Add-On Stabilisation Troop Test, Apr 72
ACN 15961 - SHILLELAGH Field Experiment 11.6, Jun 69
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MEAN ROUNDS TO FIRST HIT

I. DEFINITION OF THE MEASURE: Rounds to first hit is a number count
of rounds fired from initiation of fire on a target to the first round
on target. Input data are the number counts of rounds to first hit for
each firlng, and the number of firings. Relation of output to input is:

n

Smean rounds to . '(nr rounds to first hit each firing
first hit nr firings

2. DIMENSION OF THE MEASURE: ratio -- an arithmetic mean in terms
of mcan numbe" of rounds

3. LIMITS ON THE RANGE OF THE MEASURE: The measure has a weakness if
there Is any possibility that a target is not hit at all during the
firing. Ouherwise, the output value can be any positive Integer. The
larger the number of firings is, the more useful the output value.

4. RATIONALE FOR THIE MEASURE: The measure addresses aspects of time-
liness and accuracy of firepower, and takes into consideration aimmunition
expenditure. The measure seems more applicable to an engagement situ-
ation with both sides attempting to obtain the first killing hit.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate a firepower system in circumstances where the first killing

6 hit is to be obtained as soon as possible. This is typical of tank-
antitank engagements and aircraft- antiaircraft engagements.

6. ASSOCIATED MEASURES:
Time to first fire Probability of hit
Time to first hit Exposure time

7. REFERENCES:
ACN 16914 - M60AI Add-On Stabilization Troop Test, Apr 72
ACN 17419 - Employment of AttacK Heliocopters to Defeat

Armor Study, Apr 71
tACN 15961 - SIILLEAGH Field Experiment 11.6, Jun 69

-ii
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1 MEAN TIME TARGET ENGAGED

.. DEFINITION OF TWE MEASURE: Mean time target engaged is the
arithmetic average of the time periods a target is under fire. Input
data are the start and end times of each firing on target. Relation
of output to input is:

mean time - (each end time minus each start time)
target engaged number of elapsed times target under fire

2. DIMENSION OF THE MEASURE: Ratio -- An average time in seconds,
minutes, and hours as appropriate.

3. LIMITS ON THE RANGE OF THE MEASURE: Theoutput may assume any
positive value. The usekulness of the measure increases as the number
of firings in the denominator incre3ses.

4. RATIONALE FOR TILE MEASURE: This measure addresses the effectiveness
of a firepower system in terms of its sustained ability to keep a target
under fire. The measure subsumes certain components of placing fire
such as target acquisition, cormmunications, resupply, and command and
control.

5. DECISIONAL RELEVANCE OF ThE MEASURE: The measure can te used to
compare alteenative Lirepower systems in sustainability of effective
fixv- It would ordinarily he used in conjunction with other measures
such as casualties inLlicted and reaction times.

6. ASSOCIATED MEASURES:
Time to first fire Loss exchange ratio

-,Casualties inflitted Ammunition expenditure

7. REFERENCES:
ACN•30 6 7, Infantry Rifle Unit Study (IRUS) 1970-75 - 15 Aug 67
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AVERAGE TIME FIRING ON MOVING TARGET

1. DEFINITION OF THE MEASURE: Average time firing on moving target
is the arithmetic mean of elapsed time from each start of fire to
time that the last element of the moving target has moved a specified
distance. Input data are time of first round on target and time last
vehicle clears the distance. Relation of output to input is'

average • (each elapsed tlme: first round to target clearing area)
time b

firing number moving targets

2, DIMENSION ON THE MEASURE: ratio -- an average, in terms of average
time in seconds and minutes

3. LIMI'JS ON THE RANGE OF THE MEASURE: The output can assume any

positive value. The distance to be cleared must be specified in

keeping with the nature of the firing. In reference AZN 18288 the
firing was an artillery fire mission, the target was a moving column.
of vehicles, and the specificd distance was for the last vehicle to
move 200 meters.

4. RATIONAIL FOR THE MEASURE: This measure addresses the efficiency
of firing on a moving target. It is a measure of how long the target
is kept under fire which is presumed to be related to the amount of( firing damage that can be done.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure c&n be used to
compare alternative systemis of delivering fire on a moving target,
for example, a procedure for acquiring an artillery target and calling
and adjusting fire.

6. ASSOCIATED MEASURES:
Mean rounds on target Time to acquisition
Mean error Time to first fire

7. REFERENCES:
ACN 18288 - Artillery Versus Moving Target Follow-On
(REACT) Field Experiment 32.2 , Jul 72
ACN 17271 - Ability to Adjust Arty on Moving Material
Tgts Fld Expt 32.1
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RATE OF TARGET DESTRUCTION

I. DEFINITION OF THE MEASURE: Rate of target destruction is the
proportion of attacked target destroyed per specified time period.
Input data are the sihe-of the target, amount of target destroyed, start
of attack time, and end of attack time. Relation of output to input is:

amount of target destroyed

rate of target destruction - zeof target

end attack time minus start time

2. DIMENSION OF THE ME;ASURE. ratio -- a quotient in the form of a
rate. Output is in terms of proportion per time period, for example,
"five percent target destruction per minute."

3, LIMITS ON THE RANGE OF THE MEASURE: The output value may vary from
zero to the total size of the target. Since a rate may change with time,
the output value cannot be dissociated from the time period during which
the measure was taken.
4. RAiTONALE FOR TEE &EASURE: The measure address amount of destruction
directly, and goes on to combine it with time for a more refined measure.

Furthermore, since the amount of destruction is limited to 100%, the
measure allows a projection beyond the output value itself.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate firepower systems, or if firepower is held constant it can if
evaluate the resistance of the Larget.

6. ASSOCIATED MEASURES:
Fercent target destruction

* Casualty rate
Time to completion

7. REFERENCES:
No ACN- "Candidate Measures of Fffectiveness for Air Strike
Systems", Naval Weapons Center 4TP 4687, Sep 69
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"ROUNDS TO COMPLETION

1. DEFINITION OF TIHE MEASURE: Rounds to completion is the number of
ro-ads fired from initiation to completion of a task. The task may
be to defeat a given target, suppress for a period of tine, adjust or
zero a weapon, or to acquire a first hit (roundv to first hit). Input
data are the number of rounds to completion.

2s DIMENSION OF THE MEASURE: interval -- number count of rounds

3, LIMITS ON TIHE RANGE OF THE MEASURE: Output value may be any positive
integer

4. RATIONALE FOR ThE MF•ASURE: This measure addresses both timeliness
of firepower and resources required.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate effectiveness of weapons systems firepower, connmand and control
of fire, or expenditure requirements.

6. ASSOCIATED MEASURES:
Time to first hit itounds expended
Time to completion

7. REFERENCES:
ACN 06081 - Army Small Arms Weapon Systems Troop Acceptability

Test

4 1
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PROBABILITY OF HIT

1. DEFINITION OF TInz MEASURE: Probability of hit (PH) is the theoretic
chance of hitting a target under stated circumstances if all unstated
circumstances are random variables. The effect of stated circumstances
is obtained by empirically observing the number of hits out of number
attempts. Input data is either this quotient, or if hits data is
available as a probability density function (number of hits for each
value of another variable) the probability is the integral of the function
for a given value of the other" variable. Relation of output to input,
then, is either: H

- number hits H
.1 number attempts or9 P f P dx

2. DIMENSION OF THE MEASURE: Ratio -- a probability is essentially
the quotient of favorable outcomes (hits) divided by all possible
outcomes (attempts)

3. LIMlTS ON THE RANGE OF TIHE MEASURE: Probability values vary from
zero to unity. The measure is not meaningful until the number of
attempts Is sufficiently large to represent the number of possible
outcomes. When the Integral is computed it is necessary to have the
number of hits ordered by another variable and to have a sufficient
representation at all levels.

4. RATIONALE FOR 'THE MEASURE: The measure hi ... es the lIklihood
of a hit under stated circumstances, which has direct military rele- 'U
vance. When a measure is taken in this form, probabilities
can be combined in keeping with we7.l-established rules of computing
dependent and independent probabilities.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually
applied to evaluations of a firepower system to compare systems,
determine how many rounds or how long a period of time Is required
to reach a certain probability of hit, or probable numbers of hits.
It can be used to compare firepower systems.

6. ASSOCIATED MEASURES:

Percent rounds hitting Rounds to first hit

Percent targets hit Probability of kill

7. REFERENCES:
ACN M1144, Army Aircraft Survivability Field Experiment 63.6
ACN 13105, XM - 19 Field Experiment 21.9, Jun 72
ACN 15961, SHILLELAGH Field Experiment 11.6, Jun 69

: .ACN 16914, 1,6OAI Add-On Stabilization Test, Apr 72

ACN 17494, Divisional War Game Model, Dec 71
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PROBABILITY OF KILL

1. DEFINITION OF THE MEASURE: Probability of kill (Pk) is the theoretic
chance of killing a target under stated circumstances if all unstated
circumstances are random variables. The input data are the observed
number of kills out of number of attempts. Relation o& output to input
is basically:

Pk = number kill;
number hits

but may be computed as the integral of kills as a function of another
variable, or as a combination of probabilities.

2. DIMENSION OF THE MEASURE: Ratio -- A probability is essentially
the quotient of favorable outcomes (kills) divided by all possible out-
comes (attempts).

3. LIMITS ON THE RANGE OF THE MEASURE: A probability may assume any
value from zero to unity. The measure improves as the size of the
sample (number of attempts) increases.

4. RATIONALE FOR THE MEASURE: The measure indicates the likiihood
of a kill under certain circumstances, which has a direct military
relevance. It is usually applied to determine the expected number of

4 kills or expected chance of survival.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate a firepower system, compare alternative firepower systems,
or compute higher order measures such as expected number of kills,
rounds required to kill, or probability of survival.

6. ASSOCIATED MEASURES:
"Probability of hit
Number losses inflicted

Probability of survival

Loss exchange ratio

7. REFERENCES:

ACN M1144, Army Aircraft Survivability Field Experiment 63.6
ACN 12757, Secondary Armament for the MBT-70
No ACN -- Land Combat System-I Study
No ACN - System Effectiveness Status Report, PERSHING
No ACN - "Candidate MOE for Effectiveness of Air Strike Systems,"

Naval Weapons Cencer Document #TT 4687

j
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PERCENT ROUNDS HIT

1. DEFINITION OF TIHE MEASURE: Percent rounds hit is the percentage of

all rounds fired that result in hits on target. Input data are
number of rounds fired and number of rounds hitting. Relation of

output to input is:

percent rounds hit =number of hits X 100
number of rounds fired

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in terms of rounds.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can vary from zero

to one hundred pcrcent. The value of the output is a function of the

circumstances surrounding tiring and can not be dissociated from the

conditions of the firings.

"4. RATIONALE FOR TIlE MEASURE: This is a direct measure of accuracy of

fire. It is not quite as refined a measure as circular error probable
or probability of hit, but requires less expensive measurement.

5. DECISIONAL. RELEV,\NCi-L 01 TIHE MEASURE: This measure, like probability

of hit, is an indication of accuracy of firepower. It may be used to

compare firepower systems in effectiveness. I
6. ASSOCIATED MEASURES:

Probability of hit Percent targets hit I
Circular error probable

7. REFERENCES:
"ACN M3523, Small Arms Weapons Systems (SAWS) - May 66
ACN 00983, Armor Units Limited Visibility Operations Troop

Test - Jul 65
ACN 15961, SHILLELAG11 Field Experiment 11.6, Jun 69
ACN 16975, Airborne STANO Systems Test, Part Il

ACN 16914, M6OAI Add-On Stabilization Troop Test - Apr 72
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PERCENT NEAR MISSES
1'

1. DEFINITION OF THE MEASURE: percent near misses is either the
percentage of rouuds, that ace near misses or the percenr-age of targets
that are near misses. Near misses are rounds within a specified
distance of the target that do not hit the target, usually measured by
sound insLtcumentation, Relation of output to input is:

number near misses
percent near misses = X 100•- " nu-iber rounds (or targets)

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in terms of
percentage of LoLal rounds or total targets.

3. LIMITS ON TIlE RANGE OF T11E MEASURE: The eutput could vary from

zero to one hundred percent., The di ,;tance to be counted as a near miss
must be defin-td. In reference ACN M3523 it was defined as two meters.

4. RATIONALE FOR 1T!. MTEASURE: Near misses are thought of as a
suppressive effect-. They might also be thought of ar-" a secondary
guage 'f acciuracy Df fire in the sense that a system with a high
percentage of near misses is, more accurate than one with more out-
right mirses, when percent ',its is equal.

5. DECISIONAL RELEVANCE OF T1lE MEASURE: The muasure is not usually
used alone, but in conjunction with hits. A system that has a higher

4percentcge of near misses, as well as an adenuate level of hits, has
d suppressiic effect and could ho expected to have a higher percentage
of hits aginst larger targets. a

6. ASSOCIATED MEASURES:

Per-:ent hits Percent targets hit
Number hits Casualties inflicted
Circular error probable

7. REFERENCES:
ACN M3523, Small Arms Weapons Systems (SAWS) Field Experiment
65.4 - May 66

t
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MEAN OFFSET ERROR

1. DEFINITION OF THE MEASURE: Mean offset error Is the arithmetic
aaverage of all errors, taken as distance from true location and taking
direction into account. When errors are beyond the location values
are positive, and shortfalls are negative. Errors in other directions
are treated as positive or negative as appropriate. Input dat 5 are the
error distance with signs. Relation of output to input is:

n
1(each offset distance, true location

mean offset error - to reported location
number of reported location

2. DIMENSION OF THE MEASURE: Ratio -- An arithmetic mean. Output is
In terms of a distance in inches, meters, or kilometers as appropriate.

3. LIMITS ON THE RANGE OF THE MEASURE: The denominator must be large
enough to average out chance differences in error under the circumstances.
The output value is representative only of the conditions under which it
was derived and can not be dissociated from the stated conditions.
Resolution is limited to the preciseness of the measure. The output may
assule any finite positive or negative value.

4. RATIONALE FOP. THE MEASURE: This measure addresses accuracy of
location directly. Its main advantage is that it states a central
tendency of error. It provides a usahle sumnmary of the degree of error,
It is better than mean error (which is always positive) in those eases
where overages and underages compensate for each other.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful in the
4 evaluation of any system that includes accuracy of locating points, and

at the same time has the characteristic that positive and negative errors
tend to cancel each other. For example, it can be used to compare accuracy
of two systems in range estimation since overestimates and underestimates
tend to cancel.

6. ASSOCIATED MEASURES:
Percent correct location
Mean error I
Circular error probable

7. REFERENCES:
ACN 14118, SEANITEOPS Ground Field Experiment 72.8 - May 70.
ACN 15961, SHILLELAGH Field Experiment 11.6, Jun 69.
ACN 02874, Troop Test: Overall Effectiveness of Artillery

Organizations, Doctrine and Concepts, Aug 65
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CIRCULAR ERROR PROBABLE (CEP)

1. DEFINITION OF TIHE MEASURE: Circular error probable is the length
of the radius from center of target of a circle that includes 50% of
all observed locations. It is based on the observed natural dispersion
of errors about the center, which shows most errors are small and

grouped closely around the center, and larger errors are rarer. Input
data are the ujeasured lengt'.s of the offset distance of each error from
target center, (This measure is sometimes called median offset error).
That is, the CEP is the distance from center exceeded by one Lalf of the
misses. Relation of output to input is the median of all miss distances,
or can be computed by:

CEP = 1.774 n (sum of distance of all misses)

2. DIMENSION OF TIlE MEASURE: Ratio -- The output is in terms of a

distance from true center, in terms of inches, meters, kilometers, or
any appropriate unit of measure for distance, and its value rests on a
computation based on random error distribution.

3. LIMITS ON THE RANGE OF THE MEIASURE: The measure is limited to the

circumstaaces in which a normal distribution of misses can be expected.
In general, this means there must be no systematic bias in misses, that

all observations are offset by a combination of ordinary random errors.
The measure is no1 u1eaniug ful f10 1oall :Iusubers Uf obU-.vaLio.u'S, and( becomes more useful as the number of observations increases.

4. RATIONALE FOR THE MEASURE: The rationale depends on an observed
1W natural law of random errors, that they are distributed in keeping with

a normal Gaussion distribution. When this law is applicable, any

-* measure based on the distribution would be possible.

5. DECISIONAL RELEVANCE OF THE MEASURE: CEP is useful in two commonly

used contexts.

a. Firing accuracy. CEP is often used to measure the accuracy of
fire of a firing system ranging from a single weapon shot pattern to
accuracy of stralegic missiles of bombing.

b. Location accuracy. CEP can also be applied to the accuracy of
locating a target in the target acquisition process. In this case the
"offset error is the difference between reported location and true location.

6. ASSOCIATED MEASURES:
*-Mean offset error Proportion of hits to rounds

Probability of hit Proportion of correct locations

p. 7. REFERENCES:

* ACN 17271, Ability to Adjust Artillery Fire on Moving Materiel
Field Experiment 32.1

ACN 14118, SEANITEOPS Grcund Field Experiment 72.8 - Ztay 70
ACM 1E288, Artillery Versus Moving Targets Follow-On (REACT), - Jul 72
ACN 17781, Precision Position Locator System Field Experiment 42.9 Jun 71

NO ACN Systems Effectiveness Report (PERSHING), - Feb 72
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NILITARY WORTH INDEX

1. DEFINITION OF THE MFASURE: Military worth index is a combination

of the probability of inflicting damage and the value of the damage

that can be inflicted by a weapons system. Input data are the pro-
bability of defeating each target (Pd) and military worth (W) ot

each target that can by defeated. Probability of target defeat is a
function of targets destroyed for targets prosented, and military worth
Is any assessment of target value, such as nUmi or of personnel,
vehl*clesq or weapons. Relation of output to input is!

n
military worth index .E[W 1. P d

i-I

2. DIMENSION OF THE MEASURE: index number -- a type of utility value.
Output is in terms of total probable value of destruction.

3, LIMITS ON THE RANGE OF TIlE MEASURE: It is quite often difficult
to assign military worth to different types of targets because a
coammon denominator must be delineated. (In one of the referenced
studies values were assigned by a consensus of judgments). The output
can assume any value up to the total of the assigned military worth
values, and would ordinarily be some fraction of this total.

4. RATIONALE FOR THE M]EASURE: The intent of this measure is to take
into account not only the effectivenoss of the weapons system in
Inflicting damage but also the importance of the targets damaged. The

significant aspect of the measure is to account for differenues in

priority of targets defeated.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to

evaluate weapons systems.

6. ASSOCIATED MEASURES:
Probability of kill Loss exchange ratio
Casualty rate Probability of success

7. REFERENCES:
ACN 15724, Optimum Mix of Artillery Units (1975-1980)
ACN 07346, Optimum Mix of Artillery Units (1971-1975)

ACN 13138, Divisional Artillery Study
ACN 13708, TACFIRE Cost tiAfectiveness Study
ACN 06488, Artillery (1970-1975)
ACN 03434, Lance Cost-Effecciveness Study

ia
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FIREPOWER POTENTIAL (POINT FIRE WEAP'ONS)

I. DEFINITION OF THE MEASURE: Firepower potential fph point fire
lweapons is the product of average kill probability ( j•) , range (R),
and ammunition expenditure (AE). Average kill probability is the
integral of single shot effective range (ER). Relation of output to
input is:

Firepower potential "( PM)
ER / (R) (AE)

2. DIMENSION OF TIW MEASURE: index number -- the output is a value
of average kill proombility for given ringe and expenditure

3. LIMITS ON THE RANGE OF THE MEASURE" Since an average kill proba-
bility over all ranges is part of the computation, the index depends
on firing being done at maximum effective ranges. The range value (R)

cannot be a simple range but musc be a transform that gives greater value

to shorter ranges (for example, the reciprocal of range). Number of

rounds fired is treated multiplicatively, which ignores lack of inde-
pendence between rounds.

4. RATIONALE FOR THE MEASURE: An index number of this sort is useful

In combining the effects of various point fire weapons, each in con-

sideratlon of its own range limitations.

(5. DECISIONAL RELEVANCE OF TIlE NEASURE, The measure is Intended to

" be used in comparisons ot systems involvinE several typUs uf poiFnt
tire weapons.

6. ASSOC. IATFD NEASURES:
Firepower potential (area fire weapons)

-t Probability of hit
Probability of kill

7. REFERENCES:
Measuring Combat Effectiveness, Vol I, Firepower Potential,

USACDCISS
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FIREPOWER POTENTIAL (AREA FIRE WEAPONS)

I. DEFINITION OF TIE MEASURE: Firepower potential for area fire
weapons is the product of mean lethal area and ammunition expenditure

(AE). Mean lethal area is average lethal area ok each type of ammunition
and the fraction of each type that comprises the basic load. Input
data are the number of rounds fired (AE), lethal area of each type of
wfapon (LA1 ), and fraction of the total basip load (T) tor each type
P - Relation of output to .input is:

firepower potential - (AF) (LA) (TL

2. DIMENSION OF THE MEASURE: index -- the output is an index number
Indicating expected lethal area for a given basic load and expenditure.

3. LIMITS ON THE RANGE OF THE MEASURE; Since an average lethal area
is part of the computation, the index is an aritNinctic expectation
subject to distortion for unusual conditions. Number of rounds fired
is treated multiplicatively ignoring the lack of independence between

rounds. Average lethal area may be a difficult input to obtain,

4. RATIONALE FOR TIIE MEASURE: The index is actually a computation for

a given amount of firing with a certain average lethal area. In this
sense it is a direct calculation of potential firepower.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measu:a is intended to

be used to compare alternative area fire weapons systems.

6. ASSOCIATED MEASURES:
Firepower potential (point fire weapons)
Probability of hit
Probabi| Ity of kill

7. PEFERENCES*
MeasuxrhL, Combat Effectiveness, Vol. I, 'Firepower Potential,

USACDLTi (.

41.
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WEAPON FRACTIONAL KILL VALUE

1. DEFINITION OF THE MEASURE: Weapon fractional kill value is de-
fined as the fractioD of the enemy force it destroys. Input data
are number count of enemy initial size and number count of enemy
losses to considered weapon. Relation of output to input is:

weapoa fractional kill value - number of enemy losses inflicted
initial number of enemy

2. DIMENSiON OF TIlE MEASITRE: Ratio -- fraction of enemy force
destroyed,

3. LIMITS ON THE RANGE OF THE MEASURE: The fractioi may vary from
zero to unity. Its usefulness is limited by its applicability to
only a single initial force size and only a single time period.

4. RATIONALE FOR THE MEASURE: One possible assignment of value to

a weapon is the amount of destruction it accomplishes. This can be
extended to take different weapons into account by making the initial
force size a common denominator for the various weapons.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is not intended
for comparisons by itself. It is intended mainly as a value to be
used in more complex measures for assignment of values to weapons.

4(Probability of kill is a more flexible measure for the same purpose.)
It could, however, be used in a simple comparison with constant enemy
initial strength and conbtniLt time period.

6. ASSOCIATED MEASURES:
Probability of kill
Firepower potential
Loss exchange ratio
Force Effectiveness Indicator (FEI)

*, 7. REFERENCES:
ACN 17018, Antitank Weapons Systems Requirements Study

*

SI I
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EXPECTED REMAINING TANK KILLING CAPABIIITY

1. DEFINITION OF '1l': MEASURE.: Expected remaining tank killing capa-
billty is the computation of utility value at a given point in time
taking into account both the expected remaining Ioree size and the

killing capability of that force size. It is the sum of the probabil-

ity of kill of weapon a times the expectied remaining number of weapons
a, plus the same utility value for weapon h, and so forth, to weapon n.

Input valueu; are the separatelo computed probability of kill (Pk) and
expectation of survival (Es) for each weapon. Relation of output to

input is;

expected remaining tank killing capability - (Pka) (Esa) +

(Pkb) (ESb)...(Pkn) (Es 0 ) Pka is separately computed as the proportion

of kills per attempt, and Esa is computed as proportion of force size

remaining at a given time,

2. DllENSION OF TH1E MEASURE: Computed potential -- the 1unit of output

measure is the tank killing pOLential at a given time.

3. LIMITq ON T11E RANGE OF TilE MEASURE: The output varies from zero to
any positive measure up to the number of weapon systems (n) considered.

All values of Pk and Es are between 0 and 1.0 inclusive.

4. RATIONALE FOR TIHE MEASURE: The measure is primarily concerned with

survivability but goes beyond expected ramaining force size to also

take into account the utility value of the remaining force size in terms

of its killi
n

g capability. The measure includes in itself the weighting

for values oil kill and number of weapons remoining.

.,•

5. DECISIONAL RELEVANCE 0F TIHE MEASURE: This measure is especially

useful in combining the effects of different weapons with the same
mission. ln the referenced study it was considered a cogent combi-
nation of survivability and productivity. It is noted that the
measure need not be limited to antitank weapons. It could as easily
be expected remaining personnel killing capability, or expected remain-
ing aircraft killing capability.

6. ASSOCIATED MEASURES:

Probability of kill
(Any survivability measure)
Average number of tanks killed .*

7. REFERENCES:
ACN 17018, Antitank Weapons Systems Requirements Study
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PERCENT AVENUES OF APPROACH COVERCiD

1. DEFINITION OF TIUE WEASURE: Percent avenues of approach covered is
the percentage of enemy avenues of approach that are covered by the
appropriate weapons, for example armor avenues of approach covered by

anti-armor weapons. Input data are number of avenues of approach and
number of these avenues covered. Relation of output to input is:

percent avenues of - number avenues covered x 100

approach covered total number avenues

2. DIMENSTTON OF TIIE IE, ASURI:' Ratio -- output is a percentage.

3. LIMITS ON TIlE RANGE OF TIlE MEASURE: Output value may vary from zero
to one hundred percent. The criterion fore- being "covered" must be defined.
This measure is relatively crude in that it does not take into aceount
multiple coverage of an avenue or range of the covering weapons. A
more refined measure would be the mean number of weapons per avenue, or
an even more refined measure would be average meters multiple coverage.

4. RATIONALE FOR TIE MEASURE: The measure directly addresses the
amount of potential firepower in one aspect of firepower.

5. DECISIONAL RELEVANCE OF TIlE MEASURE: The measure could be used to
evaluate a defensive tactic, a proposed organization or a command and

1 w control system. Alternatively it might be used in computing potential
firepower.

6. ASSOCIATED MEASURES: Area coverage
Probability of hit

7. REFERENCES:
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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SMALL ARMS AIR DEFENSE POTENTIAL

1. DEFINITION OF THE MEASURE: Smell arms air defense potential i. a
computation of the theoretic kill capability against light aircraft
as a function of vulnerable area of the aircraft, projectile weight,
and striking velocity. Striking velocity is a function of slant range.
Relation of output to input is:

vulnerable area of aircraft
Small arms AD potentional ý projectile weight X striking veloctf y

2. DIMENSION OF THE MEASURE: Index number -- a computation resulting in
a pure number related to the probability of kill, given a hit. May be any
positive number and is limited only by the values used for the three in-
puts, which would usually be in square meters of vulnerable area, grams
weight, and feet per second striking velocity.

3. LIMITS ON THE RANGE OF THE MEASURE: The number derived is useful
only in the context observed. It ignores probability of hit and other
factors in probability of kill. The number derived cannot be disassoci-
ated from the conditions under which it was derived, so it can only be
compared to itself.

4. RATIONALE FOR THE MEASURE: This is a fairly simple index number
for assigning air defense potential to small arms in comparison with
each other. It ignores several factors necessary to computation of
the superior measure (probability of kill) but. i6 easier to collect
data for than the superior measure.

5. DECISIONAL RELEVANCE OF THE MEASURE: Can be useful in comparing
small arms on air defense potential when air defense is a secondary,
relatively less important mission. When air defense is not a primary
mission this is a useful supplementary measure of small arms materiel
effectiveness.

6. ASSOCIATED MEASURES:
Probability of (air defense) kill
Probability of hit
(any fire potential measure)

7. REFERENCES:
ACN 03498, Small Arms Weapons System Study
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Page Number
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4-171

Percent moves within time ordered 
4-172

Percent unit at prescribed interval 
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Percent delay 
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4-176
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4-178
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MARCH ' RATE

1, DEFINITION OF THE MEASURE: March rate is the distance covered
by a unit per time interval. Input data are amount of distance
traveled and elapsed time. Rola| ion of output to input is:

distance traveled (in meters, kilometers. or other)
march rate -

elapsed timre (in minutes, hours, or days)

Alternatively. if the input data is in the form of cumulative distance
as a function of time, the rate may be computed as the first derivative.

2. DIMENSION OF THE MEASURE: ratio -- in terms of meters per hour,
kilometers per day, or as appropriate

3. LIMITS ON THE RANGE OF MEASURE: The output value is zero or ar'y
positive distance per time perios. The usefulness of the measure
increases as the amount of time in the denominator increaaes. The
rate may change, so the output value cannot be dissociated from the
time actually observed.

4. RATIONALE FOR THE MEA!URE: This measure addresses the timeliness
aspect of maneuverability.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure Is useful for
any evaluat ion of maneuverability.

6. ASSOCIATED MEASURES:
Rate of advance Percent moves completed In time
Area coverage Distance to objective

7. REFERENCES:
ACN 3067 - Infantry Rifle Unit Study (IRUS) 197u-75 Field

Experiment 65.1, 15 Aug 67
ACN 17494 - Divisional War Ga-ae Model, Der 71
ACN 13233 - Land Navigatioa Systems Troop Test, Jul 70

4.17
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PERCENT NUVES WITHIII T IME

1, DEFINITION OF THE MEASURE: Percent moves within time is the
percentage of ordered moves that are completed by the time ordered.
Inplmt data are the num~ber of moves and the number of these arriving
with-in the tiT~i ordered. Relation of output to input is:

peren moes numbey of moves completed by time ordered x 100
within time total number of moves

2. DIMENSION OF T!HE MEASURE Ratio -- output is a percentage of all
moves

3. LIMITS ON THE RANGE OF THE W.ASURE: Oputput may vary from zero
t~o one hundred percent. The measure is diluted somewhat by moves
w~hich have no completion time (such as ASAP moves) all of which are
on time by definition.

4. RATIONALE FOR THE MEASURE: This measure addresses timeliness of
rio'ility in a militarily relevant manner. A more refined form of the
measure is "percent delay" in which the mean time of delay in completing
each move is divided by the time required for the move.

5. DECISIONAL RELEVANCE OF TH E MEASURE: ; The measure may be used to
'vaupeete a mobility system. It has at least three possible applocatiortds:

(a) In ACN 16818 it was used to compare material systems.
(b) In ACN 06930 it was used to evaluate a proposed doctrine

that had diffiulties in mobility.
(c) It has been use'. co evaluate training.

6. ASSOCIONALE1FR)0 MEASURES:117 March rate
Percent delay

7. REFERENCEIS
ACN 16818, STANO I T- ust, Dec 69
ACN 06930, Troop Test Frontwer Shield, Falr 67
No ACN, Reserve Components Revised ATT, a SCOnn RC, Mar 72
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PERCENT UNIT AT PRESCRIBED INTERVALi

1. DEFINITION OF THE MEASURE: Percent unit at prescribed interval is
the percentage of all elements (personnel, vehlcles, or subordinate

units as appropriate) at the prescribed interval for march. Input
data are the number of elements and the number of these at the pre-
scribed interval from any other element. Relation of output to input
is:

percent unit at number elements at prescribed interval 100

prescribed interval number elements in move A .-

2. DIMENSION OF THE MEASURE: Ratio -- output is a percentage of per-
sonnel, vehicles, or subordinate units

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero

to one hundred percent. The tolerance limit for deviation from the

prescribed interval must be established. This is a comparatively un-

refined measure. It could be made more reflned by computing the mean
deviation from prescribed interval and dividing this by the interval

ordered as a measure of "percent mean deviation from prescribed intervalý"

4. RATIONALE FOR THE MEASURE: The measure addresses effectiveness of

a mobility system. Variation in actual interval is presumed to be one

of the most sensitlve indicators of difficulty in mobility. Whether

the deviations come from problems in terrain, tactical action, training,

or commnand arcontrol they are a measure of mobility effectiveness.

6. ASSOCIATED MEASURES:
Percent moves within time
March rate

7. REFERENCES:
ACN 16818, STANO I Test, Dec 69

.3-
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STJAE TO CHANGE FORMATION

1. DEFINITION OF T'E MEASURE: Time to change formation is the elapsed
time requirtd to change a moving unit from one formation to another.
Input data are the start and end times of making the change. Relation
of output to input is the subtracted difference:

time to change forc:atlon - end time of change minus stLrt time

2. DIMENSION OF THE MEASURE: Interval - Output is in terms of
seconds, minutes, and hou.-s. The measure could he taken in ratio form,

* such as mean time or expected time, if data from several changes are
available.

3. LIMITS ON THE RANGE OF THE MEASO[RE: The outpuL can be aiy positive
value. Since the value is a function of the size and type of unit
involved, the Lerrain and tactical situation, and the beginning and
ending formation, the value can not be dissociated from the conditions
undey which it was derived.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of
command and control. Part of the function of control is to change
formations while moving, and the efficiency of such changes can be
Indicated by the time required.

5. DECISI ONAL RELE VANCE OF TilE MEASURE: ThU 1reasure tUal be uWed cLO
compare alternative systems re~ating to command and control.

6. ASSOCIATED MEASURES:
Order dissemination time
Percent messages received
Time to execute order

7. REFERENCES:

ACN 3067, Iifantry Rifle Unit Study (IRUS) Jul 69

iI
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PERCENT DELAY

1. DEFINITION OF THE MEASURE: Percent delay is the amount of delay

in completing a move as a percentage of the total time to complete the

move. Input data are the start time (S), ordered completion time (0),
And actual completion time (A). Relation of output to input is:

percent delay - (A - S0) , x 100

2. DIMENSION OF tHE MEASURE: ratio -- output is a percentage, in termsof percent of planned time.

3. LIMITS ON THE RANGE OF THE NEASUR-E: The output may assume any value
from negative one hundred percent to positive infinity.

4. RATIONALE FOR THE MEASURE: This measure addresses timeliness of

mobility, taking into account how timely.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to

evaluate a mobility system.

6o ASSOCIATED MEASURES:
Percent moves completed in time
Mean time to negotiate obstacles

7. REFERENCES:
None - this is a potential measure

Vt
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MEAN TIME TO NEGOTIATE OBSTACLES

1. DEFINITION OF THE MEASURE: Mean time to negotiate obstac)¾s is
the arithmetic average of each elapsed time consumed in overcoihwl
an obstacle to advance. Input data are the delay time for :•anh obstacle
and the number of obstacles. Relation of output to Input is:

mean time to - (each elapsed obstacle delj2a
Snegotiate obstacles number obstacles

* 2. DIMENSION OF THE MEASURE: Ratio -- output is a mean rime in
hours and minutes

k3. LIMITS ON THE RANGE OF THE MEASURF: The output may assurt.e any
positive value. As it is stated the measue makes no di.stinctlon
among different types of obstacles. It would probably be better to
break It down into measures fcr river crossings, minefie.'.s, barriers,
barbed wire, and so forth.

4. RATIONALE FOR THE MEASURE: This measure addresses mobility perfor-
mance In terms of times to negotiate obstacles based on the premise
that shorter negotiation delay times mean better mobility.

5, DECISIONAL RELEVANCE OF fHE MEASURE: Since this Is a measure of
I nerformanre rather than a trup measure of eff-et~velness, it Is applIed

to comparing mobility systems under the sam3 conditions. It could be
converted to a measure of effectlveniss by tiKiig total Move time into
account with obstacle delay tire as "percent dalay", assumoing that

I .zero delay for obstacles is ideal performancu.

6. ASSOCIATED MEASURES:
I Percent delay

March rate
:" Percent moves completed on time

r7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, Feb 67

*1
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PERCENT FORCE COMPLETE MOVE

1. DEFINITION OF TUE MEASURE: Percent force complete move is the percentage
of a force starting a move that arrives at the destination. In the case
of an attack movement, it is the percentage of force surviving at the
objective. Input data are the initial size of the force (number of personnel,
vehicles, aircratt, subordinate units, or as appropriate),.and the size
of the force arriving at destination. Relation of output to input is:

f number arriving
percent force complete move number sarting Xlo

-TinumberF s tar tIting

2- DIMENSI0N OF THE MEASURE: Ratio -- Output is a percentage in terms
of percent of initial force size.

3. LIMITS ON THE •ANGE OF THE MEASURE: The output may vary from zero to
one hurndred percent. TL is necessary to establish a convention for elements
of the force which ar,:ive at the destination separate from and later than
the main arrival.

4. RATIONALE FOR THE MEASURE' This measure addresses mobility effective-
rtess In respect to the amount of planned movement accomplished. It can
be used for mobility difficulties such as terrain, tactical action, command
and control problems, or training.

5. DECISIONAL UELVANCE UF T WiE ME#SURE: The measure is used to evaluate

a mobility system.

6. ASSOCIATED MEASURES:
March rate
Percent de),ay
Percent moves completed within time

7. REFERENCES:

ACN 06930, Troop Test Frontier Shield - Feb 67
No ACN, Reserve Components Revised ATT, USCONARC - Mar 72

f
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CLOSING TIME

1. DEFINITION OF TU1E MEASURE: Closing time is the elapsed time
between the first and last arrival at destination or rendevous point.
Input values are the moments of arrival of the first and last element
of the unit. Elements might be personnel, vehicles, subordinate
units, or other appropriate element. Relation of output to input is:

closing time - arrival of last element minus arrival of first
element

2. DIMENSION OF TIHE MEASURE: Interval -- Output is a chronological
elapsed time in hours, minutes. and seconds. The measure may be taken
in raLio form, such aF mean time, if several observations are made.

3. LIMITS ON THE RANGE OF TIHE MEASURE: The output may be zero or any
positive value. Since the value is a function of the type and size
of unit, terrain and tactical situation, and other factors, the value
can not be dissociated from the conditions under which it was derived.
In addition, a convention must be established for elements which fail
to join the unit at all.

4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of
command and control, that part of control concerning the ability of a
command to move its elements at various speeds to meet a preset schedule.

5. DECISIONAL RELEVANCE OF THE MEASIURE: The measure may be used to
compare alternative control systems. Or under some circumstances it
may be used to evaluate mobility.

6. ASSOCIATED MEASURES:
"Movement rate
Percent messages received

7. REFERENCES:

ACN 3067, Infantry Rifle Unit Study (IRUS) 1970-75 - Jul 69

4I
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INTELLIGENCE

Page Number

TARGET DETECTION

Proportion targets detected 4-180

Probability of detection 4-181

Percent true detections 4-182

Percent false detections 4-183

Percent false detections corrected 4-184

Time to detection. .- 4-185

Percent targets detected in time 4-186

Detection rate - 4-187

Detection time to range ratio 4-188
Range of detection 4-189

Mean range of detection 4-190
Slant range of detection 4-191
Friendly/enemy detection ratio 4-192

TARGET IDENTIFICATION AND RECOGNITION
Accuracy of identification. 4-193

Detail of identification - 4-194

Time to identify 4-195
Identification to engagement time 4-196
Detection to recognition time 4-197

TARGET LOCATION
Percent correct locations 4-198

Location error to range ratio 4-199

Mean error - 4-200

TARGET ACQUISITION
* Fercent targets acquired 4-201

Mean time to acquistion 4-202

Percent time target tracked 4-203

Percent targets attacked 4-204
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PROPORTION TARGETS DETECTED

1. DEFINITION OF TUE 1'LASURE: Proportion targets detected is the
quotient of number of targets detected divided by the number of potential

A:• targets. Potential targets is a number count of all targets in the area
of operations. Relation of output to input is:

proportion targets detected = number of targets detected
number of total potential targets

If the same target is detected more than once, only the initial detection
is counted in this measure.

2. DIMENSION OF THE MEASURE: Ratio -- A quotient. The measure is also
often used in the form of a percentage, "PERCENT TARGETS DETECTED."

3. LIMITS ON TIM RANGE OF TIE MKASURE: The output can vary from zero
to unity (or from zero to one hundred percent), When a target is moving
a rule has to be established for how often it becomes a "new" potential
target.

4. RATIONALE FOR THE MEAStRE: This measure addresses amount of detection
directly, and is a primary measure of intelligence collection effectiveness.

5. DECISIONAL_ REILEVANCE OF THE IEASURTRE: The measure is used to compare
intelligence collection systems. It is rarely used alone; it is usually

4 used in conjunction wili, ,meaSueiS of timelijcss and accuracy of detection.

6, ASSOCIATED MEASURES:
Probability of detection Detections to targets ratio
Mean time to detection

7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, May 66.
ACN 15353, Field Evaluation HIGH Gear, Jun 69
ACN 16975, Airborne STAHO Systems Test.
ACN 14118, SEANITEOPS Ground Field Experiment 72.8, May 70.
ACN 12944, Exploratory Night Operations Field Experiment, Jun 68.
"ACN 16782, System Assessment Model Technical Report 6-71, Oct 71.
ACN 17494, Divisional War Game Model, Dec 71.
ACN 16849, MASSTER II Test, Dee 70.
ACN 17036, MASSTER III Test, Oct 71.S~No ACN, Candidate WOE for Air Strike Systems, Naval Weapons Center

Report #kTP 4687.
No AGN, MASSTER Improved Acoustic Locator Test, Mar 72.

ACN 16813/18668, ACCB/TRICAP Field Test Series.
ACN 17873, Airborne Company STANO Test.
ACN 18026, Armored Cavalry Troop STANO Test.

ip ACN 17050, Tank Company STANO Test.
ACN 17874, Mechaniz *d Rifle ,ompany STANO Test.
ACN 16818, STANO I Test, Dec 69.
ACN 16819, STANO II Test, Jul 69.
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PROBABILITY OF DETECTION

1. DEFINITION OF THE MEASURE: Probability of detection is the
proportion of detection to detection opportunities. When, detection
opportunities are simply totaled the output is computed as the j
quotient of detections divided by opportunities in the form:

probability of detection - number of detections
nunber of detection opportunitiea

When, however, the detections are arranged as a function of another
variable (for example, as a density junction of time) the probability
is computed as an integral with respect to a given value, as in the
form:

Pix) =f' p(t)dt

2. DIMENSION OF THE MEASURE: Ratio -- Whether in the simplest form or
in an integral with respect to another variable, probability is basically

a ratio of detections to opportunities.

3. LIMITS ON THE RANGE OF THE MEASURE: Probability can vary from zero
to unity, and the usefulness of the measure increases as the number of
detection opportunities increases.

4. RATIONALE FOR THE MEASURE: Probability of detection is one of the
most useful measures of detection effectiveness in that it is directly
translatable into military application-

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used in
any evaluation in which the effectiveness of detection in an issue.

6. ASSOCIATED MEASURES:
Proportion of targets detected Detection time to range ratio
Time to detection

7. REFERENCES:
ACN 7395, Ground Observer Probabilities of Acquisition and
Adjustment Field Experiment 31.1 - Sep 68
ACN 03598, Radar Concept Field Experiment 65.5, Aug 65
ACN 18728, STANO Survey and Review (STASAR), Jul 71

ACN M1144, Army Aircraft Survivability Field Ekperiment 63.6
ACN 07769, ENVE Field Experimentation Series: Part I - 71.1,

Sep 66; Part II, 72.9, Sep 68; Part I11, 72.10, Dec 68.
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PERCENT TRUE DETECTIONS

1. DEFINITION OF T1iE MEASURE: Percent true detecLions is the
percentaug; of o 1I reported detect ions thaL arc conf i rmed as true
detections. It is the complement of falze detections. Input! data
are the number of reported detections and number of true detections.
Relation of output to input is:

percent number detections confir:ned as valid
t rt, e- i0detuctin -number detections reported X 100
detect ions

2. DIMENSION OF TIlE MEASURE: -Ratio -- A percentage in terms of percent

of detectiont.. May also assume the form of proportion of true detections,
or fraction or ratio of true detections to all detections.

3. LIMITS ON TUDE RANGE OF TIlE MEASURE: The value of the measure
increases as the size of the denominator increases. The output can

assume any value from zero to one hundred percent, inclusive.

4. RATIONALE FOR TIAE MEASURE: This is a measure of detection capability.
It addresses accurticy oL detection as opposed to proportion of targets
detected. It keeps a system trom increasing number of detections by
including a large proportion of false detectioas.

5. DECISIONAL RELEVANCE OF TlE MEASURE: The MOE may bc used in any -
situation where both aMount and accuracy of detection Ire issues.

targets detected
'teet ions

LI4TEOPS Ground Field Experiment 72.8 - May 70.

, xploratory Examination in Night Operations, Jun 68.

i,.- N, MASSTER Improved Acoustic Locater System Test, Mar 72.
ACN 16782, Systems Assessment Model, Oct 71.
ACN 10784, Troop Test REDFEYE, 1967
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PERCENT FALSE DETECTIONS

1. DEFINITION OF THE MEASUPE: Percent false detections is the
percentage of all reported detections that are not confirmed as actual
true detections. It is the complement of percentage of true detections.
Input data are the number of reported detections and the number of
reported detections confirmed as true detections. Relation of output
to input is:

total reporLed detections
percent of false detections - minus true detections X 100

total reported detections X

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in terms of
pcrcentage of false detnctions to all detections (e.g., 10% false
detection). Alternative forms are proportion of false decections
(e.g., 0.10 false det•ections) or fraction (e.g., 21/210 false
detections).

3. LIMITS ON THE RANGE OF THE MEASURE: The usefulness of the measure
Sincreases as the size of the denominator increases. Output can assume

any value from zero to one hundred percent inclusive.

4. RATIONALE FOR THE MEASURE: This measure addresses accuracy of
detection. It puts a chock on measuring effectiveness of detection
by amount and timeliness of detection without considering accuracy.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure can be used to
compare alternative candidates in any evaluation where accuracy of p
detection is part of the example. Tn the referenced study it was used
to further rate candidate night operations devices which were roughly
equal In amount of detection partly because one candidate achieved a a
higher level of detection by including more false detections.

6. ASSOCIATED MEASURES:
Percent targets detected
Percent true detections
Tinme to detection

7, REFERENCES:
ACN 14118, SEANITEOPS Ground Field Experiment 72.8 - May 70.
ACN 15353, Field Evaluation HIGH GEAR, Jun 69.
ACN 16818, STANO I Field Evaluation, Dec 69.

ACN 10784, Troop Test REDEYE, 1967
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PERCENT FALSE DETECTIONS CORRECTED

1. DEFINITION OF THE MEASURE: Percent false detcetions corrected to
the percentage of reported detections not confirmed as true detections
that are corrected. In this case correction is a withdrawal or change
of the detection report. Input data are total number of reported
detections, detections confirmed" as true, and detections withdrawn or

changed. Relation of output to input is:

detections withdrawn

percent false detections corrected or changed X 100total detections
reported minus true
detect ions

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in the form of
percentage of false detections corrected (e.g., 10% false detections
corrected). Alternative forms are proportion (.10 false detections
corrected) and fraction (21/210 of false detections corrected).

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is more meaningful
as the total number of detections increases. The output may assume any
value from zero to one hundred percent Inclusive. The criterion for
correction has to be defined, as for example, that the detection report
is withdrawn before confirmation is complete, and the final value can
not be dissociated from the definition.

4. RATIONALE FOR THE MEASURE: This measure is assumed to address
accuracy of detection in the sense that a high percentage of correction
of false detections is similar to a low percentage of false detections.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is suitable as one
4 of several measures when comparinLg candidate systems in accuracy of

detection. It has the effect of crediting the system with delayed
accuracy. Usually a better measure would be time to (true) detection,
but this measure may be useful when it is too costly to obtain time

measures.

6. ASSOCIATED MEASURES-
Percent targets detected Time to detection
Percent true detections Percent false detections

7. REFERENCES:

ACN 14118, SEANITEOPS Ground Field Experiment 72.8 - May 70

iI
- I
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TIME TO DETECTION

1. DEFINITION OF THE MEASURE: Time to detection is the elapsed time
from presentation of the target until detection of it. Input data are
the moment of presentation and the moment of detection. Relation of
output to input is:

Time to detection - time of detection - time of presentation

2. DIMENSION OF THE MEASURE: Interval -- an interval of time in terms
of seconds, minutes or hours. If the measure is taken over time or
across conditions, it can be used in the form of mean time to detection,
or median time to detection.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can take the value
of zero or any positive value. The refinement of the measure is limited
by the preciseness of taking start times and end times. There is a
practical problem in using the measure when the target is sometimes
not detected at all.

4. RATIONALE FOR THE MEASURE: This measure addresses one of the most
important components of target acquisition directly, It measures the
effectiveness of search techniques and detection aids. Most problems

in detection are assumed to contribute to lengthening detection time. ( t
5. DECISIONAL RELEVANCE OF THE MEASURE: This measure can be used to
compare detection means (techniques, aids, trained personnel) to each

other or to a standard when all targets are finally detected. If less
than all targets are detected, this measure can be a supplementary
measure to refine grosser measures of detection.

6. ASSOCIATED MEASURES:
Proportion of targets detected Probability of killI

Probability of detection Time to identification
Exposure time Time to estimate range

7. REFERENCES: (1
ACN 17617, BAHT Field Experiment 43.5, Feb 71

ACN 18171, Attack Helicopter - Daylight Defense 2

Field Experiment 43.6
ACN 1883"7, OTE FAAR, Phase I, Apr 72

ACN 14118, SEANITEOPS Ground Field Experiment 72.8, May 70
ACN 07395, Ground Observer Probability of Acquisition Field

Experiment 31.1, Sep 68
ACN 16782, Systems Assessment Model, Oct 71
ACN M1144, Army Aircraft Survivability Field Experiment

63.3, Jun 66
ACN 15961, SHILLELAGH Field Experiment 11.6, Jun 69
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PERCENT OF TARGETS DETECTED IN T IME

1. DEFINITION OF THE MEASURE: Percent of targets detected in time
is the percentage of all potential targets detected within a specified
time for detection of the target type. Relation of output to input is:

in

pot of tgts detected in.time - -(tgts detected within time) X 100
nr potential tsts

2. DIMENSION OF THE MEASURE: Ratio -- Output is in terms of a
percentage.

3. LIMITS ON TIHE RANGE OF THE NEASURE: Usefulness of measure improves
as number of potential targets improves. Only initial detections may
be counted; subsequent detections of same target must be deleted.
Output value may be 0% through 100%, inclusive.

4. RATIONALE FOR T1HE MEASURE: This measure is a convenient way of
measuring the timeliness of detection when a criterion can be d6fined.
While it is not as sensitive a measure as time-to-detection, it is
much easier to measure.

5. DECISIONAL RELEVANCE OF THE %MEASURE: The measure may be used when-
ever timeliness of detection is an issue. In the referenced study it
was used to determine whethcr a unit could Sieet target acquisition
standards set by the Capabilities Requirements Statements (CRS).

6. ASSOCIATED MEASURES:
Time to detection
Probability of detection
Percent of targets detected

7. REFERENCES:
ACN 17036, MASSTER III Systems Field Test
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DETECTION RATE

1, DEFINITION OF THE MEASURE: Detection rate is the nu.iber of targets
detected per time period, such as detections per hour or detections per
day. Input data are the number of detections and the time measure.
Relation of output to input is:

number of target detectionsdetection rate-
elapsed time

2. DI-ENSION OF THE MEASURE: ratio -- this is a measure of rate.
In the form of detections as a function of time, the rate may be
treated as the first derivative of the function.

3. LIMITS ON THE RANGE OF THE MEASURE: The usefulness of the measure
increases as the length of time in the denominator increases, and the
resolution of the measure is dependent on the refinement of the time
measure. Since rate may change the output value cannot, be dissociated
from the time interval.

4. RATIONALE FOR THE MEASURE: This measure addresses both amoulit and
timeliness of detection in what appears to be a meaningful combination.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
discriminate among detection systems that are equal. in terms of s~mpler

measures such as per cent of targets detected or time to detection.
The data of this measure, handled cumulatively, leads to probability
6f detection as a function of time.

6. ASSOCIATED MEASURES:
Proportion of targets detected
Time to detection
Probability of detection

7. REFERENCES:
ACN 18728 - STANO Survey and Review (STASAR), 1971
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DETECTION TIME TO RANGE RATIO

1. DEFINITION OF THE MEASUTRE: Detection time to range ratio is the
quotient of time to detection divided by range at detection. In the
referenced study the square of the range was used to take into account
that a search for detection Is an area search. Input data are time to
detection in any chronological measure, and range from detector to target

- at moment of detection in any distance measure. Relation of output to
* input is:

detection time to range ratio - time to detection (y

squared)

2. DIMENSION OF THE MEASURE: Ratio -- A quotient. Output is In terms
f of seconds per square meter, or other suitable time:dlstance expression.

3. LIMITS ON THE RANGE OF THE MEASURE: Output may assume any positive
value. Resolution of the output depends on precision in measuring input.

4. RATIONALE FOR THE MEASURE: While detection time is usually a
suitable measure in itself, this combined measure goes beyond simple
timing to take into account that times should be greater when greater

areas are searched.

5. DECISIONAL RELEVANCE OF TIM MEASURE: The measure is suitable in any
comparison of detection systems, and is especially useful when the
competing systems are not attempting to detect precisely the same targets.

S~6. ASSOCIATED MEASURES :
Time to detection Percent targets detected

" Range at detection

7. REFERENCES:
- ACN 12944, Exploratory Examination in Night Operations Field

Experiment 71.4 - Jun 68
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RANGE OF DETECTION

I* DEFINITION .' T}1L MEASURE: Range of detection is the straight
line distance •rom detector to target at moment of first detection.
Input data arA the location of the detector and the target. If there
Is a difference in elevation, such as when either the detector or the
target Is an aircraft, it is called the"ground range of detection".
Relation of output to input is:

range of detection - difference between detector location and
target location

2. DIMENSION OF THE MEASURE: Interval -- The output is a linear
variable in the form of meters, kilometers, miles or other suitable
unit of measure for distance.

3, LIMITS ON THE RANGE OF THE MEASURE: Resolution of the measure
depends on the unit of measure of distance and preciseness of measures.
Complitation of input values may be complex If the two locations differ
in two dimanoions (such as two locntions on a map) or three dimensions
(such as airc::aft and groundpoint), and especially if one or both are
moving. Output may ai.zsume any positive value.

4. RATIONALE FOR TLE MEASURE: This is considered one of the direct
maasures of effectiveness of detection. Ability to detect at greater
range usually results in a higher proportion of targets detected and
shorter time to detection.

5. DECISIONAL RELEVANCE OF THE M'EASURE: The measure is applicable In
any comparison of alternative detection means. In the referenced
studies it eas used to discriminate among detection systems targeted
against movi,•g threats (such as aircraft) that might or might not approach
"the detector,

(t. ASSOCIATED MEASURES:
Proportion of targets detected Time to detection
Percent true detections Probability of detection

7. REFERENCES:
ACN 11670, Field Experiment 72.2 (Reduction of Noise Level of
Operational Aircraft) . Dec 67
ACN 16S19, STANO II Part I Test.
ACN 16849, MASSTER II Test.
ACN 17036, MASSTER III Test.
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MEAN RANGE OF DETECTION

1. DEFINITION OF THE MEASURE: Mean range of detection Is the arithmetic
mean of all target detections. Input data is the distance from detector
to target for each detection, in meters or other appropriate unit of
measure of distance. Relation of output to input is:

t n
Z (each distance from

detector to detected target)
mean range of detection - number of detections

2. DIMENSION OF THE MEASURE: Ratio -- Arithmetic average. Output is
expressed in unit of distance, such as, meters or kilometers.

3. LIMITS ON THE RANGE OF THEE IEASURE: Usefulness of measure Improves
as the number of detections increases. All distance measures must be
expressed in same unit of measure. Refinement of MOE depends on unit of
measure taken.

4. RATIONALE FOR THE MEASURE: Range of detection gives nhe capability
of a system to detect targets or threat. When moving targets or
detectors are involved, range of detection is related to time from
detection to contact.

5. DECISIONAL RELEVANCE OF THE MEASURE: Measure may be used in any
situation where detection is required for purposes of fire missions,
maneuver, or general intelligence. In the referenced study It was a
factor in comparing capabilities of alternative intelligunce sy-tems.

6. ASSOCIATED MEASURES:
Time to detection

N •Probability of detection
Proportion of targets detected

7. REFERENCES:
ACN 17874, Mechanized Rifle Company STANO Test.
ACN 17873, Airborne Company STANO Test.
ACN 18026, Armored Cavalry Troop STANO Test.
ACN 17050, Tank Company STANO Test.

J~
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SLANT RANGE OF DETECT ION

1. DEFINITION| OF THE MEASURE: Slant range of detection is the
straight line distance between an aircraft and a groundpoint at the
moment of detection. It differs from ordinary range of detection
which would be the distance from the groundpoint to a spot on the
gromid beneath the aircraft. Input data cre the height of the

aircraft above the ground and the angle of line-of-sight from the
aircraft to the ground target. Relation of output to inp'ut is:

height of aircraft (difference
between its altitude .nd

slant range of detection -Z .oundpolnt elevation
cosine of the angle of zair-to-
ground line-of-sight

2. DIMENSION OF THE MEASURE: Interval measure -- Distance, in
terms of a unit of distance such as meters.

3. LIMITS ON THE RANGE OF THE MEASURE: The resolution of the
measure is limited by the precision of the Input, and can assume
any positive value.

4. RATIONALE FOR T11E MEASURE: The measure addresses the effectiv.ness
of a detection system in the sense of how far away it can detect. Tills
is related to acquisition performance in two ways: greater slant range
uf deteution means gr-eater probability of detection, and greater range
usually means sooner detection.

5. DECISIONAL RELEVANCE OF THE ýEASURE: The measure can discriminate
between detection systems in one aspect of effectiveness. It is
applicable for both air-to-ground and ground-to-air systems.

6. ASSOCIATED MEASURES:
Probability of detection
Time to detection
Acquisition time

7. REFERENCES:
ACN 16975 , Airboutii STANO Systems Test.

ACN 17617, BAHT Field Experiment 43.5, Feb 71.
ACN 18171, Attack Helicopter Daylight Defense Field

Experiment 43.6, Jun 72.
ACN 16782, Systems Assessment Model, Oct 71.
ACN M1144, Army Aircraft Survivability Field Experiment

63.3, Jun 66.
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FRIENDLY/ENEMY DETECTION RATIO

t1. DEFINITCON OF THE MEASURE: Friendly to enemy detection ratio is

the number of friendly detections of enemy targets (DF) divided by
num, ber of enemy detections of friendly locations (DE). Relation of
OLtput to input:

DF
friendly/enemy detection ratio = DE

2. DIMENSION OF THE MEASURE: Ratio -- output is a pure number expressing
the ratio between friendly detections and enemy detections.

3. LIMITS ON TIE RANGE OF 71LE MEASURE: The output may assume any positive
value. The measure is not meaningful until there has been at least one
detection by each side, and increases in usefulness as the number of
detections increases.

4. RATIONALE FOR THE MEASURE: This measure evaluates the effectiveness
of friendly counterintelligence means such as camouflage, concealmei•L,
deception and so forth. It is based on the premise that terrain and
environmental factors are essentially the same for two forces in the same
area, so qn unusually low ratio would indicate lack of effectiveness in
friendly countermeasures.

5. DECISIONAT. RP..EVANCE OF TIlE MEASURE: TVe measure is used to
S.evaluate the countermeasure aspect of an intelligence system.

-14

6. ASSOCIATED MEASURES: Percent targets detected
Probability of detection

A 7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, Feb 67

If IA

4-192

. . ... j



ACCURACY OF IDENTIFICATION

: 1. DEFINITION OF THE MEASURE: Accuracy of identification is the pro-
portion of potential targets correctly identified. Correctness of
identification may be defined as categorizing targets into friendly
or enemy, or may be categorizing by type (aircraft, company CP, artil-

-. lery position, 817th Armor Battalion, etc.). Whether the identifi-
cation required is a simple or difficult task, the measure is the
proportion of all detected targets correctly classified. Relation of
output to input is:

accuracy of identification - number correctly identifiedtotal number detected

2. DIMENSION OF THE MEASUREý Ratio -- a quotient between all targets
considered and those correctly identified. Is a fraction, in terms of
a fraction, decimal, or percent of all targets.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
until at least one target has been detected, and the usefulness of the
measure increases as the denominator increases. The output can assume
any value from zero to one, inclusive. The data value cannot be dis-
associated from the definition of correct identification.

4. RATIONALE FOR THE MEASURE: This measure directly addresses one of
the important components of target acquisition. Identification is
necessary to complete acquisition.

5. DECISIONAL RELEVANCE OF T1E MEASURE: 'The measure may be used to
compare means of identification with each other or to a standard. The
definition of correct identification is stated in keeping with circum-
stances. For example, moving target radars may be expected to identify
tracked vehicles, but not to identify enemy vs friendly tracked vehicles.

6. ASSOCIATED MEASURES:

Time to identify
Time to detect
Time to estimate range
Firing accuracy

* 7. REFERENCES:
ACN 18171, Attack Helicopter - Daylight Defense Field ExperimentL L13.&
ACN 14118, SEANITEOPS, Ground Field Experiment 72.8.

ACN 16819, STANO 1I Part I Test.
ACN 12944, Exploratory Examination in Night Operations, Jun 68.

-ACN 17036, MASSTER II Test..
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DETAIL OF IDENTIFICATION

I. DEFINITION OF THE MEASURE: Detail of identification is a nominal

measure of how many and which details of target identification are
accomplished. Details include friend vs foe, type target (in the sense
of personnel, truck, tank, or in the sense of armor unit, field CP,
logistical installation), direction and rate of movement, size of target,
activity (in the sense of moving, digging in, firing), unit designation
(in the sense of 817th Armor Battalion), and so forth. The measure is
which details are included in the identification.

2. DIMENSION OF THE MEASURE: Nominal -- the output of the measure

is a list of details included. It can be used in a interval form by
assigning a value to each detail and totaling the value.

3. LIMITS ON THE RANGE OF THE MEASURE: All details of identification

have to be defined within their limits. For example, direction of
movement can be defined as grossly as forward or withdrawal or as

refined as compass azimuth. There is a practical difficulty in
eliciting all the details available unless a complete checklist is
provided.

4. RATIONALE FOR THE MEASURE: This measure goes directly to one of
the most important elements of target identification. Its interval
form is an attempt to quantify detail of identification so that a
means may be said to identify four out of six details, or if details
are ordered in importance, to reach the fourth level of detail of
identification.

'.7 5. DECISIONAL RELEVANCE OF THFE MEASURE: The measure may be used to
compare different means of identification as to detail. The measure
would not ordinarily be used alone; it usually is used in conjunction
of accuracy of identification and time to identify.

6. ASSOCIATED MEASURES:
Accuracy of identification
Time to identify

7. REFERENCES:

ACN 17036, MASSTER III Field Test
ACN 07395, Ground Observer Probability of Acquisition Field

* -I - Experiment 31.1, Sep 68.
ACN 16782, Systems Assessment Model, Oct 71.

* ACN 16818, STANO II Test, Dec 69.

4.9
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TIME TO IDENTIFY

1. DEFINITION OF TIlE MEASURE: Time to identify is the elapsed time
to identification of a target as to friend or foe, or as to type. The
input data are time of identification and time of detection. (Alter-
natively, the start of timing could be time of presentation.) Re-
lation of output to input is:

time to identify = time of identification - time of
detection (or presentation)

2. DIMENSION OF THE MEIASURE: Interval -- an elapsed time, in units
of seconds, minutes, or hours. If the measure iv taken over time or
under varying circumstances it can be used in the form of mean time
to identification or median time to identification.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value can be zero
or any positive value. The resolution of the measure is limited by
the preciseness of taking start and end time. There is a practical
problem in employing the measure when there are instances of failing
to identify, or erroneous identification with no provision for
correction.

4. RATIONALE FOR THE MEASURE: This measure addresses an important
component of target acquisition directly. Problems in identification
are assumed to lengthen the time required.

5. DECISIONAL REILEVANCE OF THE MEASURE: The measure may be used to
compare means of identification (techniques, aids, 1FF systems, or
trained personnel) with each other or with a standard. If accuracy
of identification is also measured, this is a supplementary measure.

6. ASSOCIATED MEASURES:
Accuracy of identification
Exposure time
Time to detection
Time to estimate range

7. REFERENCES:
ACN 18171, Attack helicopter - Daylight Defense Field Experiment
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IDENTIFICATION TO ENGAGEMENT TIME

1. DEFINITION OF THE MEASURE: Identification to engagement time
(or FIRINS REACTION TIME) is the elapsed time from the moment of
Identification of a valid hostile target to the moment of engagement
by fire. Input data is in terms of date-time-groups. Relation of
output to input is:

Identification to engagement time - time of fire minus time
of Identification

2. DIMENSION OF THE Y.>Z&ASURE: Interval -- Elapsed time in units of
of seconds, minutes, hours, or days. If multiple observations are
made, the measure can be In the form of a mean or meCian time,

3. LIMITS ON THE RANGE OF TH1E MEASURE: Resolution of the measure
depends on precision of the timing. Output can assume any positive
value. A convention has to be established to handle identifications
that do not result in firing. Since time measures are characterized
by a skew to the high side, medians are often more useful than means.

4. RATIONALE FOR THE MEASURE: This measure is assumed to be related

to reaction time, an important component of total reactiom time. It
represents the ability of a system to engage a threat once thu threat
has been identified as a target.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can distinguish
between alternative target acquisition systems concernhin the timell-
ness and value of targeting iLformation furnished and the capability
of a unit's communications, command and control, and firepower to
react to targets.

6, ASSOCIATED MEASURES:
Time to detection
Target acquisition time
Range of detection

7. REFERRENCES:
ACN 17874, ýMechanized Rifle Company STANO TestS~ACN 18837, (DYE FAAR, Phase I

Li
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DETECTION TO RECOGNITION TIME

1. DEFINITION OF THE MEASURE: Detection to recognition time is the
elapsed time from the moment of detecting a target to the moment of
recognition. Recognition is defined as sufficient information to
classify a target as either a valid enemy target or not. Unit of V
measure of input is time In terms of date-time group or as appropriate.
Relation of output to Input is:

detection to recognition time - time of recognition minus time
of detection

2. DIW.NSION OF THE MEASURE: Interval -- Elapsed time. Unit of
measure of output Is linear time in seconds, minutes, hours, and days.
The measure can be taken in the form of a mean time or median time
when enough Individual readings are taken.

3. LIMITS ON THE RANGE OF THE MEASURE: The resolution of the measure
depends on the precision of timing used. The output can assume any
positive value. Time measures are characterized by a skew to the high
side, so that median times are often more useful than mean times.

4. RATIONALE FOR THE MEASURE: It is assumed that the time from detection
to recognition is one of the most critical components of acquisition
time. Some detection means furnish detection and recognition almost
simultaneously while some detectors (such as unattended siesmic sensors, (
unaided ears, and radars) usually have a long gap between detection and
any sort of recognition.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure could be useful
in comparing acquisition systems that might be expected to differ in
recognition time.

6. ASSOCIATED MEASURES: I
Time to detection
Acquisition timeRange of recognition

7. REFERENCES:
ACN 17874, Mechanized R).fle Company STANO Test m Nov 71
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PERCENT CORRECT LOCATIONS

1. DEFINITION OF THE MEASURE: Percentage of correct locations is the
percentage of reported locations that are close enough to true locations
to be counted as correct. The criterion for close enough for correctness
has to be stated for application of the measure. The input data are
magnitude of the error aad criterion for acceptable error. Relation of
output to input is:

number :locations

percent correct locations within criterion X 100
total number locations

* 2. DIMENSION OF 'M MEASURE: Ratio -- Output in termis of percent of
locations. Alternatively, the measure could be in the form of a
proportion or fraction.

3. LIMITS ON THE RANGE OF THE MEASURE: The denominator has to be at
least one, and the usefulness of the measure increases as the denominator
increases. Output may assume any positive value from zero to one
hundred percent, inclusive. The resolution of the measure is limited
by the fineness of the criterion.

4. RATIONALE FOR TUE MEASURE: This measure addresses accuracy of
locating points, usually applied to locating of targets or other
intelligence information, it is a part of the acquisition prucess.
The measure is not as refined as mean offset error or circular error
probable, but is ordinarily relatively easy to measure.

5. DECISIONAL RELEVANCE OF TIE MEASURE: The measure may be used in any
situation where accuracy of locating points is an issue. In the referenced
study it was used to determine which night vision devices best provided
target locations with criterion limits of ten meters.

6. ASSOCIATED MEASURES:
Circular error probable
Mean offset error
Percent targets detected

7. REFERENCES:
ACN 14118, SEANITEOPS Ground Field Experiment 72.8 - May 70

* ACN 17036, MASSTER III Systems Field Test - Oct 71
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LOCATION ERROR TO RANGE RATIO

1. DEFINITION OF THE MEASURE: Location error to range ratio is the
quotient of locatlon error divided oy range. For example, if the
location error in a given location is 10 meters and the range from
observer to target is 2,000 meters the ratio would be 20:2,000 or .01
or 1/100. Input data are error distance and range difference, both
measured in the same unit of measure. Relation of output to input is:

distance of error
location error to range ratio - r

range:observer to target

2. DIMENSION OF THE MEASURE: Ratio -- Output Is a quotient, in terms of
a ratio (20:2,000), proportion (.01), fraction (1/100), or percentage
(1% error).

3. LIMITS ON THE RANGE OF THE MEASURE: Both input distances must be
measured in the same unit of measure, such as inches, meters, or
kilometers. Resolution of the output depends on refinement of measuring
input. Output can be zero or any finite number. If error is always
measured as a positive offset error the ratio will be positive, but in
circumstances under which positive and negative errors can compensate,
for each other, the ratio could be positivo or negative.

4. RATIONALE FOR THE NEASURE: This is a measure of error In location,
as an indicator of accuracy of location, but has the additional information

of the range, which allows the •ignificance of the error to be considered.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful in any
V comparison involving accuracy of location. In the referenced study

the measure was used to compare night vision divices in accuracy of
target acquisition.

6. ASSOCIATED MEASURES:
Mean location error
Mean offset location error
Pct accurate locations

7. REFERENCES:
ACN 12944, Exploratory Examination In Night Operations Field
Experiment 71.4 - Jun 68.
ACN 07395, Ground Observer Probability of Acquisition Field
Experiment 31.1, Sep 68. .
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MEAN ERROR

1. DEFINITION OF THE MEASURE: Mean error is the arithmetic mean of
all observed distances from repoited values to the true value. Also
called "average miss distance." That is, it is the mean of all lengths
of offset error when all offset errors are treated as positive values
regardless of their vector. The Input data are the measured distance
from each observed location to the true location. Relation of output
to Input is:

n
S(each error distance from reported
location to actua location).

mean error - number of reported locations

2. DIMENSION OF THE MEASURE: Ratio -- An arithmetic mean expressed in
terms of an appropriate measure of length such as Inches, meters, or
kilometers. Alternatively, the measure could be in the form of a median
error, mean square error, standard deviation of error, geometric mean
error, or quadratic mean error.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value. This MOE is limited to expressing the amount of error
In positive values regardless of the direction of error. The usefulness
of the measure improves as the size of the denominator increases.

4 • 4. RATIONALE FOR THE MEASURE: This measure addresses the degree of error
directly when the direction of the error does not matter. All errors
are counted as error; positives and negaLives do not offset each other.
When all errors are errors regardless of direction, which is usually
"the case, the mean error is the simplest and most direct measure.

5, DECISIONAL RELEVANCE OF THE MEASURE: This measure is useful in any
evaluation where accuracy of location is significant, as in the case of
firing rounds at a target or in reporting the location of an enemy
posit ion.

6. ASSOCIATED MEASURES:
Percent correct locations Proportion hits
Mean offset error Circular error probable

7. REFERENCES:
ACN 14118, SEANUTEOPS Ground Field Experiment 72.8 - May 70.
ACN 18288, Artillery Versus Moving Targets Follow-On (REACT),

Jul 72.
ACN 17271, Ability to Adjust Artillery on Moving Materiel

Targets Field Experiment 32.1.
ACN 16782, Systems Assessment Model, Oct 71.
ACGN 13233, Land Navigation Systems Troop Test, Jul 10.
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PERCENT TARGETS ACQUIRED

1. DEFINITION OF THE MEASURE: Percent targets acquired is the percentage

of targets acquirad out of all targets presented. Acquired is defined as
detected, recognized, identified, and located. Targets presented is

defined as all potential targets in the area of influence. Input data
are number of potential targets and number of targets acquired. Relation
of output to input is:

number targets acquire~d.10
percent of targets acquired - number targets presened 0number targets presented

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in terms of acquired

targets out of total targets (e.g. 10%). Alternatively, the measure
could be in the form of a proportion (.10), fraction (21/210), or ratio
(1:10).

3. LIMITS ON THE RANGE OF THE MEASURE: The value of the measure
increases as the size of the denominator Increases. The output can
assume any value from zero to one hundred percent, inclusive.

4. RATIONALE FOR TIHE MEASURE: This measure addresses effectiveness of
target acquisition directly. It subsumes detection, identification,
recognition, and location, and is therefore a more general measure for
overall comparison of acquisition systems.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is suitable for
comparing alternative candidate acquisition systems in amount of acqui-
sition. It would ordinarily be used in conjunction with reasures of

accuracy and timeliness of acquisition.

6. ASSOCIATED MEASURES:
Proportion of targets detected Mean error of acquisition
Pct correct identifications Time to acquisition
Pet correct locations

7. REFERENCES:
ACN 17050, Tank Company STANO Test - May 72
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S•;.MEAN TI14E TO ACQUISITION

IflV

1. DEFINITION OF THE MEASURE: Mean time to acquisition Is the arrl',,
metic average of the elapsed times to complete all successful acquisi-
tions. Acquisition is defined as including detection, recognition,
identification, and location of the target. Input data are the elapsed
times for each completed acquisktion. Relation of output to input is:

n
. (elapsed time each

t c s o successful acquisition)! ~mean time to acquisition--mninumber successful acquisitions

2. DIMENSION OF THE MEASURE: Ratio -- Output in terms of an average
time in seconds, minutes, hours, or days as appropriate. Could also
be used in the form of a "median time to acquisition".

* J 3. LIMITS ON THE RANGE OF THE MEASURE: The number of successful
acquisitions must be enough to average out large differences from
chance factors in the conditions concerned. The output value can not
be dissociated from the circumstances under which it was derived.
The output may assume any positive value.

4. RATIONALE FOR THE MEASURE: This measure directly addresses the
timeliness of acquisition. It applies only to the case of completed,
successrul acquisitions and not to the oxpected time to acquisition
of a target. Since it subsumeis other time measures (such as time-to-

! I: detection) it is a grosser measure suitable to the evaluation of
larger systems.

-- 5. DECISIONAL RELEVANCE OF THE MEASURE: This measure may be used in
any situation in which timeliness of target acquisition is a factor.

6. ASSOCIATED MEASURES:
Time to detection
Time to identification
Expected time to acquisition

7. REFERENCES:
ACN 14118, SEANPIEOPS Ground Field Experiment - May 70

ACN 07395, Ground Observer Probability of Acquisition Field
'I. Experiment 31.1, Sep 68.

ACN 18288, Artillery Versus Moving Target Follow-on (REACT)Field Experiment 32.2, Jul 72.

.CN 17271, Ability to Adjust Artillery on Moving Materiel
ATargets Field Experiment 32.1.

ACN 03067, IRUS Field Experiment 65.1, Aug 67.S; • ACN 16914, M60AI Add-on Stabilization Troop Test, Apr 72.
ACIJ M1144, Army Aircraft Surveillance Field Experiment 63.3,

Jun 66.
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PERCENT TIME TARGET TRACKED

1. DEFINITION OF TRE MEASURE: Percent time target tracked is the total
ime. a target is under observation, as a percentage of the total time

the target is in the area of operations. Input data are each of the

elapsed times the target is under observation, and the total time the
target is in the AO. Relation of output to input is:

nI
Percent time 7 (each elapsed time target under observation\ 0
target is tracked time target leaves AO minus time enters

2. DIMENSION OF THE MEASURE: 'Ratio -- output is a ratio in terms of

percentage of time target exists as a significant target. Several such
observations could be combined into a mean percent time, or median.

3. LIMITS ON THE RANCE OF ThN MEASURE: The output may assume any value
from zero to one hundred percent. The measure is often difficult to take
because it sometimes reqi i.res collecting a set of short elapsed times.
The measure is not as me-xiingfu3 for stationary targets but is still valid.
Destruction of the tar~et must be treated as "leaving the AG".

4. RATIONALE FOR TIP' IjrA'>TtYX: The measure directly addresses a relevant
military issue in int•ii,eucc. It is a true measure of effectiveness
rather than a -,,easure of performance because the denominator is the theoretic
100% effectivenes,..

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually used to
evaluate intelligence systems in effectiveness. In ACN 17036 it was used
to compare intelligence collection devices, but it is equally applicable
to whole intelligence systems.

6. ASSOCIATED MEASURES: Percent enemy positions known
Time to detection
Probability of detection

7. REFERENCES:
ACN 17036, MASSTER III Test
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PERCENT TARGETS ATTACKED

I. DEFINITION OF THE MEASURE: Percent targets attacked is the
percentage of all targets presented which are attacked. Input data
are number of targets presented and number of targets attacked. These
are also broken down into types of targets. Relation of output to
input is:

pct tgts attacked = (number 2ach type tgt attacked)
" (number each type tgt presented X 100

2. DIMENSTON OF THE MEASURE: Ratio -- A percentage in terms of
percent of targets.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure has a weakness in
that any target not attacked for any reason detracts from the numerator.
Targets which could be attacked but which are not attacked for tactical
reasons depreciate, the percentage. The output may vary from zero to
one hundred percent.

4. RATIONALE FOR THE MEASURE: This measure goes beyond percent of
targets detected totake into account the quality and timeliness of
acquisition. Only targeting that goes all the way to an attack is
counted.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used as
an overall value for comparing alternative target acquisition systems.

6. ASSOCIATED MEASURES:
Proportion targets detected

Time to acquisition
Accuracy of location

7. REFERENCES:

No ACN, "Candidate Measures of Effectiveness for Air Strike
Systems", Naval Weapons Center #TP 4687, China Lake, Cal
Sep 69

ACN 10784, Troop Test REDEYE, 1967
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COMBAT SERVICE SUPPORT

Page Number
(XqNERAL

Percent time support available 4-206
Ratio support requests to completions 4-207
Document form effectiveness 4-208
Amount of information conveyed 4-209

JUPPLY
Percent supply requestsmet 4-210
Percent supply requirements fulfilled 4-211
Time to resupply 4-212
Time to required resupply 4-213
Mean time internal distribution 4-214
Proporttfon ammunition remaining 4-215

ORANS PORTATION
Percent transport requests met 4-216
Proportion transportation requirements fulfilled 4-217
Percent rurnS with payloads both ways 4-218
Evacuation rate 4-219

MAINTENANCE
Mean time to restore 4-220

MEDICAL
Mean medevac time 4-221
Percent casualties surviving 4-222
Percent casualties returned to duty 4-223
Mean time to return to duty 4-224
Patient backlog 4-225
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PERCENT TIME SUPPORT AVAILABLE

1. DEFINITION OF THE MEASURE: Percent time support available is
the percentage of the total time observed during which the type of
support examined is available on call. In put data are the total
elapsed time observed (T) and the sum of the elspsed times of
nonavailability. ( F tl * . .tn) where n IG the number of periods
of nonavallability. Relation of output to input is:

pct time spt available - T -(_ tj . . .tn) x 100
T

2. DIMENSION OF THE MEASURE: ratio -- output is a percentage in
terms of percentage of total time

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from
zero to one hundred percent. The resolution of the measure depends
on the unit of time interval used, and the usefulness of the measure
increases as the value of T increases.

4. RATIONALE FOR THE MEASURE: This measure addresses the amount
of support aspect of support effectiveness indirectly. While it
ignores uneveness In the amount of support available at different
times It is a conventient indicator of overall support available
but not actually called for, It is based on the assumption that
avai!ability is part of the support mission that should be credited
whether or not support is really used.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure would be appli-
cable in situations involving support potential. It can be applied
to any kind of support, including close air support, indirect fire
support, lnd4.rt.± f'i - resupply support, medical service,
personnel and administrative support, maintenance support, chaplain
service, or any of a wide variety of support activities that include
availability as a part of their mission whether or not actually used.

6. ASSOCIATED IEASURES:
Pct (support) req's met
Support radius

7. REFERENCES:
No ACN -"Candidate Measures of Effectiveness for Air StrikeSystems, Naval Weapons Center #TP 4687, China Lake Cal., Sep 69
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RATIO SUPPORT REQUESTS TO COMPLETIONS

1. DEFINITION OF THE MEASURE: The ratio of support requests to

completions is the number of support missions completed divided by
the number of requests made by supported unit. Input data are the
number of requests and number of support deliveries. Relation of
output to input is:

ratio support requests . number of support tasks completed
to completions number of support tasks requested

2. DIMENSION OF THE MEASURE: ratio -- output is a pure number
expressing a ratio

3. LIMITS ON THE RANGE OF THE MEASURE: The ratio may be 1.00 or
any positive higher value. The lowest ratio is one because each
support task is requested at least once. It can be any higher value
if not all support tasks are completed before a repetition or change
of the request.

4. RATIONALE FOR THE MEASURE: The measure is based on the thesis
that a support mission that is incorrect or too late will result in
subsequent requests repeating or changing the support task.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to
evaluate any support system. Support requests may concern supply,
transportation, maintenance, medical service, personnel or administrazive
actions, legal or chaplain service, indirect fire support, engineer,
or reconnaissance.

6. ASSOCIATED MEASURES:
Percent supply requests met Proportion supply requirements filled
Perceizt transportation Proportion transport requirements

requests met filled
Percent maintenance requests Operational availability

met
Percent tasks completed within time

7. REFERENCES:
None - this is a potential measure
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DOCUMENT FORM EFFECTIVENESS

1. DEFINITION OF THE MEASURE: Document form utilization effectiveness
is the amount of information conveyed by a form divided by the number
of cells on the form. Amount of information is the total number of
options excluded. (See MOE entitled "AMOUNT C0 NFORNMION"). Number
of cells is the number of indepeiident answers, •ich as blanks, boxes,
or checks. Relation of output to input is:

Document form effectiveness - total number oE options excluded
number cells

2. DIMENSION OF THE MEASURE: Ratio -- The output is the average number
of options excluded, or average amount of information per cell.

3. LIMITS ON THE RANGE OF TRE MEASURE: The output is a positive integer
equal to or greater than the number of cells, with no top limit.

4. RATIONALE FOR THE MEASURE: The measure indicates the amount of
information conveyed by a form, taking into accoiunt the length of the
form.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to compare
the effectiveness of document forms. A low value indicates that more
informatiun should be conveyed, or that the same amount of information
should be conveyed in less cells.

6. ASSOCIATED MEASURES: Amount oi information. Reporting time.

7. REFERENCES: Article: "Systems Approach to Effective Documentation,"
Recent Research in Maritime Transportation, National Academy of Sciences
National Research Council Publication #592.
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AMOUNT OF INFORMATION CONVEYED

I. DEFINITION OF THE MEASURE: Amount of informal'ion conveyed is the
sum of options excluded by data entries. A yes/no entry has only two
options and the answer excludes one, so its value is one. An answer
as to which of six subordinate units is answering excludes five options.
An answer giving a location to the nearest ten meters in an area that
has 1,000 ten-mrnter blocks excludes 99§ options. A date excludes the
rest of the days in the total applir.ibl-e time period. In each answer
the options excluded equal the numboer of possible options (0i) minus
one. The output is the sum of o;ptions excluded:

information (0, - 1) + (02 I) + ... (0 - 1)

(0o1 + 02 .On4o) - n

2. DIMhNSION 0' THE MEASNURE: interval -- the output is a positive
integer.

3. LIMITS ON THE RANGE OF THE MEASURE: The output value can assume any
positive integer value equal to n or higher. Infinite numbers of options
must be excluded by always specifying the highest number of options
regardless of how high the value may be.

4. RATIONALE FOR THE MEASURE: The measure is a direct indication of
the amount of information conveyed, in terms of the total number of
erroneous possibilities e-cluded.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable to
evaluating the amount of information conveyed by a given information
system. It is most applicable to forms and standardized messages but
can be applied to free form presentations by counting the number of
independent points addressed.

6. ASSOCIATED MEASURES:
Document form Effectiveness
Time to decision
Options remaining

7. hEFERENCES:

None, this is a potential measure.
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PERCENT SUPPLY REQLESTS MET

1. DEFINITION OF THE MEASURE: Percent supply requests met is the per-
centage of all supply requests made by a unit that are met by the com-
bat service support system. Input data are the number of valid supply
requests made, and the number of these that are met. Relation of cut-
put to input is:

percent supply number of supply requests met 100
requests met number of supply requests

2. DIMENSION OF THE MEASURE: ratio -- output is a percentage, In terms
of supply requests

3. LIMITS ON THE RANGE OF THE MEASURE: The output can vary from zero
to one hundred percent. This measure is limited in that its resolution
is at the level of whole requests, and does not address differences in
size or importance of requests. This measure is not as refineci as pro-
portion of supply requirements met but is a siml.er, less expensive
measure to take.

4. RATIONALE FOR THE MEASURE: The measure is an indicator of how
effective the combat service support system is in meeting supply needs.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to
evaluate the supply aspect of a combat service support system.

6. ASSOCIATED MEASURES:
Time to resupply
Proportion of supply requirements filled

7. REFERENCES:
ACN 06930 - Troop Test Frontier Shield, Feb 67
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PERCENT SUPPLY REQUIREMENTS FULFILLED

1. DEFINITION OF THE MEASURE: Percent supply requirements fulfilled
is the percentage of supply requirements met. (It is not the. percent
of supply requests met.) Input data are the amount of supplies
requested, usually counted in terms of "days of supply" (DOS) and the
amount supplied. Relation of output to input is:

pct supply req's fulfilled amount of supplies met (in DOS) X 100
amount of supplies requested (in DOS)

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in terms of percen-
tage of supplies required.

3. LIMITS ON THE RANGE OF THE MEASURE: A percentage can vary from
zero to one hundred per cent. To apply the measure each class of supplies
has to be expressed in DOS or some other common denominator which
requires agreeable definitions of the unit of measure. The measure
ignores differences in importance of different classes of supply.

4. RATIONALE FOR THE MEASURE: The measure directly addresses amount
of supplies provided. It is a more refined measure than percent of
supply requests filled because it takes into account differing sizes of
requests.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate supply systems.

6. ASSOCIATED MEASURES:

Pct of supply requests met
Pct of supplies delivered by time required

7. REFERENCES:

ACN 17494, Development of a Divisional War Game Model (DIVWAG) -

Dec 71

4-211



TIME TO RESUPPLY

1. DEFINITION OF THE MEASURE: Time to resupply is the elapsed time
required to rearm, refuel, or otherwise resupply an aircraft, vehicle,
or unit. Input is start time and completion time. The measure is the

difference in hours, minutes, or days as appropriate. Relation of
output to input is:

time to resupply = ýompletion time - start time

2. DIMENSION OF THE MEASURE: Interval measure -- output is in terms
L of hours, minutes, or days. Sometimes used in the form of a ratio

measure such as "average time to resupply" or "mean time to resupply
per vehicle."

3. LIMITS ON THE RANGE OF THE MEASURE: Measure may assume any positive
value above zero. Measure is applicable only to the conditions under
which it is taken, and for the aircraft, vehicle, column, flight, or
unit for which it is taken.

4. RATIONALE FOR THE MEASURE: This measure is the most direct measure
of the timeliness of a refueling, rearming, or other resupply oper-
ation. Measure can include waiting time and service time or be limited
to service time. It can easily be converted to a ratio measure when
more appropriate.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually most
useful in measuring aspects of a combat service support system. In
the referenced study aircraft refueling and rearming (combined) was
under study. It might also be used as a supplementary measure in
comparing materiel systems.

6. ASSOCIATED MEASURES:
Resupply rate
Resupply frequency

Operational readiness
Missions per day
Proportion of resupply requests met

7. REFERENCES:
ACN 17073, Aircraft Refueling and Rearming in Forward Areas

(FAAR Study).
ACN 00004, A Method for Integration of Medical Accounting,

Reporting, Supply and Regulating of the Army in the Field
into ADSAF-CS 3 Program.

ACN 11585, Division Logistics System Test

ACN 06930, Troop Test Frontier Shield, May 66
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I TIME TO REQUIRED RESUPPLY

1I. DEFINITION OF THE MEASURE: Time to required resupply is the length

of time a basic load of ammunition is expected to last in engagement.
Input measures are size of basic load (in rounds, tons, or DOA), amount
of ammunition expended, and elapsed time under engagement. Relation of
Output to input is:

amount of basic load
time to required resupply - amount ammo expended/elapsed time

2. DIMENSION OF THE MEASURE: Rational number -- unit of measure of out-
put is time. The two input measures in terms of amount of ammo cancel
each other out, leaving the output in time. It is rational in the sense
that it is time per basic load.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is meaningless until
the first ammunition expenditure has recurred. The measure becomes more
useful as time under engagement increases. The output can assume any
positive value. If different types of ammunition are used, the amount
must be measured in weight or DOA. The unit of measure for amount

must be the same in numerator and denominator.

4. RATIONALE FOR THE MEASURE: This measure addresses the burden to
the resupply system. It may be thought of as required resupply Ere-
quency or expected life of basic load. If resupply capability is fixed,
it is a measure of sustainability.

5. DECISIONAL RELEVANCE OF THE M*EASIRE: The measure may be used to
evaluate competing firepower systems in terms of sustainability or to
evaluate doctrinal concepts of combat service support.

6. ASSOCIATED MEASURES:
Armlunition expenditure rate
Percent of basic load expended

7. REFERENCES:
None; this is a proposed potential me 0 u.'e.
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lMAIN TIME INTERNAL DISTRIBUTION

1. DEFINITION OF THE MEASURE: Mean time internal distribution is the
average time required to distribute ammunition (or other supplies) to
users within an organization. Input data are the times of delivery to
the organization and completion of distribution, and the number of
distributions observed. Relation of output to Input is:

n
S: mean time ( (each elapsed distribution time)

internal distribution number distributions

2. DIMENSION OF THE MEASURE: ratio -- output is an arithmetic mean,
in terms of mean number of minutes or hours

3, LIMITS ON THE RANGE OF THE MEASURE: The output may assume any

positive value. There is a danger in using mean times, because one

or two unusually long times may disproportionately influence the
average. A median time may be more useful.

4. RATIONAI.E FOR THE MEASURE: The measure addresses timeliness of
the Internal combat service support of an organization, as opposed
to the service elements supporting a unit. This last step In the

A combat service support chain may be critical in tactical circumstances.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to assess
a units internal supply distribution system.

6, ASSOCIATED MEASURES:
Time to resupply
Percent supply requests met
Percent supply requirements filled

7. REFERENCES:
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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PROPORTION A,'1,iUNrI ION REMAINING

1. DEFINITION OF THE MEASURE: Proportion amunition remaining
is the quotient of amount of aminunition remaining divided by
initial amount of ammunition prior" to a specified firing engagement.
Input may be in terms of rounds, tons, or stated "days of ammunition,"
Relation of output to input is:

"proportion of ammunition remaining amount anmuniton remann
initial amount ammunition

2. DIMENSION OF THE MEASURE: ratio -- A proportion 4n the form
of a decimal or percentage fraction of a stated amount of ammunition.

3. LIMITS ON THE RANGE OF THE MEASURE: The proportion may assume
any value from zero to unity. The output is a function of the
firing task and can not be dissociated from the condit)ons under
which it was derived. If various types of ammunition are involved,
they have to be handled in a common measure.

4. RATIONALE FOR THE MEASURE: This measure addresses the effectiveness
of firepower and logistics directly in the sense that accomplishing
a mission with less than the maximum aimmunition indicates more ef-
ficient firing.

5 EIIYAREEACOrTHLE MEAISURE: The m-easure can be used [ "
to compare competing firepower systems, alternative am~munition IF:

,,• supply systems, or oven whole systems to the extent that th~s cart
be considered a sensitive enough measure of target acquisition,

mobility, and command and control efficiency.

6. ASSOCIATED MEASURES:
Proportion rounds expended Percent resupply req's met
Ammo expenditure rate Probability of success
Resupply rate Casualties inflicted

7. REFERENCES:
ACN M3523 - Small Arms Weapons Systems (SAWS) Field
Experiment 65.4, May 66
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PERCENT TRANSPORT REQUESTS MET

1. DEFINITION OF THE MEASURE' Percent transport requests met is
the percentage of all requests for vehicular or air transport made
by a unit that are met by the combat service support system. Input

data are the n.imber of valid requests made and the number for which
transportation is provided. Relation of output to input is:

percent transport number of transport reqLueste met
req*lests met number of transport requests X 100

2. DIMENSION OT' THE MEASURE: ratio -- output is a percentage in terms
of percentage of requests

3. LIMITS ON THE RANGE OF THE MASURE: The output may vary from zero
"to one hundi:,d percent. This measure is not very refined because it

treats all requests equally, ignoring differences in size and importance
and transportation needs In different requests. While it is not as
refined as proportion of transportation requirements filled, it is
simpler and less expensive to measure.

4. RATIONALE FOR THE MEASURE: The measure is an Indleator of how
eftective the combat service support system Is in meeting transportation
needs.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to
evaluate the transportation aspect of a combat service support system.

6. ASSOCIATED ,MEASURES:
Proportion transportation requirements filled
Percent moves within time ordered

7. REFERENCES:
ACN 06930 - Troop Test Frontier Shield, Feb 67
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PROPORTION TRANSPORTATION REQUIREMENTS FILLED

1. DEFINITION OF THE MEASURE: Proportion transportation requirements

filled is the amount of transportation provided divided by the amount
of transportation required. Amount of transportation is in terms of
number of personnel-miles, ton-miles, or other suitable expression of
amount of cargo and distance. Relation of output to input is:

proportion tranoportation -ount of tranasportation provided (payload x diet)
requirements filled amount of transporastion required (payload x diet)

2. DIMENSION OF THE MEASURE: ratio -- output is a pure number expressing

* a proportion of requirements

1- 3. LIMITS ON THE RANGE OF THE MEASURE: The output mwy vary from zero

to unitit. If different types of payloads are involved, they must be

converted to a common denominator. Different payloads and different
distances must be sumned.

4. RATIONALE FOR THE MEASURE: The measure directly addresses the

effectiveness of the transportation aspect of the combat service system.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to evaluate

service support systems.sPeorcet asotto eus~ e

6. ASSOCIATED MEASURES:S~Percent transportation request~s mot

Percent moves within time ordered\-_

7. REFERENCES:
ACN 11585, Division Logistics System Test
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PERCENT RUNS WITH PAYLOAD BOTH WAYS

1. DEFINTIION OF THE MEASURE: Percent runs with payloads both ways is
the percentage of all transport runs dispatched that carry a payload in

both directions, going out and return. Input data are the number of
"41ý transport runs dispatchea and the number of them that have payloads

both ways. Relation ot output to input is:

percent runs with .number of runs with payload both wa 10
payload both ways number runs dispatched

2. DIMENSION OF THE MEASURE: Ratio -- output is a percentage of all
transport runs. Several observations could be combined into an average,
or a more refined measure could be computed by figuring into the com-
putation the proportion of maximum possible payload capacity actually
carried each way.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure could theoretically
vary from zero to one hundred percent, but since no run would be expected

to be dispatched without a payload in at least one direction, the output
would ordinarily be expected to fall between 50% and 100%. A convention
must be established for vehicles or aircraft lost to tactical action,

4. RATIONALE FOR THE MEASURE: This measure addresses effectiveness
of a transportation system. Since a system that carries a payload in

both directions 100% of the time Is clearly at maximum dispatch effee-
tiveness, the measure is a true measure of effectiveness.

5. DECISIONAL RELEVANCE OF THE MýEASURE: The measure Is intended to
evaluate effectiveness of truck or aircraft transport systems. It
does not stand alone because this measure could approach 100% by
delaying until a return payload is assured. It can be used in

conjunction with a time measure.

6. ASSOCATED MEASURES:
Time to mission completion Proportion of supply require-

ments met
Reduction in cube requiring Percent transport requests

transport filled
Percent cargo uniLisation Resupply rate
Supply throughout effective- Cargo handling rate

ness
Percent missions within time Time to required resupply

7. REFERENCES:
ACN 06930 - Troop Test Frontier Shield, Feb 67
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EVACUAT ION RATE

1. DEFINITION OF THE MEASURE: Evacuation rate is the naunbtr of units
evacuated during a speci£",ed time period. Input data are t'wi ntunmsr
of items (casualties, disabled vehicles, weapons requiring .eplnir,
downed but recoverable aircraft, or refugees) evacuation an( tiWe total
time required for evacuation. Relation of output to Input Is:

total number of (items) -vicuatiou
evacuation rate - completion time of evacuation mihus •;Ltrt time

2. DIMENSION OF TILE MEASURE: ratio -- output is a ratio, sue e.3
casualties per hour, four disabled tanks per day, 731.14 dah.¶gv. :.!tles
per week, or 2,000 refugees per month

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be any positive
number. The measure is meaningless until there has been at lev't cv4e
evacuation, and increases in usefulness as either the numerator or
denominator increases. Since a rate may change, the value can no' ,r
dissociated from the time period during which it was derived.

4. RATIONALE FOR TIE MEASURE: The measure addresses the capacity cf
an evacuation system, such as a medical evacuation unit or a vehicle
maintenance towing elcment. Both amount and timeliness are taken into
account,

S5. DEcISIONAL RELEVANCE OF THE ME-A-R.: The measure is used to evaluate

* any evacuation system. .. j

6. ASSOCIATED MEASURES:
Mean evacuation time

7. REFERENCES:
ACN 00004, A Method for Integration of Medical Accounting,

Reporting, Supply and Regulating of the Army in the Field
into ADSAF - CS3 Program

ACN 10225 - ROAD Organization: Litter Bearer Requirements,
Oct 66

.4
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MEAN TIME TO RESTORE

1. DEFINITION OF THE MEASURE: Mean time to restore (MTTR), sometimesF called "mean time to repair" is the average elapsed time to restore to
aservice a failed materiel item. Input data are the elapsed times and the
number of failures restored. Relation of output to input is:

n
MTTR = S (each elapsed time to restore)

number restorations

S2. DIMENSION OF THE MEASURE: Ratio -- Output is a mean in terms of
average time in minutes, hours, days, or as appropriate.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any posi-
I tive value. The measure is meaningless until there has been at ieast one

restoration, and increases in usefulness as the number of restorations in-
creases. A restoration has to be defined. In some cases it refers only
to the time required to repair the failed item, in which case a convention
has to be established for irreparable items. In most cases a restoration
is counted if an item is replaced from the maintenance float so that if
the failed item is repaired and put into the maintenance float before the
float reaches zero, the elapsed time is only the time required to replace
a failed item with one from a float. Also in some cases a re-supply re-
placement is counted as restoration so that time to restore is to repair
or replacement, whichever comes first.

4. RATIONALE FOR THE MEASURE: This measure addresses the timeliness
aspeCL of a maintenance system directly.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually used to
evaluate maintenance systems but can also be used to compute maintenance
requirements.

6. ASSOCIATED MEASURES:
Failure rate Proportion maintenance float available
Mean time to failure Percent maintenance requests met

7. REFERENCES:
ACN 10698, Automatic Data Processing Techniques to Support Army

Aircraft Maintenance for the Army in the Field, Jun 67
ACN 11585, Division Logistics Systems Test, Jul 69
MACN 04722, Maintenance of ADPE in the Army in the Field (75)
ACN 06500, Maintenance Study - 75
ACN 13921, Examination of the Logistical Support Operations for

an Independent Brigade
ACN 13964, Integration of DS Aviation Maintenance Units
ACN 16494, Family of Army Vehicles Study
ACN 06930, Troop Test Frontier ShieldI No ACN - System Effectiveness Status Report (PERSHING)f, No ACN - "Candidate MOE for Air Strike Systems," Naval Weapons

Center Document #TP 4687
ACN 16818, STANO II Test
ACN 06990, Division DS Maintenance Company TOE 29-138F Test
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I MEAN MEDEVAC TIME

I. DEFINITION OF THE MEASURE: Mean medevac time is the average
elapsed time required to evacuate a casualty from the bite of injury
to the point of first medical treatment. Input data are time each
casualty reaches treatment (tt), time each casualty is inflicted (tc),
and the number of casualties (n). Relation of output to input is:

n

mean medevac time = mtt -t')

2. DIMENSION OF THE MEASURE: Ratio -- An average in terms of
average time.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value. Observed values have ranged fcom a mean medevac time
of 14 minutes in Vietnam operations (1965-67) to over two hours in theWW 1I Italian campaign (1944). The resolution of the measure depends

on the precision of time measurement and the application usefulness
increases as the denominator increases.

4. RATIONALE FOR THE MEASURE: The measure addresses timeliness of
the medical evacuation system directly.

5. DECISIONAL RFLEVANCE OF THE MEASURE: The measure is used to
evaluate medical evacuation systems.

6. ASSOCIATED MEASURES: Evacuation rate. V]
7. REFERENCFS:

ACN 06930, Troop Test Frontier Shield, 1967.
ACN 10225, ROAD Organization: Litter Bearer Requirements, 19J7.
ACN 11585, Division Logistics Systems Test, 1969.

ACN 00004, A method of Integration of Medical Accounting,
Reporting, supply, and regulating of the Army in the Field
into ADSAF-CS 3 Program.
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PERCENT CASUALTIES SURVIVING

1. DEFINITION OF THE MEASURE: Percent surviving is the percentage of

all casualties taken that survive to the end of a specified observation

period. Input data are the number of casualties and the number of

casualties expiring. Relation of output to Input is:

percent casualties number of casualties minus number expiring 100
Ssurviving number of casualties

S2. DIMENSION OF THE MEASURE: Ratio -- output is a quotient in terms
of percentage of casualties

3, LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero

to one hundred percent, but is constrained by the number of casualties

who receive irreparably mortal wounds. Since the cumulative percent

surviving is always ultimately zero, the time period observed must be

stated.

4, RATIONALE FOR THE MEASURE: The measure Indirectly addresses quality

of a medical system. It has obvious military significance in terms of

conservation of forces.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to

compare alternative medical systems under the same circumstances.

6. ASSOCIATED MEASURES:
Percent casualties returned to duty

Mean medevac time

7. REFERENCES;
I ACN 06930 - Troop Test Frontier Shield, 1967
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PERCENT CASUALTIES RETURNED T1O DUTY

1. DEFINITION OF THE MEASURE: Percent casualties returned to duty is
the percentage of all personnel becoming casualties who are returned
to duty within the time observed. Input data are the number of casualties
and the number of casualties returned to duty.Relation of output to input

is:

number of casualties returned to duty
p ete nd beo number of casualties

2. DIMENSION OF THlE MEASURE; Ratio -- output is a quotient in the
form of percentage of casualties

3. LIMITS ON THE RANGE OF THE MEASURE: The output could vary from
zero to one hundred percent, but the top limit is constrained by the
casualties that can never be returned to duty. Furthermore the
cumulative perrentage returned is sensitive to time so that the measure
can not be dissociated from the time period involved.

4. RATIONALE FOR THE MEASURE: The measure indirectly addresses the
quality of a medical system. While it is apparent that some casualties
cannot be returned to duty in any length of time, a higher percentage
for any given time period is assumed to indicate a more effective
medical system.

5, DECISIONAL RELEVANCE OF THE MEASURE. The measure can be used to
compare medical systems under identical circumstances for purposes of
trying a hypothesized organization, procedure, or equipment issue.

6. ASSOCIATED MEASURES:
Mean treatment timePercent casualties surviving

7. REFERENCES:
ACN 00004, A Method for Integration of Medical Accounting,

Reporting, Supply, and Regulating of the Army In the Field
into ADSAF CS3 Program
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S~ MEAN TIME TO RETURN TO DU1Y•

S1. DEFINITION OF THE MEASURE: Mean time to return to duty (or, mean
Streatment time) is the arithmetic average of all times spent by casual-
Sties in the medical system, excluding those not returned to duty. In-
£ put data are the date of onset of woundv injury, or illness (ci) and

S~the date returned to duty (ri) of each easualty, and the number of
+casualties (n). Relation of output to input is-,;

n

S2. DIMENSION OF THE MEASURE: Ratio -- Output is an average in terms
of average number of days.

3. LIMITS ON THE RANGE OF THE MEASURE: The output can be any positive
integer. The measure has two serious weaknesses. One, it does not

Stake into account those casualties never returned to duty, and two, it
S~is difficult to interpret whether a low value is desirable or not.

S~4. RATIONALE FOR THE MEASURE: The measure is based on the theorem
S~that the sooner a medical system returns casualties to duty the betteri
S~the system is supporting a force. It has to be noted, however, that
S~it might also mean inadequate treatment is being given.

4"5. DECISIONAL RELEVANCE OF THE M!EASURE: The ,tteasure is aa in'irect
S. indicator of the effectiveness of a medical system. Due to its weak-

S~nesses it cannot be used alone, but would have to be used in conjunction
with other indicators such as percent patients surviving.

6. ASSOCIATED MEASURES:
Percent casualties surviving
Percent casualties returned to duty
Mean patient backlog

7. REFERENCES:
None -this is a potential measure
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PAT IENT BACKLOG

1. DEFINITION CF THE MEASURE: Patent backlog Is the number of patients

at a medical facility in excess of treatment capacity. The input data

are the number of patients admitted and the capacity. Relation of
output to input is the subtracted difference:

patient backlog - (nr patients admitted) - (nr patients capacity)

2. DIMENSION OF THE MEASURE: interval -- output is a number count
in terms of number of patients. Alteniatively, data could be taken
over time to compute a ratio measure such at mean patient bacKlog,
expected patient backlog or peak patient backlog.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be zero or any
positive or negative integer. In ratio form it may be fractional.

4. RATIONALE FOR THE MEASURE: The measure addresses effectiveness
of a medical treatment center in terms of treatment in relation to
requirement.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure 's used to

evaluate a medical treatment system.

6. ASSOCIATED MEASURES:
Casualties restcred to action

Casualty treatment rate

7, REFERENCES:

A• AGN 00004, A Method for Intergration of Medical Accounting,

Reporting, Supply and Regulating of the Army in the Field

Into ADSAF - CS 3 Program.
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US ARMY REGULATIONS

AR 5-5, THE ARMY STUDY SYSTEM. 15 February 1971.

AR 70-10, TEST AND EVALUATION DURING DEVELOPMENT AND ACQUISITION
OF MATERIEL. 21 July 1971.

AR 71-1. ARMY COMBAT DEVELOPMENTS. Change 1, 16 September 1968.

AR 71-3. USER FIELD TESTS, EXPERIMENTS AND EVALUATION. 19 March
1968.
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ANNEX C

MATIEMATICAL REPRE `NTATION OF THE HIERARCHICAL STRUCTURE OF

MEASURES OF EFFECTIVENESS

1. The appropriateness of selected measures of effectiveness depends
upon the level of decision and level of objectives. Thus there is a
hierarchy of measures of effectiveness for Army studies.
These can be expressed in seven levels represented 1. functionally as
follows:

(a) Political Level

E-a global measure of national security

•E-F(M,...Mi, ...M )

I* (b) OSIJ-JCS Level

th11 =measure of cffect veness of th major
mission (program)-- ao

I MGI(eI .... ek .... en
(c) Service Command Level

r • ekmeasure of effectiveness of the kth program
Seal ment

e H (t,..-ti ..ti • ek•kHktl l" nl"*'l* 'tm ,ta

I. Bonder, S., "Operations Research and Military Planning," 1971 (unpub-
lished).

* 2. Since there exists multiple measures of the degree of mission accom-
• • •plishments, an additional subscript should he appended to the M

"(and the other effectiveness measures used bclow) to rcflect the

exist cec of multiple wasures of cffectiy£ness. Thus would be
the h measure of effectiveness of the I major mission. Explicit
consideration will be suppressed for notational simplicity.

C-2
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(d) Service Operating Level

t,,-measure of the military worth (combathffect-
Iveness) of unitýhequipped with the j weapon
system for the I combat task

t IJ -fiJ (YlJ .... yiJ .... Ynj

(e) y.measure of the Ith performance capability of the j th

weapon system. (Cross-country speed, acquisition
probabilities, hit probabilities.) These are the
performance characteristics specified in a material
needs document. -

Yljjg j(Xlt .... X*..-Xn

(f) x -system physical characteristics (system gross weight,
1 I I s center of gravity)

Wh) ... .x for l1 ' 1 s

(g) x1 -component physical characteristics (component weight,
X i c component dimensions)

XI -Il( 1 c+1 ,...x) for s < I <cnI
-4

< }2. This Pamphlet, The Measurement of Combat Effectiveness, addresses
with emphasis the 4th Level ( ) of the illustrated hierarchy. The}'.• "measure of military worth (combat effectiveness)" must be understood

to have functional dependencies upon measures from the next lower level
which in the above structure are level (e) as affected by level (f) as

S~affected by level (g). (In this conceptual structure, F, Gig Hk, fij,

gij, hi, and ii are intended to denote functional dependencies at one

level upon the measures listed from the next lower level.) in practice,

these functional dependencies are implicitly represented by computerized
F combat models and simulations.
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ANNEX D

THE PRINCIPLES OF MEASUREMENT OF EFFECTIVENESS

1. General. Even more difficult than the determination of cost -- which
is difficult enough in itself -- is the problem of evaluating the effective-
ness of conceptual land combat systems. Since the desired outcomes are *

deeply rooted in military values and military worth, it is most difficult
to define them precisely. Nevertheless, the requirement exists to measure
how well a proposed alternative land combat system or sub-system attains
its goals. In Chapter 2 of this Pamphlet, the concept of measuring effec-
tiveness was introduced as a process conducted according to some set of
rules. In this ANNEX we are introducing a mininu set of these rules. To

do this, we introduce some basic measurement theory and definitions rela-
tive to measures, in general, and MOE in particular.

2. Basics of Measurement.

a. Purpose of Measures. In the scientific process, measures are madeI
of certain physical or chemical properties as means to achiave a goal. The
goal is usually to make comparisons between like, similar, or perhaps un-

like entities. The measures are in the form of numbers corresponding to a
position on a scale (as on a pressure gage) or, as another example, in the
form of counts of successive events (as on a tachometer). Almost never
w.ll such meter readings be the direct numerical values of the quantities
in which we are interested. The actual quantities must be deduced by cor-
rections and combinations of meter readings and calculations based thereon. .

(1) The measurement of advances afforded by proposed land combat systems
or sub-systems is similar to the measurement of advances in science and en-
gineering. As an example, from a study and analysis of a land combat system,
"a generalized hypothesis is deduced which provides the basis for a new de-
sign, changed design, or changed design methods. The methods are used to
design and to predict performance of the new system ... weapon, infantry
platoon, armor battalion, etc... which may be different either in design or
application from the system that provided the original data. Figure D-l
illustrates the process.

(2) Continuing the process and using a machine tool as an example, a
new machine tool is usually first analyzed thoroughly for design prediction
in performance. If the results agree with the design predictions, then the
design can be accepted with some level of confidence. Likewise, the design
methods may be used again for similar cases.
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D.

k • (3) The design Vnethod -- which corresponds to a theory in science --

acquires increased validity when a wide range of signifilant variables are
a part of the original data, and are applied in diverse ways. For instance,
the hypothetical example of a machine tool could be a new design lathe to
automatically cut mill rough steel rod into finished close tolerance truck
axles. The entire cutting process is to be computer controlled based on
data evolved from manual methods used for _-tting tool positioning, adjust-
ments for cutting speeds, and depth of each succeedirg cut. It can be easily
seen that errors in the original data will result In erroneous design or
design methods, or at least in the numerical factors involved.

b. Formulation of Measures. Measures are thus formulated to give certain
information about the relations which hold between measurable properties as-
sociated with phenomenia. In dealing with a phenomenon or group of phenomena
the method is somewhat as follows: We first measure certain properties which
we have some reason to expect are of importance in describing the phenomenon.
The properties we measure may be of different kinds, and for each different
kind of property we have a different role of operation by which we measure
it: that is, we attempt to associate the property with a number. Having
obtained a sufficient array of numbers by which Lee different properties are

measured, we search fur relations between these numbers. If we are skillful
and fortunate, we find relations that can be expressed in mathematical form.
We are usually interested preeminently in one of the measured properties and
try to find it in terms of the others. Under such conditions we would search
for a relation of the following form:

X1 = f(X 2 , X1, X4 , ... etc.) d
8 I

Here Xl, X2 , etc., stand for the numbers which are the measures of particular
kinds of physical properties. Thus X, might stand for the number which is

,.w the measure of effectiveness of an armor column, X might stand for the
number which is the measure of the movement capabtilty of the armor column,
X3 the number of tanks in the column, etc. By shorthand. statements we
often abbreviate this description into saying that X1 is effectiveness, but
of course it is not; it is a number that partially measures effectiveness I
and is called a "measure of effectiveness." In terms of the definition of
MOE in Chapter 1, X, expresses how well the armor column achieves its
assigned task in a specified combat environment.

c. Dimensionality of Measures. Fundamental to the understanding of
the measurement of effectiveness process is an understanding of the quanti-
ties and system of units used for physical measurement. In measurement,
the first observation one makes with regard to the functional relation like
the above -- X1 = f(X 2 , X3, X4, ... etc.) -- is that the parameters Xi fall
into two groups, depending upon the ways in which the values of the para-
meters are obtained physically. The first group of quantities are called

S~D--4
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"primary quantities" which according to dimensional definition are funda-
mental and of irreducible simplicity. The primary quantities are the fol-
lowing: MASS, LENGTH and TIME. The measurement of combat effectiveness
is analogous to the ordinary system of mechanics (i.e., the branch of
physics that deals with motion and the action of forces on bodies). It A
is reasonable to conclude that the systems of measures of effectiveners use
the same primary quantities of mass, length, and time. Figure D-2 shows

San MOE analogy with physical measures. Measures of effectiveness are pri-
marily secondary quantities that are combinations of certain primary
quantities according to certain rules, For example, a velocity, as or-
dinarily defined, is a secondary quantity made up as a combination of the
two primary quantities length and time.

= distance traveled =lnt
, Vtime to travel the distance time

d. Inherent Errors in Measures. A major problem in the measurement of
effectiveness is the problem of drawing conclusions in the face of possible
error. This problem is identical to that of experimental physical sciences
in which inferences are made from a set of experiments extrapolated to de-
scribe a larger class of "Identical" or similar experiments thaL might be
carried out. Figure D-3 shows three primary type of errors encountered in
the measurement of effectiveness and the general causes for those errors.
The following discussion is an expansion of Figure D-3.

(1) Random Error.

(a) The usual problem in evaluating candidate mixes of Army materiel
and organization is to establish candidate mixes that are valid enough to
be acceptable for decision. There occasi3nallymay,be no requirement for
knowledge of the absolute magnitude of effectiveness, but there has to be
an ability to compare amounts of changes :n effectiveness. A good examle
that illustrates this has been the evaluation of surveillance, target ac-
quisition, and night operations (STANO) systems. Devised mixes of STANO
devices at organizational levels for evaluation, test, or experimentation
are usually derived by varying types and numbers of STANO devices within
the mix. Varying STANO mixes this way is good experimental procedure
because the overall objective of STANO falls naturally into a determina-
tion that there is not only an increase (or decrcase) in effectiveness as
a function of STANO mixes but, of more significance, that there is a rate
of increase (or decrease). This rate determination is needed because (as
most evaluators now agree) STANO system configurations are continuums; i.e.,
they are configurations whose parts cannot be sgparately discerned as distinct
unrelated elements. As such it is meaningless to expect that some precise mix
will provide some precise effectiveness.

I 11D-5
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SCIENTIFIC MILITARY DEFINING EQUATIONSSCTENTISCIENTLITAC
SCONCEPT CONCEPT SCIENTIFIC .

SMEASURE MILITARY MEASURE

FORCE FORCE OF f = ma f number of Lroops x speed
MOVEMENT = mass x of troops per increment

acceleration of time.

MOMENTUM MOMENTUM OF Mom = mv Mom - number of troops x

FORWARD - mass x distance traveled per
MOVEMENT velocity unit of time.

PRESSURE INDEX OF p f - p = number oi weapons x rate,a
FIREPOWER of fire per increment of

Force time divided by the area

Area of concentration.

FIGURE D-2. COMPARISON OF MOE AND SCIENTIFIC MEASURES
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TVPE ERROR DEFINITION CAUSE

RANDOM Mi - f(() + e(0, %I) The assumption that knowledge
E1POR of the behavior one or more

"M. - MOE performance parameters is, in
act , a true cause of the

= Pcrfonrmalicc effect on the behavior of Lthe

Parameters System

u = uncontro llvd
vawriables

e(6, u) - error function

SYSTEMATIC E r/Qi3, The expected The Built-In Bias In the
ERROR value e given 0. Formulation of the MOE.

OBSERVATIONAL Eiior of Omission or The omission of a measuic or
ERROR Commission. the selection of a wrong MOE

or a wrong scale of a MOE.

FIGURE D-3. INHERENT ERRORS IN THE
MEASUREMENT OF EFFECTIVENESS
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(b) Random error then can be defined to be all the va,'iability, from
whatever source, which exists among the results of independent trials of
tests, experiments, or computer runs like those of the STANO mixes that
are designed and thought Lo be identical. There may be error even though
there is an apparent consistency in the results of the trials. The ap-
parent consistency may be only evidence of small error, or It may be due
to concealed off-balancing of large errors which may each be militarily
significant when considered separately.

(c) As such, then, measures of effectiveness (MOE) fall into the
classification of local inference, I.e., they ate associated with the
basic quantitative trial of the measurement of a single quantity. For
instance, the problem of finding the velocity of light is one of local
inference, whereas that of determining whether the velocity is or is not
constant is a problem in the large. Or to use a military example: the
problem of determining ammunition consumption rate is one of local inference.

(d) In terms of MOE, the local inference model i., the following:

M = f(x) + e(x,u)

when M represents the measure of effectiveness, f(x) represents the de-
pendence on x of the "true" quantity we wish to measure, e(x,u) represents
the uncontrolled variables which cause the difference between the "true"
quantity and M.

(e) The objective of an MOE is to make explicit statements about the
relationship of M to x. The word "relationship" means any connection which 1<
has the property that M can be predicted more reliably and with greater
understanding if one knows at what value of x it is made. Whatever x may
be, the military analyst is interested in knowing whether there is a cause-
.nd-effect relationship aetween x and M. Even after a mathematical rela-
t:onshil, has been established, the question of a true cause-and-effect still
reaat-;az open.

v W Thd fact that knowledge of x helps us predict M does not necessarily
mean that x is, in tact, even a partial cause of M. The difficulties in-
volved In tfhe measurement of effectiveness in the most subtle cases, how-

ever, provides Ls no excuse for errors in the simpler ones. Many of the
difficulties come from lack of understanding of the difference between
triAals in which ; is controlled and those in which it is merely measured.
It helps to have th. quantity t(x) considered to belong to the puprilatiuit
of interest when the error function, e(x,u), and hence M, varies from one
observation to another. This will be discussed in more detail regarding the
risk in the measurement later in this ANNEX.
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(2) Systematic Error. Systematic error is defined to be the bias in

the trial or test. It can be described to be a function E[e/xJ: the

L. expected value e given x. Sometimes the words "accuracy" and "precision"
are used to describe the extent of systematic error and random error,
respectively. In the process of formulating MOE by using a functional

relationship connecting a number of arguments, it is an advantage to keep

the number of arguments as large as possible. This will insure most

comprehensive expression of the explicit factors upon which the measure
depends. Unfortunately, however, one does not obtain something for nothing:
as the number of arguments increases, the uncertainty in the predicted
value of the MOE also increases due to the introduction of more sources of
error.*

(3) Obse-rvational Error. Observational errors in measurement of
effectiveness are usually made by omission or commission through inexperi-
ence or oversight. In order to appropriately answer the question of what
variables to include in the tormulation of a measure of effectiveness,
a great deal of military experience is required. For instance, one
might treat a problem of the contribution of firepower to combat effective-
ness by resorting to a relationship that includes a formulation of ballistic
effects and rate of fire. We must have enough background to be assured
that the problem involves essentially no elements that are not treated by
this formulation. We must know that certain aspects of the situation can
be neglected, and that certain others can be essential - such as mobility,
which is not a part of the indicated formulation. To know this we have
to reach back through generations of experience concerning military
operations. Those errors we classify as observational errors in the
measurement of effectiveness are not always blunders but personal errors
that can be minimized by resorting to military experience and training
in land combat operations and in the theory of measurement. The selection

"W of a wrong measure -- or a wrong scale of a measure -- is classed as an

observational error similar in character to a mistake in reading an
observation in a test or computer operation. Experience provides the
observer with an insight that will give him a "feel" for the approximate
values of his measurements before he takes them. Training hastens the

experience.

e. Degrce of Risk in Measures. There is always an ele~tiet of risk
involved in the selection and use of measures to use as projections of

performance and effectiveness. There is risk due to the amount of time
and effort allowed for the selection of the measures. And there is risk

due to the incompleteness of the chosen measures to comprehensively
describe the combat behavior of candidate systems.

*See Bridgman's Dimensional Analysis, Chapters IV and V for an extended

explanation, especially the II Theorem, Chapter IV.
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(1) For instance, it is unrealistic to expect combat effectiveness to
correlate closely with performance norms from materiel tests done by lab-
oratory engineers and technicians. Even so there is possibility of estab-
lishing a mean probable error which can be used as a baseline to compare
field performance of candidate systems. As an example, it could be that
predictors for night vision devices can be evolved both for the devices
in STANO mixes and for the soldier operators of the devices. Measurements
leading to percent target detection at different ambient light levels, at
various distances, at various times to detect, and at various angular seg-
ments of target areas can lead to estimated performance effectiveness of the
night vision devices with error probabilities at predetermired confidence
levels. This is another way of saying that, when there are repeated trials
such as in test and experimentation, or the exercise of probabilistic models,
a degree of risk can be estimated statistically. After a group of measure-
ments are completed the job remains to summarize the results in terms of
the objectives of the measurements and then generalize from these to cur
conclusions concerning a system's overall combat effectiveness.

(2) How do we accomplish the generalization and how do we measure the
uncertainty involved in the generalization? There are various statistical
methods that can be used depending upon the study objectives. One method
is a confidence statement, a device particularly suited to general scienti-
fic purposes. Another method is significance testing a special case of
statistical hypothesis testing which has some specific disadvantages relevant
to effectiveness measuring. These two methods are simplisticly discussed in
the following paits of this section, along with a third method which is
a naly•sis of variance. Full and complete description of these techniques is

beyond the scope of this pamphlet but there are many good references to
consult.* The operations analyst must be conversant with these Lechniquca,
for it is his responsibility not merely to measure effectiveness but also
to assess the validity of his measures.

(3) Statistics has been defined as "decision-making in the light of
uncertainty (or random variation)." Statistical inference refers to the
process of inferring something about a population (e.g., the totality of all
traiaed Arn'y personnel of a specific type MOS which will be produced) from
a sample, say ten, randomly selected from that population. Because in
practice it is either impossible or impractical to investigate and analyze
total populations, we obtain sample statistics (e.g., the estimated mean 2)
and make inferences about population parameters (the true meant).

*A good basic text is Freund "Modern Elementary Statistics" or a more advanced

text is Brownlee "Statistical Theory and Methodology in Science and Engineering'"
Both of these are listed in ANNEX A.
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K
(a) Confidence Statement. Statistical inference may be broadly clas-

sified into two categories, estimation and hypothesis testing. Statistical
estimation consists of two types, point estimates and interval estimates.
Interval estimates provide more information than do point estimates in that
interval estimates also provide a measure of the precision of the point
estimate. An interval estimate is usually given as a confidence interval
or confidence limits, the latter being lower and upper values of the con-
fidence interval. For example, in the probabilistic statement:

P(A < p . B) = 1 - a

A and B are the lower and upper, respectively, confidence limits for
p, (B - A) is the confidence interval for A, and the degree of confidence
that the limits do in fact encompass p is the confidence coefficients
(I - a). Although the most common values of 1 - a used in practice are
0.90, 0.95, and 0.99, these values are completely arbitrary. Studies in-
volving missile reliability often use confidence coefficients of 0.999,
0.9999, or even greater. Naturally, it is desirable that (1 - a) be as
close to unity as possible, while at the same time (B - A) be as narrow as
possible. Unfortunately, these are conflicting objectives and a compromise
between the confidence coefficient (I - a) and the width of the confidence
interval (B - A) has to be made. For example, to be 100 per cent sure,
(I - a) must be 1 and the resulting confidence interval will be of the
type (-- , +-) which is of no practical value whatsoever. In other words,
we can he as sure as we want, but the surer we are, the less we have to be

sure of. For example, consider the sample (6, 8, 10, 12, 14) whose mean
is 1 10. The 90, 95, and 99 percent confidence intervals for p are:

P(7.0 < V <. 13.0) - 0.90
P(6,1 < p < 13.9) = 0.95

P(3.5 < pi < 16.5) - 0.99

The proper interpretation of confidence intervals cannot be over-emphasized.
One does not say that the probability is (I - a) that V lies between A and
B, Rather, one is (1 - a) percent confident that (B - A) contains V.

(b) Significance Testing.

(1) Moving now to the second category of statistical inference,

hypothesis testing, the role of hypothesis testing in the decision-making
process is discussed. A statistical hypothcnis is an assumption about the
population being sampled. A test of a hypothesis is a rule by which a
hypothesis is either rejected or not rejected. Because hypothesis testing
is based on sample statistics, the decision is always subjected to possible
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error. The two types of errors in hypothesis testing are defined and il-
lustrated below:

Type I Error (a) - The null hypothesis (Ho) is rejected
when it is in fact true.

Type II Error (8) - The null hypothesis (Ho) is not rejected

= when it is in fact false.

True Situation

Decision Null hypothesis is true Null hypothesis is false

Reject null hypothesis a No error

Do not reject null No error
hypothesis

(2) The hypothaesis being tested is termed the null hypothesis, and the
hypothesis against which the null hypothesis is being tested is the alternative
hypothesis. Tests may be either one-sided or two-sided, depending upon the

alternative hypothesis. For example, the null hypothesis Ho: p = Vimay be
tested against one-sided alternative hypotesis HA: v > 13o or against the two-
sided alternative hypothesis HA: p ý Po. The two hypotheses, Ho and HA, are
formulated during the development of a test procedure and reflect the
"hypothesis being tested and the magnitude of the difference from the null
hypothesis which is desired to be detected.

(3) As with the commonly used confidence coefficients in interval
estimation, the commonly used significance levels (c), e.g., 0.05 or
0.01, are completely arbitrary. Also as with inter"al estimation, we
have conflicting objectives, that both types of errors (o( and3 )
should be a minimum. However, for a fixed sample size, a decrease in
either type error will increase the other type error. If we want to
decrease bothd. andi3, we must increase the sample size. What constitutes

A •D-12

J
'A ÷



suitably "small" values of C and/3 is not a question which can be answered
unequivocally for all situations. The selection of o and /3 depends on the
specific situation and should be governed by the consequence of the two
errors, (1) rejecting a true null hypothesis and (2) not rejecting a false

V null hypothesis.

(4) During the development of a test procedure, a test statistic is
selected and a critical value (say icfor a one-sided test) is determined
by using the two predetermined acceptable risks,O& and 13

(5) The test statistic is then computed and compared with the critical
value. If the test statistic falls in the rejection region (is t )
the null hypothesis is rejected; if the test statistic is 4C, do nou re-
ject the null hypothesis. Figure D-4 includes some of the significance
test methodology that is appropriate to MOE, is available, and can be re-
ferred to in statistical textbooks.

(6) As can be observed from Figure D-4, the significance test is
qualitative rather than quantitative. In dealing with quantitative vari-
ables, it is often wasteful to point an entire analysis, test, or experi-
mentation toward determining the existence of an effect when there is no
evidence to decide whether the effect is large enough to be important. A
confidence statement, when it can be made, contains all the information
that a significance statement does, and more.

3. Analysis of Variance. The statistical approach to analyzing data is
a based on the axiom that there is no Such thing as an exact measurement.

'I This is not meant to be a reflection on the ability of the measurers, but
a recognition of the fact that over and above measurement error, there are
a vast number of uncontrolled factors that are present in the data. The
uncontrolled factors introduce variation into successive measurements made
at the same datum point.

a. The statistical quantity that measures variation is called the
variance, and one of the basic analytical techniques is called analysis

of variance. This consists of splitting out portions of the overallvariance into parts that can be attributed to certain of the effects of

the factors. An illustrative example of such a breakout would be, for
instance, the analysis of two different mixes of sensor systems in night
operations. The mixes could cuasist of different amounts of night vision
devices, radar, and just plain "eyeball." The breakout would be the

* variances of the detections per eyeballs, per night vision devices, and
per radar.
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TEST IN THE FORM OF

CONCERNING PROPORTIONS p some specific proportion
or

p • some specific proportion

DIFFERENCE Pi F2 or Pl P2
BEiWEEN PROPORTIONS

u = some ;recific mean ofCONCERNING MEANS measures or
u some specific mean Gf[ ~_measures...

DIFFERENCE u o u1 # u 2 UBETWEEN MEANS

FIGURE D-4. SOME APPROPRIATE STATISTICAL SIGNIFICANCE
TESTS IN THE MEASUREMENT OF EFFECTIVENESS

1.
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b. In the context of hypothesis testing there is an investigation of
one of two levels of a single factor. If more than two levels of a single
factor, or if more than one factor is involved, the analysis of variance
(ANOVA) procedure is appropriate for comparative analyses. The proper
beginning of an ANOVA, however, is the designing (planning) of an experirnent*

S and moaitoring the conduct to assure that execution conforms to the experi-
mental design. Then with complete information concerning the design and
conduct o4 the experiment, a proper ANOVA model can be determined and a
valid analysis of variance performed.

c. The analysis of variance is a method of partitioning the total
variability of a response variable (measure of effectiveness) into its
component parts. The partitioned component parts are associated with
the controlled factors (weapon type, range, terrain type, etc.) under
investigation and the uncontrolled random error. For example, suppose
we have two controlled factors in an experiment - (1) Weapon Systemo A,
B, and C, and (2) Ranges 1000, 2000, 3000, and 4000 meters. The three
systems (A, B, and C) and the four ranges (1, 2, 3, and 4000 meters) are
called levels of the respective factors, Weapon Systems and Ranges. Weapon
System is a qualitative factor, and Range is a Suantitative factor.
Suppose further that the objective of the experimental investigation is to
compare the effectiveness of the three systems at the four ranges. Because
all three levels (A, B, and C) of one factor (System) are combined with
all four levels (1, 2, 3, and 4000 meters) of tle other factor (Ranges),
the experiment is temed a factorial experiment. "Factorial" is merely
another word for 'crossed." Because no a priori information is available,

• i.t is necessary to replicate (repeat) experimental trials a number of times
at each of tLe 12 factor level combinations. (Each of the factor level
combinations should, in ?cneral, be replicated the same number of times.) '4
Replication is nec.Žssary in order to get an estimate of the uncontrolled
random variation because it is the "experimental, error" which provides the
"yardstick" for meisur4ng differences among the factors under study
(Weapon Systems anO Range). Replicatior Iakes a statistical test of

£: significance possible. An additional function of replication is precision
improvement, because the variance of a mean is inversely proportional to
the sample size.

d. Because the uncontrollable errors in measurements adjacent in time J
or sparýe tend to be correlated, randorization of tbe order of conducting
the experimental trials iE necessary. This is essential because the under-
lying theory to the analyits v.hich will be ultimately applied to the
experimental data is that the measurement errors in each of the experimental
measurements are i.dependent. aandoirl.zation additionally provides insurance
against biased experimental results in that it gives all the possible
uncontrolled ifluencing variables an equal chance to favor or degrade
each system.

*Here experiment can mean computer runs of a model, a field simulation,
or the playing of a War Game.
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e. Finally by proper application of local control, (balancing, blocking,
and grouping of experimental trials), discriminations may be improved by
reducing the uncontrollable random variability. This reduces the size of
the systems' differences which are detectable from the comparative analyses
of the experimental data.

f. Having properly applied the above three principles (replication,
randomization, and local control) during the design of the experiment and
assured that the conduct of the experiment adheres to the design, the
appropriate analysis of variance model can be hypothesized and a valid
ANOVA performed. The ANOVA model for the above described experiment is:

where y is the response variable, is the true mean effect, A is the
Weapon System effect, B is the Range effect, AB is the interaction effect
between the two factors, and R is the uncontrolled experimental error.
This model is a "fixed" model because all levels of each factor were
selected for experimentation. Consequently, inferences from the analyses
results will apply to only the three Systems (A, B, and C) and the specific
four ranges tested. If, on the other hand, the levels of each of the
factors had been randomly sampled, the model would have been a "random"
model. In this case inferences would be with respect to the parent pop-
ulations from which the levels were randomly sampled. Crews or Days are
examples of controlled factors in which interest would be in the parent
populations from which the specifically tested Crews and Days were sampled.
If both fixed and random factors are present in the ANOVA model, it is
termed a "mixed" model.

g. Using the analysis of variance model and all experimental design
information (interrelationship of the factors, order of experimentation,
method of choosing factor levels, and all underlying assumptions of the
model), an analysis of variance can beperformed. This is accomplished
by determining degrees of freedom, sums of squares, and mean squares for
all right-hand terms, except the constant QA), of the ANOVA model. Then
from derived expected mean squares, appropriate F-ratios can be determined,
hypotheses tested, and the desired comparative analyses performed.

h. In addition to factorial experiments, we may have nested experiments
in which the levels of one factor are chosen within the levels of another
factor. Moreover, we may have nested-factorial experiments which involve
both factorial and nested factors. The complexity of the ANOVA model,

naturally, increases with the complexity of the experimental design since
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the design dictates thn ANOVA model. The analysis of variance is a powerful

tool for performing comparative analyses if experimentaion is properly de-
signed and conducted.

4. Specifics in the Measurement .f Effectiveness. The basic theory of
V measurement was discussed in the previous section of this ANNEX relative

to measures of effectiveness. The specific characteristics of MOE are
discussed in this section.

a. Fundamental Consideration. Combat effectiveness measurement may
1be represented separately as an average over the totrl set of combfat
isituations which includes friendly unit capabilities, enemy, environment,
mission, all other factors in the combat situations and the probability
that the combat situations are encountered.

b. Rules for Formulating MOE.
(1) A WDE has an Objective which is in Consonance wLth the Level of

Objectives of the Analysis. A central problem in defining a measure of

effectiveness is the frequent difficulty in determining whether a proposed
measure is truly an important indicator of effectivenear or merely an in-
dicator of performance. The difficulty lies not in semantics but in the
understanding of relationships and objectives. Confusion is increased by
views from different perspectives. For example, the Cesigner or project
manager of a helicopter views dasn speed as an effectiveness measure. This
is not necessarily the case for the combat developer who may view dash
speed only as a contributor to the effectiveness measure of avoiding
casualties in combat. In the measurement process, cvrtain types of measure-
ments have significance onJy at a specific level of decision. To give an
example, the output effectiveness of a particular lathe in a machine shop
is significant to the shop manager. The plant manager, hcwever, is not
interested in the unique performance of one particular type of machine
tool in one particular shop. His interest is in the output of all machine
tools of all shops in his plant in terms of total production and rate of
production and the profit made. It is agreed that the effectiveness of
one machine tool may have an influence on the aggregate; but even so, the
plant manager's sole decision criterion may rest on whether the product
can be profitably manufactured at all. Analogously there is a hierarchy
of MOE evolved from a hierarchy of levels of decision. For National Defense
the hierarchy is that shown on Figure D-5, and mathematically presented in
ANNEX C. A general rule in this hierarchy is that MOE at a next lower level

are performance parameters at the ne higher level. The choice of MOE to
be used at a given level of the hierarchy is determined by the measures
used in the next level above. The actual values in a given measure are
supplied as functions of measures from the next level below. For example,
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NATI (POLITI L L VEL) j
MAJOR MISSION (OSD-JCS LEVEL)

PROGRaM ELEMENT (DEPT. OF ARMY LEVEL)

L'TARY WORTH/COMBAT EFFECTIVENESS (USACDC LEVEL), !\\ \
syTEM PERFORMANCE CAPABILITY LEVEL

S STEM CHARACTERISTICS LEVEL

COMPONENT CHARACTERISTICS LEVEL

I, .

'" -i '

i I

FIGURE D-5. THE HIERARCHY OF MEASURES OF EFFECTIVENESS
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"Red Loss Exchange Ratio" is measured by the number of Red combat units
killed divided by the number of Blue combat units killed. The actual
numerical values of this exchange ratio, which is at tihn Combat Effective-
mess Level, is a function of the weapon system performace at the next
level below -- the System Performance Capability Levei. This factor could
be the target acquisition accuracy of the Blue corcbct units as w2l! as th.a
probability of a hill given a Blue tank engagement. The appuopriateness
of the exchange ratio to a land combat developments study depends upon the
measure of effectiveness to be applied at the Force Effectiveneu& Level
(DA) such Ls the ability to seize and hold ground in a projected conflitt.

* (2) A MOE is objective or subjective. MOE fall into two general cate.- '
gories: objective or subjective. TI'e distinguishing differences between

these are disc'ssed below:

(a) Objective MOE. In the process of messurement of effectiveness
it is desirable to compare the merits of competing systems by expressing
the combat consequence implications caused by differences between tbe
caudidate systems. It is most desirable to do this my means of an ob-
Jcctive set of numerical indicators -- measures of effectiveness -- derived
from a measuring scale and coherent in a system of quantities and units as
discussed in the theury of measurement. Occasionally the interaction of
a system at issue with its parent supersyitem and supporting subsystem are
relatively simple and definite, and the measures of effectiveness can be
explicitly stated in numerical form. Fljure D-6 shows examples of MOE
in numerical form.

(b) Subjective MOE. More oft n than not, because consequences cannot
be quantified, the evaluation of the merits of several candidate systems

cannot be mechanistically accomplished. A systematic appraisal, neverthe-
less, is still required. This is accomplished by using subjective judge-
ment regarding comparative worth against some standard value. Adjectival
evaluation, such as "good," "poor," "excellent," "average," belong in
this category.

(3) There are classes of MOE depending upon use and scale. Measures

of effectiveness may take many forms but there is a classification of the
forms. Figure D-7 shows the classification and gives examples. Although
not rigorous definitions, as a general rule, the four forms of measurement
are identifiable by the arithmetic calculations typically associated with

them. Fatio measures are characterized by division and multiplication.
For example, rate of advance is obtained by dividing kilometers by days,
and may be applied in multiplying rate of advance by days available for
the operation. Interv.J measures are characterized by subtraction and
addition. For example, time to refuel is obtained by subtracting start
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MOE1  #RED ELEMENTS KILLED/#BLUE ELI.MENTS KILLED

MOB #RED ELEMENTS KILLED/#BLUE ELEMENTS STARTING ENGAGEMENT

MOE3  #RED ELEMENTS SURVIVING/#BLUE ELEMENTS STARTING ENGAGEMENT

MOE 4  #BLUE ELEMENTS SURVIVINGi#BLUE ELEMENIS STARTING ENGAGEMENT

(INITIALLY. 10 BLUE ELEMENTS AND 25 RED ELEMENTS)

CANDIDATES MOE OE2  MOE 3  MOE 4

A 2/2 - 1.0 2/10 - .2 2-/lo - 2.3 8/10 - .8

SB 20/10 - 2/0 20/10 -, 2.0 5/10 - .5 0/10 - 0

C 8/2 - 4/0 8/10 - .8 17/10 - 1.7 8/10 - .8

1.

"QuESTION; WHICH CANDIDATE IS TRE MV;T COMBAT EFFECTIVE?* I

i'

FIGURE D-6. -EXAMPLES OF MOE IN NUMERICAL FORM1
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TYPE OF
MEASUREMENT TYPICAL USE

SCALE

* NOMINAL NON RANKING
IDENTIFICATION

ORDINAL POINT ON A
DEFINITE SCALE

INTERVAL A SPREAD ON A
DEFINITE SCALE

RATIO ORDER-RANK

COMPARISON

FIGURE D-7. CLASSIFICATIONS OF MOE TYPES I

1D 2
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time from end time, and may be added to travel time to obtain turn-around
time, but is not ordinarily multiplied or divided by nything. Ordinal
measures are characterized by rank ordering. A commander may prefer of-
fense to defense to retrograde, but would not ordinarily attempt to add
or subtract their degrees of desirability. Nominal measures are charac-
terized by categorizing into sets. A unit may be classified as infantry,
armor, or artillery, but types of units are not ordinarily rank ordered.

(4) MOE have to Involve a Sense of Worth or Importance. Rational
choice often goes beyond measure and scale; such choices involve, too,
a sense of worth or importance, and, thus, an additional dimension of
value. This can often be treated by the assessment device called "weighting"
in importance associated with a rank ordered scale like most important
1 .... least important .... 10 .... in a 1 to 10 scale. Figure D-8 is an
example of such a weighting scheme. The weights used in this figure are
purely arbitrary. The illustration shows that the weighting can be done
between elements within a function of land combat as well as between func-
tions. The importance of weighting is that it brings to bear the experience
that represents many generations of exposure to military operations in
practice. It, in some way, formulates reliability and relations between
parts in land combat functions. This point is discussed in more detail
in Chapter 3 and ANNEX E.

c. Principle Rules for Constructing MOE. I
(1) A Constructed MOE Should Provide Additional Information. In

developing measures of effectiveness it is important that each measure t
contribute additional information to the solution of the problem. If a
Measure B is a consequence only of Measure A, then B will nuL furnish
any additional information. At times, however, it may not be immediately
clear that one MOE is a consequence of another, etpecially, in the case
where a composite measure is made up of several MOE. The important thing f
to remember is to have the quantities and units of the measure consistent,

- .i.e., not to mix "apples and oranges," as it were. Otherwise, the math-
ematical operations in constructing composite MOE -- adding, subtracting,
multiplying, dividing of measures with other measures, or combinations --

* will have no really useful meaning. The problem of discerning meaning in 1
an MOE is most troublesome in the development of MOE indices. Figure D-9 J
shows two examples that have been used in past studies which indicate the
degree of difficulty that can be encountered.

f
I
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E"XAPLES EXAMPLES OF EXAMPLES OF EXAMPLES OF
OF ELEMENTS WITHIN WEIGHTING THE WEIGHTING THE

MEASURES THE MEASURE ELEMENTS MEASURE CATEGORY

TIME TO SETUP. 1
TIME TO TEARDOWN. 3

SAVG CROSS. 5
MOIIY COUNTRY SPEED.

p
etc.

RATE OF FIRE, 5
BLUE TO RED KILL 1

FIREPOWER RATIO. 5

etc.

PROBABILITY OF 2
DETECTION.

PERCENT OF I
INTELLIGENCE/ POTENTIAL
kCQUISITION TARGETS

ACQUIRED.

:w : IMEAN SPAN OFi

CONTROL.
AVG TIME TO 3

COMMAND/ DISSEMINATE 7
;. CONTROL ORDER.

etc.*

PCT OF SUPPLY 3

REQ'S FILLED.

, OPERATIONAL 1
COMBAT READINESS.
SERVICE MEAN TIME TO 2 i0SUPPORT REPAIR.

MEAN EVACUATION 5
TIME.

etc.

FIGURE D-8. 1VEIGHTING MOE.

D-23

' t~ a ,l W l~•• ---- -'_"t_ " f- -_ _ _ _ __.. ... .-- •

2 *



C) 4 0 0

00Uto Wu Ai 0.- i X v
0>~ 0 0

w V U w . 0 U1 V1 D a i .- %Aa .

c0 U 0 r_ CA 0

'U 0'" l 0 0 0 C

TO .- 'r U W ML 00 ." ,4~U - tO .0 .$. 0
O0ito0 C U

cm

-n w o j.-) O t6 d). W) U41E (
i- W r 0 .C

0- V) 000 Ea

44 ~~ 001
E.. 0UO OU X' cCI

Vi $*4- li .

-i c 10 -0 o ) l
qn.U~ ...-.0 44J00U0 9) 0 0

AJ a) MO- 0) i 0 1>pwo

t0 o a 3 MW 00 4 40' 0 m0ý

IiIn

14 41- in 4U CO M
M0ý 0 H 0 40

to 41 41 4 --4 :ý be . C C
c 0 Z 0U I4. O

41 w Mr 'oW v-U > M tooXjXaw WV
M *,.' -4 0 . Z " .1- U o4-..

0 4-I (U on c Cý 0.0 U0WC WI
J.4e *. .0 * '0 0 S* U..- vi

i4uW Xýo4 0. V) .0~o T.. w. 0 b-o in~4J-.i'-. r4 wi44l ý -4 s-. *-o 43
.0400 "W t 9.-4~0ViU 00~ ~ ii0'U~' (-4.J l~, O0L~~~~ ~I no- ~ ~ . U 0 D 0 0 J

Ux ~ 0 -~E 0 m

00LO~-.l.4 V
04- V

U'.rV)

D-24



(2) A Composite MOE Should be Constructed According to Structural Laws.
The process of rank ordering Is the essential ingredient in the measurement
of effectiveness. The method is to establish or use a mathematical theory
or algorithm by which one can rank-order alternative systems. The use of
measures is to represent an empirical structure by a similar in type
(analogous) or similar in form (homomorphic) numerical structure. For
instance, the suggested analogy of MOE to certain laws of physics was
discussed in previous parts of this ANNEX and illustrated in Figure D-2.
It is this use that leads to construction of measurement scales. We are
all familiar with the process wherein we can compare things qualitatively
by weighing them on a scale, such as a chemical pan balance. We then
empirically order them by using the numerical ordering of the scale values
(weights in grams). Using this scale, putting two objects together is
then represented by adding their weights. It is thus that a set of empirical
relations leads to construction of measurement scales and is called a mea-
surement structure.

(3) An MOE Can be Constructed According to Empirical Military Laws.
Certain empirical laws of military science yield measurement structures
akin to the qualitative structures underlining fundamental measurement in
physics. They are worth pursuing in the development of MOE. The possibil-
ity was touched upon in the discussion centering around Figure D-2, Analogy
of MOE and Scientific Measures. In addition to those implicitly shown in
the Figure, there are those such as the well known Circular Error Probable

(CaP), or the "slope of learning curve" as applied to the first ...
second ... third day's operation ... etc, or to the "rate of attrition in
a closed duel" of the Lancaster Equations. Not much has been done along

these liles of MOE development, but furthcr purcuit holds a great deal of
-promise.

5. Sumary.

a. A MOE is a measure usually expressed as a number that is based

on the following three principles:

(1) A measure is valid when it measures what it is supposed to measure.

(2) A measure is reliable when it measures something accurately and

consistently.

(3) A measure is both valid and reliable when there Is knowledge of
the type and degree of error present in the measurement.
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b. The process of the measurement of effectiveness follows the
scientific measurement process formulating certain information about
relations which hold bet3kuen measurable properties associated with a
phenomenon. The method is somewhat as follows: In the formulation of
the measure we first list those properties we have reason to believe are
of importance in describing a phenomenon that fits our objective. The
properties we measure may be of different kinds; when they are, we have
different operations by which we measure them to associate the properties
with numbers. When we believe we have a sufficient array of such numbers
we search for relations between the numbers. If we are skillful and
fortunate, we then find that the relations can be expressed in mathematical
form.

c. In this ANNEX we have found that there are certain characteristics
that MOE need to possess:

(1) There must be an objective for the measure which is at a specific
level of the objectives for the analysis.

(2) The measure must adhere to systems and units such as those used
in physical measurement which includes zlasses and scales for particular
uses.

(3) The measure, when composited, needs to be structured according
to useful, rigorous, and interpretive structural laws.

(4) The type and degree of error in the measure must be ormally
stated as well as the degree of risk.

(5) The measure is an estimate based on certain sets of givens, and
it entails a certain sense of qualitative worth within the analysis.

d. In Chapters 3 and 4, these characteristics are clearly delineated
by illustration of the development and appication of MOE in combat develop-
ments. Chapter 3 essentially covers techniques and discussion covering
the basis of the techniques. Chapter 4 has many examples of MOE that
have been used or could be used fot combat developments studies.
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i ANNEX E

A HYPOTHETICAL EXAMPLE OF STRUCTURING MOE TO

• FIVE FUNCTIONS OF COMBAT
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- I C
A TECHNIQUE FOR DERIVING AND EVALUATING MOE

1. Where to Start. While no one would deny the need for creative thinking

and military judgement in developing MOE, in the practical situation one
sometimes welcomes some sort of starting point for brain-storming. This
pamphlet does not espouse any rigid procedure for thinking and judgement,
but can offer a structured approach that has been applied in some combat
developments studies. In this technique, the place to start is at the
top; and the technique is essentially to break the system's purpose into
progressively lower sub-divisions of objectives until characteristics of
effectiveness sufficiently narrow are obtained that quantitative measures
can be applied directly. This results in a branching, tree-like structure
with a large number of characteristics to be measured at the furthest
points of the structure. At that point one turns to the matter of selecting
which MOE should be applied.

2. Application of the Technique. The first step is to consider the purpose
of the system under evaluation, to divide the purpose into its objectives.
Next, the objectives are then divided into all their possible parts, and
these lower level divisions are further divided into yet lower parts, until
every part of the system's purpose has been broken down to the point where
an operation has been defined so narrowly that a measure virtually suggests
itself. At each step two judgements are made: first whether all possible
subdivisions are included, and second, whether any of the divisions are
directly measureable. For example, if the system is a whole Army unit
the purpose is to conduct land warfare operations, and the objectives at
the first level of division may be the five funr-Aons of land combat:j
intelligence, connand-control-communications, firepower, mobility, and
combat service support. These five objectives are so general that none
of them can be measured directly. On the other hand, if "the system" is
an airborne reconnaissance system, its purpose may be to acquire targets
and its objectives the detection, identification, recognition, location,
and hand-off of targets. In this simpler system, it would appear that
at least one of the first levels of division is directly measurable:
Target location effectiveness could be measured in terms of mean error,
mean offset error, or circular error probsble of reported loactions. Re-
turning to the more complex system, the next step is to divide each of
the five functional areas of land combat into subobjectives of the system.
Combat service support, for example, might be divided into supply, trans-
port, maintenance, and medical support. At the same time, the other four
functional area objectives (intelligence, command-control-comwunications, 4
firepower, and mobility) are similarly divided into system subobjectives.

E-2
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The first question at this level is whether all relevant subobjectives
have been included. If the evaluated system is below Division level, it
may be reasonable that supply, transport, maintenance, and medical support
fully subdivide the combat service support objective. If the system under
consideration were a theater-level system these would probably not exhaust
the subobjectives of combat service support. The second question is
whether any of these four subobjectivet; is directly measureable. It would
probably be decided they are not because each of these is still too general
to measure direztly. At the next level of breakdown the supply function
might be divided into completeness, timeliness, and accuracy of meeting

I supply requests. If it is agreed that these three characteristics fully
define supply support effectiveness, then the second question is whether
any of them are directly measurable. The system's effectiveness has been

I so narrowly characterized at this point that it may be decided that direct
- measurement is practical. Completeness of meeting supply requests, for

example, might be measured in terms of percentage of supply requests met
I and proportion of requested supplies provided. Timeliness might be measured

as percent of supplies delivered by time requested and mean-time-to-resupply.
Accuracy of supply support might be measured in terms of numbers and types

* of supplies delivered versus requested. In like manner, all five of the
functional areas would be progressively subdivided to the point of measure-
ment. The end result of this procedure is a branching structure starting

2! with the system purpose at the top and ending with numerous measureable
characteristics at the bottom.

3. Representation of the Analysis. If the system has any complexity at
all., it would probably require several persons with different backgrounds
working over some period of time to complete the breakdown. During this
time it would aid communication to have some sort of diagrammatic repre-

,.w sentation of the structure; this might also aid thinking. During the
process a worksheet such as the one in Figure 3-5 in Chapter 3 might be
useful. At the end of the process the final breakdown could be expressed

• in branching form like Figure 2-1 in Chapter 2. When the chart is complete,
its bulkiness can be allaiviated by expressiug both the measures and their
weights in symbolic notation, as in Figure 3-6 in Chapter 3. (This figure
is reproduced here as Figure E-1.) Figure E-1 is a convenient representa-
tion of the structure, simplified to only a few measures for illustration.

1 4. Selection of MOE. The complete stiucture would be expected to result

in too many characteristics to measure. Some would be deleted because
they are not independent of other measures included. others would be
deleted because it is not feasible to measure them within the constraints
of a particular study. In any case, MOE would be deleted that do not meet
the criteria for validity or reliability. After deletions it may be
necessary to revise the structure to ensure the remaining MOE cover all
elements of system effectiveness.

* I.
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I
S 5. Testing the MOE. The structure with its MOE, weights, and rules for
*combining ME values has to be tested in some manner to be confident that

the selected MOE result in a viable overall statement of effectiveness.
Testing the MOE must address three questions.

a. DOES THE STRUCTURE ADEQUATELY MEASURE THE INDIVIDUAL MOE?

(Can be answered by examining assumptions underlying the structure's
use and the accuracy of the structure's input data.)

b. WHAT MOE ARE NOT ADDRESSED BY THE STRUCTURE?

SV (A measure of this deficiency in the structure can be given by the

sum of Vij for the measures not evaluated.)

c. WHAT IS THE ESTIMATED IMPACT OF UNMEASURABLE FACTORS?

(One way is to reduce the decision maker's judgement factor assigned
to the Functional Area J. This adjustment will result in a lower E for
the candidate system.) The first of these questions, examining the under-
lying assumptions, may be given a trial by assigning plausible MOE values
to the structure and then performing the combination steps to see if the
output is credible and discriminates among al.ternatives. Figure E-2 is
an example. It is a simplified test of the structure of a land combat sys-
ten shown in Figure E-1. Two to four MOE are inserted into Figure E-1 for
each of the five functional areas. Hypothetical values for weights and for

( MOE scores of three alternative sytems are assigned, and combination rules
V are established for each of the two levels represented. in this example

all raw scores are normalized by dividing each of the three candidate
scores for a measure by the highest of the three scores for that measure,
resulting in a score between zero and one for each alternative on each of
the fifteen measures. The MOE within a function are combined by calculating
the product of the normalized scores for an alternative system and then
taking its n-th root. That is, if two scores are combined, the function
score is the square root of their product; if three scores are multiplied
their cube root is taken; and if four scores are multiplied the overall
function score is the fourth root of their product. Thus, the range of
values for an overall score for a functional area lies beýtween zero and
one. In this example, the rule for combining the five uverall functional
area Ecores is to simply sum their weighted objective 'v•ores. In the
example it is seen that this structure differentiates ationg the three can-
didates but preserves the fact that they performed very nearly equally on

Smost measures. It is most important to note that this -mructure, in its

5. 
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present state of development, does not explicitly reflect dependencies
which may exist among MOE in different functional areas or threshold values
for particular MOE required to be reached by any candidate system. Any
other combination rules that have some empirical basis might be used. The
geometric combination is used here because previous research indicates that
arithmetic combination does not preserve sensitivity to large changes in
individual MOE values. The technique described in this section is merely
one possible technique of deriving candidate MOE, selecting useful ones,
representing the analysis process conveniently, and testing it. Other
means of aiding creative thinking and military judgement may be better in
particular situations.
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INDEX OF MEASURES OF EFPECTIVENESS
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Page Number

Probability of success 4-11

Force effectiveness indicator 4-12

Ranking of outcomes 4-13

Control measures required 4-14
Rate of advance 4-15
Distance from objective 4-16

Range of engagement 4-17

Area acquired 4-18

Percent missions within time 4-19
! • °Timle- tO Llais iu• Cumpjluti.oL 4-20

Loss exchange ratio 4-21
Relative loss exchange ratio 4-22
Blue to red first acquisition 4-23
Relative ammo expenditures to casualties ratio 4-24
Red casualties per initial blue strength 4-25
Casualty rate 4-26
Attrition rate 4-27

Degree of blue win 4-28

Degree of red loss !-4-29
Ratio of blue/red survivors 4-30

IF2

I.

/,

4



ORGANI ZATION

ORGANIZATIONAL STRUCTURE Page Nuilber
Span of conunand 4-32
Top-to-bottom dissemination time /4-33

* Reporting time 4-34
Percent reports on time 4-35
On-road movement rate compatibility 4-36
Cross-country rate compatibility 4-37
Percent circuits sole user 4-38

Area coverage 4-39
Percent area coerage 4-40
Number losses 4-41
Number casualties 4-42
Percent casualties 4-43
1Loss rate 4-44
Average hourly percent loss 4-45
Exposure time . 4-46
Cumulative exposure time 4-47
Proportion survivers 4-48
Remaining force size 4-49
Probability of survival 4-50
Personnel availability - 4-51
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MATERIEL

"I CAPABILITY Page Ntimber
Percent of tasks ,;aLisfied 4-53

SNumber additional missions capable 4-54
Percentage deviation in performance 4-55I ,Maximum effective range 4-56
Burst radius 4--57

4 Casualties per dose 4-58
- Signal to noise ratio 4-59
- Telephone channel capacity 4-60

Mobility index (wheeled -vehicles) 4-61IMobility index (tracked vehicles) 4-62
Human factors rating 4-63

RELIABILITY AND VULNERABII.ITY
Item failure rate . 4-64
Mean time between failures 4-65
Mean wilcs between failure 4-66
Missile preflight reliability 4-67

SVulnerability index 4-69

COSTING

Cort effectiveness index 4-69
Performance to cest-ratio figure of merit 4-7o
Cost equalization point 4-71
Initial cost amortization figure of merit 4-72

F

Ir

1t

y

i :V-

1~g.



TOO!S TICS

Page Numbt r
SUPPLY AND TRANSPORT

Ammunition expenditure rate 4-90
Required ammunition reSupply rate 4-91

Total theater inventory . 4-92
Proportion inventory deployed 4-93 I
Supply throughput effective1itsS 4-94
Lot estimate percent defective 4-95
Cargo handling rate .. 4-96
Reduction in cube requiring transport 4-97
Dimensional carrying capacity of cargo bed 4-98
Percent cargo unitization 4-99 I
Number transport aircraft required 4-100

Aircraft capability index 4-101

MAINTENANCE
Operational readiness 4-102
Maintenance float item availability 4-103

MEDICAL
Medical demand transaction processing time 4-104
Hospital efficiency index 4-105
Hospital flexibility index* 4-]06

EN1GINEER CONSTRUCTION PRODUCIIVITY
Bulldozer cubic movement rate . 4-107
Grader spreading rate . 4-10 I
Bucket-loader effectiveness 4-109
Water distributor area sprinkling rate . 4-110
Productivity rate (compactor tool) 4-111
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NPage Number
GENEMAT,

Composite pass/fail index 4-74
Mean evaluator ranking 4-75

Timo to completion 4-76
Actual/potential productivity ratio 4-77

Slope of learning curve 4-78
Circular miss dibstance 4-79

Percent personnel informed . 4-80

Percent positions authorized MOS 4-81

SPECIFIC FUNCTIONS
Percent Erl reot 14-82
Percent enemy documents timely evacuation 4-83
Enemy materiel evacuation time - 4-84 I
Percept platoon leaders witlh map of AO • 4-85
Percent transmissions vi th vtolations 4-86

Time to estimate range . 4-87

Transcription speed 4-88
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CCOMMAND, CONT.IROL cMMUN

Page NumberS~COMMAND AND CONTROL

Numbt r orders issued 4-113

*-Required number coinmwnds 4-114
Repetitions per order 4--115

Changes per order 4-116

Ratio warning orders to oporders 4-117

Tinte to decision 4-118

Time from mission to order 4-119
Percent planning time forwarded 4-120

Percent orders clarification requested 4-121
Proportion friendly elemenrt engaged 4-12]A

M ean dissemination time 4-122

Percent actions initiated by time ordered 4-123

Number of options remaining 4-124

Proportion fire requests beyond range 4-125

COMO4UN ICATI ONS
Communications performance index 4-126

Percent transmissions completed 4-127

Mean time message delivery 4-128

Message rate 4-129

Message backlog - 4-130

Mean number transmissions required 4-131
Fercent net capacity utilization 4-132

Percent comm links with alternate route 4-!33
Conmmunications interception susceptibility 4-134

Percent successful interception attempts 4-135

Percent messages intercepted 4-136(

Mean time response to jamming 4-137
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t FIRE POW-ER

4 Page Number

AMOUNT OF FIRE
Number rounds fired . 4-139

-Percent of basic load expended . 4-140

L Percent targets hit 4-141

SCasualties per round 4-142

Rounds per casualty 4-143

Percent target destruction 4-144

Degree of neutralization 4-145

p Average number of red tanks killed. 4-146

TIMELINESS OF FIRE
Firing rate 4-147

Time to first fire 4-148

Time to adjust 4-149

Rounds to adjust .. 4-150

Time to first hit 4-151

Mean rounds to first hit 4-152

Mean time target engaged 4-153

Average time firing on moving target 4-154

Rate of target destrition 4-155

R unds to completion . 4-156

ACCURACY OF FIRE
Probability of lit . ! -!57

Probability of kill 4-158
Percent rounds hit 4-159

Percent near misses 4-160

Mean offset error . 4-161

Circular error probable 4-162

FIREPOWER POTENTIAL
Military worth index . .4-163
Firepower potential (point fire weapons) 4-164

Firepower potential (area fire weapons) 4-165
Weapon fractional kill value 4-166

Expected remaining tank killing capability . 4--167

Percent avenues of approach covered .. 4-168

Small arms air defense potential . 4-169
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MOBTLITY

Page. Number
March rate 4-171
Percent moves within time ordered 4-172
Percent unit at prescribed interval
Time to change formation - 4-174
Percent delay 4-175
Mean time to negutiaLe obstacles 4-176
Percent force complete move 4-177
Closing time 4-178
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TARGET DETECTION Page Number
Propo-rtion targets detected 4-8

Probability of detection 4-180
Percent true detections 4-181
Percent false detections 4-182

Percent false detections corrected
Time to detection •44-185
Percent targets detected in time 4-186
Detection rate . 4

re 4-187
Detection tinm to range ratio 4-188
Range of detection 4-189
Mean range of detection 4-190
Slant range of detection 4-191
Friendly/enemy detection ratio

4-192

TARGET IDENTIFICATION AND RECOGNITION
Accuracy of identification. 4-193 I
Detail of identification 4-194

Time to identify 4-195
Identification to engagement time 4-196
Detection to recognition time . 4-197

TARGET LOCATION
( Percent correct locatiens

Location error to range ratio 4-199
Mean error 4-200

TARGET ACQUISITION
Percent targets acquired 4-201
Mean time to acquistion * 4-202
Percent time target tracked . 4-203
Percent targets attacked 4-204
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COMBAT SERVICE SUPPORT

Page Number

GENERAL
Percent time support available 4-206

Ratio support ieqeesta to completions 4-207

Document form effectiveness 4-208

Amount of information conveyed 4-209 3

SUPPLY
Percent supply requestsmet 4-210

Percent supply requirements fulfilled 4-211

Time to resupply 4-212
Time to required resupply 4-213

Mean time internal distribution 4-214

Proportion ammunition remaining - 4-215

TRANSPORTATION

Percent transport requests met 4-216

Proportion transportation requirements fulfilled 4-217
Percent runs with payloads both ways 4-218

Evacuation rate 4-219

MAIN'IENANCE
Mean time to restore 4-220

bMDICAL
Mean nedevac time 4-221

Percent casualties surviving 4 4-222

Percent casualties returned to duty 4-223
Mean time to return to duty 4-224
Patient backlog 4-225
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