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FOREWORD

This Pamphlet provides assistance to the military operations
analyst and guidance for the combat developments study officer im
the selection and use of appropriate measures of effectiveness to
evaluate 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.

Inciuded are the roles of measures of effectiveness in the
analysis, test and experimentation, and documentation of Army
doctrinal, orgzanizational 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 thé 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 complete ly 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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*USACDC Pam 71-1

HEADQUARTERS
UNITED STATES ARMY COMBAT DEVELOPMENTS COMMAND
FORT BELVOIR, VIRGINIA 22060

USACDC PAMPHLET 31 January 1973

NUMBER 71-1
Force Development
THE MEASUREMENT OF EFFECTIVENESS
CHAPTER 1 INTRODUCT ION

1. Purpose. This Measurement of Effectiveness Pamphlet responds to the
requirement recognized in t'.e Commanding General's Letter (CGL) 1-72,

22 February 1972 (Figure 1--1). This letter is reproduced here because it
represents one c¢f the few instances in which major decision making levels
have recognized the importince of measures of effectiveness to the Army
decision process. This psamphlet provides guidance to combat developments
study officers and assistaince to operations analysts in the selectloin and
use of valid measures o” effectiveness (MOE) in the analysis of Army combat
systems,

2. Frame of Reference. CGL 1-72 sets the specificaitions for the tone and
content ot the Meagurewenrt of Effcctivenese 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 Pawmphlet, 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-res 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 MOE in the combat developments
process. The rolz2s of measures of effectiveness in analysis, test and
experinentatinn, 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 scilence.

1-1
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Included is an extensive compendium of examples of MOE that illustrate the
methodology. For the most part, the Pemphlet 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 Meassurement of Effectiveness Pamphlet
i1s to describe the "place'" of measurement of effectiveness in the combat
developments process, The Pamphlet emphasizes that military judgement is’
as jmportant as scilentific 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, f{orces, 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 intelligeunce, communications studies, tests, and experimentation;
and (5) Examples that have potential for use in logistical studies, tests,
and experilmentation. 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 prccesses, Chapter 3 provides
gystematic methodology for the development and gpplication of measures of
effectiveness, Chapter 4 provides a compendium of examples nf measures of
effectiveness. Annexes are provided for bibliography and references, an
index of terms, and selected backup academic and mathematical explanations
for the methodology.
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DEPARTMENT OF THE ARMY
HEADQUARTERS
UNITED STATES ARMY COMBAT DEVELOPMENTS COMMAND
FORY BELVYQIR, VIRGIN'A 22060

CLCCG 22 February 1972
COMMANDING GENERAL'S IETIER (CGL) 1-72

SURJECT: Considerations Concerning the Use of Models ana Simu-
lations to Assess Systems Effectlveness

T0:; Colonei H. J. Childress, Jr.
Comanding Officer
US Army Combat Developments Cormand
Systems Analysis Group
Fort Belvoir, Virginia 22060

1. The value of analytical means ard methods to help solve combat develop-
ment problems continues to geow in importance., Current utilization cf and
depervlence on such analyses have now reached the point where everyone in

the declislon-tmking process musi have a common waderstanding of the ecapabil.
ities and limitations of analytical fechiiology. I have summarized below ny
current thinking on this vital area for the guldance of combat developments
personnel.,

2. Central to the problem of evaluating alternative cambat systems —- in-
cluding thelr doctrinal, organizational and materiel elements — 1s the
requirement for valid Measures of Effectiveness (MOE) which can be applied
to assess the effectiveness of various systems across the board, ranging
from individual items of materlel through complete force desisz;ns such as
OONAF, and all the way up to owr most complex system studles like LCS~I and
ALTS’I'RAT There are two equally important considerations in the correct
use of MIE:

a. First, prior to constructing (or exercising) a model, simulation,
or an experiment design for a field test, we must select those MOE which
best descrlbe overall systems effect. iveness.

b. Second, cur selected MIE rust be umde acceptable to the Agoncy which
Is going to actually conduct the etudv or test, as well as to the decision
makers and DA and DOD analysts who wlll review the results. We must select
the right MOE, and gain acceptance for the MOE both up and down the chain
to Insure a clear understanding of our methodology — and its limitations --
at the outset, The development of good MOE 1s so Important that the Army

s e
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CDCCG 22 February 1972
SUBJECT: Considerations Concerning the Use of Models and Simulations
to Assess Systems Effectiveness

should meke full use of the expertlse avallable on advisory groups such
as the PSAC, ASAP and cur new CDAG.*

3. Models and simulations must te put in combat perspective before and
during the evaluation process. Often, once a set of MOEs 1is selected,

the analyst focuses narrowly on these measurements and falls to adequately
consider the numerous intangible factors which tend to make ground combat
more of an art rather than a sclence. Immeasurables, Jjudgmental factors,
and the multiple assumptions in a situation can greatly outweigh the ef-
fect of the selected MOEs on real systems effectiveness, and render the
analysis invalid. Within CDC, analysts should strive t¢ rate the model —
and assoclated MOEs — 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 fMactors affecting real-world systems effectiveness.

4, The Armmy's best protection against an over-reliance on, or misuse of,
models and simulations — and 8lso ggalinst selecting too few or too sim-
plistic MOEs — 1s to encourage our test combat leaders (tactical and
logistical) to became 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 werk.

5. Two key MOEs which appear to apply to practically all our systems
assessment work are;

a. The strategic deployabllity of the system under evaluation.

b. The capabllity of the system to operate in a tactical nuclear
warfare 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

((:;Cpahle)of being documented and understood by the Department of the Army.
SOPS

%Cambat Developments Advisory Group

CGL-2
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( X CDCCG 22 February 1972
‘ ' SUBJECT: Considerations Concerning the Use of Models ard Simulations
to Assess Systems Effectiveness

7. To improve our overall systems assessment posture, the following
actions should be considered:

a. FExpand our CDC "in-house' and outside ORSA training programs.
* (DCSMAR)

L. Review our earlier request for help from the ASAP on the develop-
ment of MOE, and prepare a new initlative — 1f necessary a letter from
0G, CDC, to Dr. Lawrence O'Neill — to reenergize this work. (SAG)

: : ¢. Continue our ongolng SAL actlon to develop a compendium of MOEs,
{ and adjust SAG's priorities to insure the MOE problem gets the attentlon
1t deserves. Brief me on the status of this action, and cn the most
critical MOEs now in use. (SAG)

d. Review and provide a status report on ongoing actions to strengthen
COMSG's analytical capability by:

' ( (1) Reassigning agency level spaces to the COMSG HQ. ({DCSMAR)
. g ()

Increasing the numbers and capabllities of personnel in the
Leavenworth SAG field office. (DCSMAR)

(3) Making the SAG field office an organic part of COMSG. (DCG)
(4) Establishing an in-house wargaming facility. (DCSOFS)

(5) Encouraging top Army civilian ORSA analysts to relocute 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 command to be thoroughly conversant
with the contents of this letter (paragraphs 1-6) and to make personal
N contributions towards rapidly upgracding CDC's analytical capabiiities.

! | . - NORTON E -
. . utenant General, US Army

Commanding

.

CGL~3
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i i CHAFTER 2 THE CONCEPT OF MEASURING EFFECTIVENESS

! B 1. Generel. Measuring effectiveness is an everyday process for most of

; : us and a part of our rational thinking. Tt csn 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 with us since

man has been weighing the advantages and disadvantages of his tools and

{ : weapons -- as he thought abouc them conceptually and subsequerntly produced

: those deemed most desirable, 1In this Chapter, Dy way of wrotivation, we

illustrate the measurement of effectiveness process by using an example

that is familiar to most of us -~ the buying of an automobile. We will

oo show the situabtiap, how we develop our reasons for measuring certain things,

S and how we arrive at the kind of measures we use: what kind of car we think

y we want, why we want it, how much we can affcrd to pay or want to pay, to

o obtain it ~— in short, why we buy what we buy. This somewhat mundane .-

4 ample 1s intended to illustrate the process of measuring effectiverass in
everyday life and provides an introduction to the subsequent discussion of
the critically important place that measurement of effectiveness has through-
out the combat development process,

L]

2. An Illustration ~~ Buying an Automobile. Measures of effectiven«ss are

used whenever a decision is made. Although this pawphlet councerns MOE in

the combat developments process, everyone actually uses MOE in ore form or

.another quite commonly in everyday contexts. 2 decision always inTolves a

o~ - choice between alternatives, even ii the choice s on.iy between continuing

. on a present course or not continuing at all. A choice necessarily in~

volves comparing alternatrives by examini.ug all factors that differeuntiate

1 between candldate decisions, Whenever any {actor becomes part of a compari- N
] _ son, 1t must be measured in some way. The measure may be quite precise and
|

o

require complicated instruments, or it mry be a less precise judgemental
estimate; but in either case, a measure 18 necessary for a comparison, and
a comparissci: 1s necessary for a decisimn. B

, : a. Let ug consider a "typical" example »f the applicacion of AO0E in a real
! life, non-military situation, Wnenever oiie considers buying e¢n aitomoblle,

b the competitive free enterprise pirocess ensures thal there is a choice of :
alternatives. The decisions will be made on the dbasis uf 21i characteristics
of the various automobiles available thet make them different from one an~ .
other in relation to the buyer's objectives. These qualities might include
acceleration capability, cost, dafety, comfort, appearance, dependability,
prestige, buyer's relatien to the seller, preference for domestic products,

e

‘-
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‘and ease of handling. Which of these ten factors (or others) are important

depends upon the huyer's objectives. If the primary mission is commuting
to ead 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 ave most important in the comparison.

b. Having st-ted the objectives and ranked the qualities in order of im~
portance to him, he will need to measure the effectiveness of the various
prospective automobiles (the "candidate systeuws') in satisfying these ob-
jectives, A particular quality may be measused in several ways. There
are at least four forms of measurement: nominal, ordinal, interval, and
ratio. Each wa, be measured at various degrees of precision. Furthermore,
there are usually several possible measures of each type availlable,

¢, 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 arithmetlc handling of wvalues. A
classificacion that develops into values such as yes/no, one/zero, or with/
without is a special case of numinal measurement. If her prefcrence wvere
for blue alcne, her measure would be simply blue versus non-bliue.

d. A construction engineer might determine thnt an auto's durability under
adverse couditions is impertant to uis objnctives. An ordinal measure which
ranks candidates in respect to each other .aay be eppropriate. A four-wheel
drive vehicle is considered more rugged than a standard sedan althiough it
might be difficult to compute how much wsre su., The sedan in turn is ranked
over an inexpeunsive compact in durability. He continues in this manuner
until all candidates are cordered in place with respect to one amother,

e. In another case a real estate dealer may determine that capacity is the
most significant factor foy 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 oinly measures which is better but &lso how much
better. He observes that a full-gize car carries five adult sales prospects
while a wedium-size carries four, and a compact three, Similarly, a young
wau way count prestige as important to his objectives which include
performance~conscious friends. He may measure prestige partly in terms of
horsepower on an interval scale in which 3835 horsepower is not only better
than 350, but also makes clear the interval or superiority in this respect.

f. A housewlfe might be interested in a general purpose vehicle that takes
into account several competing cbjectives., 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 tc preclude breakdowns away
from home. She might desire easy handling for parking in the city but at
the gsame time need a car with capacity to transport a whole den of cub
scouts safely. Such trade-off's suggest ratio wmeasures that divide the
desirability of positive features by the undesirability of negative features.
The number of miles travelel is divided by the number of gallons of fuel
used, for the ratio of mileage. Ratlo measures can be used on a higher
level to make trade-off's directly. The ratio measure of mileage could be
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 femily 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 nezessary to consider other elements
of economy such as acceptance of trade-in, depreciwtion; 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 1s 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 &nd relation to the seller are shown. Each of the mea-
sured values i3 carried forward to the right in respect to its weighr in
importance tov the third column, In the third column are several qualities.
The value assigned to each of these qualities is some combination of the
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
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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,
the 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 tte 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. 1In 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 1is
important for the study officer to realize that land combat development
studies, analyses, tests, and experimentaticn 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.
Becausc analytical studies are increasingly used as basem for combat de-
veloprents 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 snd 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 rarliest 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 “rice versa). In cost-
effectiveness analyses the MUZ 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 ghows that the cowbat 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.
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THE COMBAT
DEVELOFMENTS

PHASE ORDER
IN THE PROCESS

PROCESS

Stuuy Directive, Study
‘Plan. :

Wa: Gaming, Modeling.

Cost-Effectiveness Analysis.

Test & Experimentation.

Materiel Needs and Personnel
Needs Documentation.

FIGURE 2-2.

4

JHE
SCIENTIFIC
PROCESS

Formulating the
Problem.

Constructing a
model to represeat
the system under
study. .

Deriving a
solutfon from
the model.

Testing the

model and the

so}utiun.

Putting the
solution to work:
Implementation.

ANALOGY OF THE COMBAT DEVELOPMENTS

PROCESS WITH THE SCIENTIFIC PROCESS
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a, Study Directive, In the study directive the MOE are the starting points
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 thuvs determining
the depth and detail of the study. If it is determined that the sub-
objectives are not quantifiable or prugmatically not measurable, then the
problem has to be rastructured until they can be measured,

¢. Modeling and War Gaming. After the problem is formulated, the MOE
determine the type and detail of modeling to support a study. This 1s a
normal process for rationgl 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.

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 it into the process.,

e. Test and Experimentacion. 1In sclentific test and experimentation a
nypothesis is established which is tested using measures of essential
factors to accept or reject the hypothesis. In combat developments the
essential factors to be measured are hypothesized during analysis to be
proved or dispvoved by tests, experimentation, or simulation.

f. Maiteriel and Personnel Needs Documentation. The basic mission for
combat developments is to formulate and document concepts, doctrine,
materiel requirements, and organization pertinent to the Army in the
Field. Included in that responsibility is the design of land combat
systems for at least 20 years into the future to facilitate the integra-

. tior of new or improved doctrine, materiel, and organizations. The combat

developwents process includes studies, simulations, and testing and
experimentation in which the final product is recummended doctrinal,
organizational and equipment changes for the immediate future and for

long range planning programs. The recommendations involve estimates
based upon the best available information indicating the impact of suen
recommendations. Doctrinal recommendations are applied in field manuals.
Or,anizational recommendations are applied in Tables of Organization.
Materiel recommendations are applied in Tebles of Equipment and in materiel
specifications. As gfuch the credibility of MOE establishes 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. '
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BAGIC TYPE A GENERAL A MILITARY A COMBAT
OF MODEL EXAMPLE EXAMPLE DEVELOPMENTS
: EXAMPLE
— ]
ICONIC MODEL SAND TABLE FIELD
AIRPLANE TRAINING
EXERCISE
ANALOGIC ROAD MAP SCALE TERRAIN MAP EXERCISE
SLIDE RULE MAP
SYMBOLILC s
ANALYTIC
DETERMINISTIC OHM's LAW MOVE TIME = BONDER-TUA
E=1R DISTRANCE /MARCH RATE | (BONDER-INDIVIDUAL
UNIT ACTION)
PROBABILISTIC PROBABILITY CASUALTIES=NUMBER SIMTANK
DISTRIBUTION ENGAGED X PR {IiIT) SIMPLE TANK MODEL)
DISCRETE
DETERMINISTIC AIRLINE MILEAGE FIREPOWER TRANS-HYDRO
TABLES SCORES (LOGISTICS-OVER-
THE-SHORE)
PROBABILISTIC WEATHER PR(0,1,2,...,n) PR (HIT) TABLES
PREDICTIONS HITS WHEN n FOR RANGE-AMMO
ROUNDS ARE FIRED ITYPE COMBINATIONS
HYBRID
DETERMINLSTIC REDLEG
(ARTILLERY MODEL)
PROBABILISTIC DYNTACS
(DYNAMIC TACTICAL
SIMULATOR)
FIGURE 2-3, MODELS IN USE IN COMBAT DEVELOP@ENT§
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g. Decision. The culmination of the combat developments process 1s the

: recommendation to higher authority which of the alternative combat systems

B ghould be developed and eventually flelded. These decisions are inevitably
couched in terms of MOE The role of MOE in the Army dccision process is
often implicit but nonetheless real, Interjecting scientific objectivity
into the decision process involves making explicit the various MOE and their
selective welghts which are driving the decision. This most important as-
pect is discussed in Chapter 3. At this point it iy 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.
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4. Summary. The concept of measuring effectiveness is really not new to !

any of us., It is used in our daily functions on the job and ip evaluating

our personal needs. N

a. A typical example is when one considers buying an automobile. Usually

there is a chcice of alternative candidates. The decision to buy one of ° 1

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 i

prestige, for family pleasure, or for possible combinatioms of each -- the
buyer can then determine which qualities are most important in comparison.
The qualities might include cost, safety, comfort, appearance, prestige, 3
relation to the seller, acceleration capability, preference for domestic
products, and ease of handling. Once the objectives ave clear and the
most important qualities are determined, then the buyer sets up a set of \\ i
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 queslities desired are different and more :
complex, but the rules for weasuring and decision are very nearly the same. A}

}
ANNEX D covers most of the basics of measurement that a combat c¢evelopmeuts
study officer needs to know for a fundamental understanding of the use of o
3
neasures of effectiveness. n‘,
'
b3
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CHAYTER 3. TECHNIQUES FOR DEVELOPMENT AND APPLICATION OF MFEASURES OF

1. General. Aa evaluation is a comparison. The system evaluated is com- 3
pared to other systems, or to the same system under other circumstances. E |
An effectiveness evaluation makes the comparison in terms of effectiveness 3
rather than on the basis of other possible points of comparison, and a com- :
bat effectiveness evaluation comparcs a system's effectiveness under combat 1

conditicns. 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 relatiunships 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
equations in a computerized simulation, A model makes it possible to ex-
ploit the powerful tools of analysis and experimentatinn to predict results 3
of changes in the system, When the relevant factors are immeasurable, or
only some of them are measurable, estimates are used and 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. of possible measures of effectiveness. Appropriateness

is discussed in ANNEX O, 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.

i by = sy

L

ikl

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
congequences 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,

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 iy that an MOE express 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-
itles are direct measurss of effectiveness because percent 1s 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 ard best results. For example, percent of targets hit and prob-
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-milex per hour is a measure of performance that can be
converted into an MOE by making it a proportion of required ton-wmiles per
hour. Obviously, making the best wequired 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 nuwbers cxpressing the MOE are to be
manipulated mathematically in order to derive conclusions concerning the
effactiveness of the systems being evaluited,

(3) The third criterion is that the MOE be "appropriate” in accordance
with the definition given in Figure 3-1, and explained and dewonstrated
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 Thioking 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 potentially good MOE are dropped out too early in
the selection process. It should be understood at the begimning of a siudy,
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
repregsentative 1llustrations of MOE that have been used or could be used
under appropriate circumstances. The way to go in setting up candidate MOE
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CRITERIA FOR MOE

3 POINTS TO CONSIDER WERE DISCUSSED

' 1. 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 .
i . The MOE has an objective.
. The MOE 18 reliable.
. The MOE is valid.
;
. The MOE is at the correct
level of objectives for the
situations considered,
. The MUE is accessible to
‘ quantitative estimation,
. -

FIGURE 3-], CONSIDERATIONS FOR
"THE DEVELOPMENT OF MOE




is to drive through the logical maze of what the study appears to be and
then "brainstorm" MOE, possibly use some of the MOE contained in the com-
pendium, add others, and even use quick guesses. It pays to be creative
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 1s on its way what the criteria of choice among altermative
systems will be and, hence, which MOE will then be needed and appropriate.

e

¢, Military Judgement in Developing MOE. Answering questions regarding
which MOE to congider and ultimately edopt demands a background of experi-
ence, especlally military experlence. The experience we are referring to
reaches back into many generations of practitioners of the military and .
analytical sciences. If, for instance, we are to ttcest 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 agsured that "mobility of the weapon sys-
: tem" is not an esgsential item under the specific circumstances of the problem.
Thus, experience has tou indicate the laws which govern the wvariation of the
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
formulatinon 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 asseasment of MOE. The
points of impact occur throughout the land combat study and test and ex-~
perimentation process from the definition of the problem through to the
conclusions, recommendations, and impleuwentation where required. The rea-
sons for the nced 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 reasoms.
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d. MOE Derived from MOE Objectives. The purpose of a specific measurement v
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-cbjectives 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.
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MILITARY JUDGEMENT IS NEEDED BECAUSE

M

ORI R

%% 1. Error in Evaluating MOE Statistical inferences in land
T combat operational effectiveness
- cannot always be reliable.
¢ ’ 2, Comprehensiveness of MOE Evaluation of the real merits

of alternative candidate systems

is not accomplished mechanically.
% . 3. \Unequal Twmportance of MOE Chosen Rational choice between candidate
) systems goes beyond measure and
R scale. 1t has t> involve a sense
s of worth or importance, therefove,
3 an additional dimension of value.
§
& 4. Non-Quantified MOE Proper weighting of such attributes
; as "leadership", "[lexibility", ’
§ “Weonvenience”, and "morale'.
I
-
y
Eg‘
: FIGURE 3-2. THE NEED FOR MILITARY JUDGEMENT

IN DEVELOPING CREDLBLE MOE
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i
1. 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

1
comparison is to be made?

»

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

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

used to determine the impact of differences upon effectiveness?

What methods will be used to present the possible errors

associated with the measuring process?

o
i

) FIGURE 3-3. CONSIDERATIONS IN DERIVING MOE FROM
SYSTEM OBJECTIVES, ?
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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:

""To compare alternative Fleld Army level communication
systems having different mixes of satellites by comparing
their 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"
"Vulnerabilitcy"

{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 electromic

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 ome 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 1975~19B0 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 mary MOE as
one can think of, the study officer may note that there are similarities
among them. The next step is to evaluate a2nd, possibly, reduce the number
of alternative MOE., Figure 3-4 {llustrates 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.

3-7
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ACTION

REASON

1. Eliminate Alternative MOE

Technical Infeasibility,
Economic Infeasibility.

Clearly Dominated by Other
Alternatives.

2. Consider Eliminating Other
MOE

Weak at the Most Important
and/or Most Frequent MOE
Objective,

Has Greater Risk Relative to
Other Alternative MOE.

3. Rank Remaining Alternative
MOE

Differences in Sensitivity
Lo Unkinowables.

Differences in Robustness
Against Counteraction.

Differences in Preservation
of Flexible Qptions.

Differences in Contribution
to Longer Term Goals.

4. Reexanine Those Elimi-
nazed

They May Be Better Than First
Realized,

What is Left May Make Another
Alternative More Appealing,

FIGURE 3-4. A METHOD TO APPRAISE ALTFRNATIVE MOE
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f. Point towards the Next Higher Level.

(1) Part of the criterion of selecting MOE counsistent with the objectives
of any given study is to pick MOE appropriate to the operative decislon-
making level. There is a hierarchy of MOEF 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
svstem pexformance 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.
(Ihe HWOE 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 usefulneas to the next lower level, namely
evaluation of compoments of the device to increase probability of detectiom.
A more interesting evaluation of this type of device would be one based on
the next higher level. 1In this case the next higher level is the tactical
unit that combines the devices, thelr 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
put one detected 757 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 knewledge of the implications of

one or mcre 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 exerclse. Experiments can in-
clude field tests, field experiments, computer simulations -- each based
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on some experimental design for statistical analysis.* 1In 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 an arrangement of the
{ i 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.

g
¥
i

i b. Tabular Spread Sheet. At times the MOE may be unmeasurable in practice
\ or invelve cowbinations of numbers of different character (i.e., mixed

{ scales: rank, 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

l a temptation to develop some simple weighting type approach and a Grand
l
|
!
i

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
v ! analysis can be made of the most preferred candidate systems. (ANNEX &

oo contains a rigorous mathematical treatment and explanation of such matrixing
of MOE for candidate system evaluatiom.)

| c¢. Modeling the Combat Situation. Another useful techuique is to analyse
i the combat situation. Figure 3-6 presents a possible framework using five
‘ functions of combat. The scenaric 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 symbo]_ﬁa
indicates that the formulation consists of some mathemaiical vperation,

*C,B. Bates, "The Role of Design in Experimental Investigation."
Technical Reports, ANNEX A.




#r T

o T P ey

P
’

]

T et

L PPy SN

e DT R R )

o~

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 quante-
itative MOE values are used, such questions as the following clearly uneed

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? .
(A measure of this deficlency might be given by the sum of wjj 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 systew.)

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-meker can he made aware of possible uncertainties
in the MOE values predicted by the study analysis,

5. Summary. MOE have to be not only analytically precise but logical and
intuitively acceptable. They must lead teo practical and explicit representa-
tions of the effects being portrayed for the candidate systems underssudgy.
MOE 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-
objectives,

* 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 systeme under study. This process is illustrated by
a hypothetical example given in ANNEX E. Further research with this ap-

proach is continuing.
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(2) Create as many more MOE as possible, braimstorm even though at first
many of them may appear to be alike.

(3) When it gppears that all possible MOE have been advinced, 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 remalning 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 wmethodical manner (using appropriate test instru-
ments such as simulation, fisld 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-~

tems.

(b) Structuring the situation in somc manmer {Figure 3-) will be most
useful in functionally grouping MOE into single composite measures of

effectiveness.

(c) Statistically test the MOE values for type/degree and range of risk
in the measurements.
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CHAPTER 4. A COMPENDIUM OF MEASURES OF EFFECTIVENESS

1. 1Introduation.

a. Purpose of the Compendium. Totential MOE are listad to aid the
study officer in developing his own MOE for a curvent action.

b. Use of the Compendium. The list of potential MOE is intended to
suggest ideas for development of MOE; it is not intended as a list of ap-~
proved MOE. The study officer and 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 developing 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 compendlium organizes MOE in a manner convenien* to
analyst review for leads. The categorization is by subject matter. The
first part 1s organized into five functions of combat developments:
doctrine, organization, materiel, training, and logistics. The second
part is organized into five functions of land cowbat: command-control-
comunications, firepower, mohility, acquisition-intelligence, and combat
service suppori. Previously used wmeasures and potential proposed MOE are
divided into these ten categories to assist thie 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 neverthee-
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~communications. In addition to the MOE
suggested by the compendium in a ¢iven area, it will be necessary to com-
struct some original measures in keeping with the objectives of the action.
After this list of candidate MOE has been used in initial attempts 2t the
model or test design, the compendium may be useful again in providing ideas

for revising the set of MOE to be used. The compendium is arranged {or com-

venience into ten categories of subject matter. Within each category there
is no scheme or ordering other than an intent to group similar subtopics.
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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 description of each MOE is presented in seven para-
graphs,

a. Definition of the Messure. The first paragraph starts with the
complete statement of the meusure. The paragraph includes the input data,
the output number, and the relationship between input and output. In each
case all the elements 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 shcwn in the form of a computationsl formula or other
notational means for expressing the output as a function of input. The
anlayst should keep in mind that the definition Ls meant to be precise and
unambiguous only for the particular described measure, but that he is not
constrajined by the computation procedure if he desires to use essentially
the same measure modified for 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 decim:l
form or even in its fractional form. The fractional form would usually be
a better MOE in the case of very small numerators and denvminators 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, however, it should be pointed out that some
measures have become fairly standard Army studies and tests; and their
definitions are generally accepted, e.g., circular error probability, lass
exchange ratio, operatiounal readiness, probability of detection, and mean
time between failures. When the action officer changes the form of conm-
putation for a measure for his own particular project, he should change
tlhie name of the measure too, to avold confusion with the ssme name in

other actions,

b. 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 orderirng, product, quotient, or some more
complex form. A sum may be a simple number count cr addition of number
counts. A difference may be a subftction of number counts, or subtraction
of two values such as start time and end time. Quotients include propor-
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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ot the output number. For example, the unit of measure for "percent
casualties" 1is each casualty and the unit of measure for "rate of movement"
nay be kilometers per hour. In some cases, especially index numbers, there
is no output unit of measure that can be stated lecss simply than defining
the measure, so that the urit of measure is a pure number. The analyst
may note that the form of the measure is one of the areas of greatest flex-
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

8 sum of number counts by different means. The form could be changed to

a diffzrence 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 obtaired by multiplyiung 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 it could be a more complex form such as the
slope of the curve of cumulatlve 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 zs tons delivered
or rounds expended. The action officer may find it mere meaningful in some
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—
gitive measure but imposes more limits on the range of the measure.

c, Limits on the Range of the Measure. Many measures have no limit
on input or output; all values may vary freely from —¢¢ to + 9. In many
cases, however, the output is limited. For example, a probability is
licited to the range .00 to 1,00, number count sums are limited tn 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. Fo: 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 measure, the paragraph tells why it was selected
for the action referenced. If it is a potential or proposed measure that
has not previously been used, the rationale explains what properties may
make it useful, The rationale given in the compendium might not be ap-
plicable 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 fleld experiment because 1t 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 ratiomale
paragraph. While the rationale stated why the MCE would be useful in
general, this paragraph goes on the explain when and how the output value
can be used in the decision proceass 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
the standard and the experimental doctrine resulted in 50% detection of
enemy targets, while in the standard doctrine a very low percentage of!
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,

tection ratio, leading to a meaningful decision concerning targeting op-
portunities, In considering decisional relevance, a single MOE is seldom
able to stand alore, Ipn most cases associated MOE must be taken into ac-
count,

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 final 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
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one previous action. Some of the MOE included are poteantial proposed mea-
sures that have not previously been used and have no references. This para-
graph 1lists 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 gstart 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.
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SR Trainming « o o ¢ v v e e e e 4 e e s 15 .« e . . . _4-73

LogiStics .+ . v 4 o v 4 e e e e e s 22 e v e e o 489

i = Part II. Land Combat Functions

£ Command-Control-Communications . . . . 26 v e o»o. b-112
b Firepower . « o « « o o 4 « + & 0 o s 3 . . . . . _4-138
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Mobility . o v « ¢ v o v 0 o s e e v 8 e e e 42170
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W Relative ammo expenditures to casualties ratio . . . . . 4-24
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PROBABILITY OF SUCCESS

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

probability of success = — nunber of observed successes _

number of opportunities (or attempts)

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 - [(PF1) (PF2)...(PFn)]

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. TIts main disadvantage is that it usually subsumes a set
of factors which must also be treated separately.

4, RATIONALE FOR THE MEASURE: This is a direct weasure of mission ac-
complishment and is direcily useful in a predictive sense.

5. DECISIONAL RELEVANCE OF THE MEASURE: Probability of success can be
used to compare alternative systems in effectiveness in several suybject
areas, Number of successes may be engagements won, objectives seized,
missile flights completed, fire missions on target, aireraft flights
surviving, tarpets 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:
Percent tasks completed Reliability
Probability of detection Probability of survival

7. REFERENCES:

ACN 15758, ASARS I, Jun 70

ACN 07346, Optimum Mix of Arty Units 1971-75

ACN 15724, Optimum Mix of Arty Units 1975-80

ACN 13138, bivisional 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

ACN 03010, Infantvy Rifle Unit Study - 75

ACN 07395, Ground Observer Field Experiment 31.1, Sep 68

No ACN - System Effectiveness Status Report (PERSHING), Feb 72

No ACN -~ "Candidate Mcasures of Effectiveness for Air Strike
Systems,' Naval Vleapons Center Report #TP4687, Sep 69

No ACN - Proceedings of the Third WHC iystems Performarce
Effectiveness Uggﬁﬁrnnce, 1967
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(TVR), and the valne nf blue weapons is compuEed similarly: j
1 k ]
z nijvy ¥ nyjvy .
vy ¥ - Vj = ! A
TVR TVB 3
e s £ 1+ Ja
-The FEL does not have a closed form solution; it is usually calculated by L LI
assuming an initial finite value for all weapons and solving the equation i
in a series of iteratioms until final values converge reflecting losses g
inflicted, |

i e A 5 e —————TA r— g,

FORCE EFFECTIVENESS INDICATOR Q\ ; !

the ratio of the total value of the blue force (IVB) and total value of

1. DEFINITION OF THE MEASURE: YForce effectiveness indicator (FEI) is 1 ;
the red force (TVR):

oy

- VB
FEL VR
The total force velue for blue (TVB) is computed as the sum (X) of the d 1
number of each type red weapon destroyed (nj;) multiplied by the value
of that type weapon (vj) for all red weapons (k), and the total red 1
force value is computed similarly for all blue weapons (1):

k 1 =
™VB = T n§vy TVR = & njvy ’

JRgpT

.

The unique characterisiic of this measure is that weapon values are
computed as the fractional value of the enemy force destroyed by a given
weapon. That is. the value (vy) of a type blue weapon (i) is the ratio
of all (1) the mumbars of red kills by that type weapon (nji) multiplied i
by the values of the destroyed red weapons (v.) to the totai red value

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

Ml st

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 H
scenario, the output value of the FEI cannot be dissociated from the i
circumstances under which it was derived, The measure has a weakness in
that a force that completely destroys the other without taking any losses
is zero effective because the weapons destroyed had not obtained any value
by inflicting 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, 4

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

6. ASSOCIATED MFASURES: TProportion fcrce destroyed, Loss exchange ratio.
7. REFERENGES* '

ACN 07356, Tank, Antitank, Assault Weapon Systems Requirement Study,
Phase 1II (TATAWS III); ACN 17018, Antitank Weapons Systems Requirement

Study 412
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RANKING OF OUTCOMES

1. DEFINITION OF THE 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 resocurcas
expended) in matrix form:

Defeat Hold Fail to

Alternative QOne Eneany FEBA Hold
Most of Resources First Second Third
Remain rank rank rank
Normal Second Thixd Fourth
Expenditure rank rank rank
All Resources Third Fourth Last
Expended rank rank rank

Ranking can be on any number of factors by constructing matrices with
more dimensions.

2, DIMENSION OF THE MEASURE: Ordiral -- Output is in texms of relative
rank,

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

the sanme factor.

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

3, DECTSIONAL RELEVANCE OF THE MEASURE: The measure is intended to

Rl

compare whole unit doctrinal and organizaticnal systems.

6. ASSOCIATED MEASURES:
Probability of success
Degree of win

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

8 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

1. DEFINITION OF THE MEASURE: Control measures required is a list of
the control measures used In an action. Control measures include:
line of departure, time of attack, intermediate abjectives, 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
forth. 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 measures 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 lmportance.

4, RATIONALE TOR THE MEASURE: This measure addresses difficulty of
command and control. Its basis is the faect that more difficult command
and control situatjons require more control measures, and therefore
more control measures Indicate such difficulty.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to
cvaluate command and control systems. In ACN 16819 it was used to
compare nignt vislon systems that were expected to make command and
control in dartness easier and require fewer control measures., It
could be ured to evaluate a proposed change in doctrine or organization
that could make control easier or more difficult,

6. ASSOCIATED MIASURES:
Chang.ss per order
Repetitions per order
Percent orders with request for clarification

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

1. DEFINITION OF THE MEASURE: Rate of advance is the computation of
distance per time period achieved in the advance. Distance input may
be 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
{ox days). Relation of output to input is:

total distance advanced

rate of advance = elapsed time

2. DIMENSION OF THE MEASURE: Ratio -=- output is meters per hour,
squar2 meters per hour, square wmiles 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. 1In its simple form it is constrained
to a given time, but if several observations are taken tc account for
changing rates it may be used as a mean rate of advance,

4. RATIONALE FOR THE MEASURE: This is a direct measure of performance
when the mission includes advance, as in the attack. It is considered
superior to simple amount of advance which does 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 imust be taken
into account by means of loss exchange ratio or other suitabie measure,

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

7. REPERENCES:

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 MEASURE: Distance from objective is the linear
distance that an advancing unit 1s from its objective at a given time.
Input data are the location of the advancing unit and location of the

Object ive.

2. DIMENSION OF THE MEASURE: Interval -- Output is a distance In
meters, kilometers or miles.

3, LIMITS ON THE RANCE OF THE MEASURE: Output may assume any positive
value. An absolute value in this form {s 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 s ratio.

4. RATIONALE FOR THE MEASURE: Distance from objective 1s assumed
to be an indicatlon 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 glven time period and under specified

circumstances.

6, ASSOCIATED MEASURES:
Rate of advance
Range of engagement

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

Jun 70

4=16

/“.f

C )
s R ST, seara iin11

i
j
3

e

he
EvpS

ekt B e,

P

T
o St e, 5 i s ot B s,

- ———

Bt ]

- teewlal




€

o ALRRR

iy

o

YRR S ofy RS A 3 R, &

R T R L IR R Lk S .

o MRS i S AT 5 et

LA S

ws

i RANGE OF ENGAGEMENT

1., DEFINITION OF THE MEASURE: Range of engagement is the distance

. . between opposing forces when elther side initiates firing. Data input

Is the location of each force. Location may be measured ar forward
edges or at centers of mass. Relation of output te 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
measure of tactlical distance, (With several measures, the MOE may be

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

‘success of a unit in causing or preventing early engagemsnt.

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

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

1. DEFINITION OF THE MFASURE: Area acquired is the amount of area
taken under tactical circumstances. Input data are the amount of area
taker 'n square 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 THE MEASURE: - interval -- amount of area in terms of
square kilometers or other suitable unit of measurc. The measure could
be in a ratio form such as "“rate of area acquisition" by taking the
first derlivative of cumulative area acquired as a function of time,

or “proportion of assigned area taken",

3, LIMITS ON THE RANGE OF THE MEASURE: The output can assume any value
up Lo the total emount of area assigned as the objective. The data

input may be complicated by the necessity to measure many small irregularx-
The measure may be misleading if the primary mission is
This measure is related to rate of advance.

shaped areas.
not to take arca.

RAT JONALE FOR THE MEASURE: The measure addresses accomplishment

4
Otherwlise,

of mission directly if the mission 1s to take territory.
it may still be a useful supplomentary measure.

S. DECISIONAL RELEVANCE OF THE MEASURiE: Thls measure can he used to
evaluate a svstem when the primary mlssion of the system is to take area.

6., ASSOCIATED MEASURES :
Rate of advance
Distance from objective

Percent area coverage
Probability of success

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

1, DEFINITION OF THE MFASURE: Percent missions within time is the
percentage of missions accomplished within the suspense timc ordered,
out of all missions ordered, Input data are the number of missions
accomplished within time ordered and the number of missions ordered., (A
misgion 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 missiou, Kelation of
output to input is:

number msns completed
_within time orderud
nunber msns ordered

percent missions within time = x 100

2, DIMENS'ON OF THE MEASURE; Ratio -~ A percentage in terms of percent
of wmissiouns,

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
wmissions with no time limit,

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

5. DECYISIONAL RELEVANCE OF THE MEASURE: The measure can be usod as an
indicator of timeliness in any situation where suSpensc times are
ordinarily set. In the referred study it was used to wmeasurc 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 Percen
Mean time to completion Probab

ssions accomplished
y vf success

7. REFERENCES:
ACN 15353, Field Evaluation HIGH GEAR - Jun 69
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TIME TO MISSION COMPLET ION

i
1. DEFINITION OF TUE MEASURE: Time to mission completion is the elapsed !
time from start to end of a stated mission, Input data are the initiation I
and completion times, and output is the subtracted difference: )'
y
time to completion = (end time) - (start time) ’k
|
2. DIMENSION OF THE MEASURE: Interval -- output is an elapsed time in
seconds, minutes, hours, days, or as appropriate. It may be used in the f’
ratio form, "mean time to completion". -
}‘ 's
? i

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may be any

positive expression of time, Resolutlion of the measure depends on the
precision ¢f 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 i
measure of timeliness. It is usually inexpensive to take, although more \
difficult than "percent missions completed within time". .

¥ e
h

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure is used to evaluate ;
any sort of system in regard to timeliness. It is stated here in general ] 4
torm, bul is more often stated in specific form such as: time to complete 4 A
move, time to adjust fire, time to defeat, time to resupply, time to I ! 4
destroy, planning time, time on target, and so forth, { ' ; "§
6. ASSOCIATED MEASURES: \ ]
Percent missions completed within time }
Percent moves within time order 3 E
Time to occupy positions ’i
Time to adjust fire ‘
Time to resupply X g
REFERENCES : ;
7 ACN 13233, Land Navigation Systems Troop Test, Jul 70 ‘, 5
ACN 13925, METOXE 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 ‘
4
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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 sides The relation of output to input is:

number of red losses
* number of blue losses

loss exchange ratio =

2. DIMENSION OF THE MEASURE: Ratlo 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 («10), 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 3
both sides are low. 3

4, RATIONALE FOR THE 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 RELEVANCE OF THE MFASURE: The measure can be used in the
situation where both forces have the primary mission of destroying the E
other, It is less useful if either side has some other primary mission. 3
It is difficult to apply if both forces are heterogeneous such that 3
unlike elements have to be combined to yield the inpur values. It can !
be used to distinguish among compared candidates for doctrine, organiza-
tion, materiel, training, or logistical support because it combines F
aspects of both offensive and defensive capability. ;

6, ASSOCIATED MOE'S: i ;
Relative loss exchange ratio Survivability Index i
Rate of attrition

7. REFERENCES:

ACN 03010, Infantry Rifle Ualt Study - 75,

ACN 1B171, Attack lelicopter-Daylight Defense Field Experiment,

ACN 05546, Army Air Mobility Evaluation, Feb 65,

ACN 17419, Employment of Attack Helicopters to Defeat Armor,
Apx 71.

No ACN, HELL TANK Exercise, UK Defense Establishment Memo #2/69,
Jan 09,
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RELATIVE LOSS EXCHANGE RATIO

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

e it RO AT
hY

o
o
g e . bt St o+

red casualtles
red initial strength
blue casualties

relailve loss exchange ratlo =

blue initial strength » ‘
Lo 2. DIMENSION OF THE MEASURE: Ratlo of two ratio's -- The unit of measure
; of the output 1s a pure number, The unit of measure for all four input Vv
! values is number of personnel, tanks, major weapons, subordinate units, or !

other sultable count of force size.

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful if '
any of the four input variables is zero, and not very useful 1if elther of
the initial strength values is quite small.,

-

&, RATIONALE FOR THE MEASURE: The relatlve loss exchange ratlo ls a measure
of Blue effectiveness taking two major factors into account. The numerator ' 43
is an indicator of Blue destructive capabllity; the denominator is an Vo
Indicator of Blue survivablility. The combination approaches an overall

~.
-

Andication of Blue combai: effectiveness. (!' ; f
¥, 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used in the - H '%
j situation where both forces tave the primary mission of destroying the other, ? E

It 1s still useful, but less so, if elther force has any other primary

| mission, It is difficult to apply if forces are qui~» heterogeneous such

1 ‘ that unlike elements have te be combined to yleld any of the input values.
It can be used to distinquilsh among competing candidates for doctrine,

| organization, materiel, training, or logistical support when attribution of

| force strength is a significant consideration.

.o —

- e

——

6, ASSOCIATED MOE'S:

Loss exchange ratlo Survivability Index
Rate of attrition

7. REFERENCES:

|
|
?.
|
i
|

. ACN 03010, Infantry Rifle Unit Study - 75 .

P ACN 17494, Development of a Divlsional War Game Model, Dec 71,
3 ¢
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BLUE TO RED FIRST ACQUISITION

1. DEFINITION OF THE MEASURE: Blue to red first acquisitions is the
ratio of flirst acquisitions by each side in the case where both sides
start attempting to acquire each other simultanecusly. Acquisitions
are detection and proper identification; firet fire, first round om
target are components of engagement, The measure can be left in the
form of bluesred (for example, 17 blue first detections to 13 red first
detections) or the quotient, Ties are not included, Relation of out-
put to input 1is:

blue:red first acquisitions = blue first acquisitions

red first acquisitions

2. DIMENSION OF THE 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 enough to represent a stable sample of ail engagements.

4. RATIONALE FOR THE MEASURE: This measure addresses an important
component of acquisition in which both sides begin attempts to acquire
simultancously, In the form of f{irst firces, it relates to survivability
versus firepower.

5, DECISIONAL RELEVANCE OF THE MEASURE: The mzasure can be used as an
indication of superior acquisiticn in the case where both sides competi-
tively attempt to acquire simultaneously, In the referenced experiment
tiring started when helicopters suddenly exposed themselves to ground
air defense vehicles and both sides attempted to detect, identify and
bring fire on the other first., It could be used in any sort of meeting
epgagemant situation,

6, ASSOCIATED MEASURES:
Loss exchange ratlo
Time to detect
Time to fire

7. REFERENCES:
ACN 18171, Attack Helicopter-Daylight Defense Field Experiment
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RELATIVE AMMO EXPENDITURE TO CASUALTIES RATIQ

1. DEFINITION QOF THE MEASURE: The relative ammunition expenditure to
casualties ratio is the quotient of proportion of casualties to pro-
portion of ammunition expended. Tnput values are counts of force size
and losses, and ammunition, Relation of output to input is:

relative ammo expenditure tu casualties ratio =

first force casualties

first force initial strength
second force ammo_expended
second force basic ammo load

2. DIMENSION OF THE MEASURE: Ratioc of two ratios -- the unit of output
is a pure number, or may be considered a complex form of casualties per
anmuanition expenditure.

3., LIMITS ON THE RANGE OF THE MEASURE: The measure is not meaningful
if anv 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 indicavor of firepower effectiveness if the casusalties are
the opposing force, or is an indicator of survivability if the casualties
are the friendly force. It is superior tc the agbsolute 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 comsidered,

5, DECISICNAL RELEVANCE OF THE MF. "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,
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RED CASUALTIES PER INITIAL BLUE STRENGTH

1. DEFINITION OF THE MEASURE: Red casualties per initial blue strenzth
38 the ratio of number count of red losses to number count of initial
blue force size, Input values are any suitable count of force strength
such as persapnel, tanks, weapons, or other. Relation of output te
input is:

. ve¢ casualties per initiel blue strength =

number of red losses
namber count of initial bilue force size

2. DIMENSION OF THE MEASURE: Ratic -- the output is a ratio in terus
of red losses per initial blue force size, 1In this form it is a
dinensioniess ratio for a stated time period. Dimension couid be
added by taking incremental losses and remaining strength at periodic
time points and using the mcasure 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 couwon form,

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
wmcasure in the sense of how much better or poorer one candidate is,
but would have to be handled partly judgementalliy since the distri-
bution of values with differing denominators is probably not linear.

6. ASSOCIATED MEASURES :
Rounds expended per casualty
Loss exchange ratio

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

1. DEFINITION OF THI MEASURE: 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
number of time periods

casualty rate =

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 numbér of casualties as a function
of timeo

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

3., LIMITS ON THE RANGE OF THE MEASURE: The usefulness of the measure
Increases as the amount of time in the depominator increases. The
measure 1c more refined as the unit of measure of time decreases. The
rate may change over time, so the output can not be dissorlated from
the time perlod involved,

4, PRATIONATE FOR THE MFASURF: When enemy casualty rate is computed,

thls is a measure of firepower. In the referenced study it was used 5
as an Iindicator 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 ratlo

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 ol enemy capability neutralized, Input data are
chronological time and either amount of destruction of proportion of
destruction. The computation is usually the proportion of enemy destroyed
in a giver time period, but may be the first derivative of cumulative
destruction as a function of time. Relation of output to input is;:

amount or proportion of enemy destroyed
time period

attrition rate =

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

3. LIMITS ON THE RANGE OF THE MEASURE: The o .cput 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 imnvolved. It is often difficult to supply input
value for total capability.

4. RATIONALE FOR THE 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. ASSOQCIATED MEASURES:
Casualty rate
Target destruction rate
Expected remaining force size

7+ REFERENCES:

No ACN - "Candidate Measuves of Effectiveness for Air Strike
Systems" Naval Weapons Center #TP4687, China Lake, Cal.,
Sep 69

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

ACR 15758, Army Small Arms Requirements Study ~ I, 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 blie win iz an index
number describing the degree to which blue stays within its uceak-
point in casualties in an engagement. The input data ar: rumber of
blue casualties experienced and number of blue casualtics allowable,
both exprecsed in a suitable number count of force size such as per-
sonnel, tanks, weapons, or other, Relation of output to iaput is:

degree of blue win =

1- actual number of blue casualties R
specified breakpoint (maximum allowable Blue casualties)

2. DIMENSION OF THE _MEASURE: Index number -- the outpur measure is a
difference between unity and the proportion of actual casualiiez to
casualties allowable. The unit of measure of output is, ir efiect,
the remaining allowable proportion of casualcies,

3. LIMITS ON THE RANGE OF THE MEASURE: The specified breakpoint must
be a value greater than zero. The value of the measure can be + 1 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

possible 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. 1In 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
blue wins is the primary objective. 1t 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
in an engagement. The input data are number of red casualties experi-
enced and number of red casualtias allowable, both expressed in a suit-

able count of force size such as personnel, tanks, weapons, or other.
Relation of ocutput 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 output 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 breakpeint. 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. PRATIONALE FOR THE MEASURE: The weasure is a more refined iadicator
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.

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

ACN 03010, Infantry Rifle Unit Study - 75
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RATIO OF BLUE/RED SURVIVORS

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

Ratio of blue/red sur\ivors = number of blue survivors
anumber of red survivors

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

nese,
4, RATIONALE FOR_THE MEASURY: The measure gives an indication of
the relative status of two forces.

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure is best used as

an input t¢ higher level]l measures such as proportion of engagements
won, or probability of success, It has, however, heen used to compare
systems on survivability when both sides started with equal force

size.

6. ASSOCIATED MEASURES:
Percent cngagement won
Probability of success
Probability of survival
Loss exchange ratio
Relative louss exchange ratio

7. REFERENGES:

NG ACN - “Parametric Design/Cost Effectiveness Study for a
Mechaaized Infantry Combat Vehicle - 1970, Connell
Laboratory Report #GM 2144-H-1a, Nov 66

No ACN ~ Arcticle: "Aerial Blockiug Force," Army Aviation,
Apr 72
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ORGANLZATION

ORGANIZATIONAL STRUCTURE
Span of command . . .
Top-to~bottom dissemination time
Reporting time . . . .
Pexrcent reports on time
On-road movement rate campatibility
Cross-country rate compatibility
Percent circuits sole user .

ORGANIZATIONAL STRENGTH

Area coverage . - - . .
Percent area coverage . . .
Number lasses . . . .
Number casualties ., . .
Percent casualties . . .
Loss rate . .
Average hourly percent loss .
Exposure time . . . . .
Cumulative exposure time . .
Proportion survivers . . .
Remaining force size

Probability of survival
Personnel availability . .

Page Number
4-32
4-33
4-34
4-35
436
4-37
4-38

bbbbbb?bbbbtb
(ORI ol S ol Sl S S S o o UL
— DOV WVE WN = OC

s




e

RS PRty A

o

SPAN OF COMMAND

1. DEFINITION OF THE MEASURE: Span of command is the mumber count
of next lower echeclon subordinate elements reporting directly to a
command, TInput is the simple number count:

n
span of command = 1z:l(each directly subordinate element)}
-

2. DIMENSION OF THE MEASURE: Intervai ~-- Ontput is a number of
commands,

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

%. RATTONALE ¥OR 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 pogsible 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

4-32
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TOP-TO-BOTTOM DISSEMINATION TIME

1, 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 thne information, Information may be an
order, directive, change of password, or any matcter requiring total
dissemination. Rclation of output to input is the subtracted difference:

dlssemination _ (¢4 1ast individual receives item)-(time dissemi-
t ime nation started)

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

3y LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
positive value, The measure may be modified to the time that a given
pexcentage 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 TIIE 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 ascertaining
whether the size and structure of the organization allow clear channels
of rapid dissemination,

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure 15 intended to
evaluate alternative proposed organizational structures. Tt might
apply to guaglng effectiveness of tralning in respect to command and control.

6. ASSOCIATED MEASURES:
Percént personnel informed
Planning time forwarded
Repetitions per order

7. REFERENCES:
None - this is a proposed measure
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REPORTING TIME

1. DEFINITION OF THE MEASURE: Reporting time ie the elapsed time from
occurrence of a reportable event ti sumission of the report., Imput
dataarc the times of occurreace 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 ocutput 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
i3 usually the end of the time period covered,

4. RATIONALE TOR THE MRASURE: This measure combines several aspects

of reporting time such «s 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 numercus kinds of reports or ¢ all reports combined from a
given organization., 1t may be used to compare organizations or other
cormand, control, and cummunications systems in effectiveness.

6., ASSQOCIATED MEASURES:
Planning time
Pct messages receivad
Response time

"“Pct mission within time ordered
Amount of information

7. REFERENCES:

ACN 00004, A Method for Integration of Mediacl Accouuting
Raporting Supply and Regulating of the Army in the Fieid
into ADSAF -~ CS5 Frogram.

ACN 17036, MASSTER III Test, Oct 71,

ACN 06930, Troop Test Frontier Shield, May 66,
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PERCENT REPORTS ON TIME

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 regardiess of delay
Input deta are the number of reports submitted late and the total number
of required reports. Relation of output to input is:

number required reports minus
number late reports

ct rpts on time = -
P pLs number required reports

x 100

2. DIMENSION QF THE MEASURE: .Ratio -- Qutput is a ratio in the form
of percentage of reports.

3. LIMITS ON THE RANGE OF THE MEASURE: Percentage can vary from zero

- ta one hundred per cent. The measure is diluted somewhat by the inclusion

of reports which have no suspense time. The mecasure is somewhat 3Zross
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. RATIOMALE FOR TUE MEASURE: The measure is an indicator of one aspect
of command, contrel, and communications, 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 measure can be applied to
evaluation or comparison of command and c¢ontrol systems, especially
alternative organizations. This measure would ordinarily not stand

alone but be used in conjunction with other measures concernlng reportlng
and communications.

6. ASSOCIATED MEASURES:
Pct messages received
Reporting time

7. REFERENCES:
“None, this is a proposed potential measure.
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i . . ON-ROAD MOVEMENT RATE COMPATIBILITY

1. DEFINITION OF THE MTASURE: On-road movement rate compatibility is the (
difference between mean on-road movement rat: of all vehicle types in the |
organization and the on-road rate of the slowest vehicle, lInput data are "
the on-road rates of each type of ground vehicle in the organization. The

relation between output and Input is:

n L J
L Ry
on-road movement rate compatibility = i=1 =~ Rg
Whex.: R1 = on-recad movement rate of first vehicle type -

i

|

|

|

i

i : n
\ i

|

j 2 = on-road movement rate of second vehicle type
!
|

R
Rn = on-road movement rate of last vehicle type

R
s

on-road movement rate of slowest vehlcle type

PRGNS

: 2, DIMENSION OF THE MEASURE: Difference between two rates -- Qutput value

is a rate, in terms of kilometers per hour or other suitable expression of
rate.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume a value from
zero to any positive number. Input values are not 1imited but must be
expressed in terms of the same definitlon of rate. The measure 1s most ..
. meaningful when measures are most refined, that is, kilometers per hour is sg i
> more meaningful than kilometers per day, because rounding off cf cruder »
measures sacrifices some of the measure.

RN S

4o RATIONALE FOR THE MEASURE: This 1s a measure of one aspect of efflciency L
of organization, An organization's vehicle mix should be compatible in the %
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
vehicie or in average deviation of rates from the mcan, The difference
between the mean rate and the slowest rate is chosen as meaningful for military EAN 1
purposes because it is associated with the most critical immediate problem.

i 5« DECISJIONAL RELEVANCE OF TIE MEASURE: The measure is useful for comparing s v
. i competing proposed organizations when mobility is one of the aspects of ' .‘; *
S comparison. . .
i . . N 7] ]
5 6. ASSOCTATED MEASURES: .
P Cross-country rates compatlibility Payload capacity J
i Movemenr rate Turn-around time <

L 7. REFERENCES: : _ ¥
~ ACN 16495, Fumily of Army Vehicles Study (FAVS) :

B e, b o b O
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CROSS-~COUNTRY RATE COMPATIBILITY

1, DEFINITION OF THE MEASURE: Cross-country rate compatibility 1s the
difference between mean cross-country rate of all vehicle tvpes 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: g

Ry

crosg-country rate compatibility = i1 - Rg

n
Where: R1 = gross-country rate of first vebhicle type

R2 = cross-country rate of second vehicle type

Rn = ¢cross-country rate of last vehicle type
Rs = cross-country rate of slowest vehicle type

2. DIMENSION OF THE MEASURE: Difference inr two rates -- Cutput value is a
rate In terms of kilometers per hour or other suitable expression of rate,

3, LIMITS ON THE RANGE OF THE MEASURE: There 1s 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
v is most meaningful when measures are most refined, that 1s, kKilometers per

¢ (M‘ hour is morc meaningful than kliometers per day, because rounding off of
cruder measures sacrifices some of the measure.

"
e T G SO

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 the
sense that no one type vehlcle 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 betwsen fastest and slowest vehicles, varlation of rates or K
gome comparison of the slowest rate to others. The difference between the
mean rate and the slowest rate is selected as the most meaningful in the
military sense of identifying critlcal restraints,

SR SRR TR R GO W

o Bty A

5., DECISIONAL RELEVANCE OF THE MEASURE: The measure is useful for comparing
competing hypotheses of organlzation when mobillty is one of the asp=cts of

comparison.

-

6. ASSOCIATED MEASURES:
Movement rate
Payload capacity

Turn-around time
On-road movement rates compatibility

S Tl ddniinds

L

3

¢ . 7. REFERENCES:

;;' ACN 16495, Family of Army Vehicles Study (FAVS)
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PERCENT CIRCUITS SOLE USER

1. 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:

number sole user circuits X 100
total number circuits

percent circuits sole user =

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 employsd when difficulties in the structure of an organization
require special means of communication beyond normal comsideratiouns.
This measurc is based on the theorem that an ideal organization would
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
Message backlog
Span of control
Dissemination time

7. REFERENCES:
ACN (3210, TASS Ficld Evaluation, Jun 71
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AREA COVERAGE

1, DEFINITION OF THE MEASURE: Area coverage is the amount of
area urider influence. In surveillance coverage it is the amount
of area in which surveillancr- is adequate; In fire coverage it is
the amount of ar:a In which fire can be delivered. I¢ is necessary
to define adequat:- .:gree of Influence. Input data are the dimensions
of the arca under coverage. If the pattern of coverage is circular
only a radius is neededs In most cases a sum of small square areas is
the input in the form: n

L (lywy)

area coverage ~ jm]
where: 1l=length
we=width

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

3. LIMITS ON THE RANGE OF THE MEASURE: The resolution of the wmeasure
is limited by the unit of measure of input, and the precision with
which small areas are blocked before totaling. Care must be taken,
especlally in circular area, to account for dead space not covered.
The output value is bonded to the clrcumstances under which it was
measured and can not be dissociated from these conditions,

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

. amount of surveillance or fire potential capability.

5. DECISTIONAL RELEVANCE OF THE MEASURE: The measure is useful
whenever surveillance of fire control of an area is a part of the
system objectives, for compurison of such systems. It could be
used in other types of systems evaluatlons, 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:
N Maximum range
Maximum effective range
Percent area coverage

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




PERCENT AREA COVERAGE

1. DEFINITION OF THE MEASURE: Percent area coverage is the percentage
of a given area which 1s under influence of the system whose effective-
ness is measured. For example, it may be the percent of a battalion'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, sqQuare kilometers, square miles, or similar. Relation
of output to input is:

area coverage X 100 -

ercent area coverage =
P ag area assigned

2, DIMENSION OF THE MEASURE: Ratio -- A percentage of area, In square
meters, kilometers, or approprlate unit of measure of area.

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

4, RATIONALE FOR THE MEASURE: This measure addresses the amount of
effoctiveness 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 s :
; compare alternative systems with an area coverage mission. Systems L, ?

, . with area coverage objectives include survelllance devices or units,
b : weapons or unlt f{irepover potential, unit mobility within a given time,
medical evacuation team, communications space, and pacification program,

6, ASSOCIATED MEASURES:
“Maximum range
Maximum effective range
Area coveragze

i D4 0 FND R et led _ na
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7. REFERENCES:
ACN 17874, Mechanized Rifle Company STANO Test - Nov 7Lt
ACN 17494, Development of a Divisional War Game Model, Dec 71.
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NUMBER LOSSES

1. DEFINITION OF THE MEASURE: Numher losses is a simple number count
of 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 sultable 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:

te]
?2':52: - E(each loss of a typw) or -Z[Esum of losses,each type) (wci

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 welghted case, it is zero or any positive number

up to force size, but may be fractional.

4, RATIONALE FOR THE MFASURE: This is the slmplest, most direct mea-~
sure of the effectiveness of firepower, or of survivablility. But
since it is an absolute number it cannot be dissoclated from the exact

circumstances under which it was derived,

-

5. DECISIONAL PELEVANCE OF THE MEASURE: The measure may be used to
compare systems on flrepower 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 ratlo,

proportion of force surviving, or loss rate.

ﬂ.

R g, P ot DI ol TR PR AR

6. ASSOCIATED MEASURES:
loss rate
Casualty rate
Percent loss rate

o

Loss exchange ratio
Relative loss exchange ratlo
Proportion of force surviving

R

7. REFERENCES:
ACN 15724 - Optimum Mix of Arty Units,; 1975-80

ACN 13708 - TACFIRE Cost Effectliveness Study
ACN 06488 - Artillery Study 1970-75
ACN 12757 - Secondary Armament for the MBT - 70

Lald




NUMBER CASUALTIES

1, DEFINITION OF THE MEASURE: Number casualties is the number count

of personnel casualties inflicted. Also called "personnel losses,"

"bhody count", “"red casualties", "blue casualties", or "personnel kill."

The measure may be limited to klils or include both kills and any ‘
other type of casualtiez that immedlately cost loss of manpower. -

2. DIMENSION OF THE MEASURE: interval measure -- a number count of
personnel casualties

i b e i

Sai:

3. LIMITS ON THE RANGE OF THE MEASURE: Output can be zero or any o
positive integer. Like all number counts the use of the output value

cannot be dissociated from the time period and other circumstances of
its generation.

Pt ) 35 e I N O

[ 4, RATIONALE FOR THE MEASURE: This measure 1s one of the most direct
indicators of directed firepower.

i

oot

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

loss exchange ratio Attrition rate
Relative loss exchange ratlo Losses inflicted k¥ :

s AN i
Y it TR A

7. REFERENCES:

ACH 15724, Optimum Mix of Artillery Units (1975-1980)
ACN 07346, Optimum M1x of Artillery Units (1971-1975) 1

: ACN 13138, Divisional Artillery Study
b ACN 13708, TACFIRE Cost Effectiveness Study .

ACN 06488, Artillery (1970-1975)

ACN 03434, Lance Cost-Effectiveness Study ﬁ
ACN 15137, Support of Airmobile Operations through Destruction
Enemy Air Defense Systems i
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PERCENT CASUALTIES

1. DEFINITION OF THEL MEASURE: Percent casualtles ls the percentage
of a force that become casualties. Input data are the number of
personnel in the initial force and number of casualtles. Relation
of output to input is:

number casualties : 100
number in intial foree

percent casualtlies =

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

3. LIMITS ON THE RANGE OF THE MEASURE: Cutput can vary from zero to
one hundred percente.

4, RATIONALE FOR THE MEASURE: This 1is 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,

S. DECISIONAL RELEVANCE OF THE MEASURE: The masure is used to evaluate
total force effectiveness when destruction of the opposing forece is the
primary mission of both sides, ’

6, ASSOCYATED MEASURES:
Percent target destroyed Attrition rate
Remaining force size Casualty rate

7. REFERENCES:
) ACN 13338 - NUWAR War Game, 1970-1975
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LOSS RATE

1. DEFINITION OF THE MEASURE: Losz rate, or casualty rate, is the
number of loscas per time period or mission. Yosses are measured in
number of personnel, tanks, aircvaft, 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 casualties)
Loss rate (or casualty rate) = iapsed time (or missions)

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

2. DIMENSION OF THE MEASURE: Ratio =-- output is a rate in terms of casualties
per winute, tanks per hour, 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
ags 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 locses are friendly, it
gauges survivability.

S. DECISIONAL RELEVANCE QF THE MEASURE: The measure is used to evaluate
or compare f{irepower systems, or to compute losses for higher level
measures such as time to Jdefeat,

6. ASSOCTATED 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 for Air Sivike Systems', Naval Weapous
Center Document # TP4687
ACN 17494, Divisional War Game Model
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AVERAGE HOURLY PERCENT LOSS

1. DEFINITION QF THE 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
suitable number count of force sjze. Relation of output to input is:
n
5; number of losses each hour
number of initial force size
number of hours

X 100

avg hourly pct loss =

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

3. LIMI1S ON THE RANGE OF THE MEASURE: Losses and inmi..al force size
must be counted in the same unit, such as tanks or airecraft. 1If 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
increases. The output is between zero and one hundred percent.

4. RATIONALE FOR THE MEASURE: The measure is a more advanced form of
the M"loss rate" measure taking initial force size into account. The
enemy's average hourly percent loss is an indicator of friendly force
firepower and the friendly average hourly percent loss is an indicator
of survivability. OQne of the useful features of the measure is that a
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% average
hourly percent loss implies 10 hours sustainability if 50% is the
specified breakpoint.

6. ASSOCIATED MEASURES: .
Loss rate Loss exchange ratio
Casualties inflicted Relative loss exchange ratio

7. REFERENCES: '
ACN 17494, Development of a Divisional War Game Model (DIVWAG)
Dec 71
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EXPOSURE TIME

1. DEFINITION OF THE MEASURE: Exposure time 1s the total elapsed
time exposed to enemy acquisition. Input data are start time of
exposure and end time. Relation of output to imput is the difference
in the two input times:

exposure time = end of exposure timepoint - stert of
exposure timepoint

2. DIMENSION OF THE MEASURE: 1Interval -- elapsed time in seconds,
minutes, or hours. 1f measurements are taken across time or in varying
conditions, che 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 ag 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 conditiong 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 acquisitionm,

5. DECISIONAL RELKVANCE OF THE MEASURE: Exposure time ie usually
multiplied by probability of acquisition to determine loss in simu-
latjions. Acquisition may be intelligence acquisition or acquisition
by fire. The measure is applicable whenever survivability is an
important aspect of effectiveness,

6, ASSOCTIATED MEASURES:
Time to detection
Time to identification
Time to estimate tange
Probability of detection
Accuracy of identification
Detail of identification
Probability of kiil
Loss exchange ratio
(Any survivability measure)

7. REFERENCES:

ACN 18171, Attack Helicopter - Daylight Defense Field Experiment
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CUMULATIVE EXPOSURE TIME

gy sy e R T

1. DEFINITION OF THE MEASURE: Cumulative exposure time is the total

* amount of time an element is exposed to hostile fire. Input data are
N the elapsed times of each exposure. Relation of output to input is:
)
n
3. - . s
: cumulative exposure time = % (each elapsed axposure time) i
im=l

i

2. DIMENSION OF THE MEASURE: Interval -- Qutput is a simple total of
elapsed times expressed in seconds, minutes, hours, or other suitable
v unit of measure for chronological time.

PT " s 1 PR

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
- positive value. Resolution of the measure is governed by the degree
g of refinement of mecasuring time.

4. RATIONALE FOR THE MEASURE: The anount of time exposed to enemy
- fire is a direct expression of susceptibility to kill, and ap impertant
component of survivability.

s

toodt ¥

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.

R R

. 6. ASSOCIATED MEASURES:
Probability of survival

-
R TR | Mim '

¥ - Loss rate
; 7. REFERENCES:
. ACN M3523, Small Arms Weapons Systems (SAWS) Field Experiment
: 65.4 - May 66,
: ACN 18171, Attack Helicopter Daylight Defense Field Experiment
g 43.6 - Jun 72,
%
; ACN 16514, M60AL Add-on Stabilization Troop Test, Apr 72. ;
: ACN M1144, Army Aireraft Survivability Field Experiment 63.3, )
H Jun 66, -
; ACN 15961, SHILLELAGH Field Expeviment 11.6, Jun 69,
¢
!
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PROPORTION . LURVIVORS

1. DEFINITION OF THE MEASURE: Proportion of survivors is the fraction
of initial force suiviving at a given time, Inputs are number count of
initial frrce size and number count ¢f remaining force size. Unit of
measure is any suitable counting unit such as personnel, tanks, weapons
or other. Relation of output to inpur is: ' .

. . remaining force size
roportio urvivors = o— -
proportion of sur initial Iorce size

2, DIMENSION OF THE MEASURE: Proportion ~-- fractlion of force size
gurviving. Unit ¢f measure F ovutput is a fraction, The portion may
be expressed as a fraction (31/50), decimal (.62) or percentage (62%).

3. LIMITS ON THE RANGE OF TYE MEASURE: This fraction can assume values
between zero and unity, ineclusive., The measure can be used in any situ-
ation where survivability is a dependent variable, but the measured out-
put is limited in applicability to a given time period under given

conditions.

4. PRATIONALE FOR THE MEASURE: This measure addresses survivability
directly. While it does not measure the primary mission of a military
unit, it addresses effectiveness indirectly in the sense that a unit
wust have socie degiee of survival to accomplish its primary wission.

5. DECISIONAL RELEVANCE OF ''HE MFASURE: The mcasure can he used in
any situatinn where survivability is an important issue. It would not
ordinarily be useful alone, beiause 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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REMAINII's 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;

remaining number in force
Remaining force size = T H¥TT number im 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 ascessing the
outcomes of simulated engagements. It has direct military relevance
especially when used in conjunction with a specified brealpoint such as
the commonly used dictum that a military force is ineffective below 70%
of full streagth.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure 1s usually used o
compare competing forcea on a combination of relative firepower and
survivability. It could be usad directly to compare systems intended to
influence survivabilicy.

6. ASSOCIATED MEASURES: Expected remalning force size
Expected remalning tank killing capability
Proportlion force surviving
Ratio of blue/red survivors

7. REFERENCES:
ACN 17494, Divisional War Game Model, Dec 71
ACN 17419, EBwployment of Attack Helicopters te Defeat Armor
Yo ATW Candidate MOE for Air Stiike Systems, Naval Weapon
Center Document # TP4687
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1. DEFINITION CF THE MEASURE: Probability of survival is computed

PROBABILITY OF SURVIVAL

as one (the probability value of certain survival) minus the product
of probabilities of killing factors. Input data are the probability
values of contributing killing factors. Relation of output to input \

is:

probability of survival = 1 - [(Pk )(Pk Yoou(®, )
1 2 n

Where Pk through Pk are factors such as = probable number of rounds
n
fired, provability of single shot hit, probability of kill given a hit,

1

and so forth,

2., DIMENSION OF THE MEASURE: Ratio -- A probagbility computed as unity 'y

minus. the product of a set of probabilities each of which is a ratlo in
the sense of expressing the proportion of observed kills for attempts,

3. LIMITS ON THE RANGE OF THE MEASURE: The output depends on input of

'

a set of mutually exclusive probabilities, each expressing the expected
outcome for an independent variable but all under the same set of
circumstances. The computed probablility may assume any value from zero
to one, but can not be dissoclated from the clrcumstances governling the
input probabilities.

4. RATIONALE FOR THE MEASURE: This is a measure of survival that takes A

-
ot i TN i a

chance varlation into account, and also attempts to Includz 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 RELEVANCE OF THE MEASURE: The measure may be used in any

circumstance in whichk survivability is part of effectiveness, and r
survivability 1s always a part of it In the sense that regardless of 1its
effectiveness in performance otherwlise, 3 system has zero effectiveness
if it does not survive.

6. ASSOCIATED MEASURES:

Probability of hit
Probability of kill given a hit Casualty rate
Attrition rate Expogure time

7. REFERENCES:

ACN 1144V, Field Experiment 63.7 (Lethality Probabilities of
Forward Area Radar Controlled Air Defense Weapons Against

Army Alrcraft) - Jun 67
ACN 17494, Development of a Divisional War Game Model, Dec 71,

No 4CN, "Candidate MOE for Air Strike Systems,” Naval Weapons
Center Document #TP46RT

Probability of success
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PERSONNEL AVALLABILITY

1, DEFINITION OF THE MEASURE: Personnel availability is the percentage
of either authorized ov 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:

D
Personnel availability = A x 100

o et o
L]

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

s

! 3 3. LIMITS ON THE RANGE OF THE MEASURE: Output value may vary from zezo
to any positive valne, 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.

e

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 persounel
administration or to a faulty table of organization.

T e ATt T T e e P

ey

: 1 S. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to evaluate
i (\ effectiveness of either a personnel administration system, or a proposed
w i . table of organization. .
" 3

6, ASSOCIATED MEASURES: Operational availability
Reporting time

e

Ca

¥

} ; 7. REFERENCES:

i ACN 10698, Automatic Data Processing Techniques to Support Army
Aircraft Maintenance for the Army in the Field, Jun 67
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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 varles in difficulty and is meant to represent the
types of tasks expected. Input data are the number of tasks satis-
fled (F.) and the number not satisfied (T ). Relation of output to
input 1is:

percent of tasks satisfied = 'Eﬁ‘-' x 100
. Tg + T,

2. DIMENSICN OF THE MEASURE: ratio -- output ls percentage of tasks,

3. LIMITS ON THE RANGE OF THE MEASURE: The output value may vary from
gero to one hundred percent. The main constraint 1ls 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 wvalue
can not be dissociated from thils definition.

IRR————— O N T e e
-

4., RATIONALE FOR TIHE MEASURE: When the tasks properly represent the

distyibution of real tasks, the measure addresses effectiveness directly

in terms of the amount of production expected. The measure would not

ordinarily bLe used alone because it ddes not take into account differences
(‘ in timeliness and accuracye.

oo R e R

5, UECISIONAL RELEVANCE OF THE MEASURE: The neasure is ususally

. appllied to evaluating a system in terms of the range of tasks satisfied 5
H In ACN 16495 the measure was applied to the effectiveness of vehicles .
¥ in satisfying tasks of various difficulty relating to mobillity, range, .
+ carrying capacity, speed, and reaction time, ?
6. ASSOCIATED MFASURES: :
: Probability of success

2 Tire to complet ion

Mean error

b,

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

.
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NUMBER ADDITIONAL MISSIONS CAPABLE

1. DEFINITION OF THE MEASURE: Number additional misslons capable is
the number count of additional misslons beyond the primary mission that
a system is capable of achleving. Input data are the number counts of
all types of missions that can be accomplished, Relation of output to
input is the number count of missions (N) minus the one primary mission:

number of additional missions capable = (N-1)

2. DIMENSION OF THE MEASURE: Interval -- output is a number of Y
(additional) missions. If the numbor varies under different circumstances,

the output may be in ratlo form, i.e., mean number of additional missions

capable.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be zero or any
positive Integer. In ratlo form it may be any positive fractional number.

4, RATYONALE FOR THE MEASURE: This measure is the simplest, most direct
approach to stating the flexibility of a systeme. It is not as refined

as "probability of success” which takes into account capabilities under
various misslions, but it s relatively sasy to measure.

5. DECISIONAL RELEVANCE OF THE MEASURE: The mcasure is used to evaluats
flexibility of a system. It may be particularly useful when systems are :
equivalent In most respects but one has greater flexihility, (

6, ASSOCIATED MEASURES:
Probability of success
Percent tasks completed

7. REFERENCES:
) ACN 1741%, Employment of Attack Helicopters to Defeat Armor
No ACN, "Candidate MOE for Air Strike Systems," Naval Weapons
Center document #TP 4687 :
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PERCENTAGE DEVIATION IN PERFORMANCE

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

percent previous performance minus current performance x 100
deviation previous peiformance

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 FOR THE MEASURE: The measure is intended to indicate
unusual differences in performance, insituations where performance
should remaln relatively constant.

Se DECISIONAL RELEVANCE OF THE MEASURE: The measure may be applied

in any situation where smail 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 ald. :

6. ASSOCIATED MEASURES :
Mzan error
Standard deviation

7. REFERENCES:
ACN 16819 - STANO II Part I Troop Test, Dec 69
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"MAXIMUM EFFECTIVE RANGE

a 1. DEFINITION OF THE MEASURE: Maximum effective range is the longest

: distsnce 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 imput is the range b
with respect to a given probability of kill:

probability criterion

Errrm

e ———— e e

range

2., DIMENSION OF THE MEASURE: 1interval -- output 1s in terms of range
in meters, kilometers, or miles

3, LIMITS ON THE RANGE OF THE MEASURE: The c¢riterion probability of
kill counted as "effective” must be specified. Sufficient information

must be available to expreas probability of kill as a function of range.
The output can be any positive value up to the maximum range of the sys-

item.

! 4. RATIONALE FOR THE MEASURE: This measure addresses effectiveness
' . of a system in one ol its important aspocts, range, in a manner &
| directly applicable to decision making. ‘\

it M

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

A fire can be measured for evaluating battle range of
types of weapons.
be Intelligence. Maximum effective range of radars,
optical devices, surveillance alrcraft and other
intelligence systems can be evaluated or compared,

6. ASSOCIATED MEASURES:
Range of engagement 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

1., DEFINTITON UF TRE MEASURE: Burst radius is the distance from center
of burst within which there is a specified weapon effect. Input data is
the specifled effect which may be in terms of destruction of vehicles,
killing of expused personnel, a glven concussion in terms c¢f pounds

per square Inch, or other suitable expression of effect, and the

observed range of the effecte.

2., DIMENSION OF THE MEASURE: 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 defineds 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 posltive valuc.

4, RATIONALE 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 compute expected
effects.

5. DECISIONAL RELEVANCE OF THIE MEASURE: The measure is usually
utilized in computing cxpected effects of nuclear weapons and artillery
and wmortar rounds. It could be applicd to comparison of alternative
fircpower systems.

6. ASSOCIATED MrASURES:
Probability o. hit
Probability of kill
Circular error probable

7. REFERENCES:
ACN 4260 - "Personnel Risk and Casualty Criterla for Nuclear
Weaporis Effects', 2 Aug 71
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CASUALTIES PER DOSE

1. DEFINITION OF THE MEASURE: Casualties per dose 1s 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 casualties inflicted and

the number of doses delivered. Relation of output te input 1is: Y

asualties r dose = number of casualties iInflicted
¢ a es p® 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 be
zero or any positive number. It may be fractional. The number
of casualtles 1s a function of several factors other than number
of doses, so the output value can not be dlssoclated 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 vf target, and agent

dissemination.

~

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used
to compare chemical weapons systems in casualty-producing effectlveness,

6. ASSOCIATED MEASURES:
Casualties per round
Range at acquisition

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

Weapons Systems
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SIGNAL TO NOISE RATIO

1. DEFINITION OF THE MEASURE: Signal to noise ratfo is the quotient
derlved 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

»m
noise ratio total intensity of all other contributors

2., DIMENSION OF THE MEASURE: ratlo-+ a pure number expressing the ratlo
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 hoth numerator and denominator. Since intensities may
change, the ratio is bonded to a given set of clrcumstances and the
output value can not be dissoclated from the conditions under which
it was observed.

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

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually used
in evaluating whether a system generates a signal of sufficient inten-
sity to be discriminable from ambient signals. In ACN 18170 it was
used to determine if an airborne loudspeaker could overcome natural
competing nolses. It can also be used to evaluate whether a display
board sufficiently identifies the sought Information.

6. ASSOCIATED MEASURES:
Probability of detection
Time to detection

~. REFERENCES:
ACN 18170 - ALOUD Field Experiment 42:10, Aug 71
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TELEPIIONE 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; T

§X 100

telephone channel capacity = T

2. DIMENSION OF TiE 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. 1In order for the measure to be
useful, the numbers and types of message submitted must be representative
of expscted operational conditions,

4. RATIONALE FOR THE 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. ASSOCTATED MEASURES:
Message rate
Message backlog

7. REFERENCES:
Communication Electronics Study 75, Phase 1.
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MOBILT Y NDEX (WHEELED VEHNTCLES)

1. DEFINITION OF THU } \SURR: The mobility index for wheeled vehicles
is a relative index wse  for comparing the ability of wheeled vehicles
to traverse real cstate without hinderance from obstacles, which include
water barricrs, steep slopes, soft soils, and dense vegetation, Input
data are:

CPF= contact pressure factor (exprcessed as:
gross vehicle wt (1b)
tire width, (in) x rim dia., (in) x no. of tires
WF = weight factor (expressed in pounds)
TF = tire factor {expressed as 1,25 x tire width, in.)
100 )
GF = grouser factor (expressed as a factor for vehicle
with or without chaing).
WLF= wheel load factor {gross vehicle weight)
no, of wheels (single or dual))
CF = clearance factor (ground clear~uce, in.)
10
EF = cngin: factor (hp/ron expressed as a factor),

(factors .6 and 2G are used to scale down the mobility
inderes of wheeled vehicles for purposes of comparison).

Relation of output to input is;

mobility
indax = b frCPF X __WE

XWLF-CF] x BF x TF| - 20
(_L TF x GF

2. DIMENSION OF THE MEASURE: Index number

3. LIMITS ON THE RANGE OF THE MEASURE: The outpult may assume any value
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. RATIQNALE FOR THE PHASURC: This is a combination of most vehicle
characteristics significant to wheeled wvehicle wobility.

5. DECISTONAL RELEVANCE OF THE MEASURE: Used to compare wheeled vehicles.

6. ASSOCLATED MEASURES: Mobility indes (tracked vehicles)

7. REFERENCFE3:

ACN 16149, Mobility Study: Forward Area Units Vehicles
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MOBILITY INDEX (TRACKED VEUICLES)

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 varriers, steep slopes, soft soils, and dense vegetation. Input

data are: )

CPF = contact pressure factor (lbs/sq in. of track in
contact witbh 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, 1bs/10) (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 = § ~CEF_x WE L pp . CF] x EF x TF
TF x GF

2. DIMENSION OF THE MEASURE: TIndex number. (

3. LIMITS ON THE RANGE OF THE MEASURE: The output wmay 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
significant improvement and enabling the development of the equipment
according to requirements imposed by the environment.

ks

6., ASSOCIATED MEASURES:
Mobility index (wheeled vehicles)

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

MG

P

i y 1. DEFINITION OF THE MEASURE: The human factors rating is a combi-

' f nation of judgemental ratings on both the favorable and unfavorable

: : aspects of each quality judged. The individual qualities ar2 rated

f' on a zero to one scale for favorable aspects (x) and zero to one for

' ' v unfavorable aspects (y). The y for the first is subtracted from the 4
' : x for the first (x)~y1), the second (x3-ys) and sc¢ forth until Lhe ‘
last considered aspect (x,~yn). The differences are then added and
divided by the number of aspects (n) for the overall rating:

(Xn~¥n)

- human factors rating = (x1-y1) + (x2-y2) + ...
0

i ) Z. DIMENSION OF THE MEASURE: Ratio -- an average of the ratings of

| all qualities, 1If 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: The 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, unless weights are used that do not total to

A e L it

unity.
s

4. RATIONALE FOR THE MEASURE: This measure takes each contributing

X factor into account, and considers both the positive and negative

4 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.

-~
o
R A

3. 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 nunber of factors can be used. 1If more than one person
does the ratings, a wmean 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 siguificant enough they will

affect primary measures.

6, ASSOCIATED MEASURDS:
e (Any primary effectiveness measure)

P S S

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

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

[ failure rate = number of failures
B 2 increment of time

i
: 2. DIMENSION OF THE MEASURE: Rate -- Unit of measure of the output is 5
fallurcs per stated time period, -

X 3. LIMIIS ON TIIE RANGE OF THE.MEASURE: The output may be zero or anm,
{ positive value., If the time period is short it may be fractionale. i
i Although the range of the measure is not limited, it is noted that its
usefulness is tied te the time period stated becausc the failure rate
may change over time. A failure rate of 30 per month may not be equivalent |
: to one per day if failures tend to increase with time, and if the rate

accelerates like this 30 per month would also not be equivalent to 360
per y=ar. A limitation to this measure, then, is that it is applicable 4 E
only to the time period stated unless the rate is a straight-line constant

i
f
j over time.
i
i
b

4. RATIONALE FOR THE MEASURE: Failure rate is an indication of the
oxpected reliability of an iteme Reliability is a component of the
i effectiveness of an item in the sensc that regardless of degree of
b effectiveness when operating, an item bas zero effectiveness after it
has falled and the expectation of failure should be taken into account
in measuring effectiveness.

- iy,
P e L e
i - APy

5, DECISIONAL RELEVANCE OF THE MEASURE: The mvasure can be used to

compare items' effectiveness when reliability is part of the comparison. 1
It was used in ACN 10698 both to comparc 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,

A s Ak i et i ki,

L

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

wo

7. REFERENCES:
ACN 10698, Automatic Data Processlng Techniques to Support
' Army Adircraft Maintenance for the Army in the Field - Jun 67
: ACN 06081, Army Small Arms Weapon Systems Troop Acceptability Test,
f ACN 16818, 5STANO II Test,

Ay
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MEAN TIME BEIWEEN FALLURES

1. DIFINITION OF THE MEAST'RE: Mean time between failures (MTBF) is the
averag: 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 number of failures (n):

n
% (cach elapsed time to next failure)

MTBF = n

2. DIMENSION OF TIX MEASURE: Ratio =-- a mean in terms of average time,

3. LIMITS ON THE RANGE OF THE MEASURE: Onutout 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 wore
aseful as the amount of total elapsed time increases.

4. RATIONALE FOR THE MEASURE: The measure zddresses Jne aspect of system
effectiveness, reliability., The MTBF is used as an erpected failure-free

\1i§e.

5. DECISTONAL RELFVANCE OF THE MEASURE: The measure can be used to
compure materiel systems, compute maintenance reguires, or adjust other
measvres to take reliability into account.

6. ASSOCIATED MEASURES: Fxpected 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
&CN 11585, Division Logistics Systems Test, Jul &9
ACi 06930, Troop Test Frountier Shielgd
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
experlencing a vehicle failure. Input is miles traveled and number of
failures. Relation of output to input is:

n
J(total miles traveled each failure)
number of failures(m)

mean miles between failure =

2. DIMENSION OF THE MEASURE: Ratio -- Unlt of measure of the output is
miles per faillure, Units of measure for the input are fallures and milesc
If observed over time it can be computed in the form of probability of
fallure or expectation of foilure by taking an integral of the failureg

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 zerao.
(In the probability 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 reliabilitcy.

S5, DECISIONAL RELEVANCE OF THE MEASURE: This measure allows whole vehicle
systems to he compared in logistical terms for operational circumstances
regardless of differences among vehicles and maintenance systems involved.

6, ASSOCIATED MOE'S:
Mean time between failure
Expected mean time to failure

Fallure rate
Operational readiness

7. REFERENCES:
Risk Analysis for XM705/XM?37, US Army Logistics Management
Center
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M.3SILE PREFLIGHT RELIABILITY

1, DEFINITION OF THE MEASURE: Missile preflight reliability is the
pProbability that the missile system will enter and complete all functions
necessary for the successful launching of a missile. Input data are

the relia'ullity of the missile (PI.'M) and reliability of ground support
equipment (Pr . ). Relation output to input isi

missile preflight reliabilicy = (PrM) x (P )

*GSE
2. DIMENSION OF THE MEASURE: ratio -~ the output is essentially a
probabil ity which is basically the number of favorable outcomes divided
by the number of possible outcomes. In this case two such probabilitles
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 mecasure is the product of two
probabilitles each of which can vary from zereo to unity. The usefulness
of the measure depends in large part on the amount of data that is

used to derive these two ratlos.

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

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is sultab’e for
rating missile systems on reliability. This measure is, in effect,
the probability of success for a launch.

6, ASSOQOCIATED MEASURES:
Probability of success {in missile flight)
Failure rate

7. REFERENCES:
{No ACN) -~ AMCQA . 113 System Effectlveness Status Report
Pershing, 10 Feb 72
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! VULNERABILITY INDEX
1

i 1. DEFINTTION OF THE MEASURE: This vuinerabllity index is a comblnation
! of exposure time, defensive fire, and hits. Input data are:

! TH = target hits RF = rounds fired {
i NM = near misses RA = rounds available
ET = exposure time i

o

)

{.

i
! Relation of output to input is:
s )

v
. 4TH + NM RF
vulnerability index = 1 = ( ¥T ) (__-RA
! 2

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

il sl g

3, LIMITS ON THUE RANGE OF THE MEASURE: The outpucr is a fraction betwcen
zero and unity. Usefulaess of the index 1s limited to the assumptions
in its construction. For example, iIn this case target hits are counted
as exactly four times as valuable as near misses, Other indexes may

be as useful or more useful.

e

4. RATIONALE FOR THE MEASURE: The measure combines threce factors that
are relevant Lo vulncrability. Exposure time is one factor and the
amount and accuracy of defensive firing are the others,

T W

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

e Ak uial S

Probability of survival
Exposure time
Probability of kill given a hit

P
| : 6. ASSOCIATED MEASURES:
{

7. REFERENCES:
ACN 16914 - M60A1 Add-On Stabilization Troop Test, Apr 72
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. COST EFFECTIVENESS INDEX

1. DEFINITION OF THF MEASURE: The cost c¢ffectiveness index is the
ratio of incremental effectiveness divided by difference in cost,
Incremental effectiveness is computed as a perceatage. The four in-
3 put: values are candidate effectiveness, standard clfectiveness, caundi-
‘}. date cost, and standard cost. (Costs are peacetime costs,) Relation
- of out,.ut to input is:

cost effectiveuesgs index =

candidate effectiveness - standard effectiveuess y 100
= standard effectiveness
candidatc peacetime cost - standard peacctime cost

! B 2. DIMENSION OF THE MEASURE: Tundex numbér -- a combination of quoticuts

: and differences in a form yielding a pure vumber 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 TIE MEASURE: There is mo limit on the

measure itself., 1t may be awny positive or negative value and will

: ordinarily be a small fracticnal valuc of percentage p r dollar. The

! twe effectiveness inputs must be expressced in the same unit of measure,

: ¢ . and the two cost inputs in the same unit. While the measure itself is

: ] y no'. limited, 3t is ncied that it is usually difficult to collect effective-
i T §../ ness data and cost data.

¥ 4. RATJONALE FOR THE MEASURE: This measure takes into account both per-
i formance and costs in determining the eifectiveness in meating objectives.
Further, it handles both in teims of differences between the candidate
and the standard so that the measure goes directly to the differences.

P

bt

) 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure was used to compare
\ ; candidates with the standard in the referenced study, and was further

ugsed to rank order candidates. It tvan bc used any time the performance ]
effectivenass is directly measureable and costs are a relatively im-
portsnt part of the objective. It is less useyul when costs are not 1
an iwportant part of the decision, 3

il il i

6, ASSOCIATED MEASURES :

e e

g gt
-

7. REFERENCES:
ACN 07356, Tank, Antitank, Assault Weapons Systems Requirement
s study - Phase III (TATAWS I111)

kil
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PERFORMANCE TO COST-RATIO FIGURE OF MERIT

1. DEFINITION OF THE MEASURE: Performance to cost-ratio figure of
merit is any mcasure of performsnce divided by the ratio of the cost
of the considered candidate to the average cost of all candidates.
Input data arc the pertormance measure value and the costs of all

candidates. Relation of output to input is:

performance ; -
o performance
to cost-ratio - P .
figure of morit cost of considered candidage
Ligure average cost of all candidates

2. DIMENSIONS OF THE MEASURE: index number ~- the output 1s the ratio
of performance to a cost indicator, (The performance mcasure may ltself
be a ratio). The output is a pure number or might be considered

“performance per cost-ratlo value."

3, LIMITS ON THE RANGE OF THE MEASURE: If the performance measure
is positive, the figure of merit may assume any positive value limited
only by the size of the difference between the candldate cost and the

average coOst.
4, RATIONALE FOR THE MEASURE: This measura is slmply a convenlent
combination of performance and cost measurec, Other combinations are

equally viable, for example:
(perfo ce) x NE cost of all caandidates
perlormance cost of considered candidate

5. LECTSIONAL RALEVANCE OF TIHE MEASURE: The measure may be used to
compare c/uwlidates on both cost and performance simultaneously,
espaclally to rank several candidates. In the referred study the
performznce mcusure was friendly/enemy force ratio.

6, ASSOCIATED MIASURES:
Cost ratio
Cost equulization point
Initia! cest amortization figure of merit

7. REFERENCES:
No ACN- Farametric Design/Cost Effectivencss Study for a

Mechanized Infeitry Comvat Vehicle-1970 (MICV.70), Cornell
Aeronautical Laboratory Report #GM 2144-H-la, Nov 6§
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COST EQUALIZATION POINT
1. DEFINITION OF TME MEASURE: The cost equalization polint 1s that 3
point in the useful life of two candidate systems at which their 3
cumulative costs are equal and their cumulative production is equal.
y Production might be measured &8 time in service, casualties, or any
measule of effectliveness. Input data are cumulative cost curves
Relation 4

for the two systcems as a function of cumulative production.
of input te cutput is the point of Intersection of the two curves:

total cumulative candidate A ]
cost 7“‘£:candidate B » ;

Cumulative
Service

2., DIMENSION OF THE MEASURE: ratio --the relationship between the
two costs is essentially thelr ratio for each value of pioduction,

with the intersection polnt at the ratio 1.00

e et v bl L

3. LIMITS ON THE RANGE OF THE MEASURE: Both cumulative cost and cum-
ulative p.oduction are difficult data te obtaln, and both may have

to be projected inte the future for decision. If there is no inter-
section point within thte domain of cumulative service, there is no cost

equalizaiion poinc,

Ve
RO S ST

4, RATIONALE FOR THE MEASURE: The measure is based on the assumptlon
that a system with a lower initlal cost per wnit of production may
have a higher cumulative cost after some production has been accom-
plished and support and replacement costs are considered. If thls
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.

el i B e,

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure is used fo compare
two systems on cost effectiveness, taking expected system 1ife into account, ;

6o ASSOCIATED MEASURES:
Initial cost amorcvization figure of merit,

* 7. REFERENCES:
No ACN « "A Model for Cost Effectiveness Evaluation of

Counterbattery Target Acquisition Systems", Cornell
Aeronautical Labortories Report #GM 2144-h-la, Nov 56
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INTTIAL COST AMORVIZATION FIGURE OF MERIT

1. DEFINITION OF THE MFASURE: Initial cost amortization figure ol
merit is the point of interscction between cost curves for alternacive
systems over scrvice life. Input darta are the costs (including both
initial cost and cumnlative support costs) for cach alternative as

a function of 1ifc. Life may be expressed in number of hours service, ’
rounds fired, chronological time, or engagements {oughte Relation of
outpui to input values is the plotted interscction of the curves: 1
cunulative alternative A e
lifc /«—{—altemacivc B
cost
service 1ife i

2. DIMENSION OF THE MEASURF: 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 cach point in life, with i
the 1,00 point defining the interscctlon,

3, LIMITS ON THE RANGE OF TIF MEASURE: The measure requires cost data

that may be difficult to obtains The point of intersecction may vary i

from zero to any positive valuc, or to infinity if there is no practical

intersection. g i
RN

4, RATIONALE FOR THE MEASURE: The measure is based primarily on the
assumption that systems with lower initial cost have higher support
costs over time (including replacement) then 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 measure is trivial but still valid,.

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

liva
6, ASSOCIATED MEASURES: ‘.
Initial cost Expccted system life

Cumulative support cost Cost equalization point

7. REIERENCES:
) No ACN- "Parametric Design/Cost Effectiveness Study for -
a Mechanized Infantry Combat Vechicle-1970 (MIcV-70Q),
Cornell Acronautical Laboratory Report #GM 2144-1-1A, Nov 66
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' : Enemy materiel evacuation time . . . . 4-84 3
! Feicent platoon leaders with map of AQ . . . . . . . 4-85 4
i Percent transmissions with violations . . . . . . 4-86 ;
Time to estimate raunge . . . . . . . . . . . 4-87 3
. Transcription speed . . . . . . . . . . 4-88
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COMPOSITE PASS/FAIL INDEX

i. DEFINITION OF THE MEASURE: The composite pass/fail index 1is a
combination of pass or fail decisjons into a higher level pass or
fail decision., It may be combined at several 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: 1index --at the lowest level the measure
is a binary one for each element, and at each higher level the com-
bination becomes more abstract.

3, LIMITS ON THE RANGE OF THE MEASURE: The criterion for each pass
or fail at the lowest level must be specified. A characteristic of
the index is that a single failure at any level leads inexorably to
a fallure 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 ls that it is
relatively inexpensive in the évaluatlop of a large system with many
variables,

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable
in any system evaluation that is limited to a pass or fail issue.
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 Frontlexr Shleld, May 66
ACN 174956 - Field Evaluation of the Modified ASTRO Mechanized
Division
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MEAN EVALUATOR RANKING

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

input is:

n
ranking by ¢ valuator
mean evaluator ranking = ziﬁmbgr 0? ezalsztoisa uator)

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

3. LIMITS ON THE RANGE OF THE MEASURE: The output is limited to the
number of ranks used by the cvaluators., If the evaluators rank three
candidates as first, second, 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. 1n
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 sverall mean than each of a lesser number of evaluators.

4, RATIONALE FOR THE MEASURE: This measure addresses effectiveness
by using opinions of evalvators directly. A mean evaluator vanking is
considered wove valid than any single person's opintion.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used in
any situation involving ranking of candidates. 1ts 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, 4CCB I TField 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

4-75
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TIME TO COMPLETION

: 1., DEFINITION OF THE MFASURE: Tiwme to completion is the elapsed time
! from initiation to completion of a task. Inpul data are the time of
‘ initiation and the time of completion. Relation of output to input is:

o time to completion = completion time winug start time ~® !
; 2. DIMENSION OF THE MEASURE: interval--2 measure of time in secconds,
! hours, or days as appropriate, With successive observations the measure
| could be in the ratio form, such as mean time to completion or expected -
' time to completjom, - %
3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any positive
valuc. The resoluftions of the measure depends on the degree of refinement [ ;
t of designating start and end times. ;
{ . :
1 3

4. RATIONAL: FOR‘THE MEASURE: This measure directly addresses timeliness
as a compouent of effectivencss. It subsumes many factors that mav

delay completion of a task, so that it is a higher level measure suitable %
togrosser ¢valuations.

o Sl g S

5. DECISIONRI. RELEVANCE OF THE MEASURE: The weasure can compare altec-

native systems in the timeliness aspect of effectiveness. It is quite

general and can be applied to many different sort, of tasks such ar

tactical moves, intelligence missions, and taking of objectives. : S

o,

6. ASSOCILATED MEASURES:

st Bl e
LEL,

]
o . :
' Probability of success Planning time ;
; Time to first fire Pct moves completed on time ) ';
3 Time to detection . ' 1 A
l T
! 7. REFERENCES: o ]
i ACN 3067 - Infantry Rifle Unit Study (IRUS) 1970-75, 15 Aug 67 o |
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ACTUAL/POTENTIAL PRODUCTIVITY RATIO

1. DEFINITION QF 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 ratic maximum potential output

2. DIMENSION OF THE MEASURE: Ratio -- Qutput is a pure number express-
ing actual productivity as a fraction of potential, The numerator and
dencominator may be ratio's or complex indexes, but are expressed in
exactly the same form so that all referents cancel, leaving a pure
number.

3. LIMIVS ON THE RANGE OF THE MEASURE: The output may be zero or any
positive value up to unity. The main disadvantage to this measure is
that maximum productivity is sometimes difficult to compute. The
maxjmum productivity of a firing battery could be computed by multiplying
the number of tubes by the firing r1ate for the maximum rounds per

minute, but the maximin theoretic production of a c¢ommand and control
system sucn as a oni% staff is more difficult to handle. Also, there

are cases in which thbe maximum production is easy to state bui is not
altogether relevant, such as the percent casualties returned to duty.

4. RATTONALE FOR THE wEASURE: This measure is probably the most direct
measure of elfectivoness available. When the maximum possible producti-
vity can be stated meaningfully and actual producticn can be observed in

,  precisely the same units, this measure .s usually the besi MQE.

s, DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable in

any situation where the two input values can be obtained. Applications
are; preportion targets detected, proportion moves completed by time
ordered, f[roportion enemy force destroyed, proporticon engagements won,
proportion transmissions complete, percent supply requests met, and
operational availability,

6, ASSOCLATED MEASURES:
(A1l proporiion, percent, and probability measures)

7. REFERENCES:
None, this is a pctential proposed measure
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[ 1, DEFINITION OF THE MEASURE: The slope of the learning curve is the

‘ numerical expression of the rate of improvement in performance at a glven !
: ;

point in traininge. The input data is performance level at 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:

incremental gain in performance level
incremental added training
(or incremental time)

slope of learning curve =

et e Rt B M Bk b

2, DIMENSION CF 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). f

TR RSP Y SR

3, LIMITS ONT'E 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 when measured in smaller
increments. {In addition, the measure wouid be meaningless if full
performance is attained without any training.)

B

4, RATIONALE FOR THE MEASURE: A characteristic learning curve has been

observed in most military training situations., In general, performance

improves rapidly carly in tralning when everything learned adds to performance

but improves less and less rapidly as performance approaches perfection and i\
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 fuily trained; a steep slope E ;
indicates early stage of training.

e e e e it

Se 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 pertormance
iss In general, the MOE is to determine whether a military unitc is still

early In training or has nearly reached the highest level it will attain. )

| P
{ 6, ASSOCIATED MOE'S: .
! Unit proficiency :
! , 7. REFERENCES: N 1
i None, this 1s a proposed potential MUE not previously applled, i
i :
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CIRCULAR MISS DISTANCE

1. DEFINITION OF THE MEASURE: Circular miss distance is the straight
line distance from the observed point to the true canter of target.

Input data are the distances north-south and easte-wast of true center,
and angle of the straight line distanc2, Relation of input to output is:

true center M

observed poiuc

+ square of east-west

square of
distance

circular miss distance = 1J north-gsouth distance

north distance
cosine of angle from observed point to true center

5r alternatively =

(wher. cos 6 ¢ 0)
2, DIMENSION OF THE MEASURE: 1Interval -- output is g distance in terms
of inches, meters, kilometers, or miles, The measure could be in ratio
form such as "mean circular miss distance' or "mean sphericai miss
distance (taking north-south, cast-west, and altitude into account)™.

TN i

3. LIMITS ON TIE RANGE OF THE MEASURE: The mcasure 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.

o

4. RATIONALE FOR THE MEASURE: This measure directly addresses accuracy
of location,

5. DECISIONAL RELLEVANCE OF THE MEASURE: The measure is ordinarily used
to evaluate accuracy of position location or delivery of fire,

PTG N W 1)

6. ASSOCIATED MEASURES: Mean error
Mean offset error

Circular error probable
Standard deviation

R N

7. REFERENCES:
ACN 17781, Precision Position Locater System Field Experiment

42.9, Jun 71

' $mwau&;ﬂwfa&.n o, .
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PERCENT PERSONNEL INFCRMED

1. DEEINITION OF THF MEASURE: Percent personnel informed is the

percentage of a units personnel that are aware of a selected item of

Information that should be known to all. The information can be

rassword/countersign, current mission, location of prisoner compound ,

or any other item of information that is intended to be fully dissemi- L4
nateds Input data are the number of troops questioned in the survey

and the number aware of the information. Relation of output to input

is:

g et gy i) e

number personnel aware of item .
x100
number personnel asked

percent personnel informed =

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 humdred par cent. Since the output is a percentage of a
sample of all personnel, the value [s an estimate of the percent
informed of the whole unit, and the sample must be large enough to
ensure acceptable confldence that it represents 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 nceded information which is considered a
funct ion both of the command and contzrol system currently and as an
end result of training.

5. DECISIONAL RELEVANCE (" THE MEASURE: The measure is intended to
assess level of tralning in regard to ¢ommand, control, and communications.

6. ASSOCIATED MEASURES:
Reporting time
Time to disseminate

.7+ REFERENCES:
No ACN, Reserve Componénts Revised AIT, USCONARC, Mar 72
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PERCENT POSITIONS AUTHORIZED MOS

1. DEFLNLTION OF THE MEASURE: Percent positions aurhiorized MOS is the
percentage of actual organization positions in a unit that are curcently
occupied by persornel with the military occupational specialty auvthorized
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 positions n
= T ; - x 100
authorized MOS nr with authorized MOS assigned

2. DIMENSION OF Tili MEASURE: Ratio -~ output is o~ percentage of
positions. .

3. LIMUTS ON THE RANGE OF TIHE MEASURE: Output could vary from zero to
one hundred percent. As defiped this measure has a w:akness because it
igrores empty positions. It might be more useful as "percent authosized
TOE positions with authorized HMOS™.

4, RATIONATE FOR THZ MEASURE: The measure addresses eifectiveness of
organization indirvectly by esamining success in assigning to positions.
It is based on the theorem that if the organizaticn is faulty personnel
will be assigned other than as organized,

5. DECISTONAL RELEVANCE OF THE MEASURE: The measure was intended to
evaluate a proposed organ.zation, It wac used differently, however,

in the referenced study. In that project it was used as an indirect

assessuent of probable state of training.

6. ASSOCIATED MEASURES: Proporticn authorized strength assigned
Slope of learning curve

7. REFERENCES:
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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PERCENT EEI MET

1. DEFINITION OF THE MEASURE: Fercent EEL met is the percentage of
planned esscntial elements of information that are satisfied during
an operation. lnput data are the number of EEI included in the

intelligence plan and the number of those salislfied., Relation of
output to iInput is:

] - number EEl satisfied
pevcent EEL met = o T EEL planned  * 100

2. DIMENSTQOM OF THE MEASURE: Ratio -- output is a percentage of
EEL. R

3. LIMITS ON THE RANGE OF Tilf MEASURE;
vo 100%.

Qutput may vary fron zero
The criterion for satisfying an EEI must be defined.

4. RATIONALE FOR THE MEASURE:
effectiveness

The measure addresses intelligence
in the sense ol how well the intelligence system
performs in meeting its own goals for essential infonnation.

5. DECISTONAL RELEVANCE OF THE MEASURE:
evaluate an iat¢lligence svstuem.

The measure is used to
It might be applied to a comparison

of intelligence procedures, trial of collection meaus, or test of
training.

6. ASSOCIATED MEASURES:
Percent targets scquired
Prnbability of detection

Time to acquisition
Time to detection

7. REFERENCES:
None - this is a potential measure.
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PERCENT ENEMY DOCUMENTS TIMELY EVACUATION

1, DEFINITION OF THE MEASURE: Percent enemy documents time evacuation is
the percentage of all captured eremy 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 dati are the times stated, and relation of
Jutput to input is;

Percent enemy documents _ number documents on_ time
timely evacuation number documents captured

100

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 TIE 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
{prxisoners).

7. REFERENCES: No ACN, Reserve Components Revised ATT, USCONARC, Mar 72,

4-83
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ENEMY MATERIAL EVACUATION TIME

1. DEFINITION OF THE MEASURE: Emnemy material evacuatlon time is the
elapsed time from capture of an item of enemy materlal 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, Relatlon of output to input is:

enemy material evacuation = time material arrives at designated
teclinical iIntelligence polnt minus

time of capture

2. DIMENSION OF TIE MEASURE: 1interval -- clapsed 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
positive value. The absolute time interval is usually not mean ingful
In {itself and can not be dissociated from the type of material involved

and the tactical circumstances,

4., RATIONALE FOR THE MEASURE: This measure addresses one aspect of
effectiveness in intelligence collection.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure is usually appllied
to an evaluation of intelligence functioning.

6. ASSOCIATED MEASURES:
Mean tlme to report intelligence
Mean intelligence document evacuation time

Mean time to evacuate prisoners

7. REFERENCES:
ACN 00004 - A Method for Integration of Medlcal Accounting

Reporting Supply and Regulating of the Army in the Field
into ADSAF - CS, Program
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PERCENT PLATOON LEADERS WITH MAP OF AO

1. DEFINJTION OF THE MEASURE: TPercent platcon leaders with map of AO is
the percentage of all platoon leaders in an organization who have been
issued a map of the ares 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:

number with map
number platoon lecaders

Percent platcon leaders with map of AQ = x 100

2. DIMENSION OF THE MEASURE: Ratio -- output is a percentage of platoon
leaders. TIf the measure is taken over time, it might be used in the form
"average percentage of platoon leaders with map of AQ",

3. LIMITS ON THE RANGE OF THE MEASURE: 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 nced.

4, PATIONALE FOR THE MEASURE: The measure directly addresses cne aspect
of effcctivenaess of an intclligenee system, the dissemination of relevant
maps.

5. DECISIONATL RELEVANCE OF THE MEASURE: The measure is used to evaluate
one aspect of an intelligence system, It would most likely be applicable
to measuring trainiung level,

6. ASSOCIATED MEASURES: Dissemination time,

7. REFERENCES: No ACN, Reserve Components Revised ATT, USCONARC, Mar 72,
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PERCENT TRANSMISSIONS WITH VIOLATIONS
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1. DEFINITION OfF THE MEASURE: Percent transmissicns with violations

is the percentage of all communicatioa transmissions by a unlt with

either procedural or security violations, or both., Input data arc the

number of transmissions and the number of transmisslons with errors. »
Relatlon of output to input is:

percent transmissions _ number of tranomissions with errors

with violations ° mumber of transmissions  ~ 100

2. DIMENSION OF TIE MEASURE: ratio-- output is & percentage of total
transmissions

. 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 seriousnesgs 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 trainlng
concerning communications. It is an indicator of how well a units'
personnel can observe significant communications and security rules.

S. DECISIONAL RELEVANCE OF THE MFASURE: The measure 1s used to assess
training level,

6. ASSOCIATED MEASURES:

PIr TC

o . Percent transmissions cempleted
: Message rate
; b
i ) E
P 7, REFERENCES: 3
Lo No ACN -~ Reserve Components Revised ATT, USCONARC, Mar 72
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TIME TO ESTIMATE RANGE

1. DEFINITION OF THE MEASURE: Time to estimate range is the elapsed
time from detection of a target to estimation of range. Input date
are the moment of dectection and the moment estimation of range is
complete. Relation of output to input is:

time to estimate range = time of estimation - time of
detection

2. DIMENSJON OF THE 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 tim2 to estimate
range or median tine,

3. LIMITS ON THE RANGE OF THE MEASURE: The output ca: 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. RATIORALE 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. DECISIGNAL RELFVANCE OF THE MEASURE: This mescure can be used to
compare estimation times of means of range estimation (techniques,
aids, rangefinders, trained personnal) to each other or to a standard.
It would not ordinarily be used alore, but would be combined with
accuracy of estimation or accuracy of firing in wmost cases.

6. ASSOCIATED MEASURES:
Accuracy of range estimation
Firing accuracy
Time to detect
Exposure time
Time to identify
Probability of hit
Probability oi kill

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

4-87
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TRANSCRIPTION SPEED

1, DEFINITION OF THE MEASURE: Transcription speed is the rate at
which a court reporter transcribes verbatim court pro -edings inte an
authenicated court record. Input data are the number of words trans-
scribed and the number of minutes elapsed In transcription. Relation
of output to input is:

number of words transcribed

transcription speed =
P P number of minutes elapsed

2, DIMENSION OF THE MEASURE: ratio -- output is a rate, words per minute

3. LIMITS ON THE RANGE OF THE MEASURE: The output can assume any
positive value. A convention must be established for the effect of
errors on the measuree.

4. RATIONALE FOR THE MEASURE: Thls 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. REFERENCFS:
o ACN 13114, Court Reporting Systems Study, Sep 70

4-88
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LOGISTICS

SUPPLY AND TRANSPORT

Ammunition expenditure rate - . .
Required ammunition resupply rate .
Total theater inventory . . .
Proportion inventory deployed .
Supply throughput effectiveness

Lot estimate percent defective ., .
Cargo handling rate . .

Reduction in cube requiring ttansport

Dimencional carrying capacity of cargo bed

Percent cargo unitization .
Number transport aircraft required
Aircraft capability index . .

MAINTENANCE

Operational readiness
Maintenance float item avai]ability

MEDICAL

e
y

Medical demand transactioa processing time

Hospital efficiency index . . .
Hospital flexibility index .,

ENGINEER CONSTRUCTION PRODUCTIVITY

Bulldozer cubic movement rate

Grader spreading rate . . .
Bucket~loader effectiveness . .
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AMMUNITION EXPENDITURE RATE

1. DEFINITION OF THE MEASURE: Ammunition expenditure rate is the
amount of ammo 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 inpat is:

ammunition expenditure rate =

amount of ammo fired (rounds, tons, DOA)
elapsed time (days, hours, seconds)

2. DIMENSION OF THE MEASURE: Ratio ~- rate of expenditure, Unit
of measure of output is DOA per day, tous per hour, rounds per second,

etc.

3. LIMITS ON THE RANGE QF 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 meagure cannot be disassociated from the time
period of the observatiom.

4, RATIONALE FOR THE MEASURE: This measure indirectly addresses sus-
tainability and cost. 1t is often used beca.se it is au 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 measuré is rarely of
use by itself. 1t would ordinarily be used with other measures as
part of a more complex measure of effectiveness., It could, however,
be used by itself to distinguish among competing candidates equal in
cother respects.,

6. ASSOCIATED MEASURES:
Required ammunition resupply rate
Resupply capability
(Any measure of firepower potential)

7. REFERENCES:
ACN 03498, Small Arms Weapons System Study
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REQUIRED AMMUNITION RESUPPLY RATE

1. DEFINITION OF THE MEASURE: Required ammunition resupply is the
rate of ammunition need. Invut is rounds required per day. Unit of
measure of inmput is rounds, or alternatively toms 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 DCA)
number of days in time period observed

2. DIMENSION QF 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 is 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." 1In 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 toc 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 & more complete description

of successful systems.

6. ASSOCTATED MEASURES:
Resupply frequency
Ammunition expenditure

7. REFERENCES: )
ACN 03498, Small Arms Weapons System Study
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TOTAL THEATER INVENTORY

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:

safety stock in tons
operating level stock in tous
interruption stock in tons

=
]
n &

Relation of output to input is the sum:
total theater inventory = I + I, + I;

2. DIMENSION OF THE MEASURE: Interval -- Qutput is a number of tomns.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may assume any
positive value., The measure is limited in treating all supplies by
welght as a common denominator, overlooking differences in importance
by weight,

4, RATIONALE FOR THE MEASURE: The measure directly addresses amount
of jnventory.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate supply and transportation effectiveness at the theatre level.

6, ASSOCIATED MEASIRES:
Total deployed inventory.

7. REFERENCES:
ACN 06841, Army Logistic Support Concept - Air Lines of
Communication.
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PROPORTION INVENTORY DEPLOYED

1. DEFINITION OF THE MEASURE: Proportion inventory deployed is the

proportion of all supplies in inventory that have been distributed

to the operating level., Input data are:the total amount of supplies

(Sg), The amount designated as operating level (S,), The amount in

safety stock (55); and amount in interruption stouck (transit,storage,
or handling). All are measured im a common denominator such as tons,
rounds, or gallons. Relation of output to input is:

proportion of inventory deployed = 8,+4Sg or 8o+8g
St So+SgtSy

2. DIMENSION OF THE MEASURE: Ratio -~ A proportion in terms of
a decimal fraction.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be any value
from zero to unity., All inputs nmust be expressed in the same unit of
measure and it must be a unit suitable for the echelon and type of
Such as tons of class IV at theatre, or number of rations

supplies,
at company.

4. RATIONALE FOR THE MEASURE: In theory a perfeci supply system
would have 100% of inventory deployed. If it were possible supplies
would be yveplaced at precisely the rate used precluding the expense and
vulnerabiliry of storage sites. This measure determine s how closely a

supply system approaches the ideal,

5. DECISTONAL RELEVANCE OF THE MEASWRE: 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 scere could be
obtained by simple undersupply; it must be used in conjunction with

proportion of supply requirements met,

6. ASSOCIATED MEASURES:
Total theater inventory

Days of supply on hand

Proportion supply requirements met
Time to resupply

7. REFERENCES:
None, this is a potential measure.
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SUPPLY THROUGHPUT EFFECTLVENESS

1. 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:

¢ = cargo, in tons or other suitable unit of measure
n = number of possible handling points
h‘1 = 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
ca~ I (hy+hy+ ... hy)
supply through _ iwl
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. RATIONATE FOR THE MEASURE: The measure is tons-handling saved as a
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 ¢n - 2¢ or c(n - 2). Actual
savings is the total possible handlipg, ¢n, mimus actual handling, the
sum of tons-handling at each point, ; (b + ha ... b+

5. DECISIONAL RELEVANCE OF THE MEA%U%E: The measure allows supply
systems to be evaluated in terms of throughput effectiveress, 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 steck in ianventory

1. REFERENCES:
ACN 06534, Transportalion 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 ¢f defective units in & lot of Class I
supply (rations). The input data sare 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 = (%) N x 100

2. DIMENSION OF THE MEASURE: Ratfo output is the percentage of defec~
tive units of rations in the lot,

3. LIMITS ON THE RANGE OF THE MEASURE: A pe :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 perceutage

of defectives in the sample is likely to be the percentage of defeciives
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.

1t may be used as an cvaluative indicator of a Class I supply system
at higher echelomns,

6. ASSOCIATED MEASURES:
Percent supply requests met
Percent supply requirements filled

7. REFERENCES:

ACN 00008, Inspection of Operational Rations
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CARGO HANDLING RATE

1. DEFINITION OF THE MEASURE: Cargo handling rate is the amount of
cargo that is loaded, transported, or unloaded in & specified time
period, The amount of cargo is counted in tous, cubic feet, or other
appropriate measure of bulk., Time is counted i1 minutes, hours, or
days as appropriate, Relation of output to input is:

cargo handling rate & amount of cargo hanaled
& 8 number of time intexvals

Alternatively, if the amount of cargo moved is expressed as a function
of time, the rate could be conouted as the first derivitive,

2. DIMENSION OF THE MEASURE: Ratio -- the output is a ratic in terms
of cartons per minute, tons per liour, tons per day, or other suitable
expression. Other possible ratio forms are "mean cargo handling rate"

or "average percentage handling rate'’.

3. LIMITS ON THE RANGE OF THE MFASURE: The resolution ¢! the measure
depends on the size of the time intervals; minutes are mosc 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. RATIONALE 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 wmay be expected to influence the amount of time

required,

S, DECISTONAL RELEVANCE OF THE MEASURE: The measure may be used to
compare cargo handling systems.

6. ASSOCIATED MEASURES: Turnarcund time
Payload capacity
Percent supply requests met

7. RETVERENCES:
~ Article: "Some Aspects of a Comparisrn 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 arc the volume (in cubic feet or meters) of payload at

two observed timepoints (C1, C2) and the interval betwecen timepoints.
Relation of output to input is:

@2-c
1
reduction in cube requiring tramsport = elapsed time

2. DIMENSION OF THE 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 weasure 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 from
the 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 Lransport systems.,

6., ASSOCIATED MEASURES:
Cargo handling rate
Time 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 dataere the height (H), length (L), and width (W) of
the bed, Relation of output to input is;

dimensional carrying capacity = Hx L x W

2. DIMENSION OF THE MEASURE: Interval -- Qutput is in terms of cubic
meters, feet, or iunches.

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 {ndicator of the
transport effectiveness of a vehicle, or a tramsport uunit.

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. ASSOCTATED MEASURES:
Meantime to resupply
Mean payload

7. REFERENCES:
ACN 16494, Family of Army Vehicles Study
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PERCENT CARGO UNITIZATION

1. DEFINITION OF THE MRASURE: Percent cargo unitization is the percen-
tage of cargo by volume or weight that i 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 measure of total cargo
unitized (U). Relation of output to Input 1isi

v .
percent cargo unitization = T X 100

2. DIMENSTON OF THE MEASURE: Ratio -- output {s a percentage of total
cargo

5. LIMITS ON THE RANGE OF TIE MEASURE: The output may vary {rom zero
to ome hundiad 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 MEASURE: The measure addresses one aspect of
cargo handling effectlveness. 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 measure may be used to
determine whe'':=r ineffectiveness in a transport system in a higher mea-
sure is due .o lack of unitization.

6. ASSOCIATED MEASURES:
Propoxt ion afsSHER™Y
Percent supply requests

filled

Time to resupply
Resupply rate

7.  REFERENCES:
ACN 06534 - Transportation Service Study, TASTA - 70, Jan 67
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NUMBER TRANSPORT AIRCRAFT REQUIRED

1. DEFINITION OF THE MEASURE: Number aircraft required is the number
of alrcraft required (o perform a specific transport task. Input data
are:

= amount of load to be transported (tons or number passengers)
= round trip flying time (hours)
= allowable load per aircialt (tons or passengers)
= utilization rate (hours per aircraft)
, = allowable time to complete transport task (hours)
. bxT
number transport aircraft required = (AL x 0) % &

L
T
AL
U
A

2. DIMENSION OF THE MEASURE: interval -- output is Iin terms of number
of alrcraft

3, LIMITS ON THE RANGE OF TIE 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

e2llowable utilization.

4, RATICNALE FOR THE MEASURE: The measure indicates productivity of
a transport alrcraft system.

5, DECISIONAL RELEVANCE OF THF_MEASURE: The measure can be used to
compare cffectiveness of alernate air transport systems, or perhaps
to zelect the optimum alrcraft type for a taske.

6, ASSOCIATED MEASURES:
Time to completion

7. REFERENCES:
No ACN -~ "Mob.lity System Planning Compendium", Gct 68
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AIRCRAFT CAPABILITY INDEX

1. DEFINITION OF THE MEASURE: Alrcraft capability index s an index
number of amount of alrcraft productivity by time. Input date are:

N = number aircraft used
U = utilization rate (hour per day alrcraft used)
A = number of days
L = allowable payload
T = round trip flying nime
Relation of output to input is: .
aircraft capability index = §~¥~Hih"é—§—é

2. DIMENSIONS OF THE MEASURE: index number-- output is a pure number
expressing capablility

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 bte 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 THE 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. DECISICNAL RELEVANCE OF THE MEASURE: The measure can bhe 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:

wne =-- this 1s a potential measure.

4-101

5,
ottt sl ol B bl 3 et AN




OPERAT IONAL READ INESS

1, DEFINITION OF THE MEASURE: Also called "OPERATIONAL AVAILABILITY",

Operational readiness or avallability is the number of ready vebicles,

alrcraft, 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: -

number available for operations
number assigned

2. NIMENSION OF THE MEASURE: Ratio -- proportion of items assigned
that are ready, multiplied by 100 to cnsure two significant digits '
to the left of the decimal,

operational readiness = x 100

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
glve more refinement to the measure. The m asure refers to a given
moment in time, but if successive measures are taken over time, the
MOE may be referred to as "expected operatlonal readiness."

4, RATIONALE FOR THE MEASURE: This measure addresses readiness
directly, which is considered a significant component of capabllity
or potential.

5, DECISIONAL RELEVANCE OF THE MEASURE: The outpyt can be compared
to 100% recadiness or to a standard for deciclons irvelving problems

in capability. Or outputs of different units can be compared directly
for measures of combat service support systems oy logistical systems.

‘/4‘%

6, ASSOCIATED MEASURES:
Reliability
Failure rate

7. REFERENCES:
ACN 10698, Automatic Data Processing Techniques to Support
Army Alrcraft Maintenance for the Army in the Field (Jun 67)
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MAINTENANCE FLOAT ITEM AVAILABILITY

1. DEFINITION OF THE MEASURE: Maintenance float ltem availability is

the proportion of number of items authorized in a maintenance float that are
avalilable, Input data are the number authorized and number available.
Retation of output to input is the quotlent, multiplied by 100 to ensure
significant digits to the left of the decimal:

maintenance float _ _nunber available 100
jtem availability ° number authorized v

2. DIMENSION OF THE MEASURE: Ratio -- output is a number indicating
a 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.

&. RATIONALE FOR THE MEASURE: The measure 1s an indicator of how
nearly fully stocked the maintenance float is kept.

5. DECISIONAL RELEVANCE OF THE MEASURE: The mcasure is used to evaluate
effectiveness in keeping the float resuppliecd. It must be noted that

1t is nut a measure of effectiveness of maintenance because tha most
1deal malntcriance system would always have exactly zero maintenance

float items.

6, ASSOCIATED MEASUR:S:
Mean time to repair
Mean time to restore to service

Percent maintenance requests met
Uperational availability

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

Army Aircraft Malntenance 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
DoE are the start time and completion time. Relation of output to inmput
o is thc subtracted difference:

processing time =z (completion time) = (start time)

P 2, DIMENSION OF THE MEASURE: Interval -- An elapsed time in hours, “a
| Alternately the measure could be takn as a ratio measure, such as
“mean medical demand transaction processing time."

i 3. LIMITS ON THE RANGE OF THE MEASURE: The output value may assume
v any positive value, (The current system takes 728 to 1400 hours.)

4, RATIONALE FOR THE MEASURE: This measure addresses the timeliness i
aspect of one factor in medical resupply.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to i
evaluate proposed improvements in the medical resupply system.

6. ASSOCIATED MEASURES:
Reporting time

in f i Nt e

o

SAbL L

[ r 4
i Time to resupply : .
: P =x - [
- 7. REFERENCES: b
M ; ACN 00004, A Method for Integration of Medical Accounting, §
; Reporting, Supply and Regulating of the Army in the Field into ADSAF-CSj3 ‘ 2
. Program, 3
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HOSPITAL EFFICIENCY INDEX

1. DEFINITION OF THE MEASURE: Hospital efficlency 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 patlent working time. Input data are:

Py, = the percent of beds occupied within the medical
facility 0% to 100%.

E; = the optimal utilization of critical MOS within
the medical facility (60%).

Ay = the actual utilization of the critical MOS
within the medical facility.

w = the average ?atient waiting time.

. n = number of MOS's
Relation of output to input is:

n
hospital efficiency index =P 1 - 3 (£ - A )
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.

4o RATIONALE FOR THE MEASURE: This index provides an expression
forcomputing the efficiency of operation of a given iredical
facility in terms of the utilization of available facilities,

personnel, and patient waiting time.

5. DECISICNAL RELEVANCE OF THE MEASURE: The measure 1s 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 Evaluaticn, Combat
Support Hospltal (TOE 8-123), Medical Service Agency
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HOSPITAL FLEXIBILITY INDEX

1, DEFINITION OF THE MEASURE: The hospital flexibility index is a
combination of capacity, requirements and capability cxpressed as a
Measure of Effectiveness Indexe This index is defined as the ability
of the hospital to react effectively to any enemy threat or attack
i 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 hogpital consistent
with the type category of unit.

Ph= the percentage of bed occupancy in the hospital,
0% to 100%,

{ Ei= the optimal utiljzatlon of the critical MOS personnel

! in each patient care area of the hospital (.60)

Ajm the observed utilization of critical MOS personnel in ¢
each patient care area of the hospital (.0 to .60)

Relation of output to input is:

n
hospital flexibillty index = i - {i%- [.1 -5 (g - Ai)] P;}-

1=
2. DIMENSIONS OF THE MEASURE: Iindex 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
admlissions greatly exceed capacity.

4, RATIONALE FOR THE MEASURE: This index 1s used to compute the
flexibility index of a given support hospital, For a given size
medical facility with a stated evacuation policy and stated medical
workload, the degree of flexibllity can be determined, it provides
the planner/manager with an accurate means of determining the
desired efficiency rate and flexibility rate based on daily medlcal
workload and evacuatlion policy. 1

D e p BNt PP et P OVt PP e

5. DECISIONAL RELEVANCE OF THE MEASURE: This index is used as a means

for checklng points of primary concern to the planner/manager

to determing the adequacy of the medical facility. The planner/manager A
is primarily concermed with the value of the index between 0,0 and 0.5,

6. ASSOCIATED MEASURES:
Admission rate Hospital efficlency index
Hospital capacity Mean evacuation time

]
i
!
}

| 7, REFERENCES:
: Evaluation of Final Report, Field Evaluation, Combat Support ¢
o | : 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., Inpu data are:

W = width of dozer blade (feet or meters)

= working depth of dozer blade (feet or meters)

= push distance (feet or meters)

= turn-around time (cycle including shearing, loading,
returmning) in minutes

o

Relation of output to input is:

WxDx?P

Cubic movement rate = T

2. VIMENSION OF THE MFASURE: ratio -- a rate in terms of cublic 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 efficlency in terms of personnel, environmental, or tactical
hindrances.

4, RATTONALE 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
operatlionss

6, ASSOCIATED MEASURES:
Grader spending rate
Area sprinkling rate

7. REFERENCES:
No ACN - Effectiveness Analysls of Equipment Mixes for
Eng ineer Units
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GRADER SPREADING RATE

1. DRFINITION OF THE MEASURE: Grader spreading rate is thenumber of
square feet of dirt spread over a given area in an hour. Input data
are:

W = width of working avrea (ft) “
L = working distance (ft)
E = a working efficliency functlon
T = time worked (min)
o
Relation of output to input is: b
W L x E
grade;r spreading rate = "3%7-3L~—
2. LIMENSION OF THE MEASURE: ratio -- putput is in terms of square
feet per winute
3, YVIMITS ON THE RANGE OF THE MEASURR: The output may assume any
positive valae., The eificiency function has to be defined as a dimen-
less value basad on personnel efficiency and job difficulty.
4o RATIONALE FOR THE MEASURE: This measure addresses effectiveness
of grader operation in terms of one of the primary aspects of its
productivity. "' ,
ES

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 196788, pp. 216-219 E
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BUCKET-LOADER EFFECTIVENESS
| if ! 1. DEFINITION OF THE MEASURE; Bucket-loader effectiveness is the
i - observed payload movement rate of bucket-loaders as a proportion of
: maximum possible movement rate. Input data are:
'
! ¥ b C = capacity of bucket (in cubic feet)
B T = cycle time per bucket lift, including empty return time
- M7= amount of payload actually moved (in cubic feet)
: ¥ T0 = time operation observed for measure
! e °
! % ’
' 4 Relation of output to input is:
3 M/T0
bucket loader effectiveness = —re
c/T
c
{
? 2. DIMENSION OF THE MEASURE: RATIO -- A ratio of two rates, the
N ) oblserved rate divided by the possible rate. The outpuL is a pure number.
i N
; : 3. LIMITS ON THE RANGE OF THE 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
q 3. (hours or minutes) as appropriate The measure increases in usefulness
| I as the amount of time observed increases. Y,
. 7
E i (‘ : 4. RATICNALE FOR THE MEASURE: The mcasure is a direct computation of
( v - how much work is produced as a fraction of the maximum amount that could
! i be produced.
o
| - 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
1 é evaluate the effectiveness of bucket~loaders, or bucket-loader operations
- ’ with several machines.
1 -~
f P
i i 6. ASSOCIATED MEASURES:
3 - Actual/Potential Productivity Ratio
i : Earth Movement Rate (bulldozer)
| . Grader Spreading Rate
| ’ Water Distributov Sprinkling Rate
{ . p g
| L 7. REFERENCES:
; 13 No ACN, Effectiveness Analysis of Equipment Mixes for Engineer
1 - Units.
: ’ é
3
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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 f£ill, tramnsport, empty, and return)
in minutes

Relation of output ro input:
WxD

Sprinkling rate =

2y 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 1s 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 tactlcal factors.

4, 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 distributer or a unit engaged in sprinkling operations,

6. ASSOCIATED MEASURES:
Bulldozer cublic movement rate
Grader area spreading rate

7. REFERENCES:
No ACN - Effectiveness Analysis of Equipment Mixes for
Eng ineer Units
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PRODUCTLVL LY RATE (COMPACTOR TOOL)

1. DEFINITION QF THE MEASURE: The productivity rate of the compactor
tool i= the awmount of square feet of earth compacted per hour. Input
data are the number of square feet compacted and the number of hours
worked. Relation of output to input is:

number square feet compacted
number hours

compacting rate =

2. DIMENSTION OF THE MEASURE: Ratic -- Qutput is a rate in terms of
square feet per hour.

3. LIMITS ON THE 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 effectiveness
Earth movement rate (bulldozer)
Grader spreading rate
Water spreading rate

7. REFERENCES:
No ACN, Effectiveness Analysis of Equipment Mixes for Engineer
Units.
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COMMAND, CONTROL AND COMMUNICATIONS

COMMAND AND CONTROL

Numbgr orders issued . . . . . .
Required number coumands . . . .
Repetitions per order . . . . . .
Changes per order . . . . .
Ratie warning orders to OporderJ . . . .
Time to decision . .
Time {rom mission to order
Percent planning time forwarded . . . . .
Percent orders clarification requested . .
Proportion friendly elements engaged . . .
Mean dissemination time . . . . . .
Percent actions initiated by time ordered . .
Number of options remaining . . - .
Proportion fire requests beyond range . . .
COMMUNLCATLIONS

Communications performance index

Parcent transmissions completed

Mean time message delivery . - . .
Message rate . . . . . . . . :
Message backlog . . . . . . . .
Mean nuwber transmissions required

Fercent net capacity utilization . .
Percent comm links with alternate route
Comnunications interception susceptibility

Percent successful interception attempts ,

Percent messages intercepted . . .

Mean time response to jamming . . .
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NUMBER OF ORDERS ISSUED

1, DEFINITION OF THE MEASURE: Number of orders issued is the simple
numbe¥ 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 valuc 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 awount
neaded 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. ASSOCYATED MFASURES:

Changes ver order Planning time
Repetitions per order Pct actions initated in time

7. REFERENCES:

ACN 3067 - Infantry Rifle Unit Study (IRUS) 1970-75, 15 Aug 67
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REQUIRED NUMBER COMMANDS

1. DEFINITION OF THE MEASURE: Required number of commands is the
sImple number count of comminds necessary to accomplish a stated
mission, Input data 1s the total count of commands.

2. DIMENSION OF THE MEASURE: Interval -- A simple number count of
commandse. The mcasure could be taken in the form of a ratio, such as
the average number of commands per wmission, per objective, or per hour.

3., LIMITS ON THE RANGE OF TIHIE MEASURE: There is uo 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 vwas observed,

4. RATIONALE FOR TIE MEASURE: This measure can address difficulty in
command and control in the sensc that morc commands may be required when
command and control is more difficult. Alternatively if the difficulty
of command and control is not variable, this measure may be an indication
of facility in issulng commands.

5, DECTSIONAL RELEVANCE OF YHE MEASURE: The measure may be used to
compare command and control systems in cffectiveness 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 commande.

6. ASSOCIATED MEASURES:

Changes per order
Reaction time (time to order)

7. REFERENCES:
ACN 12944, Exploratory Examinaticen in Night Operations Field
Experiment 71,4 - Jun 68
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REPETITIONS PER CRDER

1. DEFINITION OF THE MEASURE: Repetitions per order is the arithmetic
mean of number ot repetitions for each order issued. 1lnput data are
the number of ovders issued and the number of repetitions of the same
order (or part of an order) issucd before the execution of the order

is completed. Relation of output Lgiinput is:

Z (number of repetitions issued each order)

repetitions per order = :
P P number of orders issued

2, DIMENSION OF THE MEASURE: Ratio -- An average in terms of
repetitions per order.

A. LIMITS ON THE 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: The measure addresses ecffectiveness of
command and control 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 THE MEASURE: The measure may be used to
compare command and control sysLems on oncg aspect of effectiveness
when other conditions are eyuivaleat.

6. ASSOCTATED MEASURES:
Change per order Planning time
Rate of orders Mean length of orders

7. REFERENCES:
ACN 3067, Infantry Rifle yUnit Study (IRUS) 1970-75 - 15 Aug 67
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CHANGES PER ORDER

1. DEFINITION OF THE MEASURE: 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. Rekarion of output to input is:

8(number of chaneges issued each order)
number of orders issued

changes per order =

2. DIMENSION OF THE MEASURE: ratio -- an average in terms of changes
pex order

3, LIMITS ON THE 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,

Y, DECISIONAL RELEVANCF. 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 oxders

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

1. DEFINITION OF THE MEASURE: Ratio of warning orders to operation
orders ic the number of warning ovders divided by the number of op.r
ation orders. Input data are thc number of operation orders (in-
cluding fragmentary orders) and number of warining orders. Relation
of output to input is the quotient:

ratio warning orders to operation orders =

number warning orders
number operacion orders

2. DIMENSION OF THE MEASURE: Ratioc -- The output is a pure number
expressing a ratio.

3. LIMITS ON THE RANGE OF THE 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
contxrol.

5. DECTSTONAL RELEVANCE OF THE MFASURE. The measure is used to
evaluate a command and contrel system. It is a secondary measure

in the sense that it indirectly addresses something that can be
measured directly, reaction time, It has been used to measure level
of training.

6. ASSOCIATED ME..3URES:
Number orders issued
Planning time forwarded
Time to decision
Reaction time

7. REFERENCES:
No ACN - Reserve Components Revised ATT, USCOMNARC, Mar 72




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.) 1Input data are the time of receiving the mission
(ty), time order is approved (to) which is counted as the final de-
cision, and time execution of the ordered action is to start (tg).

Relation of output to input ik:

time to decision = _to~fr

te-tr
2. DIMENSION OF THE MFASURE: Ratio -- Qutput is a pure number ex-
pressing the proportion of total time available devoted to reaching

a decision,

3. LIMITS ON THE RANGE OF THE MEASURE:

to unity.
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 command and control system, the amount of time consumed in planning
It is assumed that a more effective command

and control system (includiug commander, staff, SOP's, and assisting

and preparing the order,
technology) requires less of the available time for finalizing the

crder.

5., DECISIONAL RELEVANCE OF THE MEASUKE;
uate a command and control syste-

6, ASSOCIATED MEASURES:
Number orders required
Planning time forwarded

Changes per order

7. REFERENCES:
None - this is a poteutial measure

The output may vary from zero
It could only be zero if the order is given without planning

The measure is used to eval-
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TIME FROM MISSION TO ORDER

1. 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 output to input is the subtracted
difference:

time from mission to order = moment of issue of order minus
moment of receipt of mission

2. DIMENSION QF THE MEASURE: Interval -- An elapsed time in minutes,
hours, or days as appropriate. Several observations could be combined
into a ratio measure such as the mean time or expected time.

3. LIMITS ON THE 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 {rom receipt of attack mission to battalion order.

4. RATIONALE FQR THE MEASURE: The mcasure directly addresses the
timeliness of the command function. 1t includes planning time, decision
time, and time to prepare and disseminate the order. It subsumes most
of the important factors of difficulty in the command function, but

docs not include the factor of quality or soundnescs of the order.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
compare altermnative command and control systems on the timeliness
aspect of effectiveness. Since the soundness of the order is not
included, this measure would not be expectad to stand alone, bur 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 89
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PERCENT VLANMNING 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. TInput da.a ave the total time from receipt of a mission
(R) to time ordered to start esecution (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:

x 100

=2io

R
Pct planning time forwarded = R

2. DIMENSION OF THE MEASURE: Ratio -- output it 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: Qutput can vary from zero to one
hundred percent. It would be close to zero only when the oxder 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 comne,

4, RATIONALE FOR THE MEASURE: The measure addreszes effectiveness of command
and coutrol by assessing how quickly planning is completed on an order
issucd in relation to the time available, Iunfantry School iastruction 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,

This MOE is intended to assess

5. DECISIONAL RELEVANCE OF THE MEASURE:
1t takes into account

the effectiveness of a command and control system,
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 REQUESTED

1. DEFINITION OF THE MEASURE: Percent orders clarification requested
is the percentage ol total orders issued including fragmentary
arders, for which any subordinate element requested clarificution.

‘Input data are the uwumber of orders issued and the number of those

arders for which one or more subordinate elements requested
clarification in whole or part. Relation of output to input is:

percent orders
clarification =
requested

number orders clarification recuested ~n
- > ~-x 10C
number of orders issued : -

2, DIMENSLON OF THE MEASURE: Ratio =-- output is a percentage, in
tetms of percentage of orders.,

2. LIMITS ON THE RANGE OF THE MEASURE: The output can assume aay
value from zero to one hundred percent. The measured is not very
refined in that it ignores the effect of more than one request wer
order, ignores the possibilities of most requests coming frowr the
same subordinate; and makes no distinction betdeen minor poirts and
crucial ambiguities. A more refined measure could be c¢onstructed to
take these into account.

4. RATIONALE FOR THE MEASURE: The measure addresses quality of

the command and coantrol system indirectly by assessing the ¢larity 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 command, control, and communucations
system when the system is defined as including both comuander and
subordinates, The measure cannot be used alone because grev-er dela:
could increase clarity, This measure is used in conjunction with

a timeliness measure.

6. ASSQCIATED MFASURES:
Time to decision Changes per order
Planning time forwarded Repetitions per order
Span of control Reaction time

7. REFERENCES:
NO ACN, Reserve Componentis Revised ATT, USCONARC, Mar 72
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i PROPORTION FRIENDLY ELEMENTS ENGAGED

1. DEFINITION OF THE MEASURE: Proportion friendly elements engaged is
the quotient of the number of friendly elements erroneously engaged by
fire to the aumber of all such friendly elements. Input data are the
number vf erroneocus firing incidents and the total number of friendly

elements, Relation of output to input is:

T d
pr:§zm:i2: ::izne;y- number erroneous fires on friendly
8ag number friendly elements

2. DIMENSION OF THE MEASURE: Ratio -=- Output is a proportion in
decimal form,

3. LIMITS ON THE RANGE OF THE MEASURE: A proportion can vary from
zerc to one. The measure is made more complex if it includes different
types of friendly elements.

e st bt s i, 22

R AT

4. RATIONALE FOR THE MEASURE: This measure addresses one of the
most catastrophic failures in command-control-coumunications, the
erroneous firing on friendly elements, In the referenced study it was
applied to mistaken engagements of friendly aircraft by friendly air

defense weapouns.

R klieian,

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

assessing the accuracy of command-controle-communications in the
situation where erroneous fire on friendly elements is possible in

the event of failure.

o

6. ASSOCIATED MEASUPES:
. Required number commands Mean dissemination time
: Changes per order Percent transmissions completed

Percent orders clarification reguested

7. REFERENCES:
ACN 10784. Troop Test REDEYE, 1967
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MEAN DISSEMINATION TIME

1. DEFINITION OF THE MEASURE: Mean dissemination time is the time
required to disseminate an order, directive, or warming to all
elements at the next lower echelon of command., Input data are each
time th2 order is approved and each time the last immediate subordinate
headquarters acknowledges receipt. Relation of output to input is:

n
mean dissemination 2 Lleach time approval)-(each time acknowledgg@)]

time number orders

2, DIMENSION OF THE MEASURE: ratio -- output is an arithmetic mean
in terms of average number of minutes and seconds

3, LIMITS ON THE RANGE OF THE MEASURE: The measure may assume any
positive velue, The value is usually in terms of minutes since rthe
only time involved is the time required to deliver or transmit a
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 directiy, timeliness of disseminating orders.
This is one area of command and control that can be eXpected to
improve with technclogy.

5, DEGCISIONAL RELEVANCE OF THE MEASURE: The uscual application of

the measure ls evaluation of proposed technology to assist command and
control. The time measure does not stand alone but has to be used in
conjunctlion 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, iroop Tast REDEYE
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1, DEFINITION OF THE MEASURE: Percent acticns ic“tiated by time ordered

is the percentage of all actions initliated iIn resacnsc to orders that

are Initiated within the time specified by the urder. (If the order

: does not specify a distinct time, it is counted @s initlated on time

| regardless of delay)s. Input data are the timecs oruered and the times ’
action is initiated., Relation of output to insut ig:

i

J’

PERCENT ACTIONS INITIATED BY %1} ORDERED ]
' 1
|
{
}

- percent actions . number actions ‘nitiated by time ordered 100

; initiated on time number actions ordered X .
2. DIMENSION OF THE MEASURE: ratio --outpat ly in the form of a :
percentage

{ 3. LIMITS ON THE RANGE OF THE MEASURE: The output wsn assume any

' value from zero to one hundred percents The usefulnrnss of the measure
increases as the number of orders in the denominator with specified
times increases.

4. RATIONALE FOR THE MEASURE: This measure addresses the timeliness ’
of reaction to orders, ‘

PR

S5, DECISIONAL RELEVANCE OF THE MEASURE: The measure may be an
Indicatlon of the effectiveness of command and control in the sense -
that when other factors are equal bettar command and control leads to { i y
faster reaction. This may make the measure useful in comparing N
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:

Nl bt g Pt ~ sl

~
{ N

1 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




NUMBER OF QOPTIONS REMAINING

1. DEFINITION OF THE MEASURE: Number of options remaining is the
number count of cptions available to a decision-maker. Input data are
the numbér of decision points open (di), the pumber of options for
each decision point (Oi) and the number of decisions (n). Output 1s:

oy v"‘T“'Mﬂfmw‘ P
P
Y

o wd o mall

number n
: options = (dl)(ol) + (d,)€0,) + . . . (dn)(Oﬂ) = I (d00)
. remaining i=1
i 13
; % - 2. DIMENSION OF THE MEASURE: Interval -- The output is a positive
: M otential number of options. It can be used in the form of "proportion
= P p P
i of options remaining."
! : 3. LIMITS ON THE RANGE OF THE MEASURE: The output is a positive integer
i - equal to or greater than twice the number of decision points. There is
! « often some difficulty in determining the two input values and some
: H tendency to estimate an infinite or very high number of options for a
! ; decision point,
{ H
} f 4. RATJIONALE FOR THE MEASURE: The measure is a direct indication of
i % the amovnt of flcxibility left to a commander. 1t is based on the theorem 1
% 5 that more options is always more desirable.
%
% ¥ 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to
i ik, gauge the effectiveness or a comnand and control system. In the form
| “proportion of options remaining" the situation is compared to the
: number of options available before a decision was made,
¢
6. ASSOCIATED MEASURES:
J 3 Amount of information conveyed
i Time to decision

7. REFERENCES:
' No ACN - "Candidate MOE for Air Strike Systems," Naval
Weapons Center Document {TP4687.
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PROPORTION FIRE REQUESTS BEYOND RANGE

P 1. DEFINITION OF THE 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 ranie. Relation of output to inmput is: .
Py
L proportion fire = (nr, req's) - (nr. denied for range)

requests beyond range nr. req's

2. DIMENSION OF THE MEASURE: Ratio ~- output is a fraction expressing pro-
portion.

i 3. LIMITS ON ''HE RANCE OF THE MEASURE: Ouiput 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

raunge into account,

5. DECISTIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate a firepover system. Indirectly, it may be used to evaluate a
command and control system because the largest single factor in the

neasure may be deployment of fire suppuri i wvelation te the supported J

1
i
1

force mission.

> 6. ASSOCIATED MFASURES: Percent fire request met
) Maximun effective range
Arca 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 & communications system's performance in relation to its require-
ments, Input data are the relative weights of each requirement
(W1...W,) and the performance (Pl"°Pn) observed in each requirement
(Ry...R,). Relation of output to input is:

. n Py
index = W, (R)+w2 (§2)+...wn(R) b wiRi
1 2 n
i=1
Examples of system requirements are: direct communications capacity,
organic communications equipment, conterence call capability, specific
range, security, mobility, mcssage hard copy, dependability, and

vulnerability, each of which is measured directly or rated by evaluators
on a common Scale,

2, DIMENSION OF THE MEASURE: Index -- A weighted sum.

3. LIMITS ON THE RANGE OF THE MEASURE: The values assumed by the cutput
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 MEASIRES:.
Percent messages completed
Communications system capacity

7. REFERENCES:

ACN 02747, "Theater Army Communicatioms Systems Requirvements,
1965-70,"
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PERCENT TRANSMISSIONS COMPLETED

1. DEFINITION OF THE MEASURE: Percent transmissions completed is the
percentage of all communications transmissions attempted that are com-
pleted. TInput 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: S

percent transmissions completed = % X 100
2. DIMENSION OF THE 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 mnot completed,
4. RATIONALE FOR THE 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 mcasure does not require recording the content of messages,
it is relatively inexpensive to take.
5. DECISTONAL RELEVANCE OF TUE MEASURE: The measure is used to eval-
uate communications systems. It can be applied to a comparison of
alternative communications procedures or equipment. "‘

-

6, ASSOCIATED MEASURES:

Message rate

Message backlog
7. REFERENCES:

ACN 06930, Troop Test Frontier Shield, Feb 67

ACN 03210, TASS Fieid Evaluation, Jun 71

No ACN - Reserve Compcnents Revised ATT, USCONARC, Mar 72

ACN 10784, Troop Test REDEYE, 1967
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MIAN TIME MESSAGE DFLIVERY

1. DEFINITION OF TIT. MPASURE: Mean time message delivery is the arithmetic
average of the obse ved times to communicate a message from sender to
addressees It Inrrudes time waiting to get into communications system,

time lost to unsuccessful attempts, time to copy, receive, and time to
distribute from message center to addresscs. Relation of output to

input is the total elapsed time: )

n
mean tlme - Z [cach (arrival time)-(start time))
nessage delivery number messages

2. DIMENSION OF THE MEASURE: Interval -- output is an elapsed time
in seconds, minutes, or hours

3, LIMITS ON THE RANGE OF Tili MEASURE: The output can be any positive
value, It is usually nccessary to subdivide this measure into types of
message both for precedence (FLASH, IMMEDIATE,PRIORITY, ROUTINE) and
means of transmission (radio, telephone, tcletype, courier) to make

the output meaningful,

4, RATIONALE FOR TIHE MEASURE: This measure addresses timeliness of
communications 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 REIEVANCE OF THE MCASURE: The measure is used to evaluate
a communications system., It could be used indirectly to evaluate other
systems, for example as a subtle measure of whether a proposed doctrine
or organlzation results in command, control, and communications problem.

6, ASSOCIATED MEASURES:
Percent transmissions completed
Message rate
Message backlog
Commnunications system capaclity

7. REFERENCES:
ACN 06930, Tronp Test Frontier Shield, Feb 67
ACN 03210, TASS Field Evaluation, Jun 71
No ACN, Regerve Components Revised ATIT, 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 nessages transmitted
elapsed time

' : massage rate =

% Alternatively, if data is available expressing cumulative messages
' transmitted as a function of time, the rate can be computed as the first
derlvative, o

2, DIMENSION OF THE MEASURE: Ratl!o -- a rate In terms of messages per
' hour or messages per day

3. LIUITS 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 frectional. Resolution of the measure depends on unit of time
used,

i st 2

4. RATIONALE IOR THF, MEASURE: This ueasures addresses capacity of a
communications system. It is a performance measure rather than a measure
of effcctiveness, but could be converted to an MOE by dividing observed
performance by maximun possible message rate. ( ) 1

s

e

¥ 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure 1s used to compare
) or evaluate communications systems in terms of capacity.

6. ASSOCIATED MEASURES:
Percent transmissions completed
Peak troffic load

et i o B o o S

-

5 7. REFERENCES: _
! ACN 06492, Communicatfons - Electronics Study - 73
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MESSAGE BACKLOG

1, DEFINITION OF THE MEASURE: Message backlog is the number of
nessages awalting transmission by a communications system, In its
simplest form, current wessage 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 diiference.

2, DIMENSIiON OF THE MEASURE: Interval -- The output is a number count
in terms of number of messages. Alternatively if data is available
over time a ratic meagure 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 form it may be fractional and negative.)

4, RATIONALE FOR THE MFASURE: The mesasure directly addresses the
effectiveness of a communications 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

Success.,

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate or compare comnunications systems,

6. ASSOCIATED MEASURES:
Message handling rate
Communications system capacity

7. REFERENCES:
ACN 06930, Troop test Frontier Shield,

ACN 17036, MASSTER III Test, Oct 71.

4-130

RS WA NN % .

mz}'&:ﬂ&f"‘..h i e Sk 5 P Y

' ikt R Gl - i

dcachic

e i

d

iy

e

A i 1 S

il e A i S it i, ot sl 2 il e oot Rl



™

.o

“ MW- A
5
N 1
{

MEAN NUMBER TRANSMISSIONS REQUIRED

1. DEFINITION OF THE MEASURE: Mean number transmissions required
1s the arithmetic average of radlo transmissions made each time a
specified type of action is expected. Input data are the number
counts of messages initiated for each execution. Relatlion of output

to input is: -
mean number (number transmissions per execution)
transmissions required number executlons
2. DIMENSION OF THE MEASURE: ratio -- a mean Iin 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, dn unusually high mean indicates command/
control difficulties, .
3
5. DECISIONAL RELEVAMCE OF TIIE MEASURE: The measure is used to (k,*

compare alternative systems in one aspect of command and c¢ontrol 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 UTILLZATION

1. 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

isy
ercent net . . : :
pere time net carries traffic (min) % 100

apacit - - =
capacity ® Tfotal time net i1s observed {miny
utilization

2. DIMENSION OF THE MEASURE: Ratio -- Qutput is a percentage of time,
such as 257 net capacity usage in 24 hours.

3. LIMITS ON THE RANGE OF THE MEASURE: Output can vary from zero to
one hundred percent. 2ero 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. 1In theory 100% usage is ideal, provided backlog is within

acceptable limits.

5. DECISIUNAL RELEVANCE OF THE MEASURE: The measv-e can be used to assess
the nccessity of a net, as in ACN 16849, DMore often it is used to
determine whether nets approach overlosding, as in ACN's 06930, 17036,
03210, aud 16819. Often the useful figure is not ordinary utilization

but the percent utilization at peak usage.

6. ASSOCIATED MEASURES:
Mean time message delivery
Message backlog
Message rate
Percent transmissions completed

7. REFERENCES:
ACN 16849, MASSTER 11 Test
ACN 17036, MASSTER 111 Test
ACN 06930, Troop Test Frontier Shield
ACN 0321Q, TASS Field Evaluation
No ACN, Candidate MOE for Ajir Strike Systems, Naval Weapons
Center Report #TP4687
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PERCENT COM 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 ccmm links number links with alternate x 100
with alternate route nunber links

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

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

one hundred percent, Definition of alternate must be established,

The measure has a weakuess 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 outrput value.

4. RATIONALE FOR THE MEASURE: The measure addresses the effectiveness
of a conmunications system indirectly in gauging its probable resistance
to disruption. This is & secondary measure because its resistance to
disruption can be measured directly by primary measures such as percent
of traunsmissions completed and mean delivery time,

5. DECISTONAL 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 for
measuring potential resistance when it is impractical to compute actual
disruption,

6. ASSOCIATED MEASURES: Percenttransmissions completed
Mean message delivery time
Message rate
Message backlog

7. REFERENCES:
ACHN 03210, TASS Field Evaluation, Jun 72
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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COMMURICATICNS INTERCEPTION SUSCEPTIBILITY

1. DEFINITION OF THE MEASURE: Communications intevception suscepti-
bilivy 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-
cepted. Relation of output to input is:

interception susceptibility =

pumber of messages which could be intercepted
total messages transwmitted

2. DIMENSION OF THE MEASURE: Ratio ~- Qutput 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. PRATIONALE FOR_THE MEASURE: The measure addresses one aspect of
vulnerability of a communications system, 1t is noted that this
measure results in the highest possible value, the highest theoretic
proportion.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to eval-
uate communications systems.

6. ASSOCIATED MEASURES:
Percent successful interception attempts
Percent messages intercepted

7. REFERENCES:
ACN 02908, Field Army Requirements for Tactical Communications,
Oct 66
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FERCENT SUCCESSFUL INTERCEPTION ATTEMPTS

1, DEFINITION OF THE MEASURE: Percent successful interception
attempts is the percentage of attempts to intercept communications
that result in an interception. Input data are number of attempts
and numbex of interceptions. Relation of output to input is:

percent successful iunterception attempts =

number of interceptions
number of interception attempts

X 100

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 cennot 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 RELEVANCE OF THE MEASURE: The measure is used to
eveluate the success of a countermeasuves system or a counter-
countexrmeasurcs system. It is usually extrapolated in the sense
that if 507 of attempts are successful it is usually surmised that
the interceptor would be able to intercept on half of all attempts
if he increased his attempts.

‘ 6. ASSOCIATED MEASURES:
. Communications Interception Susceptibility

? Percent messages intercepted

7. REFERENCES:
ACN 17036, MASSTER II1 Test
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PERCENT MESSAGES INTERCEPTED

1. DEFINLTION OF THE MEASURE: Percent messages intercepted is the per-
centage of all messages trsnsmitted that are intercepted. lnput data
are the number of messages transmitted aud the anumber of interceptions.
Relation of output to input is:

3 ber interceptions
ercent messages intcrcepted = ___ DUM cp : 0
P & P number messages transmitted X 10

2., DIMENSION OF THE MEASURE: Ratio =~ Qutput is a percentage of all
MESSALRs .

3. LIMITS ON THE 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.

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 interceptiomn.

5. DECISIONAL KELEVANCE OF THE MEASURE: The measure evaluates effective-
ness of countermeasures or counter-countermeasures in a tactically relevant

sense.

6. ASSOCIATED MEASURES:
Communications interception susceptibility
Percent successful interception attempts

7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, 1967
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MEAN TIME RESPONSE TO JAMMING

1. DEFINITION OF THE MEASURE: Mean tlme response to jamming is the
arithmetic mean of each elapsed response time to enemy jamming of
triendly communications. Input dates are the times of detection of

jamming, times of swiltching frequency, and number of jamming attempts.
Relation of output to input is:

mean time - eacih elapsed response time

response to jamming number jammings

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 values 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 orne 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 measures of effective-
ness of communications, It was used in the referenced study as a
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

AMOUNT OF FIRE

Number rounds fired ! . . . .
Percent of basic load expendsd -

Percent targets hit . . . . .
Casualties per round . . . .

Rounds per casualty . . . . .
Percent target destruction . . . .
Degree of neutralization . . .

Average number of red tanks killed

TIMELINESS OF FIRE

Firing rate . . . . . . . -
Time to first fire . . . . . .
Time to adjust . . .

Rounds to adjust . . . . .
Time to first hit . . . . .
Mean rounds to first hit . . . .
Mean time target engaged . . . . .
Average time firing on moving target -
Rate of target destrudtion . . . .
Rounds to completion . . . . . .

ACCURACY OF FIRE
Probability of hit . . . . . .
Probability of kill . . . .
Pexcent rounds hit . . . . .
Percent near misses . .
Mean cffset error . . . . .
Circular error probaible | . . . .

FIREPOWER POTEKTIAL
Milicary worth index . . .
Firepower poteatial (point fire weapons)
Firepower potential (area fire weapons) .
Weapon fractional kill value
Expected remaining tank killing capability
Percent avenues of approach covered .
Small arms air defense potential
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NUMBER ROUNDS FIRED

1. DEFINITJON OF THE MEASURE: The number of rounds firved is the
number of rounds cxpended from start to end of engagement. Relation
of output to input ist

n .
number of ¥ (rounds fired) M
rounds fired
i=1
2. DIMENSION OF THE MEASURE: Interval -- A number in terms of rounds,
tons, DOA, or other sultable 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, ths output value cannot be
dissocliated 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.

S. DECISIONAL RELEVANCE OF THE 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 Y
procedurus, or largar material systems. (

6. ASSOCIATED MEASURES:
Ammunition expended Time to first fire
Remaining ammunition Percent of rounds hitc
Casualties inflicted Percent of targets hit
Loss exchange ratilo ' 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

1. DEFINITION OF THE MEASURE: Percent of basic load expended is the
amount of ammunition expended as a proportion of basic leoad. TInput
is number count of rounds, tons, or DOA expended, and the number of
rounds, tons, or DOA in the basic load. Relation of ocutput to input

183

ount exponded
pet. of basic load expended = amoﬁﬁt“ﬁn b:giz ioad X 100

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: . .. assume any positive value.
Is limited in applicability to the time period and c¢ircumstances 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
of a firepower syctem for greater refinemeut in cost or probable sus-

tainability.

6. ASSOCIATED MEASURES:
Ammunition expenditure rate
Required rate of awmunition resupply

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75.
ACN 06930, Troop Test Frontier Shield, Dec 66,
ACN 03067, TRUS Field Experiment 65.1, Aug 67.
ACN 05546, Army Air Mobility Evaluation, Feb 65.
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PERCENT TARGETS NIT

1. DEFINITION OF THE MEASURE: 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;

ber targets hit
targets hit = UM g,
percent of targets number targels presented X 100

2. DIMENSTON OF THE MEASURE: Ratio -- Qutput is in terms of a per-
centage of targets,

3. LIMI7TS ON THE RANGE OF THE MEASURE: The output can assume any
value from zero 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 manv hits. Furthermore, the number of tLargets
presented must be defined; it may be all enemy, all enemy within range,
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 measures of the casualiies inflicted or other measures of damage,
but not as tactically significant.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
compare firepower systems on the amount of firepower in a manner

approaching tactical significance.

6. ASSOCIATED MEASURES:
Number rounds hit
Percent rounds hit
Casualties inflicted

7. REFERENCES:
T ACN M3523, smail Arms Weapons Systems (SAWS) Field kExperi-

ment 63.4 - May 66

ACN 3067, Infantry Rifle Unit Study (LRUS) 1970-73, Field

Experiment 65.1 - Aug 67

ACN 06081, Army Small Arms Weapons Systems Troop Acceptability
Test.

ACN 16975, Airborne STAWD Systems, FPart II.

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. 1Input are number count
of casyalties inflicted and number count of rounds fired. Relation ol
output to input is:

nunber casualties

casualties per round = number rounds fired

2. DIMENSION OF THE MEASUREF: Ratio -- output is in the form "casual-

ties per round." 1In this form, the output value is usually a small
fraction of a casualty.

3. LIMITS ON THE RANGE OF THE 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 THE MEASURE: The measure addresses kill productivity
of a weapons system directly,

5. DECISIONAL RELEVANCE OF THE MFASURE: This measure can distinguish
ameng weapons systems in kill productivity., 1t 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 potentisl measure.
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ROUNDS PER CASUALTY

1, DEYINITION OF THE MEASURE: Rounds per casualty is the number of
rounds expended divided by the number of casualties inflicted. Casuzl-
ties can be a number coun: oi any appropriate strength indicator, such
as personnel, tanks, weapons, or other. Kelation of output to input is:

aumber of rounds expended

rounds per casualty =
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 he inverted for casualties per round,
which would ordinarily be a small fractiom,

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is meaningless
until at least sne round has leen expended and at least ome 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 TIE MEASURE: This can be a useful measure of fire-
power effectiveness, especially in compariag similar but cdiffereut
weapons or ammiinicion systems. In its inverse form, casualties per
round, it is an indicatiou ol probability of kill (PK). 1t was used
in the referenced study to rank order weapons mixes in firepower po-
tential.

5. DECISIONAL RELEVANCE OF THE MEASURE: This measure would ordinarily
be used to compare weapons systems against a certain threat.

6, ASSOCIATED MEASURES:
Relative .xmo expenrditure to casualties ratio
Less excnange ratio

7. REFERENCES:
ACN 03010, Infantry Rifle Unit Study - 75.
ACN 12757, Secondary Armamént Ior the Main Battle Tank-70,
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PERCENT TARGET DESTRUCTION

1. DEFINIT{ON OF THE MEASURE: Percent target destruction is the
percentage of an attacked target that is assessed as killed, destroyed,
or nevtralized. Input data are the size of the target and the amount
destroyed. This input values may be in terms of number of personnel,
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;

amount of target destroyed

ercent target destruction =
| & slzec of target (area, volume

2. DIMENSION OF THE MEASURE: Ratio -- A proportion in terms of percent

of whole target, such as, 30% of troops, 30% of area, 36% of road length,

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.

L. RATIONALE FOR THE MEASURE: The measure addresses one aspect of
firepower directly, the amount of damage done. Furthermore, the amount
of danage 1s expressed as a proportion of total target, for convenient
usage.

5. DECISTONAL RELEVANCE OF THE MEASURE: The measure can be used te
evaluate or compare firepower systems.

6. ASSOCIATED MEASURES:
Percent target hits
Percent rounds hit
Range at firing

Casualties inflicted
Proportion Remaining Force

7. REFERENCES:
No ACN, "Candidate Measures of Effectiveness for Air Strike
Systems, Naval Weapons Cenier #TP4687, China Lake, Cal., -
Sep 69
ACN 02874, Troop Test: Overall Effectiveness of Arctillery
Organizations, Doctrine and Concepts, Aug 65
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DKGREE OF NEUTRALIZATION

5 W e M-SR T St

1. DEFINITION OF THE MEASURE: Degree of neutralization is the pro-
portion of a force that is killed plus che proportion suppressed,
Unit of measure of the three iuputs is any suitable number count of
force size, such as number of persounel, taunks, weapons, or other.
Suppression is defined as not killed but not operating., Relation of

output to input is:

- i
- degree of neutralization = number killed + num?ex suppressed
total number in force

2. DIMENSION OF THE MEASURE: Ratio -- a pure number expressing a ratio
between two counts of force size, May be expressed in terms of a

1 fraction, ‘roportion, or percentage of force size. If measures are

i taken over ime, the MOE may be compuved in terms of average degree of
neutralization, rate of neutralization, or probability «f neutrali-

zation.

f 3. LIMITS ON _THE RANGE OF THE MEASURE: Number kiiled and number sup-
Lo pressed nust be held exclusive, i.e,, one may not be counted as both.
The mcasure is not meaningful until at least one has been counted
killed or neutralized. 7The measure is tied to a given point in time
because the number suppressed may fall or rise,

4, RATIONALE FOR _THE MEASURE: The measure is supcrior to vroportion
killed at a given time because suppressed are no more effective than

killed at that moment,

5. DECISTONAL RELEVANCE OF THE MEASURE: The mecasure {s useful i1 the
- case of comparing doctrinal or maieriel concepts that have apnreciable
g suppression effects in addition to killing capability.

‘

i 6, ASSOCIATED MEASURES:
Degree of win

Probability of kill
Loss exchange ratio

7. REFERENCES:
ACN 15758, Army Small Arms Requirements Study 1 (ASARS 1),

vVol. 1Iv, Juo 70
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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
number count of engagement. Relation of output to 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 reliasble when the denominator is small.

4. RATIONALE FOR THE MEASURE: Used as a primary measure when the
mission of the competing candidates is to kiil tanks. It is not con-
gidered a strong measure when standing alone, but is a basic measure
when used in conjunction with other wmeasures.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is clearly a
valid one of antitank effectiveness, and becomes increasingly reliable
ag the number of engagements increases. The measure is useful vhen
all other factors are held constant or measured concurrently.

6. ASSOCIATED MEASURES:
Degree of blue win
Proportion of yod losses
Expected remaining tank killing capability

7. REFFRENCES:

ACN 17018, Antitank Weapons Systems Requirements Study
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FIRING RATE

1. 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 rounds fired and elapsed time. Relation of output to input is:

number of rounds fired
elapsgd time

firing rate=

2. DIMENSION OF THE MEASURE: ratio--- a ratic in terms of rounds
per second, minute, hour, or any suitable unit of time

3. LIMITS ON THE RANGE OF THE MEASIIRE: The output can be any positive
value. The measure is not meaningful until at least one round has

been fived, 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 THE MEASURE: The measure is directly
applicable to the computation of fire potential, and may be used
to evaluate or comparc weapons systems.

6. ASSOCIATED MEASURES:
Time to acquire
Time to reload
Ammo expenditure rate

Time to adjust
Cyclic rate

7. REFERENCES:
~ ACN 06081 - Army Small Arms Weapons System Troop
Acceptability Test
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TIME TO FIRST FIRE

1. 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 ave the moment of detection and the moment of
arrival of the first round. Relation of output to input is:

time to first round = time of arrival of first round minus
time of detection

2. DIMENSICN OF THE MEASURE: Interval ~- Qutput is an elapsed time in
seconds,

3. LIMITS ON TIIE 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 RELEVANCE OF THE MEASURE: The measure caan be used to
compare alternative systems for bringiung 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 exposuie time Probability of survival

7. RLFERE (CES:

ACN 17271, Ability to Adjust Artillery on Moving Materiel
Targete Field Experiment 32.1

ACN 18288, Artillery versus Moving Target Follow-On (REACT)

ACN 18171, Attack Helicopter Daylight Defense Field Experi-
ment 43,6

ACN 03067, Infantry Rifle Unit Study (IRUS), 1970-7%5, Field
Experiment 65.1, Aug 67

ACN 16914, M60AL Add-On Stabilization Troop Test, Apr 72

ACN M114%4, Army Aircraft Survivability Field Experiment 63.6,
Jun 66

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
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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
i1s the difference:

time to adjust = 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 ls important because the nature of the target
may change during the adjustment if the time is too long.

5., DECISIONAL RELEVANCE OF THE MEASURE: The measurc is useful in
comparing adjustment of fire systems in timellness 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:d Observer Probabilitles of Acquisition and
Adjustment Field Experiment 31.1 - Sep 68
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ROUNDS TO ADJUST

1, DEFINITION OF THE MEASURE: Rounds to adjust is the number of
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.

g
gy Ao o Rt BRI it ﬂmﬂ“‘mﬁ" ’f 4
.
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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 uvsed to
compave altcrnative adjustment systems in effectliveness. A fire
adjustment system is ordinarily an observer team with its equipment
and procedures. :

e e

6, ASSOCIATED MEASURES:
Time to acquisition
Time to adjust

7. REFERENCES:

___,____h.__._, ———
R R L R Tr N

( ACN 7365, Ground Observer Probabtilities of Acquisltion and
2 : Adjustment Field Experlment 31,1 - Sep 68
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TIME TO FIRST HIT

1., DEFININTFION OF THE MEASURE: Time to first hit 1s the elapsed time
from initlation 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 minutes
The measure may ba taken in ratlo 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 nieasure addresses one aspect of
timeliness of firepower, It takes 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 MEASURES:
ime to acquisition
Time to adjust
Time to completion
Rounds to adjust

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

Test
ACN 16914 - M60Al Add-On Stabilization Troop Test, Apr 72

ACN 15961 - SHILLELAGH Field Experiment 11.6, Jun 6%
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MEAN ROUNDS TO FIRST NIT

1, 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
Input data are the number counts of rounds to first hit for
Relaticn of output to input is:

on target.
each firlng, and the number of firings.

n
mean rounds to z:(nr rounds to first hit each firing
first hic nr firings

i
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. 2, DIMENSION OF THE MEASURE: ratio -- an arithmetic mea’t in terms
of mean numbe:r of rounds

ey

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. Otherwise, the output value can be any positive integer. The
larger the number of firings is, the more useful the output value.

4. RATIONALE FOR TIHE MEASURE: The measure addresses aspects of time-
liness and accuracy of firepower, and takes into consideration ammunition 3
expenditure, The measure secems more applicable to an engagement situ-
ation with both sides attempting to obtain the first killing hit.

i 5. DECISIONAL RELEVANCE OF THE MEASURE: The mcasure may be used to
evaluate a flrepower system in circumstances where the first killing
hit is to be cobtained as soon as possible, This is typical of tank-
antitank engagenents and alrceraft- antlalroraft engagements.

6, ASSOCIATED MEASURES:
Time to first fire Probability of hit

Time to first hit Exposure time

* 7. REFERENCES:
ACN 16914 - MOQAL Add-On Stabilization Troop Test, Apr 72

ACN 17419 - Employment of Attack Helliocopters to Defeat

Armor Study, Apr 71
ACN 15961 - SHILLEAGH Field Experiment 11.6, Jun 69
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MEAN TIME TARGET ENGAGED

1. DEFINITION QOF THE MEASURE: Mean time tarzet engaged is the
arvithmetic average ol 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:

u
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 saconds,
minutes, and bours as appropriate.

3. LIMITS ON THE RANGE OF THE MEASURE: Theoutput may assume any
positive value. The useiulness of the measure increases as the number
of firings in the denominator increases.

4. RATIONALE FOR THE MEASURE: This measure addresses the effectivenesa
of a fircpower system in terms of its sustained ability to keep a target
under fire., The measurc subsumes certain components of placing {ire
such as target acquisition, communications, resupply, and command and
control.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can bo used to

compare alternalive Lirepower systems in sustainability of effective

fire. It would ordinarily be used in conjunction with other mecasures
such as casualties inltlicted and rcaction times.

6. ASSOCIATED MEASURES:
Time to [irst fire
Casualties inflicted

Loss exchange ratio
Ammunition expenditure

7. REFERENCES:
ACN 3067, Infantry Rifle Unit Study (1RUS) 1970-75 - 15 Aug 67
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AVERAGE TIME FIRING ON MOVING TARGEY

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
distances Input data are time of first round on target and time last

] vehjcle clears tlie distance. Relation of output to input is:
average n
timg - Y (each elapsed tlme: first round to target clearing area)
firing number moving targets
2, DIMENSION ON THE MEASURE: ratio -- an average, in terms of average
time in seconds and minutes
3, LIMITS CN 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 ACN 18288 the
firing was an artillery fire miscion, the target was a moving column
of vehicles, and the specified distance was for the last vehicle to
move 200 meters.
4, RATIONALE 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 can be used to
compare alternative systems 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 flre
7. REFERENCES:
ACN 18288 - Artillery Versus Moving Target Follow-On
(REACT) Field Experiment 32.2 , Jul 72
ACN 1727) --Ability to Adjust Arty on Moving Material
Tgts Fld Expt 32.1
v
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RATE OF TARGET DESTRUCT ION

1, DEFINITION OF THE MEASURE: Rate of target destruction is the
proportion of attacked target destroyed per specified time perlod,
Input data are the size.of the target, amoun®: of targel destroyed, start
of attack time, and end of attack time., Relatlon of output to input is:

amount of target destroyed
siza of target

rate of target destruction =

end attack time minus start time

2. DIMENSION OF THE MEASURE! 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 dissoclated from the time period during which
the measure was taken.,

4, RATIONAIE FOR THE MEASURE: The measure address amount of destruction

directly, and goes on to combine it with time {or 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 TIIE MEASURE: The measure can be used to
evaluate firepower systems, or if fircpower is held constant it can
evaluate the resistance of the Largete

6. ASSOCIATED MEASURES:
Fercent target destruction
Casualty rate
Time to completion

7. REFERENCES:
No ACN- "Candidate Measures of Fffectiveness for Air Strike
Systewns', Naval Weapons Center #TP 4687, Sep 69
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ROUNDS TCQ COMPLET ION

1. DEFINITION OF THE MEASURE: Rounds to completion is the number of
ro.nds flred from initiation to completion of a task. The task may

be to defeat a given taerget, suppress for a period of time, adjust or
Zero a weapon, or to acquire a first hit (rounds to first hit). Input
data are the number of rounds to completion,

2. DIMENSION OF THE MEASURE: interval -~ number count of rounds

3., LIMITS ON THE RANGE OF THE MEASURE: Output value may be any positive
integer

4, RATIONALE FOR ThHE MFASURE: 7This 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, command and control
of fire, or expenditure requirementse.

6, ASSOCIATED MEASURES:
Time to first hit
Time to completion

Rounds expended

7. REFERENCES:
ACN 06081 - Army Small Arms Weapon Systems Troop Acceptability
"Test
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PROBABILITY OF HIT

l. DEFINITION OF THZ MEASURE: Probabllity of hit (PH) i1s the theoretic

chance of hitting a target under stated circumstances if all unstated

clrcumstances are random variables. The effect of stated circumstances

is obtained by empirically observing the number of hits out of number
attempts. Input data 1is 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
P}l numtber attempts or, P{H}- !; P{x} dx
2. DIMENSION OF THE MEASURE: Ratio -- a probability is essentially
the quotlent of favorable outcomes (hits) divided by all possible

outcomes (attempts)

3. LIMITS ON THE RANGE OF THE MEASURE: Probsbility 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
representatlion at all levels.

4, RATIONALE FOR THE MEASURE: The measure indlicates the liklihood
of a hit under steted clrcumstances, which has direct military rele-
vance, When a measure is taken in this form, probabilities

can be comblned in keeping with well-established rules of computing
dependent and independent probabilitles.

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 1s requirsd
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
Percent targets hit

Rounds to first hit
Probability of kill

7. REFERENCES:

ACN M1144, Army Alrecraft 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, M60Al Add-On Stabilization Test, Apr 72
ACN 17494, Dlvisional War Game Model, Dec 71
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PROBABILITY OF KILL

1. DEFINITION OF THE MEASURE: Probability of xill (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 ol output to input

is basically:

number kills

P =
k number hits

but may be computed as the integral of kills as a function of another
variable, or as a combination of probabilities.

2. DIMENSICGN OF THE MEASURE: Ratio -- A probability is essertially
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 pumber of

kills or expecgted chance of survival.

S. DECISIONAT. RELEVANCE OF THE MEASURE: The measure can be used to
evaluate a firepcwer system, compare alternative firepower systenms,
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 {#TP 40687
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E - 1. DEFINTTION OF THE MEASURE: TPercent rounds hit is the percentage of
% all rounds tired that result in hits on target. Input data are
4 . number of rounds fired and number of rounds hitting. Relation of

output to input is:

number of hits ¥ 100

percent rounds hit =
number of rounds fired

| {
-i PERCENT ROUNDS HIT
)
}
1
{
¥

. 2. DIMENSTON OF THE MEASURE: Ratio ~-- A percentage i1n terms of rounds. :
» {
! 3. LIMITS ON THE RANGE OF THE MEASURE: The output can vary from zero
! to one hundred percent. The value of the output is a function of the z
circumstances surrounding firing and can not be dissociated from the
conditions of the firings.
4
El
O 4. RATTIONALE FOR THE MEASURE: This is a dirvect measure of accuracy of
: fire., It is not quite as relfined a measure as circular error probable
! or probability of hit, but requires less expensive measurement,
' !
€ 5. PECISTONAT RELEVANCE uF THE MEASURE: This measure, like probability
! of hit, is an indicarion of accuracy of firepower. It may be used to
i compare firepower systems in effectiveness. |
1 6. ASSOCTATED MEASURES; i
i Probability of hit Percent targets hit {\
! Circular error probable
v 7. REFERENCES:
“ACN M3523, Small Arms Weapons Systems (SAWS) - May 66
ACN 00983, Armor Units Limited Visibility Operations Troop !
Test - Jul 65 1

ACN 16975, Airborne STANO Systems Test, Part Il

T
i ¥ ACN 15961, SHILLELAGH Field Evperiment 11.6, Jun 69

i

] ACN 16914, M60AL Add-On Stabilization Troop Test = Apr 72
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PERCENT NEAR MISSES

1. DEFINJTION OF THE MEASURE: Percent ncar misses is either the
percentage ot rouunds that arge near misses or the percenrage ol targets
that are near misses. Near misses are rounds within a specified
distance of the tavget that do unot hit the target, usually measured by
sound instoumentation, Relation of output to input is;

ercent near misses = nunber near misses X 100
pere 8 Sses number rounds (or targets)

2. DIMENSION OF THE MEASURE: Ratio -- A percentage in terms of
percentage of toital rounds or tetal targets.

3. LIMITS ON THE RANGE OF THE MEASURE: The cutput could vary from
zero to oue hundred percent. The distance to be counted as a near miss
must be definsd. In reference ACN M3523 it was defined as two meters.,

4. RATIONALE FOR THZ MEASURE: Near misses are thought of as a
suppressive elfcct. They might alsc be thought of ar a secondarv
guage *f accuracy of {ire in the sense that a system with a high
perceutage of near misses is more accurate than one with more out-
right mirses, when percent Lits is equal.

5. DECISTONAL RELEVANCE OF THE MEASURE: The mcasurc is not usually
used alone, but in conjunction with hits. A system thal has a4 higher
percentcge of near misses, as well as an adeauate level of hits, has

a suppressive cffect and could be expected to have a higher percentage
of hits agiinst larger tarpets.

6. ASSOCTATED MEASURES:
) Percent hies 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
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MEAN OFFSET ERROR

L At R

1. DEFINITION OF THE MEASURE: Mean offset error is the arithmetic

average of all errors, taken as distance from true location and taking

direction into account. When crrers are beyond the location values

are positive, and shortfalls are negative. Errors in other directions

are treated as positive or negative as appropriate. Input data are the *
error distance with signs. Relatlon of output to input is:

n
¥ (each offset distance, true location

to reported location

number of reported location -

mean offset error =

2., DIMENSION OF THE MEASURE: Rztio «- An arithmetic mean, Output is
In terms of a distance in inches, meters, or kilometers as approprlate.

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 conditlons,
Resolution is limited to the preciseness of the measure. The output may
assw.c any finite positive or negative value.

4. RATIONALE FOR THE MEASURE: This measure addresses accuracy of

location directly. Its main advantage is that it states a central

tendency of ervor. 1t provide:s a usahle summary of the degree of error,

It is better than mean error (which is always positive) in those cases {
where overages and underages compensate for each other. o v

5., DECISIONAL RELEVANCE OF THE MEASURE: The measure 1s useful in the
evaluation of any system that includes accuracy of locating polnts, and

at the same time bas the characteristlc that positive and negative errors j
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 corrcct location
Mean error
Circular error probable

[T F

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
Organizationa, Doctrine and Concepts, Aug 65
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CIRCULAR ERROR PROBABLE (CEP)

1., DEFINITION OF THE MEASURE: Circular error probable is the length

of the radius f{rom center of target of a circle that includes 50% of

all observed locations. It is based on the observed natural dispersinn
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 measured lengt'.s of the offset distance of each error from
target center, (This measure is sowmetimes called median offset ervor).
That is, the CEDP is the distance ¢rom center exceeded by one talf of the
misses. Relation of output to input is the median of all miss distances,
or can be computed by:

VA
CED = 1,774’-' n  (sum of distance of all misses)

2. DIMENSION OF THE 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 distaunce, and its value recsts on a
computation based on random error distribution,

3. LIMITS ON THE RANGE OF THE MEASURE: The measure is limited to the
circumstances in which a normal distribution of misses can be expected.
In general, this means there wust be no systematic bias in misses, that
all observations are offset by a combination of ordinary random errors,
The measure is not meaningful for swsll vuebers of obsevvaiions, and
becomes more useful as the number of observations increases.

4, RATIONALE FOR THE MEASURE: The rationale depends on an observed
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 MFASURE: 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 strategic missiles of bombing.

b. Location accuracy, CEP can also be applied to the accuracy of
locating a targetl in the target acquisition process. In this case the
offset error is the difference between reported location and true locatiovn,

6., ASSOCIATED MEASURES:
Mean offsel error Proportion of hits to rounds
Probability of hit Proportion of correct locations

7. REFERENCES:
ACN 17271, Ability to Adjust Artillery Fire on Moving Materiel
Field Experiment 32,1
ACN 14118, SEANTTEOPS Grcund Field Experiment 72,8 - May 70
ACN 18288, Artillery Versus Moving Targets Follow-On (REACT), - Jul 72
ACN 17781, Prccision Position Locator System Field Experiment 42,9 Jun 71
NO ACN Systems Effectiveness Report (PERSHING), - Feb 72
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1. DEFINITION OF THE MEASURE: Military worth index is a combination

of the probability of inflicting damage and the value of thc damage

that can be inflicted by a weapons system, Input data are the pro-

bability of defeating cach target (P,) and military worth (W) of

each target that can be defeated. Probvabllity of target defeat is a .
function of targets destroyed for targets presented, and military worth

! : is any assessment of target value, such as numier of personnel,

. veh!cles, or weapons. Relation of output to input is:

1 n

i military worth index =z[“i . de] '

. i=]

2. DIMENSION OF THE MEASURE: index number -- a type of utility value, }
Output is in terms of total probable value of destruction,

1]
| {
3 MILITARY WORTH INDEX - 1

| 3, LIMITS ON THE RANGE OF TIE MEASURE: It is quite often difflcult
to assign military worth to different types cf targets because a
common denominator must be delincated. (In one of the refercnced
studlecs 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 MEASURE: The intent of thls mcasure is to take
into account not only the effectivencss of thz weapons system in

inflicting damage but also the importance of the targets damaged. The 1
significant aspect of the measure is te account for differenves in
priority of targets dcreated.

.'/‘~‘

o 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate weapons .systems. §

6. ASSOCIATED MEASURES :
Probability of kill Loss cxchange ratio ‘
Casualty rate Probability of success

P

7. REFERENCES: ‘
ACN 15724, Optimum Mix of Artillery Units (1975-1980) .

ACN 07346, Optimum Mix of Artillery Unlts (1971-1973)

ACN 13138, Divisional Artillery Study

ACN 13708, TACFIRE Cost Lftectiveness Study

ACN 06488, Artillery (1970-1975) .
ACN 03434, Lance Cost-Effecciveness Study .

-
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FIREPOWERK POTENTIAL (POINT FIRE WEALONS)

1. DEFINITION OF T!IF MEASURE: Firepower potential f?ﬁ point fire
weapmns is the product of average kill probability { 7R ) » Trange R),
and ammunition expenditure (AE). Average kill probability is the
integral of single shot effective rarge (ER). Relation of output to
input is:

\ o . = P_M
Fircpower potentlal (ER) (R) (AE)

2. DIMENSION OF THN MEASURE: index number -- the output is a value
of average kill prowvability for given range and expenditure L

3, LIMITS ON THE RANGZ 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 glves 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 FCR THE MEASURE: An iundex number of this sort is useful
in comblning the cffects of various point fire weapons, each in con-
slderatlon of its own range limitatlons.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to«
be used in comparisons of systems invoiving several types uf polat
fire weaponse.

6, ASSCC IATED MEASURES:
Firepower potential (area fire weapons)
Probability of hit
Probabilivy of kill

7. REFERENCES:
Measuring Combat Effectiveness, Vol 1, Firepower Potential,
USACDCISS
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FIREPCJER POTENT IAL (AREA FIRE WEAPONS)

l. DEFINITION OF THE MEASURE: Firepower potentlal fox area fire
weapons is the product of mean lethal area and ammunition expenditure
(AE). Mean lethal area i1s average lethal area oi cach 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
weapon (LA;), and fraction of the total basir load (T) for each type
(Tif‘ Relation of output te input isi

: Ly
firepower potential = (AR) (LA,;) (T )

2. DIMENSION OF THE MEASURE: 1index -- 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 arithmetic expcetation
subject to distortlon 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 THE MEASURE: The index 1s actually a computation for
a glven 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:e ls intended to
be used to compare alternative area fire weapons systemse.

6, ASSOCIATED MEASURES:
Firepower potential (point fire weapons)
Probability of hit
Protavil ity of kill

7. REFERENCES:® .
Measur iy Combat Effectiveness, Vole. I, Firepower Potentlal,

USACDLTSS
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WEAPON FRACTIONAL KILL VALUE

1. DEFINITION OF THE MEASURE: Weapon fractional kill value is de-~
i fined as the fraction of the enemy ferce it destroys. Input data
are number count of cnemy initial size and number count of enemy
losses to considered weapon. Relation of output to input is:

weapon fractional kill value = number of enemy losses inflicted
i initial number of enemy

2. DIMENSIiON OF THE MEASURE: Ratio == fraction of enemy force
destroyed.

3. LIMITS ON THE RANGE OF THE MEASURE: The fraction wmay vary from
zero to unity, 1ts usefulness is limited by its applicabilicy 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 weapoins.

i 5. DECISTONAL RELEVANCE OF THE MEASURE: The measure is not intended

for comparisons by itself, It is intended mainly as a value to be

w used in more complex measures for assignment of values to weapons.

! (7 (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 consiaui tiwe period.

6. ASSOCIATED MEASURES:
Probability of kill
T Firepower potential
boe Loss exchange ratio
Force Effectiveness Indicator (FEI)

7. REFERENCES:
! : ACN 17018, Antitank Weapons Systems kequirements Study

'Ll

Wt
-t
A
- g 4166 R
| ‘:\
PR
L,g 4
Yo E
f - e PN SN2 s i, - et -

B P O L e Y o T i e e e e L
-ﬂ i, 3 RN VN oo Y O w3 1o |




W

LW

bR e Aoy

L_k‘.

EXPECTED REMAINING TANK KILLING CAPABLLITY

1. DEFINITION OI' THE MEASURE: Expected remaining tank killing capa-

bility is the computation of utility value at a given point in time

taking into account both the cxpeeted remaining iforce size and the

killing capability of that force size. 1Tt is the sum of the probabil-

ity ol kill of weapon a times the expected remaining number of weapons N
a, plus the same utility value for weapon b, and so forth, to weapoen n,

Input values are the separately computed probability of kill (Py) and

expectation of survival (Es) for ecach weapon. Relation of output to

input is:

expected remaining tank killing capability = (Pky) (Esa) +
(Pky) (Esp)...(Pky) (Esy) Pkg is scparately computed as the proportion
of kills per attewpt, and Esg is computed as proportion of force size
remaining at a given tiwe,

2, DIMENSION OF ThHE MEASURE: Computed potemtial -- the unit of output
measure is the tank killing porential at a given time,

3. LIMITS ON THE RANGE OF THE MEASURL: The cutput varies from zero to
any positive measure up to thie number of weapon systems (n) considered.
All values of Pk and Es are between 0 and 1.0 inclusive.

4. RATIONALE FOR THE MEASURE: The measure is primarily concerned with
survivability but goes beyond cxpected remaining force size to also

take into account the utility value of the remaining force size in terms K.
of its killing capabhility. The measure includes in itself the weighting

for values of kill aud nunber of weapons remeining.

5. DECISIONAL REILEVANCE OF THE MEASURE: This measure is especially
useful in combining the cffects of different weapons with the same
mission. 1In the referenced study it was considered a cogent combi-
natioun of survivability and productivity. Tt 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 messure)
Average number of tanks killed e

7. REFERENCES:
ACN 17018, Antitank Weapons Systems Requirements Study
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PERCENT AVENUES OF APPROACH COVERED

1. DEFINITION OF THE MEASURE: Percent avenues of approach covered is
the percentage of enemy avenues of approach that are covercd by the
appropriate weapons, for example armor avenues of approach covered by
anti~armor weapons. Input data are number of avenucs of approach and
number of these avenues covered. Relation of output to input is:

percent avenues of number avenues covered . yqp
approach covered total number avenues

2. DIMENSTION OF THE MEASURLE: Ratio ~- output is a percentage.

3. LIMITS_ON_THE RANGE OF THE MEASURE: Qutput value may vary frow zero
to one bundred percent. The criteriou for being '"covered" must be defined,
This wmeasure is relatively crude in that it does not take into account
multiple coverage of an avenue or range of the covering weapons. A

more refined mecasure would be the mean number of weapons per avenue, or

an even more refined measurc would be average meters multiple coverage.

4, RATIONALE FOR THE MEASURE: The measure directly addresses the
amount of potential firepower in one aspect of firepower.

5. DECISIOWAL RELEVANCE OF THE MEASURE: The measure could be used to
evaluate a defensive tactic, a proposed organization or a command and
control system. Alternatively it might be uyse¢ 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 TAE MEASURE: Smcll arms air defense potential ir a

computation of the theoretic kill capability against light aireraft

as a function of vulnerable area of the aivcraft, projectile weight,

and striking velocity. Striking velocity is a function of slant range.

Relation of output to input is: v

vulnerable area of aircraft
projectile weight X striking velocity

Small arms AD potentional =

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, aud feet per second striking velocity.

3, LIMITS ON THE RANGE OF THE MEASURE: The number derived is useful
only in the context observed., It ignorcs 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
cach other., 1t ignores several factors necessary to computation of "

~

the superior measure (probability of kill) bui is 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 defemse 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 defenge) kill
Probability of hit
(any fire potential measure)

7. REEERENCES:
ACN 03498, Small Arms Weapons System Study
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MARCH RATE

o

1., DEFINITION OF THE MEASURE: March rate is the distance covered i
by a unit per time interval., Input data are amcunt of distance
traveled and elapsed time. Relation of output to input is:

dlstance traveled (in meters, kilometers, or other) -y
elapsed time (in minutes, hours, or days)

march rate =~

g ! Alternatively. if the Input data is in the form of cumulative distance
3 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 any

; positive distance per time perjos. The usefulness of the measure 3
increases as the amount of time in the denominator increases. The
rate may change, so the output value cannot bhe dissociated from the
time actually observed.

aspect of maneuverability. 1

5, DECISIONAL RELEVANCE OF THE MEASURE: This mecasure 1s useful for
any evaiuaiion of manesuverability.

|
]
{ 4, RATIONALE FOR THE MEASURE: This measure addresses the timeliness
]
i
|
|
b
i

—

S 6. ASSOCIATED MEASURES: !
' Rate of advance Percent moves completed in time ¢
Area coverage Distance to objective

{
i . 7. REFERENCES:

' ACN 3067 - Infantry Rifle Unjt Study (IRUS) 197u-75 Fleld
} Experiment 65.1, 15 Aug 67
: ACN 17494 - Divisional War Gawe Model, Dep 71 . '
i ACN 13233 ~ Land Navigatioa Systems Troop Test, Jui 70
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PERCENT MOVES WITHIN TIME

1, DEFINITION OF THE MEASURE: Percent moves within time is the
percentage of ordered moves that are completed by the time orderede.
Input data are the number of moves and the number of these arriving
within the tiv: ordered. Relation of output to input is:

percent moves _pumber of moves completed by time ordered 100
within cime total number of moves

2, DIMENSION OF 'WHE MEASURE: Ratio -- output is a percentage of all

moves

'3, LIMITS ON THE RANGE OF THE MEASURE: Output may vary from zero

ro one hundred percent. The measure is diluted somewhat by moves
which 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
robility 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 dlvided by the time required for the move.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
evaluate a mobility system, It has at least three possible applicatisns:

(a) In ACMN 16818 it was used to comparc material systems,

(b} Tn ACN 06930 it was used to evaluate a proposed doctrine
that had difficulties in mobility.

{c) It has been use' o evaluate training,

6, A§SOCIA1EU MEASURES:
March rate
Percent delay

7. REFERENCES:
"ACN 16818, STANO 1 Tast, Dec 69
ACN 06930, Troop Test Frontier Shield, Fel 67
No ACH, Reserve Components Revised ATT, USCOMARC, Mar 72
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PERCENT UNIT AT PRESCRIBED INTERVAL

1. DEFINITION OF THE MEASURE: Percent unit at prescribed interval is
the percentage of all elements (personnel, vehicles, 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. Relatlion of output to input
is:

percent unit at - Dumber elements at prescribed interval %
prescribed interval number elements in move

100

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 percents The tolerance limit for deviation from the
prescribed interval must be established. This is a comparatively un-
refined measure. It could be made more refined by computing the mean
deviation from prescribed interval and dividing this by the interval
ordered as a measure of "percent mean deviation from prescribed interval."

4. RATIONALE FOR THE MEASURE: The measure addresses effectiveness of
a mobility systems Variation in actual interval is presumed to be one
of the most sensitive indicators of difficulty in mobility. Whether
the deviations cone from problems in terrain, tactical action, training,
or cormand and control 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
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1. DEFINITION OF THE MEASURE: T.me to change farmation is the elapsed

. ] time requirzd 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: i ) :

JERVRY S

‘ time to change formation = end time of change minus stert time

!

! : Z. DIMENSION OF THE MEASURE: Interval .- Output is in terms of
B . seconds, minutes, and hours. The measure could he taken in ratio form,
H such as mean time or expected time, if data from several changes are .o .
& availab.e. : R S

- 3. LIMITS ON THE RANGE OF THE MEASURE: The output can be auy positive
: value. Since the value is a function of the size and type of unit
involved, the terrain and tactical situation, and the beginning and
ending formation, the value can not be dissociated from the conditions

>y

Ly
ki B

{ undex which it was derived.

'Q . . . |
i ® 4. RATIONALE FOR THE MEASURE: This measure addresses one aspect of 5
E ) command and contrel. Part of the function of contreol is to change 3
i . formations while moving, and the efficiency of such changes can be P
i i indl{cated by the time required. i

i : , [&

: i 5. DECI151 ONAL RELEVANCE OF THE MEASURE: The weasuie can be used 1o 3
' \ compare alternative systems relating to command and control. i
: .

: ; 6. ASSOCIATED MEASURES: : ]
- i Order dissemination time 3
i ¢ Percent messages received ;

! ; Time to execute order :

B

7. REFERENCES:
ACN 3067, Iu{antry Rifle Unit Study (IRUS) - Jul 69
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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 (5), ordered completion time (0),
and actual completion time (A). Relation of output to input is:

(A -8) - (0-58)
(0 - 9)

percent delay = x 100

2. DIMENSION OF [HE MEASURE: ratio -- output is a percentage, in terms
of percent of planned time,

3, LIMITS ON THE RANGE OF THE MEASURE: The output may assume any value
from negative one hundred percent to positive iInfinity.

4o RATIONALE FOR THE MEASURE: This measure addresses timeliness of
mobility, taking into account how timely.

S. DECISIONAL RELEVANCE OF THE MEASURE: The nieasure can be used to
evaluate a mobility system,

6o ASSOCIATED MEASURES:
Percent moves completed in time
Mean time tc negotiate obstacles

7. REFERENCES:
None - this is a potential measure
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MEAN TIME TO NEGOTIATE OBSTACLES

l. DEFINITION OF THE MEASURE: Mean time to negotlate obstacluos is

the arithmetic average of each elapsed time consumed in gvercontlng

an obstacle to advance. Input data are the delay time for ra~h obstaclie
and the number of obstacles, ﬁelation of output to Input is:

mean time ¢o - .Z: (cach elapsed cbstacle delay tiue)
negotiate obstacles number obstacles i

2. DIMENSION OF THE MEASURE: Ratio -~ output is a mean ¢ime in
hours and minutes

A, LIMITS ON THE RANGE OF THE MEASURE: The output may asSule any
positive value. As it is stated the measu—e makes no disrinction
among different types of obstacles, It would probably be better to
break it down into measures fcr river crossings, mlﬁ@fiﬁ‘dh, barriexrs,
barbed wire, and so forth,

4. RATIONALE FOR THE MEASURE: This measure addrerses mopllity perfor-
mance in terms of times to negotiate obstacles based on the premige
that shorter negotiation delay times mean better mobility,

5, DECISIONAL RELEVANCE OF [HE MEASURE: Since this is a measure of

T)Pl"f()“mahlﬂ rather than a true measure of effactiveness, it lg appiied

Hess

to comparing mobility systems under the sam> conditions. It could be
converted to a measure of effectiventss by takiig total move time intc
account with obstacle delay tire as "percent dalay", assuming that
zero delay for obstacles is ideal performancu.

6, ASSOCIATED MEASURES:
Percent delay
March rate
Percent moves completed on time

7.. REFERENCES:
ACN 06930, Troocp Test Frontier Shield, Feb 67
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PERCENT FORCE COMPLETE MOVE

1. DEFINITION OF THE MEASURE: Percent force complete move is the percentage
of a force starting a move that arrives at the destinavion. In the case

of an attack movewent, it is the percentage of force surviving at the
objective, TInput data are the initial size of the force (number of personnel,
vehicles, aircrait, subordinate units, or as appropriate), and the size

of the force arriving at destination. Relation of output to input is:

number arriving

T . 10
number starting X 100

percent force complete move =

2. DIMENSIAN QF THE MEASURE: Ratio -- Qutput is a percentage in terms
of percent of initial force size.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero to
one hurdred percent. Tt is necessary to establisn a convention for elements
of the force which arcive at the destination separate from and later than
the main arrival.

4. RATIONALE FOR THE MEASURE: Thls measure addresses mobility effective-
ness ‘n 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.

S. DECISIONAL IELREVANCE UF TIIE MEASURE: The measure is used to evaluate
a mobilitLy system. s

6. ASSOCIATED MEASURES:
March rate
Percent Jelay
Percent moves completed within time

7. REFERENCES:
ACN ¢6930, Troop Test Frontier Shield - Feb 67
No ACN, Reserve Components Revised ATT, USCONARC - Mar 72




RS P L DTS

S

NG

e e e e e e i

) A, a1 ﬂ‘-xt&ﬁ”ﬂ"'ﬂ’*ﬁ”;wwﬂmw

e e e e e e e e et e

e e .

e R e

e I

."'— oma -

3
i
N
4
H

CLOSING TIME

1. DEFINITION OF THE MEASURE: C(Closing time is the elapsed time
between the first and last arrival at destination or rendeveus point.
Input values are the moments of arrival of the first and last element
of the unit. Elcments might be personnel, vehicles, subordinate
units, or other appropriate element. Relation of output to input is:

closing time = arvival of last element minus arrival of first
element

2. DIMENSTON OF THE MEASURE: Interval -- Qutput is a chronological
elapsed time in hours, minutes. and seconds. The measure may be taken
in ratio form, such asr mean time, if several observations are made.

3. LIMITS ON THE RANGE OF THE MEASURE: The output may be zerc or any
positive. . value. Since the value is a function of the type and size

of unit, terrain and tactical situation, and cther 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
commnand and control, that part of control concerning the ability of a
command to move ils elements at various speeds to wmeet a preset schedule.

5. DECTSTONAL RELEVANCE OF THE MEASURE: 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
Time to execute order

7. REFERENCES:
ACN 3067, Infantry Rifie Unit Study (IRUS) 1970-75 - Jul 69
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INTELLIGENCE 3

@ >
| TARGET DETECTION Page Number 1' l
! Proportion targets detected . . . . . . . . . 4-180

Probability of detection . . . . . . . 3 . 4-181
| Percent true detections . . . . . . . . . . 4-182 "
. Percent false detections | . . . . . .\ . N 4-183
' Percent false detectious corrected . . . . . s . . 4-184
' Time to detection . . . . . . . . . 4-185S :
; Percent targets detected in time . . . . . . . +  4-186 }
| Detection rate . . . . ' . . . . . 4-187 4 [
i Detection time to range ratio . . . . . . . . . 4-188
- Range of detection . . , . . . . . . . . . 4-189
! Mean range of detection . . . . . . . . 4-190

. - . . . . 4-191

Slant range of detection . .
. . . . . . . . 4-192

! Friendly/enemy detection ratio

TARGET IDENTIFICATION AND RECOGNITION

Accuracy of identification, . . . 4-193

Detail of identification . . . . . . . . . . 4194 }
Time to identify . . . . . . . . . . 4-195
Identification to engagement time , . . . . . . . 4-196
Detection to recognition time . . . . . . . . . 4-197 1

TARGET LOCATION

e et e e e 1 et o

Percent correct locations . . . . . . . . . . 4-198 { r
Location error tc range ratio . . . . . . . . . 4-196 N

! Mean exrror “ . . . . . . . . . . R . 4-200 {

-

; TARGET ACQUISITION

] Fercent targets acquired . . . . . . . . . . 4-201

o Mean time to acquistion . s e e e e o . G=202 !
Percent time target tracked . . . . . . . . . 4-203
Percent targets attacked . . . . . . . . . N 4-204 k
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PROPORTION TARGETS DETECTED

1. DEFINITION OF THE MEASURE: Proportion targets detected is Lhe
quoticnt of number of targets detected divided by the number of potential
targets. Potential targets is a uumber count of all targets in the area
of operations. Relation of output to input is:

proportion targets detccted = 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 neasure.

2. DIMENSION OF THE MEASURE: Ratio -~ A quotient. The measurc is also
often used in the form of a percontage, "PERCENT TARGETS DETECTED."

3. LIMITS ON THE RANGE OF THE MAASURE: The output can vary from zero
to unity (or from zero to one hundred percent), When & target is moving
a rule has to be established for how often it becomes a "new" potential
target.

4, RATIONALE TFOR THE MEASURE: This measure addresses amount of detection
directly, and is a primary measure of intelligence collection effectiveness.

5, DECISIONAL, RELEVANCE OF THE IZASURE: The measure is used to compare
intelligence collection systems, IL is rarely uscd alone; it is usually
used in conjunciion witli ueasures of timeliness and accuracy of detection.

6, ASSOCIATED MEASURES:
Probability of detection
Mean time to detection

Detections to targets ratio

7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, May 66,
ACN 15353, Field Evaluation HIGH Gear, Jun 69 ,
ACN 16975, Airborne STANO 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, MASSTLR II Test, Dec 70,
ACN 17036, MASSTER III Test, Oct 71,
No ACN, Candidate MOE for Air Strike Systems, Naval Weapons Center
Report #TP 4687.
No ACN, 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 STANC Test.
ACN 17050, Tank Company STANC Test,
ACN 17874, Mechaniz -d Rifle Company STANO Test.
ACN 16818 STANO I Test, Dec 69.
ACN 16819, SYANO II Test, Jul 69,

4-180
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. ‘ PROBABILITY OF DETECTION

| B 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
yuotient of detections divided by opportunities in the form:

g O A Wb ¢ it g M+

! v 1 number of detections
: ’ probability of detection = number of detection opportunitiea

| ’ When, however, the detections are arranged as a function of another

! variable (for example, as a density iunction of time) the probability
is computed ag an integral with respect to a given value, as in the
form:

' P{x} =L: 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.

e e e e L
A e

> 5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used in
: any evaluation in which the effectiveuness of detection in an issue.

6. ASSOCIATED MEASURES:

f Proportion of targets detected Detection time to range ratio
’ Time to detection

e

it e et ema i
-
-

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 Experiment 63.6

ACN 07769, ENVE Field Experjmentation Series: Part I ~ 71.1, -
i Sep 66; Part IX, 72.9, Sep 68; Part III, 72,10, Dec 68,
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PERCENT TRUE DETETTIONS

1. DEFINITION OF THE MEASURE: Percent true detections is the
percentaze of all reported deltections that are coafirmed as true
detections. It is the complement of false detections. Input data
are the number of reported detections and number of true detections.
Relation of output to input is:

percent
true
detections

number detections confitned as valid
. ~ X 100
number detections reported

2. DIMENSTON OF THE MEASURE: ‘Ratio -- A percentage in terms of percent
of detectiony. May also assume the form of proportion of true detections,
or fraction or ratio of true detections to all detections.

3. LIMITS ON THE RANGE OF THE MEASURE: The valuc of the measure
increases as the size ol the denominator increases. The output can
assume any value from zero to onc hundred pereeant, inclusive.

4. RATIONALE FOR THE MEASURE: This is a measure of detection capability.
It addressecs accuvacy ol detection as opposcd Lo proporticn of targets
detected. It kecps a system Lrom increcasing number of detections by
including a larpge proportion of false detectioas.

5. DECLSIONAL RELEVANCE OF THE MEASURE: The MOE wmay be used in any
situation where both amount and agcuracy of detection are issues.

*TURES :
" targets detected
‘tections

WITEOPS Ground Field Experiment 72.8 - May 70.
o wxploratory Examination in Night Operatiomns,” Jun 68,
i.. auN, MASSTER Improved Acoustic Locater System Test, Mar 72,
ACN 16782, Systems Assessment Model, Oct 71,
ACN 10784, Treop Tust REDFYE, 1967
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PERCENT FALSE DETECT IONS

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 reporied detections
minus true detections
total reported detections

percent of false detections = X 100

2, DIMENSION OF THE MEASURE: Ratlo -- A percentage in terms of
pcrcentage of false det~ctions to all detections (e.g., 10% false
detection). Alternative forms are proportion of false detections
(eez+, 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
increases as the size of the denominater increases., Output can assume
any value from zerc to one hundred percent inclusive,

4, RATIONALE FOR THE MEASURE: This measure addresses accuracy of
detection., It puts a check on measuring effectiveness of detection
by amount and timeliness of detection without considering accuracy.

5. DECISTIONAL RELEVANCE OF THE MEASURE: This measure can be used to
compare alternative candidates in any evaluation where accuracy of
detection is part of the example. In the referenced study it was used
to further rate candidate night operations devices which were roughly
equal in amount of detection partiy because one candidate achieved a
higher level of detection by including more false detections. ‘

6, ASSOCIATED MEASURES:
o Percent taigets dectected
Percent true detections
Time 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 Ficld Evaluation, Nec 69,
ACN 10784, Troop Test REDEYE, 1967
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PERCENT FALSE DETECT IONS CORRECTED

1, DEFINITION OF THE MEASURE: Percent false detecctions correcrted 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 corfirmed as true, and detections withdrawn or

changed. Relatlon of output to input is:

detections withdrawn

. . or changed
percent false detections corrected = total detections X 100

reported minus true
detections

2. DIMENSION OF THE MEASURE: Ratio -~ A percentage in the form of

percentage of false detections corrected (c.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 1s more meaningful
as the total number of detectlons 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 dissoclated 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
of several measures when comparing candidate systems in accuracy of
detectlion., 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
Percent true detections

Time to detection
Percent false detactions

7. REFERENCES:
ACN 14118, SEANITEOPS Ground Field Experiment 72.8 - May 70
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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, Lf the measure is taken over time or
across condicions, 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 measurc 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,

S. DECISIONA]. 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 kill
Probability of detection Time to identification
Exposure time Time to estimate range

7. REFERENUES:

ACN 17617, BAHT Field Experiment 43.5, Feb 71

ACN 18171, Attack Helicopter - Daylight Defense
Field Experiment 43.6

ACN 18837, 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 DLCIECTED IN TIME

1., DEFINITION OF THE MEASURE: Percent of targets detected in time
is the percentage of all poteantial targets detected within a specified
time for detection of the target type. Relation of output to inpu:t is:

n
I (tgts detected within time) X 100
nr potential tgts

pet of tgts detected in,time =

2, DIMENSION OF THE MEASURE: Ratlo -- Qutput is In terms of a
percentage.

3, LIMITS ON THE RANGE OF THE MEASURE: Usefulness of measure improves
as number of potential targets improves. Only initial detections may
be countedi subsequent detections of same target must be deleted.
Output value may be 0% through 100%, inclusive,

&, RATIONALE FOR THE MEASURE: This measure is a convenient way of
measuring the timeliness of detection when a criterion can be defined.
While it is not as senslitive 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 whether a unit could meet target acquisition
standards set by ths Capabilitlies 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 nuiiber 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 mgasure.
Relation of output to input is:

nunber of target detecticns
elapsed time

detection rate =

2. DIMENSION OF THE MEASURE: ratlo -- this is a measure of rate.
In the form of detections as a function of time, the rate may be
treated as the flrst 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 1s 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 amount and
timeliness of detection In what appears to be a meaningful combinatione.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
discriminate among detection systems that are equal in terms of simpler
measures such as per cent of targets detected or time to detection.

The data of this measure, handled cumulatively, leads to probability

of 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 MEASURE: Detection time to range ratio is the
quotient of time to detection divided by range at detasction, In the
referenced study the square of the range was used to take inte account
that a search for detection Is an area search. Input data are time to
detection in any chronologlcal measure, and range from detector to target
at moment of detection in any distance measure. Relation of output to

input is:

. time to detection
N t
detection time to range ratio = range at detection (may be

squared)

2, DIMENSION OF THE MEASURE: Ratio -- A quotlent. Output is in terms
of seconds per square meter, or other sultable timetdistance expression.

3, LIMITS ON THE RANGE OF THE MEASURE: Output may assume any positive
Resolution of the output depends on precision in measuring input.

value.

4, RATIONALE FOR THE MEASURE: While detection time is usually a
sultable measure in itself, this combined measure goes beyond simple
timing to take into account that tlimes should be greater when greater

areas are searched.

5. DECISIONAL RELEVANCE OF TIIL 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.

6. ASSOCIATED MEASURES:
Time to destection
Range at detection

Percent targets detected

7. REFERENCES:
ACN 12944, Exploratory Examination in Night Operations Field

Experiment 71.4 - Jun 68
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RANGE OF DETECT ION

1. DEFINITION 7' THi, MEASURE: Range of detection is the straight
line distance .rom detector to target at moment of first detection.
Input data ar: the location of the detector and the target. If there
1s a differencz in elevation, such as whan either the detector or the
target is an aircraft, it is called the"ground range of detectlon'.
Relation of output to input 1is:

range of detectlon = difference between detector locatlion and
target locatlon

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,
Computation of input values may be complex if the two locations differ
in two dimenzions (such as two locations on a map) or three dimensions
(such &s aircraft and groundpoint), and especially if one or both are
moving. Output may assume any positive value.

4. RATIONALE FOR THE MEASURE: This is considered one of the direct
measures of cffectiveness 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 MEASURE: The measure 1is applicable in

any compariscn of alternative detection means. In the referenced

studies it was used to discriminate among detection systems targeted
azainst moving threats (such as alrcraft) that might or might not approach

the detector,

6. 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 Nolse Level of

Oparational Aircraft) - Dec 61
ACN 16%19, STANO II Part T Test.
ACN 16849, MASSTER II Test.

ACN 17036, MASSTER III Test.
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MEAN RANGE OF DETECT ION

1, DEFINITION OF THE MEASURE: Mean range of detection is the atithmetic
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 outg¥t to Input is:

T (each distance from
detector to detected target)
number of detections

mean range of detection =

o e, Bt [

v 2., DIMENGION OF THE MEASURE: Ratio -- Arithmetic average. Output is
expressed in unlt of distance, such as, meters or kilometers.

oA

3. LIMITS ON THE RANGE OF THE MFASURE: Usefulness of measure improves
as the number of detections increcases, 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 .he capabllity
of & system to detect targets or threat. When moving targets or
detectors are Involved, range of detection is related to time from
detection to contacte.

5. DECISIONAL RELEVANCE OF THE MEASURE: Measure may be used in any
; situation where detection is required for purposes of flre missions,
&‘ maneuver, or ganeral intelligence. In the referenced study it was a

factor in comparing capabilities of altcrnative inteiligeiice systems.

: 6, ASSOCIATED MEASURES:
& Time to detection
Probability of detection
Proportion of targets detected

7. REFERENCES:
ACN 17874, Mechaunized Rifle Company STANO Test.
ACN 17873, Airborne Gompany STANO Test.
ACN 18026, Armored Cavalry Troop STANO Test.
ACN 17050, Tank Company STANO Test,
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SLANT RANGE OF DETECT IOM

1. DEFINITIOIl 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 detectlon
wvhich would be the distance from the groundpoint to a spot on the
ground beneath the aircraft. Input data are the helght of the
alrcraft above the ground and the angle of line-of-sight from the
alrcraft to the ground target. Relation of cutput to input is:

height of airecraft (4ifference
between its altitude .nd
groundpoint elevation
cosine of the angle of wir-to-
ground line-of=-sight

slant range of detection =

2. DIMENSION OF THE MEASURE: Interval measure -- Distance, in
terms of a unit of distance such as meters.

3. LIMITS ON THE RANGE OF TIE MEASURE: The resolution of the
measure is limited by the precision of the input, and can assume
any positive value.

4, RATIONALE FOR THE MEASURE: The measure addresses the effectiv.mess
of a detection system in the sense of how far away it can detect, This
is related to acauisition performance in two ways: greater slant range
of detectlon means greater probability of detection; and greater range
usually means sooner detection.

5, DECISIONAL RELEVANCE OF TIIE MEASURE: 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 , Airburne STANOC 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

1. DEFINITION OF THE MEASURE: Friendly to enemy detection ratio is
the number of friendly detections of enemy targets (DF) divided by
nuaber of enemy detections of friendly locations (DE). Relation of
output to input:

DF
friendly/enemy detection ratio = DE

2. DIMENSTON OF THE MFASURE: Ratio -- output is a pure number expressing
the ratio between friendly detections and enemy detections,

3. LIMITS ON THE RANGE OF THE 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. TRATIONALE FOR THE MEASURE: This measure evaluates the effectiveness
of friendly counterintelligence means such as camouflage, concealment,
deception and so forth. It is bascd on the premise that terrain and
environmental factors are essentially the same for two forces in the same
area, §0 an unusually low ratio would indicate lack of effectiveness in
friendly countermeasures,

5. DECISTONAT. RELEVANCE OF THE MEASURE: The measure is used to
evaluate the countermeasure aspect of an intelligence system.

6. ASSOCIATED MEASURES: Percent targets detected
Probability of detection

7. REFERENCES:
ACN 06930, Troop Test Frontier Shield, Feb 67
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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 oxr difficult task, the measure is the
proportion of all detected targets correctly classified, Relation of
output to input is:

number correctly identified
total number detected

accuracy of identification =

2. DIMENS1ON OF THE MEASURE: 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
megsure increases as the denominator increases. The output can sssume
any value from zero to one, inclusive, The data value cannot be dig-
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.

S. DECISIONAL RELEVANCE OF THF MEASURE: ‘the measure may be uséd 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. REFRRENCES:

AC§_18171, Attack Helicopter - Daylight Defense Fieid Experiment 3.6

ACN 14118, SEANITEOPS, Ground Field Experiment 72.8.
ACN 16819, STANO II Part I Test.

ACN 12944, Exploratory Examipation in Night Operations, Jun 68.

ACN 17036, MASSTER III Test,
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DETAIL OF IDENTIFICATION

1. 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 scnse of armor unit, field CP,
logistical installation), direction and rate of movement, size of target,
activity (in the sense of moving, digging in, firing), wnit 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 iaterval form by
agsigning 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 MFASURE: 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.

S. DECISIONAL RELEVANCE OF THE MEASURE: The medsure wmay 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 identificaticn and time to identify.

6. ASSOCIATED MEASURES:
Accuracy of identification
Time to identify

ACN 17036, MASSTER III Field Test

ACN 07395, Ground Observer Probability of Acquisition Field
Experiment 31,1, Sep 68.

ACN 16782, Systems Assesswent Model, Oct 71.
ACN 16818, STANO II Test, Dec 69.
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TIME TO IDENTIKY

1, DEFINITION OF THE 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 couid be Lime of presentation.) Re-
lation of output to input is:

time to identify = time of identification - cime of
detection (or presentation)

2, DIMENSION OF THE MEASURE: Interval -- an elapsed time, in units
of seconds, miputes, or hours, I1f the measure ic 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 nc provision for
correction,

4, RATIOMALE FOR THE MEASURE: This mcasure addresses an important
component of target acquisition directly. Problems in identification

are assumed to lengthen the time required. (\» .

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure may be used to
comparc means of identification (techniques, aids, IFF 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 esngagement time
(or FIRING REACTION TIME) is the elapsed time from the moment of
ldentification of a valid hostlile target to the moment of engagement
by fire. Input data is in terms of date-time-groups. Relatlon of
output to input is:

identification to engagement tiime = time of fire minus time
of identification

2. DIMENSION OF THE MTASURE: Interval -- Elapsed time in units of
of seconds, minutes, hours, or days. If multiple obscrvations are
made, the measure can be In the form of a mean or mecian time,

3. LIMITS ON THE RANGE OF THE MEASURE: Resolution of the measure
depends on precision of the timing. Output can assume any positive
valuec. A conventlion 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 componment of total reacticn time. It
represents the ability of a system to engage a threat once the threat
has been identified as a target.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure can distinguish
between altermative target acquisition systems concerning the timeli-
ness and value of targeting iuformation 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 detectiion

7. REFERENCES:
ACN 17874, Mechanized Rifle Company STANO Test
ACN 18837, OTE FAAR, Phase 1
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DETECT ION TO RECOGNITION TIME

1. DEFINITION OF THE MEASURE: Detection to recognition time is the
elapsed time from the moment of detecting a targer to the moment of
recognition. Recognition is defined as sufficlent information to
classify a target as elther a valid enemy target or not. Unit of
measure of input is time In terms of date-time group or as appropriate.
Relatlon of output to lnput is:

detection to recognition time = time of recognition minus time
of detection

2. DIMANSION 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 timz
when enough individual readings are taken.

3. LIMITS ON THE RANGE OF THE MEASURE: The resolution of the measure
depends on the precisjon of timing used. The output can assume any
positive value. Time measures are characterlzed 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 sssumad that the time from detectlon
to recognition is one of ths most critical components of acquisition

time. Some detectlon means furmish detection and recognition almost
simultanecously while somc detectors (such as unattended slesmic sensors,
unalded ears, and radars) usually have a long gap between detection and
any sort of recognition.

S. 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:
"~ Time to detection
Acquisition time
Range of recognition

7. REFERENCES:
ACN 17874, Mechanized Rifle Company STANO Test - 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
within criterion i X 100
total numver locations

percent correct locations =

2, DIMENSION OF THE MEASURE: Ratic -~ Qutput in terms of percent of
locations. Alternatively, the measure could be in the form of a
proportion or fractiom.

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 pevcent, inclusive, The resolution of the measure is limited

by the fineness of the criterionm.

4. RATIONALE FOR THE MEASURE: This measure addresses accuracy of
locating points, usually applied to locating of targets or cother
intelligence information. It is a part of the acquisition process,
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 THE MEASURE: The measure may be used in any

situation where accuracy of locating points is an issue. In tie 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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LOCAT ION ERROR TO RANGE RATIO

1. DEFINITION OF THE MEASURE: Location error to range ratic is the

quotlent of locatlion error divided by range. For example, if the

location error in a glven 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 dlstance and range difference, both g
measured in the same unit of measure, Relation of output to input is:

distance of error
range:observer to target

location error to range ratio =

2. DIMENSION OF THE MEASURE: Ratio -~ Output is a quotient, in terms of
a ratio (20:2,000), proportion (.0Ll), 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 pogitive, but in
circumstances under which positive and negative errors can compensate

for each other, the ratio could be positive or negative.

4, RATIONALE FOR THE MEASURE: 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 signlificance of the error to be considered.

-

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure 1s useful in any
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
Pet accurate locations

7. REFERENCES:

ACN 12944, Exploratory Examlination in Night Operations Fileld

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. DEFIMITION OF THE MEASURE: Mean error is the arithmetic mean of
all observed distances from reported 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 lccation to the true location. Relation of output
to Input is:

n
Y (each error distance from reported
location to actual location)
aumber of reported locations

nean error =

2. DIMENSION OF THE MEASURE: Ratio -- An aritnhmetic mean expressed in
texms 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 errozxr. The usefulpess
of the measure improves as the size of the denominator increases,

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 negatives 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
position,.

6. ASSOCIATED MEASURES:
Percent correct locations Proportion hits
Mean offset error Circular error probable

7. REFZRENCES:

ACN 14118, SEANITEOPS 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.

ACN 13233, Land Navigation Systems Troop Test, Jul 7O.
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PERCENT TARGETS ACQUIRED

1. DEFINITION OF THE MEASURE: Percent targets acquired is the percentage
of targets acquired out of all targets presented, Ac¢quired 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 acquired
number targets presented

percent of targets acquired X 100

2. DIMENSION UF THE MEASURE: Ratlo -- 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 THE MEASURE: This measure addresses effectiveness of
target acquisition directly. It subsumes detection, ldentification,
recognition, and location, and is therefore a more general measure for
overall comparison of acquisition systems.

S, DECISIONAL RELEVANCE OF THE MEASURE: The measure 1s suitable for
comparing altermative candidate acqulsition systems in amount of acqui-
sition., It would ordinarily be used in conjunction with measures of
accuracy and timeliness of acqulsition.

6, ASSOCIATED MEASURES;
Proportion of targets detected Mean error of acquisition ‘
Pct correct identifications Time to agquisition

Pct correct locations

7. REFERENCES:
ACN 17050, Tank Company STANO Test - May 72
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MEAN TIME TO ACQUISITION

1. DEFINITION OF THE MEASURE: Mean time to acquisition is the arirl-.
metlc average of the elapsed times to complete all successful acquisi-
tions. Acqulsition is defined as including detection, recognition,
jdentification, and location of the target, Input data are the elapsed
times for each completed acquisition, l?elation of output to input is:

Y (elapsed time each
successful acquisition)
number successful acquisitions

mean time to acquisition =

2. DIMENSION OF THE MEASURE: Ratioc -- 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 acquigition",

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 conditlions concerned. The output value can not
be dissociated from the clrcumstances 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,
successtul acquisitions and not to the expected time to acquisition
of a target., Since it subsumes other tims measures (such as time-to-
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 identificatlion
Expected time to acquisition

7. REFERENCES:

ACN 14118, SEANITEOPS Ground Field Experiment - May 70

ACN 07335, Ground Obgserver Probability of Acquisition Field
Experiment 31.1, Sep 68,

ACK 18288, Artillery Versus Moving Terget Follow-on (REACT)
Field Experiment 32.2, Jul 72,

ACN 17271, Abilivy to Adjust Artillery on Moving Materiel
‘fargets Fileld Experiment 32.1.

ACN 03067, IRUS Field Experiment 65.1, Aug 67.

ACN 16914, M60AL Add-on Stabilization Troop Test, Apr 72,

ACN M1144, Army Aircraft Surveillance Field Experiment 63.3,
Jun 66,
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PERCENT TIME TARGET TRACKED

; 1. DEFINITION OF THE MEASURE: Percent time target tracked is the total
: time a target is under observation, as a percentage of the total time

f 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: <

|
| n

i Percent time . _ZL (each elapsed time target under observation)xloc

| target is tracked time target leaves AQ minus time enters ™

. 2, DIMENSTON OF THE MEASURE: 'Ratio -~ output is a ratio in terms of
| percentage of time target exists as a significant taxrget. Several such
i . observations could be combined into a mean percent time, cr median.

§ 3. LIMITS QN THE RANGE OF 1HY MEASURE: The output may assume any value

J from zero to one hundred pevcent. The measure is often difficult tec take

( . because it sometimes reqt ires collecting a set of short elapsed times,
The measure 1s not as wmeaningful for stationary targets but is still valid.
Destruction of the tarpet wust be treated as '"leaving the AC'.

1

i

! . o

; 4. RATIONALE FOR THE M ACIIRY.: The measure directly addresses a relevant
g military issue in imtelligence, It is a true measure of effectiveness
i
1
{
|
!
i

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, 1In 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 ro detection
Probability of detection

3

i

{

]

i

|

1 7. REFERENCES:
4 ACN 17036, MASSTER III Test
i




PERCENT TARGETS ATTACKED

1. 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:

{number =ach type tgt attacked)

(number each type tgt presented X 100

pct tgts attacked = %%

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 tac-ical
reasons depreciate. the percentage. The output may vary from zero to
one hundred percent.

4. RATICONALE 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 te 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, 19¢&7
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COMBAT SERVICE SUPPORT

GENERAL
Percent time support available . .
Ratio support requests to completions . .

Document form effectiveness . . . . . . .

Amount of information conveyed . . . . . .
>UPPLY

Percent supply requestsmet . .

Percent supply requirements fu1f111ed .

Time to resupply . . . . . . . .

Time to required resupply . . . . . . .

Mean time internel distribution . . . . . .

Proportion ammunition remaining . . . . .
TRANSPORTATION

Percent transport requests met . . . ..

Proportion transportation requirements fulfllled
Percent run3 with payloads both ways

Evacuation rate . . . . . . . .
MAINTENANCE

Mean time to restore . . . . . .
MEDICAL

Mean medevac time . . . . . . . .

Percent casualties survlvxng .
Percent casualties returned to duty .
Mean time to return to duty |

Patient backlog |
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PERCENT TIME SUPPORT AVAILABLE

l. DEFINITION OF THE MiASURE: 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. (Z ¢; , , +tn) where n is the number of periods
of nonavailability. Relation of output to input is:

T -
pct time spt available = (% . . otp) 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
availability 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, Jndirect-fira.supposy, 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 MEASURES:
Pct (support) req's met
Support radius

7. REFERENCES:
No ACN -"Candidate Measures of Effectiveness for Air Strike

Systems, Naval Weapons Center #TP 4687, China Lake Cal., Sep 69
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RATIO SUPPORT REQUESTS TO COMPLET IONS

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: 'fhe measure is intended to
evaluate any support system. Support requests may concern supply,
transportation, maintenance, medical service, personnel or administrative
actions, legal or chaplain service, indirect fire support, engineer,

or reconnaissance.

6. ASSOCIATED MEASURES:

Percent supply requests met Proportion supply requirements filled
Percen: 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
cf cells on the form. Anmount of information is the total number of
options excluded. (See MOE entitled "AMOUNT CF TNIORMATION')., Number
of cells is the number of independent answers, zuch as blanks, boxes,
or checks. Relation of output to input is:

total number of options excluded
number cells

Document form effectiveness =

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 THE 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 account the length of the

form,

5. DECISTIONAL 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 MEASUKES: Amount of information. Reporting time.

7. REFERENCES: Article: '"Systems Approach to Effective Ducumentatiom,
Recent Research in Maritime Transportation, National Academy of Sciences
National Research Council Publication #592.,
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AMOUNT OF INFORMATION CONVEYED

1. DEFINITION OF THE MEASURE: Amount of informa‘.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-mater blocks excludes 995 options. A date excludes the
rest of the days in the total applicuble time period. In each answer
the options excluded equal the number of possible options (0.) minaus
one. The output is the sum of cptions excluded: ’

information = (0.i - 1) + (O2 - 1)+ ... (On -1

="(O1 + 0, ..r¥0n) -n
n

=1z Oq'- n
i=]l

2. DIMENSION (7 THE MEASURE: Intcrval -- the output is a positive
integer.

3. LIMITS ON THE RANGE QF THE MEASUREF: 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 inrormation conveyed, in terms of the total number of
erroneous possibilities ercluded.

5. DECISIONAL RELEVANCE OF THE MEASURE: The measure is applicable to
evaluating the amount of information conveved by a given information
system. It is most applicable to forms and standardized messages but
can be applied to free form presentations by cecunting the number of
independent points addressed.

6. ASSOCIATED MEASURES:
Document form Effectiveness
Time to decision
Options remaining

7. KEFERENCES:
None, this is a potential measure.
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PERCENT SUPPLY REQUESTS 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 wvalid supplv

requests made, and the number of these that are met. Relation of cut-
put to input 1is:

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 aot as refinea as pro-
portion of supply requirements met but is a simjier, less expensive
measure to takc.

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 cumbat 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 percentagze 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"” (D0OS) and the
amount supplied. Relation of oufput to input is:

amount of supplies met (in DOS)

N ' ) 3 .
pet supply req’s fulfilled 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.

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure can be used to
evaluate supply systems.

6. ASSQCIATED 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
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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 = completion time - start time

2, DIMENSION OF THE MEASURE: Iuterval measure -- output is in terms
of hours, minutes, or days, Sometimes used in the form of a ratic
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, coiumn, flight, or
urit 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
ugeful 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 materlel systems.

€. 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 Forwwrd Areas
(FAAR Study),

ACN 00004, A Method for Integration of Medical Accounting,
Reporting, Supply and Regulating of the Army in the Field
into ADSAF-CS3 Program.

ACN 11585, Division Logistics System Test

ACN 06930, Troop Test Froutier Shield, May 66
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TIME TO REQUIRED RESUPPLY

1. 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), amcunt
of ammunition expended, and elapsed time urnder engagement. Relation of
output to input is:

amount of basic load
amount ammno expended/elapsed time

time to required resupply =

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 denominater.

4, RATIONALE FOR THE MEASURE: This measure addresses the burden to
the resupply system. It may be thought of as required resupply fre-
quency or expected life of basic load., If resupply capability is fixed,
it is a measure of sustainability.

5. DECISTONAL RELEVANCE OF THE MEASURE: 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:
Ampunition expenditure rate
Percent of basic load expended

7. REFERENCES:
None; this is a proposed potential me' cure,
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MEAN 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 sn 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
nean time - z geach 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, RATIONALE 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
combat service support chain may be critical in tactical circumstances.

S, DECISIONAL RELEVANCE OF THE MEASURE: The measure 1s used to assess
a mnits internal =supply distribution system.

6, ASSOCIATED MEASURES:
Time to resupply
Percent supply requests met
Percent supply requirements filled

7. REFERENCES: I
No ACN, Reserve Components Revised ATT, USCONARC, Mar 72
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PROPORT ION AMMUNIT ION REMAINING

1. DEFINITION OF THE MEASURE: Proportion ammunition remaining

is the quotient of amount of amrunition remaining divided by

Initial amount of ammunition prior to a specifiad firing engagement.

Input may be in terms of rounds, tons, or stated "days of ammunition," N

Relatlion of output to input is:

- « amount ammunition remaining
proportion of ammunition remaining initial amount ammunition

2., DIMENSION OF THE MEASURE: ratio .~ 4 proportion in 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 conditions 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 ammunition indicates more ef-

ficlent firing.

~~

5. DECISIONAL RELEVANCE OF TIE MEASURE: The messure can be used
to compare competing firepower systems, alternative ammunition
supply systems, or even whole systems to the extent that this can
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

ST

i

1. DEFINITION OF THE MEASURE: Percent transport requests met is
the percentage nf all requests for vehicular or air transport made
by a unit that are met by the combat service support system. Input
data are the number of valid requests made and the number for which
transportation is provided., Relation of output to input is:

percent transport _ number of tramsport requests met
rejuests met ' number of transport requests

x 100

2, DIMENSION O THE MEASURE: ratlo -- output is a percentage in terms
of percentaye »{ requests

3, LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero
to one hunduvd percent. This measure is not very refined because it
treats all requests equally, ignoring differences in size and importajnce
and transportation needs in different requests. While it is not as
refined as proportion of transportation requirements filled, it is
simpler and less ¢xpensive to measure,

4, RAT IONALE FOR THE MEASURE: The measure is an indicator of how
effective the combat service support system is in meeting transportation
needs.

5, DECISTIONAL 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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PROPORT ION TRANSPORTAT ION 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 suitahle expression of
amount of cargo and distance., Relation of output to input is:

proportion transportation _ amount of transportation provided (payload x dist)

requirements filled ® amount of transporsation required (payload x dist)

2. DIMENSION OF THE MEASURE: ratio -- output is & pure number expressing
a proportion of requirements

3, LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zero
to unlty. If different types of payloads are involved, they must be
converted to a common denominator. Different payloads and different
distances must be summed.

4o 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 ls used to evaluate
service support systems. .

6. ASSOCIATED MEASURES:
Percent transportation requests moet
Percent moves within tlme 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 directlons, going out and return. Input data are the number of
transport runs dispatchea and the number of them that have payloads
both ways. Relation of output to input is:

percent runs with _-pumber of runs with payload both ways _ .,
payload both ways number runs dispatched

2. DIMENSION OF THE MEASURE: Ratic -- 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 9N 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 cutput

would ordinarily be expected to fall between 507% and 100%. A convention

must be established for vehicles or aircraft lost to tactical action.

4o RATIONALE FOR THE MEASURE: This measure addresses effectiveness
of a transportation system. Since a system that carrles a payload iIn
both directions 100% of the time is clearly et maximum dispatch effec-
tiveness, the measure is a true measure of effectiveness.

5, DECISIONAL RELEVANCE OF THE MEASURE: The measure is intended to
evaluste effectiveness of truck or aircraft transport systems. It
does not stand alone because this measure could approach 1007 by
delaying until a return payload is assured. It can be used in
conjunction with a time mcasure,

6. ASSOCTATED MEASURES:

" Time to mission completion Proportion of supply require-
ments met
Reduction in cube requiring Percent transport requests
transport filled
Parcent 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 JON RATE

1+ DLFINITION OF THE MEASURE: Evacuation rate is the numbtey of units
evacuated during a specified time perlods Input data are tie nuwnher
of items (casualties, disatled vehicles, weapons requiring vepair,
downed but recoverable aircraft, or refugees) evacuation and tie total
time required for evacuation, Relation of output to input is:

total number of (items) »vascuation

-uat by -
evacuation rate completion time of evacuation minus jtaxt time

2. DIMENSION OF THE MRAGURE: ratio -- output is a ratlo, suci =23 %
casualties per hour, four disabled tanks per day, 731l.l4 damsge iLiklas
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 lewnst cue
evacuation, and increases in usefulness as either the numerator or
denominator increases. Since a rate may change, the value can nat ha
dissoclated from the time period during which it was derived.

4L, RATIONALE FOR THE MEASURE: The measure addresses the capacity cof
an evacuation systam, such as a medical evacuation unit or a vehicle
maintenance towing elcment. Both amount and timeliness are taken Into

account,

5, DECISIONAL RELEVANCE OF THE MEASURK: The measure is used to evaluate
any evacuation system.

6, ASSOCIATED MEASURES:
Mean evacuation time

7. REFERENCES:
ACN 00004, A Method for Integration of Medical Accounting,

Reporting, Supply and Regulating of the Army Iin the Field
into ADSAF - CSq Program

ACN 10225 - RPAD Organization: Litter Bearer Requirements,
Oct 66
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MEAN TIME TO RESTORE

1. DEFINITION OF THE MEASURE: Mean time to restore (MITR), sometimes
called "mean time to repair" is the average elapsed time to restore to
service a failed materiel item, Input data are the elapsed times and the
number of failures restored. Relation of output to input is:

n
MTTR = .oa (each elapsed time to restore)
number restorations

2. 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 MFASURE: The output may assume any posi-
tive value, The measure is meaningless until there has been at ieast one
restoration, and increases in usefulness as the number of restoratiocus 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 restoraticn so that time to restore is to repeir
or replacement, whichever comes first.

4. RATIONALE FOR THE MEASURE: This measurec addresses the timeliness
aspect of a maintenance system directly,

5. DECISTONAT, RELEVANCE OF THE MEASURE: The measure is usually used to

evaluate maintenauce systems but can also be used to compute maintenance
requirements.,

6. ASSOCIATED MEASURES:
Failure rate
Mean time to failure

Propurtion maintenance float availsble
Percent maintenance requests met

7. REPERENCES:
~ ACN 10698, Automatic Data Processing Techniques to Support Army
Aircraft Maintenance for the Army ia the Field, Jun 67
ACN 11585, Division Logistics Systems Test, Jul 69
ACH 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 Shield
No ACN - System Effectiveness Status Report (PERSHING)
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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MEAN MEDEVAC TIME

1, DEFINITION OF THE MEASURE: Mean medevac time is the average
elapsed time required to evacuate a casualty from the site of injury
to the poilnt of first medical treatment. Input data are time zach
casuglty reaches treatment (tt), time each casualty is inflicted (tc),

and the number of casualties (n). Relation of output to input is: »
n \
- t -
meen medevac time = Z(EE = “c) ?
n k.
2. DIMENSION OF THE MEASURE: Ratio -- An aversge in terms of ' ]

avecage time,

el uftiarat

3., LIMITS ON THE RANGE OF THE MEASURE: The output can assume any 3
positive value. Observed values have ranged from a mean medevac time
of 14 minutes in Vietnam opcrations (1965-67) to over two hours in the
WW II Ttalian campaign (1944). The resolution of the measure depends
on the precisjon of time measurement and the application usefulrness
increases as the denominator increasges,

I R

4, RATIONALE FOR THE MEASURE: The measure addregses timeliness of
the nmedical evacuation system directly.

4

S. DECISIONAL RELEVANCE OF THE MEASURE: The measure is used to K
evaluate medical evacuation systems. p r
['] ' -y

v §

6. ASSOCIATED MEASURES: Evacuation rate. = 4

e P g e T AR e, et S valetotn,

i

7. REFERENCFS:
~ ACN 06930, Troop Test Frontier Shield, 1967.
ACN 10225, ROAD Organization: Litter Bearer Requirements, 19.7.
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-CS3 Program,
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1. DEFINITION OF THE MEASURE:

' of percentage of casualties

PERCENT CASUALTIES SURVIVING

all casualties taken that survive to the end of a specified observation
period, Input data are the number of casualties and the number of
cagualties expiring. Relation of output to Input is:

] e 10 8 ek 2

desd e A

Percent surviving 1s the percentage of

to one hundred percent, but is

constrained by the number of casualties

1

percent casualtles _pumber of casualties minus number expiring ,.q {

surviving number of casualties i

2, DIMENSION OF THE MEASURE: Ratio -- output is a quotient In terms j
3, LIMITS ON THE RANGE OF THE MEASURE: The output may vary from zerec 1;!

who receive irreparably mortal

surviving is always ultimately zerc, the time period observed must be

stated,

4. RATIONALE FOR THE MEASURE:

of a medical system., It has obvicus military significance in terms of

conservation of forces,

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

wounds. Since the cumulative percent

The measure indirectly addresses quality

compare alternative medical systems under the same circumstancese

( . 6. ASSOCIATED MEASURES:

Percent casualtieos returned to duty

Mean medevac time

7. REEERENCES:

ACN 06930 -~ Troop Test Frontler Shield, 1967
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PERCENT CASUALT IES RETURNED TO DUTY

1. DEFINITION OF THE MEASURE: Percent casualties returned o duty is
the percentage of all personnel becoming casualties who are returned

to duty within the time observed. Input data are the number of casualtles
and the numher of casualties returned to duty,.Relation of output to input

is:
number of casualties returned to duty x 100
number of casualties

percent returned =

2, DIMENSION OF THE MEASURE: Ratlo -~ 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 s 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 tlime, 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 lssue.

6. ASSOCIATED MEASURES:
Mean treatment time
Percent casualties surviving

7. REFERENCES:
ACN 00004, A Method for Integration of Medical Accounting,
Reporting, Supply, and Regulating of the Army in the Fleld

into ADSAF - CS3 Program
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MEAN TIME TG RETURN TO DUTY

1. DEFINITION OF THE MEASURE: Mean time to return to duty (or, mean
treatment time) is the arithmetic average of all times spent by casual-
ties in the medical system, excluding these net returned to duty. In-
put data are the date of onset of wound, injury, or illness (ci) and

the date returned to duty (ri) of each easualty, and the number of
casualties (n). Relation of output to input is;

n
= I (ti - Ci)
i=1
n
2. DIMENSION OF THE MFASURE: Ratio -~ Output is an average in terms
of average number of days.

mean treatment time

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
take into account those casualties never returned to duty, and two, it
is difficult to interpret whether a low value is desirable or not.

4, RATIONALE FOR THE MEASURE: The measure is based on the theorem
that the sooner a medical system returns casualties to duty the better
the system is supporting a force. It has to be noted, however, that
it might also mean inadequate treatment is being given.

5., DECISIONAL RELEVANCE OF THE MEASURE: The weasure is an indivect
indicator of the cffectiveness of a medical system. Due to its weak-
nesses it cannot be used alone, but would have to be used in comjunction
with other indicators such as percent patients surviving.

6. ASSOCTATED MEASURES:
Percent casualties surviving
Percent casualties returned to duty
Mean patient backlog

7. REFERENCES:
None - this is a potential measure
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PATIENY BACKLOG

1. DEFINITION CF THE MEASURE: Patient backlog 1s 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:

' patlent backlog = (nr patients admitted) - (nr putlents capacity)

in terms of number of patients., Alternatively, data could be taken
over time to compute a ratio measure such ar mean patient backlog,
expected patient backlog or peak patlemt backlog,.

|
E : 2. DIMENSION OF THE MEASURE: interval -- output ls a number count
1

; 3, LIMITS ON THE RANGE OF THE MEASURE: The output may be zerc or any
positive or negative integer. In ratio form it may be fracticnal.

| 4, RATIONALE FOR THE MEASURE: The measure addresses effectiveness
ﬁ : of a medical treatment center in terms of treatment in relation to
|
!

requirement.

S. DECISIONAL RELEVANCE CF THE MEASURE: The measure is used to
evaluate a medical treatment system.

’ 6. ASSOCIATED MEASURES:
Casualties restcred to action
w Casualty treatment rate

7. REFERENCES:
AGN 00004, A Method for Intergration of Medical Accounting,
Reporting, Supply and Regulating of the Army in the Field
into ADSAF - C5, 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, EXPERIMENT3 AND EVALUATION, 19 March
1968,
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A MATHEMATICAL THEORY OF SYSTEMS ENGINEERING--THE ELEMENTS,
A, Wayne Wymore, Wiley and Sons, Inc,, New York, New York, 1967.

DIMENSIONAL ANALYSIS, Revised Edition, P, W, Bridgman, Yale
University Press, New Haven, Connecticut, 1948.

FOUNDATIONS OF MEASUREMENT, Volume 1, D. H, Krantz, R. D. Luce,
P. Suppes, A, Tversky, Academic Press, New York, New York, 1971.

INTRODUCTION TO OPERATIONS RESEARCH, €. West Churchman, et al,
Wiley and Sons, Inc,, New York, New York, 1957.

INTRODUCTION TO SCIENTIFIC MEASUREMENT, Robert Hooke, Holden-Day,
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MODERN ELEMENTARY STATISTICS, 2nd Edition, John E. Freund,
Prentice-Hall, Incorporated, Englewcod Cliffs, New Jersey, 1960.
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Siegel, McGraw-Hill Book Company, Inc., New York, New York, 1956.

OPERATIONS RESEARCH--METHODS AND PROBLEM3, Maurice Sasieni,
Arthur Yaspan, Lawrence Friedwan, Wiley and Soas, Inc,, New York,
New York, 1959.

STATISTICAL THEQRY AND METHODOLOGY IN SCIENCE AND ENGINEERING,
2d Edition, K, A. Brownlee, Wiley and Sons, Inc,, New York, New
York, 1965.

THE FOURTEEN SYSTEMS OF UNITS, 2nd Editien, W. R. Varuner, 0, S, C.
Cooperative Association, Corvallis, Oregon, 1948.

THEORY OF GAMES AND ECONOMIC BEHAVIOR, John Von Neumann and Oskar
Morgenstern, Princeton University Press, Princeton, New Jersey,
1953,

THEORY OF MEASUREMENT, J. Pfanzagl, Wiley and Soms, Inc,, New York,

New York, 1568.
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JOURNAL ARTICLES

"MEASUREMENT STRUCTURES AND PSYCHOLOGICAL LAWS," David H, Krantz,
SCIENCE, Vol 175, No. 4029, 31 March 1972,

"ON THE OPERATION KNOWN AS JUDGEMENT," AMERICAN SCIENTIST, Vol 54,
No. &4, 1966, o

YPRINCIPLES, PROBLEMS, MODELS AND ENGINEERING," H, E, Hoelscher,
RESEARCH/DEVELOPMENT Magazina, December 1966,

“"THE MEASUREMENT OF COMBAT EFFECTIVENESS," Philip Hayward,
OPERATIONS RESEARCH JOURNAL, Vol 16, No, 2, March-April 1968, -
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A PRIMER OF COST EFFECTIVENESS, William H., Sutherland, Research
Analysis Corporation, McLean, Virginia, RAC-TP-250, April 1967.

GUIDE FOR REVIEWERS O STUDIES CONTAINING COST-EFFECTIVENESS
ANALYSIS, I. Heymont, et al, Research Analysis Corporation,
McLean, Virginia, IR-240, July 1965,

MATHEMATICS OF MILITARY ACTION, OPERATION AND SYSTEMS, Department
of the Army Pamphlet No, 70-5, January 1968,

METHODOLOGY NJTEBOOK FOR ACTION OFFICERS, 2nd Edition, United
States Army Combat Developments Command, May 1967.

METAODOLOGY NOTEBOOK FOR ACTION OFFICERS, PART II, Revised
Edition, United States Army Combat Developments Command, Combat
Support Group, March 1970,

OPERATIONS RESEARCH/SYSTEMS ANALYSIS GLOSSARY, Operations Research/
Systems Analysis Executive Course, US Army Management School,
Fort Belvoir, Virginia, AM-605-~N,1, May 1968,

SYSTEMS - ANALYSIS AND COST EFFECTIVENESS, Headquarters, Department
of the Army, Office of The Adjutant General, Letter 23 April 1964,
Major General J, C, Lambert, AD 450411.

TROOP TEST METHODOLOGY GUIDE. Fred K. McCoy et. al., Technical
Operations Inc., CORG-M-305, October 1967
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PROCEEDINGS ARTICLES

PROCEEDINGS OF THE UNITED STATES ARMY OPERATIONS RESEARCH SYMPOSIUM,

T e e e e e et

21-23 May 1969, Durham, North Carolina.

---"On The Use of Models in Interpretation of Data and the Use of
Data in Interpretation of Models" by John P, Mayberry.

-~<"The Relative Kill Productivity Exchange Ratio Technique' by
John Spudich.

PROCEEDINGS OF THE UNITED STATES ARMY OPERATIONS RESEARCH SYMPOSIUM,
26-28 May 1971, Durham, North Carolina.

~--="Performance Analysis of Proposed Materiel QOptions" by Channing
L. Pao.

~~-"Measures of Effectiveness for Army Communication Systems" by
Daniel S, Lynch,

-~="Measures of Effectiveness for Indirect Fire with Non-nuclear
Artillery Weapons" by John A, Blomquist,

---"Measures of Effectiveness for Surface to Air Weapons" by
Harry X. Peaker,

«~="The Concept of OUpportunity'" by Robert W. Blum,

=~-YHuman Engineering Measures of Effectiveness of System Performance"

by aAndrew J, Eckles, III.
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STUDIES ANALYZED FOR MOE

"US ARMY COMBAT DEVELOPMENTS STUDIES

R T o i i = “Eoiay e i

ACN TITLE
; N 3067.1 CDCEC Experiment 65.1, Infantry Rifle Unit Study 1970-
i 75 (IRUS), Phase I, 15 Aug 1967.
‘ 3067.2 CDCEC Experiment 65.1, Infantry Rifle Unit Study 1970-
! . 75 (IRUS), Phase IIB and IIBX, July 1965,
TE
B 1144V CDCEC Experiment 63,7, Lethality Probabilities of Forward
. Area Radar Controlled Air Defense Weapons Against Army
o Adrcraft, 1 Jun 1967.
i i
v M-1144 CDCEC Experiment 63.3a, Army Aircraft Survivability,
: § UH-7B/M22 Weapon System Evaluation, June 1966.
P
i 1144 CDCEC Experiment 63.6, Army Aircraft Survivability-
(I Visually Sighted Weapons.
; é 1514 The Operational Effecciveness of Vapor/Aerosol Weapons
Iy Systems (USACDG-CEBR)
i :
! ( 2627 CDCEC Experiment 60.3, Operaticns in a Toxic Environ-
i . ment, Interim Report, April 1968,
w { E M3523 CDCEC Field Experiment 65.4, Small Arms Weapons Systems
B (SAWS), Parts I and II, May 1968.
{ _¥ 3598 CDCEC Experiment 65,5, Repetitive Area Search-Moving
| ¥ Target Indication (RAS-MTI), Radar Concept Field Evalua-
oy tiun, Project Michigan, August 1965,
J é 7385 CLCEC Experiment 31.1, Ground Observer Probabilities of
5 Acquisition/Adjustment, September 1968,
v
. :
i

7395 CDCEC Expeviwment 31,1, Target Acquisition Performance
by Ground Observers - A Physica) Interpretation, July 1968,

, 71769 " CDEC . Experiment 71.1, Evaluation of Night Vision
Equipment I (ENVE 1), September 1966.

e sl

7769 CDEC Experiment 72.9, Evaluation of Night Vision Equip-
ment I1 (ENVE 1I), September 1968.
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ACN

7769

00002

00004

00007

00008

00009

00011
00014

00079

00136

00137
00240
00244

00264

00284

00856

00874

TITLE

CDEC Experiment 72,10, Evaluation of Night Vision
Equipment IIX (ENVE IIT), December 1968,

Medical Workloads Resultant from Combined Effects of
Chemical, Biological, Nuclear, Improved Conventional
and Sophisticated Weapons,

A Method for Integration of Medical Accounting Reporting
Supply & Regulating of the Army in the Field into ADSAF-

CS3 Program,

Patient Evacuation Systems Phase I Effects of Varying
Evacuation Policies Upon the US Army (4 uncl vol and
1 (8) vol)

Inspection of Qperational Rations

A Method of Evaluating the Relative Effectiveness of
Field Army Medical Systems - Phase IV USACDCMSA 64-2,

Army Aeromedical Evacuation,
Universal Hospital Organizational Base

Field Evaluation, Combat Support Hospital, TOE 8-123,
USACDC Medical Service Agency.

Calibration Service in the Army in the Field 1965-
1970 Revised,

APP ADPS Gen Eqt Mte CCIS~70.
POL Operations in the Field Army, 1965-1970 /u/.
Supply Functionalization in the Army in the Field,

Computer Assisted Simulation of Supply & Related
Systems,

Ground Effect Machines/GEM/Operational Requirements,

A Method of Evaluating the Relative Effectiveness of
Field Army Medical Support Systems Phase V,

Postal Management of Official Mail for the Army 19(5-70.
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ACN

00876

00878
00890

0899

00901

00904

00974

00983

01647

01681

01696

02330
02739

02747

02869

02874

02881
02894
02908

TITLE
Personnel Management Support of the Army in the Fileld,
1965-70 Administration of Officer & Enlisted Efficilency
Reporting Combat Conditions.
Postal Services for the Soldier, 1965~70.

Extension of Personnel Management ADPS to Theater Level.

The Impact of the Radioactive Environment Upon Traditilonal
Chaplain Ministry.

The Impact of Indigenous Religion Upon US Military
Operations Under All Conditions of War.

Composition, Jurisdiction, Procedures and Policies of
Civil Affairs Tribunals.

Troop Test, Light Armor Battalion.

Troop Test (TT), Armor Units Limited Visibility Operatioms,
1966.

Organizations and Operational Concepts for Meteorological
Service in Support of Army Tactical Operations. (Mat
Services) 1965-70, CE Agency, 1969.

The LANCE Operational/Cost Effectiveness Study (CDCFAA).

Doctrinal Position of the Chaplain in Civil Affairs Units
in the 1970-75 Time Frame.

Subsistence and Food Service for the Army in the Field.
Intermediate Staging Areas for Airborne Operations 75.

Theater Army Communications Systems Requirements, 1965-
70 (TACS-70)}, Vol I-III.

Development of a Military Pay System for Army in the
Field 1970.

Troop Test: Overall Effectiveness of Artillery
Organizations, Doctrine and Concepts, Aug 65.

Financilal Accounting for the Army in the Fieid.

Graves Reglstration DPS Requirement Army in the Field 1970.

Field Army Requirements for Tactical Communications
(TACOM), Oct 66.
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02950

02955

03010
03025
03062

03123

03124

TITLE
Legal Implications of Projected Automation of Personnel
and Administration and Logistics Operation in Support of
the Army in the Field,

Economic and Public Finance Functions of the Finance
Corps /U/

Troop Test, Road Brigadein Counterguerrilla Activities
1965.

Infantry Rifle Unit Study - 1975,
Army Ailrcraft Ground Support Equipment,
Shelter Requirements for the Army in the Field,

The Supply and Maintenance Command, TASCOM/Input CSSG
63 - 6 TASTA.

USACDCJAA 65-3, Requirements for Judge Advocate Personnel
and Legal Service Support in the Conceptual Framework,
The Administrative Support, Theater Army 170/TASTA-70.

AG Functional Support to ASCOM and FASCOM.

Personnel Command & AG Operations 1970.

Medical Command, TASCOM Medical Brigade, FASCOM,

TASTA 70 Chaplain Support

Headquarters Units, TASTA-70,

Troop Test Evaluation of Road Organizatioms, 1967,

Amunition Service, FASCOM.

Requirements for Types of Judge Advocate General Service
Organization.

Comptroller Service TASTA-70,

Application of Automatic Data Processing Techniques to
Movements Management,

Supply and Field Service Support, FASCOM.
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03353 POL Service FASCOM/QMA 65-9/Input to TASTA 70.
03368 Maintenance Support FASC®R{ TASTA 70.
03434 LANCE Cost~Effectiveness Study.
03451 Troop Test, Bngineer Combat Battalion, Alrborne
TOE 5-195T, 1969,
03498 Small Arms Weapons System Study,
04286 Denial of Nuclear Weapons-Army 75, Jul 67.
04584 War Game TASTA 70 Mid Intensity.
04722 Maintenance of ADPE Within Elements of 7. Army in the
Field - 75,
04907 Doctrine for Chaplain Opns in Combined Unified Joint
Task Forces and Subordinate Component Commands,
05403 Rifle Evaluation Study (CDCIA).
05443 Dymamics of Firepower and Maneuver Phase II (CDCIAS).
03546 Troop Test, Army Air Mobility Evaluation (ARAME), 1965.
06073V Troop Test, Waterbucket II, 1966,
06081 Troop Test, Troop Acceptability Test, Army Small Arms
Weapon Systems,
06396 Field Artillery Camnon Nonnuclear Ammunition Study.
06488 Artillery (1970-1975).
06492 Courmunications-Electronics-75, Sep 68 & Mar 69,
06497 Transportation 75.
06498 Medical Service 75 (Executive Summary).
06500 Maintenance 75,
06501 Supply 75.
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06502
06503
06505
06534

06557

06819

06841

06930

07297

07298

07344
07346

07356

10225
10589

10698

10784
11161

11360

11585

TITLE
Personnel & Administration 75/70-75.
Chaplain Support 75.
Judge Advocate General 75.
The Transportation Service TASTA-70/Revision.

Medical Implications of Chemical and Biological
Operations/U/ Substudy 5, Mandrake Root.

Sensitivity Analysis of Theater Evaluation Policy/
Cargo Project 67-23,

Army Logictic Support Concept - Air Lines of
Communication (LOG-ALOC II).

Troop Test, Frontier Shield, 1967.

Integration of the Centralized Army Military Pay
System into CS3 ADSAF.

Application of Automatic Data Prccessing Techniques
to Ammunition and Missile Maint for the Army in the
Field.

CASSARS ALOC.

Optimum Mix of Artillery Units (1971-1975).

Tank, Antitank, Assault Weapon Systems Requirement
Study, Phase III.

Litter Bearer Requirements Road Organization.
Area Optometric Support of Nondivisional Units.

Automatic Data Processing Techniques to Support Army
Aircrafr Maintenance {or the Army in the Figld.

Troop Test REDEYE/Interim, 1967.
Troop Test, Underwater Reconnaissance.

Hostile Observation Satellite Study (HOSS), CORG-M-381,
Jul 70.

Organizaticn and Operation of the Division G4 Section
Standardized Division G4/DISCOM Commander Relationship
Worldwide.
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116790

12417
12634

12634

12655
12757

12944

13105
13114

13208

13233
13313
13359

13361

13547

13708

13921

TITLE

CDCEC Experiment 72.2, Reduction of Noise Level of
Operational Aircraft Experiment (RENO), 11 Dec 1967.

Land Combat System I (LCS-1), USACDC ILC, Nov 70.

Nuclear Warfare Operations 1970-75 (NUWAR) USACDC ILC,
Nov 69.

War Games Nuclear Warfare QOperations 1970-75 (NUWAR),
USACDC ILC, Nov 9.

The Army Calibration Program,

Secondary Armamant for the Main Battle Tank (MBT-70).
CDCEC Experiment 71.4, Exploratory Examination in
Night Operations with Available Night Vision Devices,
June 1968,

CLEC Experiment 21,9, XM-19 Evaluation, June 1972,

Court Reporting in the Army in the Field.

Application of the CASSARS Simulation to an Evaluation
of the Scheduled Supply Concept (Phase 1),

Troop Test, Land Navigation Systems (GAN/MAN), 1971.
The Chaplain's Role as Related to Soldier Motivation,
Conversion of FORTRAN Assembly Programs (FAP) to A.
Determination of Procedures to Insure Continuity of CSj3
Automatic Data Processing Operations Within the Army in
the Field, 1970-1975, (short title: ©€S3 CON OPS) Vol I
Final Draft Report.

Cost Effectiveness Study and Trade-off Analysis for
Cs3.

TACFIRE Cost Effectiveness Study.

Examination of the Logistical Support Operations for
an Independent Brigade,
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13964

13966

13986
14055

14118

14309

14689

15137

15353

15724

15758

15961

16043

16149

16277

16430

| IILLE

Integration of Direct ?upport (DS) Aviation Maint'nance .
Units, . .

Satellite Communications Potential for Army 19 -85
Study, 5 Feb 69. Loy oy

Dynamics of Fire snd Mar._aver (CDCIAS) = % <y
Project HIGHGEAR, USACDC ILC, Aug 68. .

CDCEC Experimenc 72,8, Southeast Asia Night OperaLlons

Ground (SEANITEOPS-GROUMD), 15 May 1970, e

Prevention and Control of Communicable Diueases oi o
Animals, :

Analysis to Identify Non-Divisional TOE Combat Servi-ze
Support Units Requiring Magnetic l.edger Card Svstems,

Support of Airmobile Operatiors through Destruction of
Enemy Air Defense Systems,

CDCEC Experiment 7..5, Ficld Evaluatinn High Gear,
June 7969, '

Optimum Mix of Artillery Umits (1975-1980) (LEGAI, MIX IV).

ASARS 1, Army Smcll Arms Requirement Study, Vol IV,
June 1970.

CPEC Expariment 11.6, Fire Effectiveness Evaluation;
SHILLELAGH Missile/105-mm APDS, June 1969.

Systematic Inteogration of Training & Doctrine (SITAD),
Program Change Request (PCR) for Tactical and Suppurt
Vehicles; and Compendium of Doctrinal Basis Zor Bigh

Mcbility Vehicles for Forward Area Unit,

Tactical Satellite Communications (TACSATCOM) Cost
Effectiveness Analysis, 6 May 69.

Responsibility for Developing and Documenting Logistics
Procedures,
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! g? 16494 ‘Cost Effectivencss Analysis for Food Service System.
; . %g . 16495 ‘Femily of Army Vehicles Study (FAVS) Vol 1 and 2,
! . .16710 “Examination of Modified ASTRO Mechanized Infantr
RS Di Y
. v ¥ : vision.
- 1) i
o i 16819 STANQ I1I, Pert I Test, Fort Bragg, N, C., Dec 69,
'5 ‘ 3 y ' 16472 STANQ Systems Assessment Model Scenario 1A Ipitial
; g ‘Report, USACDCSAGP TR 6-71, October 1971,
! A .
, £ 16914 Troop Test, M60AL Add-on Stabilization System, 1972,
~ i L. : . ’
tod o " 16975 Airborne STANO Systems, Part I1I, Test.
. ; i 17018 * Antitank Weapons Systems Requirements Study,
i
. v 170356 MASSTER I1I Test Reporxt, Vol 1I, MASSTER, Fort Hood,
% { -Texas, Oct 71,
‘i i 17050 .. Tank Company STANQ Subsystem Test, May 72. p
' ; : 17073 "Mrcraft Refueling and Rearming in Forward Areas \
- & . A : : .
! X & - (Short Title: FARK) 2 Vol,
. ¥ .
S ? 17255 Tire Repair/Retread Doctrine.
o ]
- ' £
T ; 17271 CDCEC Experiment 32.1, Ability to Adjust Artillery on
B i CLE o Moving Targets, May 1970,
! é 17781 CDEC Experiment 42,2, Prc:ision Position Locator System
1 {PPLS), June 1971,
P -
= g 17939 Support of An Air Mobile Division (SAM).
{ ,
! L - 17408 Tactical Satcllite Conmunications (TACSATCOM) Cost
{ f Effectiveness Analysis Study, 15 Apr 71,
( : ' '
A - 17494 Development of a Divisional War Game Model, Vol 1I,
| % » “ December 1971,
< 3
b % 17617 USACDCEC Field Experimen: 43,5, Basic Attack Helicopter
L % Team (BAHNT), February 1971.
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17874
17964

17954

19764

18170

18171

15288

18490

18728

18837

N/N

N/N

N/N

N/N

TITLE

Mechanized Rifle Company 5TANQ Subsystem Test,

Mar 72,

A Const/Logistics Analysis of Disposable and Nondis-
posable Eating Utensils in a 12-Division Theater Army

Force g y
TOE Manpower Authorization 3tandards and Criteria
for Warchousing :
Cost/Effectiveness Analysis of Honeycomb Airdrop i ! )
CDEC Experiment £2.10, Optimum Flight Profile, AN/JIH- t
6(V) Public Addrecs System (ALOUD), August 1971,
CDCEC Field Experiment 43,6, Attack Heliconter -
Daylight Defemnse, Interim Report, Decembex 1971, . |
CDCEC Field Experiment 32,2, Artillery Versus Moving |
Target Follow-on (REACT), July 1972 (Interim Report). 4
Field Evaluation of the Modified Army Strategic and %
Tactical Reorganization Qbjectives (ASTRO) Mechanized ]
Division in Mid-Intensity Environment, 1971, o .
\ 'l L
STANO Survey and Review (STASAR), Nov 71, (\.J
OTE FAAR Phase I, Apr 72. S
CDCZC Experiment 65,2, FIR MAN, DRC #AD-383257L, Jan 65,
Conmanders' Surveillance and Target Acquisition Informa- r
tion Needs (CSTAIN), 1972-76, Mar 72, L
MASSTER Iwproved Acousiic Locator System Test Report,
Vol 11, 22 Mar 72. }
Personnel Risk and Casualty Criteria for Nuclear Weapons
Effects, USACDC Nuclear Agency, 2 Aug 71, 3
CDEC Experiment 21,13, LIVFIR Methodology, September /1. -
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A Compendium of Design Considerations for Counterinsurgency (COIN)
Adrcraft, AFIT Technical Report, 1969,

A Model for Cost LRffectiveress Evaluation of Counterbattery Target
Acquisition Systems, Cornell Aeronautical Laboratories, Report
No: 116G 20801-D-38-04, dated 29 November 1965,

AMCOA-113, System Effectiveness Status Report (Pershing) 10 Feb 72.

A Study of Measures of Effectiveness Used in Naval Analysis Studies;
Ultrasystems, Inc,, Newport Beach, California, lst Year Report,
29 February 1972.

Base Measures for Comparing the Effectiveness of Conventiongl
Weapons. Rand Corp No; KM 4647 PR, Jan 66.

Candidate Measures of Effectiveness for Air Strike Systems, Naval
Weapons Center, China Lake, Califormia, September 1969, NWC No,
TP 4687,

1D 19678B. Effectiveness Analysis of Equipment Mixes for Epgineer
Units, pp. 213~219,

Exercise HELL TANK, UK Ministry of Defense, Defense Operational
Analysis Establishment, Memorandum No.2/69, dated Jan 69 (8).

Measuring Combat Effectiveness of a Forward Area Recounaissance/

Surveillance System. General Dynamics/Corvair Corp. No: ERR-AN-845,
31 Dec 65,

Parametric Desigi/Cost Effectiveness Study for a Mechanized Infantry
Comhat V¢hicle-1970. Cornell Aeronautical Laboratory Report No:

GM 2144~H-1la, November 1966 (US Army Weapons Command Contract:
DA-11-199-A1C-651 (U)).

Proccedings of the Third NMC System Performance Effectiveness
Conference, 1967,

Project ATTACK - Casualties as a Measure of Loss of Combat Effective-
ness - World YWar 11 Experience, John Hopkins University No:
ORO-T-289,

Small Independent Action Force, Vertex Cuvp., Nov 71,
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*Some Aspects of a Comparison of Shipboard Cranes and Burtoning Gear
in Service," Recent Research in Maritime Transportation, MNational
Academy of Sciences, National Research Council, Publication #592,

pp.. 111-113,

Study of Weapons Effectiveness Assessment Concepts, Alr Force

Atmament Laboratory, Air Force Systems Command, Elgin Air Force
Base, Florida, Technical Report AFATL-TR-67-54, May 1967. Sy
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"Survival Effectiveness for Hardened Facility Systems," John J, Healy,
Proceedings of the Tenth Annual US Army Operations Research
Symposium, ,

TPy S,

"Systems Approach to Effective Documentation,'" Recent Research in ) o
Maritime Transportation, National Academy of Sciences--National : !
Research Council, Publication #592, pp. 91-110.

The Domain of the Ground Effect Machine (The Determinatjion of
Physical and Operational Characteristics of Military Overland, 4

Amphibious, and Marine GEMS from World-Wide Environmental Criteria),
Office of Naval Research, Contract No: Non r 3375(00).
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The Value of Life in Combat Risk Situations: a feasibility study.
American University, 30 September 1968,
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TECHNICAL REPORTS

A THEORETICAI BASIS FOR THE CONCEPT OF EFFECTIVENESS, William L,
Harrison, Jr., United States Naval Postgraduate School Thesis,
October 1966,

CONCEPTS ASSOCIATED WITH SX§TEM EFFECTIVENESS, E, L. Walker and Riley
C. Horne, Jr., ARINC Research Corporation, Washington, D, C.,
Monograph No. 9, Jaly 1960,

PREDICTING ERROR PROBABILITIES FOR A FUNCTIQON OF MEASUREMENTS BEFORE
THEY ARE TAKEN, Helen D, Nelson, United States Army Electronics
Command, Fort Monmouth, New Jersey, EDL-M109L, April 1967,

SENSITIVITY OF GROUND COMBAT MODELS TO WEAPONS MIXES, Sherburne
Wnipple, Jr., Research Analysis Corporation, Mclean, Virginie,
RAC~TP-377, December 1969,

TESTING, ANALYSIS, AND DECISION MAKING, F. A. Tatum, The RAND

Corporation, Santa Monica, California, P-3107, AD 616726, April
1965,

THE APPLICATION OF STATISTICAL METHODS TO THE DESIGN AND ANALYSIS
OrF EXPERIMENTS, D. 8, Stoller, The RAND Corporation, Santa Monica,
California, P-646, AD 604645, March 1955,

THE ROLE OF DESIGN IN EXPERIMENTAL INVESTIGATION, Carl B. Baies,
US Army Combat Developments Command Systems Analysis Group,
Fort Belvoir, Virginia, TP-1-72, January 1972, AD 737688,
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UNPUBLISHED PAPERS

A MATHEMATICAL THEORY OF MEASURES OF EFFECTIVENESS, by David L,

Bitters, United States Army Combat Developments Command
16 November 1970,

CONTROL,_ELEMENTS IN THE MEASUREMENT OF EFFECTIVENESS, HQ United
States Army Combat Developménts Command, 1971. ’

QUANTIFIED JUDSMENT METHOD FOR EVALUATING COMBAT EFFECTIVENESS FROM
HISTORICAL DATA, Historical Evaluation and Research Organization,
Dunn Loring, Virginia 1971,

THE _COMBAT EFFECTIVENESS AND COST ANALYSIS - AN AID TO DECISION
by David Hardison, United States Army Combat Developments Command

Revised March 1968,
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Alternative MOE
Analogic Model
Appropriate MOE
Analytic Model
Associative MOE
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Confideace Statement of MOE
pefinition of MOE
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pimensionality of MOE
grrors in MOE
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Implications in MOE
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Measurement Scale of MOE
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MOLE

MOE

MOE
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MOE
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MOE
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Analogy with Physical Measures
as Coasequence Indicators

as an Average Probability

as Empirical Laws

Composited

Credibility

Criteria

in Cost-Effectiveness Analysis
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in Modeling

in Numerical Form
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Principle Rules for Formulating MOE
Probabilistic Model
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Process of Measurement of Effectiveness
Qualitative MOE
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Random Error in MOE

Ratio MOE

Rationale of MOE
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Reliable MOE

Risk in MOE

Scientific Process in MOE
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Statistical Tests of MOE
Structuring MOE
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ANNEX C

MATHEMATICAL, REPRE INTATION OF THE HIERARCHICAL STRUCTURE OF

MEASURES OF EFFECTIVENESS

1. 7The appropriateness of selected measures of effectiveness depends
upon the level of decision and level of objectives, Thus there is a
hierarchy of wmeasures of effectivemess for Army studies.

These can be expressed in seven levels represented 1. functionally as
follows:

{a) Politlcal Level
E=a global weasure of natiounal security
E-F (H’.' LN ] .Mi Yo -M“)
“{b) 0sSD-JCS Level

h
Mi=mea urg of cffect&veness of the 1t major
wmission (program)—

s
Mlccl(el,...ek,...en)

(c) Service Command Level

e, ~measure of effectiveness of the kt

h
0
2l :ment program

e ~H .
k k(tll’ til'-.;tnlg v-tlm'---tim’-cstnm)

1. Bonder, S., "Operations Research and Military Planning,” 1971 (unpub-

lish‘.‘d)o

. Since there exlsts multiple measures of the degree of misslon accom-

plishments, an additlonal subseript should he appended to the M

(and the other effectiveness measures uscd below) to refleet the
existglce of multiple measures of effectiy%ness. Thus ¥ would be
the h ' measure of effectiveness of the 17" major misslon, Explicit
consideration will be suppressed for notational simplicity.
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(d) Service Operating Level

t‘J-measure of the military worth (combattfffect—
lveness) of unitg equipped with the j ! weapon
systenm for the { combat task

tij'fij(ylj""_ylj""ynj)

(e) ylj-measure of the ith performance capabllity of the jth
weapon system, (Cross-country speed, acquisition
probabilities, hit probabilities.) These are the
performance characteristics specifled {in a material
needs documert.

yl J-gi_’ (xl,. . cxipo . ¢xn)

(f) xl-system physical characteristics (system gross weight,
1 1 s center of gravity)

xi-hi(xl,...x _1..‘.xn) for 14 1 £

b
() xi-component physical characteristics {component welght,
X 1 ¢ component dimensions)

x&-li(xcﬂ""xn) for s {1 <C¢c

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
affected by level (g). (In this conceptual structure, F, Gi, Hy, fij»
gi4»> Ny, and 1 are intended to denote functional dependencies at one
level upon the measures listed from the next lower level.) 1In practice,
these functional dependencies are implicitly represented by computerized
combat models and simulations.
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ANNEX D

THE PRINCIPLES OF MEASUREMENT OF EFFECTIVENESS
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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 mininun 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. 1In the scientific process, measures are made
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
will 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 1s 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. TFigure D-1
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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o S (3) The design method -- which corresponds to a theory in sclence —-

acquires increased validity when a wide range of significant variables are
| 2 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 succeseding cut. Tt can be easily »
) - seen that errors jn the original data will result in erroneous design or
design methods, or at least in the numerical factors involved.

e

! : b. Formulation of Measures. Mcasures are thus formulated to give certain
i information about the relations which hold between measurable properties as- *
sociated with phenomena. 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 impoitance in describing the phenomenon.
The properties we measure may be of diffevent kinds, and focr each different

! kind of property we have a different role of operation by which we measure

‘ it: that 1is, we attempt to associate the property with a number. Having
obtained a sufficient array of numbers by which tue different properties are
measured, we search for relations between these numbers. If we are skillful
and fertunate, 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:

b

Xl = f(XZ, XS’ XA) e etc.)

Here X1, X;, etc., stand for the numbers which are the measures of particular

kinds of physical properties, Thus X; might stand for the number which is {
the measure of effectiveness of an armor columm, X, might stand for the

number which is the nieasure of the movement capabiiity of the armor coliumn,

X3 the number of tanks in the coclumn, etc. By shorthand. statements we
often abbreviate this description into saying that X; is effectiveness, but
of course it is not; it is a number that partially measures effectiveness
and is called a "measure of effectiveness." 1In 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, i
t the first observation one makes with regard tc the functional relation like
l the above —- X| = f£(Xj, Xqs X4y veo etc.) ~- is that the parameters Xj fall M
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
t
i
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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

is reasconable to conclude that the systems of measures of effectiveness use
the same primary quantities of mass, length, and time. Figure D-2 shows
an MOE analogy with physical measures. Measures of effectiveness are pri-
marily secondary quantities thst are combinations of certain primary
quantities according to certain rules, For example, a velocity, as or-
dinarily defined, is & secondary quantity made up as a combination of the
two primary quantities length and time.

distance traveled = length
time to travel the distance time

Velocity

d. Inherent Errors in Measures. A major probtlem 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 infereices are made from a set of experiments extrapolated to de~
acribe a larger class of "identical” or similar experiments thai 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.

N D

(a) The usual problem in evaluating candidate mixcs of Army materiel
and organization is to establish candidate mixes that are valid eunough to
be acceptable for decision. There occasionally may.he 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 example
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 procedurn
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 1s a rate
of increase (or decrease). This raie 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
upnrelated elements. As such it is meaningless to expect that some precise mix

will provide some precise effectiveness.
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SCTENTIFIC

MILITARY

DEF1INING EQUATIONS

. - SCIENTIFLC
CONCEPT CONCEPT MEASURE MILITARY MEASURE
FORCE FORCE OF f = ma f = number of troops » speed
MOVEMENT = mass x ol troops per increment
acceleration of time.
MOMENTUM | MOMENTUM OF Mom = mv Mom = number of troups X
FORWARD = mass x distance traveled per
MOVEMENT velocity unit of time.
PRESSURE INDEX OF P = % p = number ol weapons X rate
FIREPOWER of fire per increment of
- Force time divided by the area
Avreca ol concentration.

FIGURE D-2.

COMPAR]SON OF MOE

AND SCIENTIFIC MEASURES
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TYPE ERROR

DEFINITION

CAUSE

RANDOM

B

e(d,

£(4) + e(@d, )
MOE

Perfommance
Parameters

uncontrolled
variables

u) = error {unction

The assumption that knowledge
of the behavior one or more
performance parameters is, in
fact, a truc cause of the
effect on the behavior of the
system

SYSTEMATIC
ERROR

E [}/@J, The expected
value e given §.

The Burlt-In Bias in the
Formulation ot the MOE.

i\ . OBSEKVATTONAL

ERROR

Evior of Omission or
Commission.

The omission of a measuie or
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 cthen can be defined to be all the variability, from

‘ whatever source, which exlsts among the results of independent trials of

| . tests, experiments, or computer runs like those of the STANO mixes that

] ' 2 are designed and thought to 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, l.e., they are associated with the

busic quantitative trial of the mcasurement of a single quantity. For

i instance, the problem of finding the velocity of light is one of local
inference, whereas that of determining whether the velocity 1is or is uot
constant 1s 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:
3 M= f(x) + e(x,u)

i 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
1 the uncontrolled variagbles which cause the difference between the "true"

! quantity and M.
|
l
1

(e) The objective of an MUE is to make explicit statements about the
relationship of M to x. The word "relationship' means any connection which
has the property that M can be predicted more reliably and with greater
understanding 1f 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-

: and-effect relationship setween x and M. Even after a mathematical rela-
tionshin has been established, the question of a true cause-and-effect still
remai: open. '

WY T

(f) The fact that knowledge of x helps us predict M does not necessarily
mean that x is, in ract, even a partial cause of M, The difficulties in-
volved In the weasurement of effectiveness in the most subtle cases, how—-
ever, provijes us no excuse for errors in the simpler ones, Many of the
difficulties come from lack of understanding of the difference between
trials in which & is controlled and those in which it is merely measured.

{ It helps to have tha quantity t(x) considered to belong to the poprlaiivn

! of interest when the error function, e(x,u), and hence M, varies from one

l obgervation to another. This will be discussed in more detail regarding the
risk in the measurement later in this ANNEX,
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are used to describe the extent of systematic crror 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 kecp
the number of arguments as large as possible. This will insure most
comprchensive expression of the explicit factors upon which the measure
depends, Unfortunately, however, one does not obtain something for necthing:
as the number of argumcnts increases, the uncertainty in the predicted
value of the MOE also increases due to the introduction of more sources of
error.*

(3) Observational Error. Observational errors in measurement of
effectivennss are usually made by omission or commission through inexperi-
ence or oversight., In order to appropriately answer the question of what
wvariables 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
cffects 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 alwayvs 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
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
vaies of his measurements before he takes them. Training hastens the
experience.

%
(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[o/x]: the
expected value e given x. Sometimes the words "sccuracy" and "precision'

e. Degrce of Risk in Measures. There is always an elemecnt of risk
involved in the selection and use of measures to use as projections of
pexformance and effectiveness. There is risk due to the amcunt of time
and effort allowed for the seiection 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
explanatlon, especially the IT Theorem, Chapter IV.
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(1) For instance, it is unrealistic to expect combat effectiveness to
carrelate closely with performance norms from materiel tests done by lab-
oratory engineers and technicians. Fven 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 soldler 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 resulis 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
1s 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 parts of this section, along with a third method which is
analysis of variance. Full and complete description of these techniques is
beyend the scope of this pamphlet but there are many good references to
consult.* The operations analyst must be conversant with these techniquec,
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 Arwmy 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 X)
and make inferences about population parameters (the true mean/d ).

*A good basic text 1s Freund “Moderu Elementary Statistics' or a more advanced

text is Brownlee '"Statistical Theory and Methodology in Sclence and Engineering."

Both of these are listed in ANNEX A,
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(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 moire information than dc polnt 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-
fldence interval. TFor example, in the probabilistic statement:

P(A<p~B)=1-a

A and B are the lower and uppey, respectively, confidence limits for

u, (B - A) is the confidence interval for U, and the degree of confidence
that the limits do in fact encompass y is the confidence coefficient,

(1 - o). Although the most common values of 1 - a used in practice are
0.99, 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 (1 - a) and the width of the confidence
interval (B - A) has to be made. For example, to be 100 per cent sure,

(1 - a) must be 1 and the resulting confidence interval will be of the
type (-« , +=) whirch is of no practical value whatsoever. In other words,
we can be 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
1ig X = 10. The 90, 95, and 99 percent confidence intervals for u are:

P(7.0 <y < 13.0) = 0.90
P(6.1 < p < 13.9) = 0.95
P(3.5 < y < 16.5) = 0.99

The proper interpretation of confidence intervals cannot be over-emphasized,
One does not say that the probability is (1 - a) that u lies between A and
B, Rather, one is (1 - a) percent confident that (B ~ A) contains yu.

(b) Significance Testing.

(1) Moving now to the second category of siatistical inference,
hypothesis testing, the role of hypothesis testing in the decision-making
process Is discussed. A statistical hypothesis 15 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 il1-

lustrated below:

Type I Error

Type II Error

Decision

(a) - The null hypothesis (Hy) 1s rejected
when it is in fact true.

(B) - The null hypothesis (Hy) is not rejected
when it is in fact false.

True Situation

Null hypothesis is true

Null hypothesis is false

Reject null hypothesis

No error

Do not reject null
hypothesis

No error

(2) The hypothesis being tested is termed the null hypothesis, and the

hypothesis against which the null hypothesis 1s being tested is the alternative

hypothesis. Tests may be either one-sided or two-sided, depending upon the
For example, the null hypothesis Hy: u = u may be

alternative hypothesis.

tested against one~sided alternative hypotesis Hp: u > uo or against the two-
sided alternative hypothesis Hy: p # ug. The two hypotheses, Hy 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 (o), e.g., 0.05 or

0.01, are completely arbitrary.

Also as with interval esivimation, we

have conflicting objectives, that both types of errors (of and A )

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 both &k and/3, we must increase the sample size. What constitutes
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suitably '"small" values of X and /3 is not a question which can be answered
unequivocally for all situations. The selection of ® 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
null hypothesis,

(4) During the development of a test procedure, a test statistic is
selected and a critical value (say X.for a one-sided test) is determined
by using the two predetermined acceptable risks, ® and 3 .

(5) The test statistic is then computed and compared with the critical
value., If the test statistic falls in the rejection region (is 2 %X, ),
the null hypothesis is rejected; if the test statistic is 4§¢, do not re-
ject the null hypothesis. Figure D-4 includes some of the significance
test methodology that is appropriate to MOE, is avallable, 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
based on the axiom that there is no such thing as an exact mcasurement,
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 overall
variance 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 consist of different amounts of night visien
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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IN THE FORM OF

CONCERNING PROPORTIONS

p = some specifie proportion
or
p # some specific proportion

DIFFERENCE
BETWEEN PROPORTIONS

Py " T2 o0r p; ¥ py

CONCERNING MEANS

u = some ,precific mean of
measuyes or
u # some specific mean of

DIFFERENCE
BEIWEEN MEANS

— . --Measures, ..o

u1=u20‘:u1#u2

FIGURE D-4. SOME APPROPRIATE STATISTICAL SIGNIFICANCE

TESTS IN THE MEASUREMENT OF EFFFCTIVENESS
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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 propev
beginning of an ANOVA, however, is the designing (planning) of an experiment*
and moajitoring the conduct to assure that execution conforms te the experi-
mental design. Then with complete information concerning the design and
conduct of 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 respcnse 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 Systems 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 {s a qualitative factor, and Range is a quantitative factor.

Suppose further that the objective of the experimental jinvestigation is to
compare the effectiveness of the three systewms at the four ranges. Because
all three levels (A, B, and C) of one factor (System) are combined with

all fou= leveis (1, 2, 3, and 4000 meters) of tte other factor (Ranges),
thz experiment is te.med a factorial experiment. "“Factorial" is merely
another word for '~rossed.”" Because no a priori information is available,
it is necessarv to replicate (repeat) experimental trials a number of times
at each of ithe 12 factor level combinations. (Each of the factor level
combinations should, in general, be repiicated the same number of times.)
Replication is necassary in order to get an estimate of the uncontrolled
random variation bLecause it is the "experimental error" which provides the
"yardstick" for messucrdug differences among the factors under study
(Weapon Systems and Range). Replicatior i:akes 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 urncontrollable errors in measurements adjacent in time
or spare tend to be correlated, rundonization of the order of conducting
the experimental trials ie necessary. This is easential because the under-
lying theory to the analyisie vhich will be ultimately applied to the
experimental data 3§88 that the measurement errors in each of the experimental
measurements are iudependent. QRandomization additionally provides insurance
against biased experimental results in that it gives all the possible
uncoatrolled iufluencing variables an equal chance to favor orx 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. Tinally 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 rhe comparative analyses
of the experimental data.

f. Having properly applied the above three principles (replicatiom,
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:

xaﬁo =M+ ﬁ!-+ BB +A§aﬁ + RyRo

where y is the response variable, M 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. I1f, on the other hand, the levels of each of the
factors had bveen randomly sampled, the model would have been a "random"
model, In this case inferences would b2 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.
I1f 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 experimentationm,
method of choosing factor levels, and all underlying assumptions of the
model), an analysis of variance can be performed. This is accomplished
by determining degrees of freedom, sums of squares, and mean squares for
all right-hand terms, except the constant (sM), 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. 1In addition to factorial experiments, we may have nested experiments
in which the levels cf 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 th~ ANOVA model. The analysis of variance is a powerful

trol for performing coumparative analyses if experimentaion ig properly de-
signed and conducted.

12

4, Specifics in the Measurament f Effectiveness. The basic theory of
measurement was discussed in the previous section of this ANNEX relative

to measures of effectiveness. The specific characteristics of MOE are
discussed in Lhis section. '

s <2 itk i

a. Fundamental Consideration. Combat effectiveness measuremeut may
Ye represented separately as an average over the totel fet of combat
' : situations which includes friendly unit capabilities, enemy, envircnment,

mission, all other factors in the combat situations and the probability
that the combat situations are encountered.
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b. Rules for Formulating MOE,

(1) A MOL has an Objective which is in Consonance with the Level of
Objectives of the Analysls. A central problem in defining a measure of
effectiveness is the frequent difficulty in detemrmining whether a proposed
measure is truly an important indicator of effectivenesc 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 designer or project
manager of a helicopter views dash speed as an effectiveness measure, This
i 1s not necessarily the cese for the combat developer who may view dash
§ (\ speed only as a contributor to the efrfectiveness measure of avoiding

o casualties in combat. In the measurement process, certain types of measure— A
wenis have significance only 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, huwever, 1s not
interested in the unique performance of one particular type of machine
tocl 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 b
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 way rest on whether the procuct
can be profitably manufactured at all. Analogously there is a hierarchy
of MOE nvolved 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 nex higher level, The choice of MOF 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, k
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"Red Loss kxchange Ratio" is measured by the number of Ked combat units
killed divided by the pumber of Blue combat units killed, The actusl
numerical values of this exchange ratic, which is at <he Combat rffective-
ness Level, is a function of the weapon system perterymance at the next
level below -- the System Performance Capability Tevei. Thias factor could
be the target acquisition accuracy of the Blue coubut units as wall as tle
probability of a will given a Blue tank engagement. The apprspriateness
of the exchange ratio to a land combat developments study depende upcn rhe
measure of =ffectiveness to be applied at the Force Effectiveneys Level
{DA} such us the ability to seize and hold ground in a prajected conflist.

{2) A MOE is objective or subjective. MOE fall jnto two general cate-
gories: objective or subjective. The distinguishing differences between
these are discussed below:

(a) Objective MOE., 1In the procees of measuremeut of effectiveness
it is desirable to compare the merits of competing systema by expressiug
the combat consequence implications caused by differeunces between tre
caudidate systems. It is most desirable to do this my means of an ob-
jective set of numerical indicators -- measures of effectiveness -- derived
from a measuring scale and coherert 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 supezsyitem and supporting subsystem are
relatively simple and definite, and the measures of effectiveness can be
explicitly stated in numerical form. Figqure D-6 shows examples of MOE
in numerical form.

(b) Subjective MOE. More of¢ m 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 1s 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. Ratio 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 avallable for
the operation. Intervul measures are characterized by subtraction and
addition. For example, time to refuel is obtained by subtracting start
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MOE, #RED ELEMENTS KILLED/#BLUE ELEMENTS KILLED

MOE2 #RED ELEMENTS KILLED/#BLUE ELEMENTS STARTING ENGAGEMENT

MOE #RED ELEMENTS SURVIVING/{#BLUE ELEMENTS STARTING ENGAGEMENT

MOE #BLUE ELEMENTS SURVIVING/#BLUE ELEMEN1S STARTING ENGAGEMENT

(INITIALLY: 10 BLUE ELEMENTS AND 25 RED ELEMENTS)
CANDIDATES MOE | MOE, MOE 4 MOE,
A 2/2 = 1.0 | 2/10 = .2 23/10 = 2.3 | 8/10 = .8
B 20/10 = 2/0| 20/10 =~ 2.0 5/10 = .5 0/10 = 0
c 8/ = 4/0 8/10 = .8 [|17/10 = 1.7 |8/10 = .8
QUESTION: WHICH CANDIDATE IS THE MGST COMBAT EFFECTIVE?

FIGURE D-0. EXAMPLES OF MOE IN NUMERICAL FORM
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TYPE OF
MEASUREMENT TYPICAL USE
SCALE
v NOMINAL NON RANKING
IDENTIFICATION
ORDINAL POINT ON A
DEFINITE SCALE
INTERVAL A SPREAD ON A
DEFINITE SCALE
RATIO ORDER -RANK
COMPARISON
FIGURE D-7. CLASSIFLCATIONS OF MOE TYPES
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time frcm end time, and may be added to travel time to obtain turn-around
time, but is not ordinarily multiplied or divided by a&wything. 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. Nominsl 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 welghting 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.

(1) A Constructed MOE Should Provide Additional Information. In
developing measures of effectiveness it is important that each measure (\ R
contribute additional information to the solution of the problem. If a -
Measure B is a consequence only of Measure A, then B will noi furnish
any additional information, At times, however, it may not be immediately
clear that one MOE is a consequence of another, expecially, in the case
where a composite measure is made up of several MOE. The important thing
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-
enatical 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
an MOE is most troublesome in the development of MOE indices. Figure D-9
shows two examples that have been used in past studies which indicate the
degree of difficulty that can be encountered.
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H EXAMPLES EXAMPLES OF EXAMPLES OF EXAMPLES OF
: OF ELEMENTS WITHIN WEIGHTING THE WEIGHTING THE
é ; MEASURES THE MEASURE ELEMENTS MEASURE CATEGORY 1
oo TIME TO SETUP. 1 ’
‘ i TIME TO TEARDOWN. 3 ]
: : AVG CROSS. 5 3
i ‘ MOBILITY COUNTRY SPEED. . 1 t
t - . .
' ' etc. . :
: RATE OF FIRE. 5 ;
: : BLUE TO RED KILL 1 ;
, FIREPOWER RATILO. 5 3
; ete. . ]
\ 3
{ t PROBABILITY OF 2 3
. : DETECITON. 3
i ; PERCENT OF 1 .
| , INTELLIGENCE/ POTENTIAL 3
Lo ACQUISITION TARGETS
i P ACQUIRED, p
.‘ (‘ N - » . E
? . etc. . ) Y
: MEAN SPAN OF 1
: CONTROL.
y i COMMAND/ AVG TIME TO 3
| < m ODLSSEMINATE 7
| . CONTROL ORDER .
| : . .
! N etc. . E
Y !
\ 13 3
j Z PCT OF SUPPLY 3 |
| i REQ'S FILLED. i
' { OPERATIONAL 1 !
| i COMBAT READINESS . i
i : SERVICE MEAN TIME TO 2 H i
; £y SUPPORT REPAIR. ;
i § MEAN EVACUATION 5 ;
! b TIME. . ;
L} QV . ;
' s etc. . ki
H g‘ ] i
: ¥ '
« I ;i :

FIGURE D-8. VEIGHTING MOE.
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(2) A Composite MOF 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 wathematical 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 illustwvated in Figure D-2,
- It is this use that leads to construction of measurement scales. We are
: all familiar with the process whereln 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
7 relations leads to construction of measurement scales and is called a mea-
i ) surement structure,

{(3) An MOE Can be Constructed According to Empiricgl Militarv Laws.

Certain empirical laws of military science yield measurement structures 3
: akin to the qualitative structures underlining fundamental measurement in 3
| physics. They are worth pursuing in the development of MOE. The possibil- :

i 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
: (CBP), or the "slope of learning curve" as applied to the first ...

i 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 lines of MOE Jdevelopment, but further pursuit holds a grest deal of

i

et BN S e )

- ‘promise. :
5. Summary. %

L a. A MOE is a measure usually expressed as a number that is based
i on the following three principles:

[

Lot

(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 c¢f the measurement of effectiveress follows the
scientific measurement process formulating certain information about
relations which hold betwaen measurable properties assoclated with a
phenomenon. The method 1s 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.

¢, In this ANNEX we have found that there are certain characteristics
that MOE need to possess:

(1) There must be an objective for Lhe measure which is at a specific
level of the objectives for the analysis.

(2) The weasure must adhere to systems and units such as those used
in physical measurement which includes classes and scales for particular

uses.

(3) The measure, when composited, needs to be structured according
to useful, rigorous, and Iinterpretive 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 semse of qualitative worth within the analysis.

d., In Chapters 3 and 4, these characteristics are clearly delineated
by illustration of the development and application 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 foi1 combat developments studies.
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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 omne
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+iong of land combat:
intelligence, command-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, 1f "the system" is

an airborne reconnalssance system, its purpose may be to acquire rtargets
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-communications,
firepower, and mobility) are similarly divided into system subobjectives.
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The first question at this level is whether all relevant subobjectives
have heen included. If the evaluated gystem 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 subobjectives 1s 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
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
s0 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
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
with the system purpose at the top and ending with numerous measureable
characteristicg at the bottom.

3. Representation of the Analysis. If the system has any complexity at
all, it would probably require several persons with difterent 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-
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 alle:viated by expressing both the measures and thelr
welghts 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, simplifijed to only a few measures for illustration.

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.
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5. Testing the MOE. The structure with its MOE, weights, and rules for
combining MOE values has to be tested in some manner to be confident that
the seélected MOE result in a viable overall statement of effectiveness,
Testing the MOE must address three questions,

a. DOES TRE 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 ADDRESSEDR BY THE STRUCTURE?

(A measure of this deficiency in the structure can be given by the
sum of W4 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 alternatives. Figure E-2 is
an example. It is a simplified test of the structure of a land combat sys-
tem shown in Figure FE-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
are established for each of the two levels represented. 1n 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 & 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 1its 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 functlonal area lies hatween zero and
one. In this example, the rule for combining the five wverall functional
area scores 1s to simply sum their weighted objective «<cores. In the
example it is seen that this structure differentiates anong the three can-
didates but preserves the fact that they performed very nearly equally on
most measures., It 1s wmost important to note that this <iructure, in its
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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 gensitivity to large changes in
individual MOE values. The technique described in this section is merely
one possible technigue 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 situacions,
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INDEX OF MEASUKES OF EFFECTIVENESS
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