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CHAPTER 1
EXECUTIVE SUMMARY

A.  BACKGROUND

The purpose of this study is to determine the ammunition expenditure
necessary to attain and maintain required levels of proficiency. Allow-
ances for training ammunition are currently promulgated by a Marine Corps
Order published by the Deputy Chief of Staff for Installations and Logis-
tics. These allowances have been based on a combination of usage data,
budget constraints, and numerous unvalidated requests from users. Little
consideration has been given to levels of skill attainment, alternative
means of training, or recognized standards of proficiency. The increasing
costs of ammunition, sophistication of weapons systems, and training area
constraints require a more effective and efficient means to allocate train-
ing ammunition. To establish that means, a measure of ammunition expendi-
ture considering the above parameters and relative to skill attainment and
proficiency must be determined.

8. STUDY OBJECTIVES AND MODIFICATIONS

1. Objectives

The major objectives of this study effort are to:
(1) Recommend Marine Corps ammunition training allowances based on:

(a) Attainment of required training standards for individuals in
units (IAW appropriate Marine Corps Combat Readiness Evalua-
tion System (MCCRES) volume).

(b) Maintenance of required training standards of individuais
(TAW appropriate MCCRES volume).

(c) Attairment of required training standards of teams,
batteries, etc. (IAW appropriate MCCRES volume).




(d) Maintenance of required training standards of commands (IAW
appropriate MCCRES volume). '

(e) This study shall not address Battalion Staff or Regimental
Staff expenditure of training ammo requirements or M-16

training requirements,

(2) Recommend a method by which subcaliber and simulator training can
be assigned a quantitative value relative to the value of live-
fire training.

(3) Recommend a methodology through which training allowances are
responsive to changes in weapons, tactics, doctrine and budget
constraints.

2. Modifications

In this study major emphasis has been placed on .artillery and
tank training ammunition reguirements; they constitute the major annuai
training ammunition expense. However, the study does consider the follow-
ing other systems:

(1) Mortars: 81mm and 60mm,

(2) Anti-tank systems - TOW and DRAGON,

(3) Machine Gun, 7.62mm M-60 and .50 Caliber, HB flexible, ground
mounted, and

(4) Air Defense Systems - Improved HAWK and STINGER/REDEYE.

This study modification was agreed to by the study sponsor and
project officer.

C. FACTS BEARING ON THE PROBLEM

The USMC conducts progressive training to attain and maintain profi-
ciency in crew-served weapon systems.

Training publications such as Technical Manuals (TMs), Field Manua's
(FMs), and Marine Corps Combat Readiness Evaluation System (MCCRES) provide
guidance and weapons specific instructions for crew-served weapon systers

_training. However, commanders are authorized flexibility in the conduct cf

e e o g ey ©




training to meet mission requirements, constraints of training facilities
and time, budget limitations, and unit readiness proficiency.
+ Crew-served weapons training is intended to improve combat readiness
of individual and weapons system teams to meet specific mission require-
ments and operational standards.

Current level of mission commitments including deployments and train-
ing and readiness exercises will continue for the foreseeable future.

D.  MAJOR ASSUMPTIONS

(1) That the standards of proficiency in the Marine Corps Combat
Readiness Evaluation System (MCCRES) are valid.

(2) That the standard of proficiency to be attained at Marine Corps
schools can be provided.

(3) That the mission of the Marine Corps, as outlined in the Marine
Corps Midrange Objective Plan (MMROP) will remain substantially

unaltered.

E. STUDY FOCUS, LIMITATIONS, AND RATIONALE THEREFORE

This study emphasizes crew-served weapon systems training in active
Fleet Marine force (FMF) units. Reserve unit training is not considered.

Only current weapons and simulators are considered. These included
the 155mm howitzer M-198, the M-60A1 tank, 60mm light weight company mor-
tar, and the 81mm mortar.

Priority and emphasis are given to examining weapons systems with
medium costs and high volume ammunition requirements (artillery, mortars,

and tanks). Low priority is given to examining weapons systems with high
cost and low volume ammunition requirements (TOW, DRAGON, REDEYE/STINGER,
and I-HAKWK).

{
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F.  METHOD OF ANALYIS

1. General
To meet the objectives of the study, an analytical plan was deve-

loped which outlined the approach, the necessary tasks to be accomplished,
and their sequencing which would be required for the development of the
methodologies for use in estimating ammunition training allowances. The
methodologies would bé based on proficiency levels and training/budgetary
tradeoffs rather than the historically based parametric approach to expen-
diture rates, and periodic unjustified requests.

2. Qverview of Tasks

To accomplish the study the tasks and their sequencing are illus-
trated in Figure II-1.
3. Critical Issues

In the approach, the study group felt that the following critical
issues to the study problem would be answered:
(1) Have other studies been done that would contribute to the study?

(2) Is there sufficient data available to conduct the study?
(3) Can the data be quantified and organized for analysis?
(4) Is there an existing methodology for the analysis?

G.  THE TRAINING ENVIRONMENT

The Marine Corps' dedication to training readiness is well known and
effectively enunciated in a wide variety of official publications. Also,
as a force-in-readiness, the Marine Corps sustains a high operational tempo
of peacetime activities. These activities are conducted on a world-wide
basis encompassing almost all climatic conditions and terrain variables.
It is useful to briefly review these peacetime commitments, operational
tempo, and force posture in order to ensure a contextual picture of the
Fleet Marine Force (FMF) training environment.

1-4
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First it is noted that the Marine Corps maintains a minimum of two
forward deployed forces afloat, Marine Amphibious Units (MAUs), on a
continuous basis and is expected to be capable of rapidly embarking Marine
Amphibious Brigade (MAB) level forces in amphibious shipping to increase
the level of forward deployed forces afloat. In addition, III MAF is
forward deployed in Japan in a "6/9s" configuration including the 31st MAU.
Thg five infantry battalions of the 3rd Marine Division (-) are forward

deployed to Japan on a unit rotation basis from home bases located in the
Ist and 2nd Marine Divisions.
In addition to the commitments described above, the Marine Corps:
(1) Provides forces to the RDJTF including the 7th MAB related to the
Near Term Prepositioning Ship concept,

(2) Provides ready BLT level forces in an alert status related to

both airlifted and amphibious contingencies, and

(3) Conducts both amphibious and other major exercises on a regular

basis in support of JCS and unilateral training objectives.

The major factors fundamental to the training environment are:

(1) Force basing posture,

(2) Availability/location of appropriate training areas to include

Tive fire ranges, and

(3) Personnel turnover or turbulence generated by the high opera-

tional tempo and unit rotation.

In regard to the basing posture related to training areas and live
fire ranges, it is noted that only at 29 Palms, CA is there an effective
match of basing and live fire training areas. All other basing posture-
training area combinations are less than effective matches. In regard to
personnel turnover, it should suffice to state that the perishable nature

of unit training in an environment of significant personnel turbulence

makes unit training readiness one of the most difficult problems facing
today's Marine Corps.
The above review serves as a reminder of the FMF training environment

in which the study group attempted to form positive and productive conclu-
sions and recommendations.




H.  TANK_GUNNERY

Lack of hard data from unit training records and MCCRES tests required
a collection effort which resulted in the development of questionnaires
administered by mail to selected USMC tank gunnery ekperts. The survey was
designed for company commanders and battalion training officers calling for
Jjudgments from their experience in conducting and evaluating tank crews
progressing through gunnery training to achieve and maintain proficiency.
This provided data that permitted an analysis which compared the impact on
training proficiency of the utilization of varying amounts of full and sub-
caliber training ammunition,

Typical data from the survey are shown in Figure I-1 for the
percentage of crews qualified as a function of the number of rounds of full
caliber ammunition fired annually. The total number qualified includes
three categories, gqualified, superior, and distinguished. Each line on the

graph represents the response from one survey participant showing his
estimate of the percent of tank crews expected to qualify at 70 percent or
better proficiency as a result of firing all full caliber (no sub-caliber)
ammunition at four annual rates. The tank gunnery questionnaire was
specifically structured to parallel the Army tank gunnery test program so
that data resulting from the tests can be applied to the tank gunnery
methodology developed in this study. The figure demonstrates the wide
spread of estimates obtained from the respondents to the survey. At the
normal allocation of 162 rounds per year, the estimates of the proportion
of crews qualifying varies from 50 to 91 percent. The estimates also vary
considerably in terms of the change in the proportion of crews qualified as
the ammunition allocation is reduced.

Mean scores were computed for each full caliber ammunition allocation
case for crews undergoing their first qualification and those in a subse-
guent annual qualification. There was little variation in the mean score
as the ammunition was varied from one-third the normal allocation to 1 1/2
times the normal allocation. If the ammunition allocation were reduced to

one-th‘rd of the current amount, the mean estimate indicated a reduction of




.

100

80

70

60

s0

30

VEMIO MO —-2mMOIMT

20

10

ROUNDS (ANNUAL AMMO REQ./CREW)

NOTE: EACH CURVE REPRESENTS THE SURVEY RESPONSE OF ONE EXPERT

Figure I-1.

Individual Estimates of Proportion of Crews
in Total Qualified Group as a Function of
Full Caliber Rounds (First Qualification)

1-7

‘-—.
- o - -
—.—-—._-—.—.‘-—-:-_—-:—’
3 -—c" e ’-"
o s ® ’o’ ) -
o . —————-’
T "
- P~ _,.—’ 1
’—;¢ ¢ .’-”
R e ]
r . o -
/7 - -~ ,
. . - .4
. ™ - -
-
=3
o -l
L A L J'l
0.0 54.0 108.0 162.0 243.0

e




— —_—

four percentage points in the percent of maximum score. Increasing the
ammunition allocation to 1 1/2 times the normal would be expected to
increase scores by only one percentage point. It is obvious from the data
obtained that there was no concensus on the current scores achieved by tank
crews. Furthermore, even if the mean score for the normal allocation of
ammunition were to be determined accurately, there still remains

uncertainty as to how scores would change with a change in ammunition f;
allocation. ;i
Effects of turbulence obtained from the survey are significant in both 1

crews and platoons. Crew turbulence was estimated to produce a change of
as much as 40 percent in the proportion of crews expected to qualify when
three or four of the crew change. The mean estimate was 27 percent. y
Platoon turbulence was estimated to produce anywhere between a 20 and a 90 ,
percent change in the proportion of crews qualifying when five new crews ,
are present in the platoon. Hard data are needed to identify more precise-
1y the effects of both crew and platoon turbulence, but it is evident that
it most likely is a most important factor in performance.

A major concern is the degree to which changes in the allocation of
ammunition will effect total Marine Corps training ammunition regquirements.
The usual approach in changing ammunition allocation is to change the
amount given to each crew or platoon with no variation across the board. A
slightly different approach is possible, however. It is inferred in Army »
Field Manual FM17-12 that crews or platoons not qualifying be allowed to
reshoot until they achieve the necessary proficiency. This would sugges:
that the ammunition allowance might be reduced in general, but that those
crews or platoons not qualifying be issued an additional allocation until
they do qualify. The idea of reducing allocations and then providing 1
additional ammunition for unqualified crews to continue shooting until they .
do qualify was analyzed in the following sequence:

(1) Since there are no hard data to identify accurately tha

proportion of crews qualifying under the current allocations a

nominal point had to be picked for analysis. [t was assumed that




the mean value of the proportion of crews qualifying uncer the
normal allocation is representative of the current situation.

{2) Each of the questionnaire responses was normalized to the mean
value selected in Step 1. As a result, each respondent's curve
on the estimated proportion of crews qualifying for varicus
ammunition allocations passed through the mean value point.

(3) The maximum, minimum and mean values of the proportions of crews
qualifying under different conditions was determined. It was
assumed that the qualifying crews fired only their allocation of
ammunition, It was assumed that the crews not qualifying with
the original atllocation would shoot the average number of times
indicated from the survey.

The sequence of events followed on this training concept and the numbers
assumed to represent the amount of ammunition are shown in Figure I-2. The
resulting use of ammunition is shown in Figure 1-3. The effect of reducing
the initial allocation and allowing those not qualifying to reshoot is to
reduce the total amount of ammunition for training when the initial
allocation is as tow as 1/3 of what is currently provided.

The effect on the Marine Corps budget of reductions on the scale of
those shown in Figure I-4 would be significant. If all 210 tank crews were
to fire the ammunition ailocations suggested in TC 25-3, the cost would be
37.3 million dollars per year. Geing to one-third of the current alicca-
sion would reduce the expenditure of ammunition by 55 percent for z savings

£ 54,0 million.

Before these analytical results can be treated as truly indicative =f
the performance of Marine Corps crews and the requirements for ammunition,
mwore data are needed. The data that need te be collected are described
zelow. It is noted that the concept of reducing the initial aliccatior of
*aining ammunition to each crew or platoon and then providing aaciticra’
ammunition to those that do not qualify can work only if crews and glatcens
have access to ranges to reshoot as reguired.

I-9
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The testing data collection and analysis proposed are intended to help

determine the following:

(M

(2)

(3)
(4)

The effect of the variation of full caliber ammunition alloca-
tions on crew and platoon performance;

The effect of the use of sub-caliber ammunition and simulation as
substitutes for full caliber;

The effect of training profiles and mission requirements; and

The effect of turbulence.

The following steps are required to obtain usable guidelines for the

allocation of training ammunition:

(1)

Specify and enforce clear standards for tank firing training.
Currently the Marine Corps is supposed to be using the standards
specified in the US Army Field Manual (FM) 17-12. Standards more
directly suited to the Marine Corps may be developed. However,
it is more important that a set of standards be used consistently
now than to spend time developing a new set and deiay the
collection the needed hard data. Therefore, immediate
enforcement of the use of FM 17-12 is recommended. If the Marine
Corps does develop new standards tailcred more to its own needs
they can be introduced later.

Hard data must be collected from the Marine Corps training
program on the performance of tank crews and platoons against the
standards. It is necessary to obtain training results for
different amounts of ammunition used. Two alternatives are
suggested in Chapter III, Section B.4. The first is a rigidly
structured test, such as described in Figure 1-4. The other uses
results as they can be obtained from the current Marine Corps
training program. The type of data that need to be collected and
the forms to wuse in the <collection process are shown in
Figure [-5 and in detail in Chapter III.

Mathematical models will be used to obtain least square estimates
of the proficiency of crews and platoons as a function of the
amount of ammunition used. The equations are described later in




T vEmgpT— T

PO Dy —

Number
of
Flatoons

"

[ T i e T T T T S L T~ Y S R T o I el B el o B s

— o

Number Ammunition
of Allocation
Tanks

Txx* Nominal
Tx% "
7* !
7* "
7* .
5 "
7* Nominal
5 "
T* »

7% 2/3 Full-cal.
7* n
7* M

7% "

~ U ;oW
*

Ur Wy U WUt

Pre-Table
Simulation

Organization/Mission

1 TNK Bn

3 TNK Bn

2 TNK Bn/Pre-deployment
2 TNK Bn/Post-deplioyment
Hawaii/Pre-deployment
Okinawa

1 TNK Bn

3 TNK Bn

2 TNK Bn/Pre-deployment
2 TNK Bn/Post-deployment
Hawaii/Predeploymen:

Ok inawa

1 TNK Bn

3 TNK Bn

2 TNK Bn/Pre-deployment
2 TNK Bn/Post-deployment
Hawaii/Post-deployment
Ok inawa

1 TNK Bn

3 TNK Bn

3 TNK Bn

2 TNK Bn/Pre-cepioymenz
2 TNK Bn/Post-cepicyment
Okinawa

3 TNK BN

2 TNK Bn/FPre-depioyment
2 TNK Bn/Post-aeploymen:
1 TNK Bn

Figure 1-4. Tank Test Organization
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Number Number Ammunition Pre-Table Organization/Mission
of of Allocation Simulation
Platoons Tanks (%)
1 5 ! " 1 TNK Bn
1 5 ! " 1 TNK Bn
1 7* " " Okinawa
1 7* 1/3 Full-cal, 90 1 TNK Bn
1 5 " " 1 TNK Bn
1 5 " ! 2 TNK Bn/Pre-deployment
1 5 " " 2 TNK Bn/Post-dep]oymen;
1 5 " " Okinawa

*Includes two company command element tanks
**Includes two battalion command element tanks

Figure I-4., Tank Test Organization (Continued)




Juawa.aLnbay eieq Bututea)] yue] -g-] danbi |
£8/90/¢C1 4 19QUWBIN M) MIN
£8/£0/C1 i (SSIN) Al 31ge
£8/ET/LL B Z ] IA 9iqey
3iva M3YD INIA3
— uooje|d
(91dwex3) suooieid 1o} s1uany jo Abojouosyd) ‘q
Z
!
- 4
S
v
3
l
- L
SANNOY SANNOY 3Y0OS
mﬁ.-%?w.ﬁﬁ.ﬁh y391nvoaNns | ¥3anvd 1in4 u__\wnk_”___m_xu/m_w_a MY | NOOLY1d
a3sn NOLLINNWWY
9 S 1 3 14 L NANT0D

fHuanijoid pue asn uonuNwwy e
Aliauen paajjod 28 | eleq

[-15

o) woica }N FRouc . T 00N




Chapter III. The best starting point for representing the
proficiency of crews and platoons as a function of the amount of
ammunition used 3is an experimental formula. A hypothetical
result is shown in Figure J.g. Linear or quadratic forms might
be best for the relationships between the use of simulation or
subcaliber and proficiency, and the effect of turbulence on
proficiency.

(4) The selection of the amount of simulation and subcaliber to use
will be a function of the cost of each and the practical number
of times they can be used by crews and platoons. The procedure
for determining the amount of simulation and subcaliber to use
will also be described later in Chapter III.

These mathematical models and analytical procedures are the best
possible alternatives available, given the amount and type of currentiy
available data, coupled with state-of-the-art of learning thecry, as it
relates to crew performance in direct fire weapons. The exponential curve,
shown in Figure -6, was selected because it possesses the basic character-
istic which exemplifies that the amount of increase in score for a given
increase in ammunition decreases as the total amount of ammunition becomes
larger. For example, assume a tank crew has been allocated 100 rounds for
training and scores 70 percent of the maximum number of points. Adding 20
more rounds for a total of 120 might increase the score to 75 percent. If
the crew then gets 20 more for a total of 140, their scocre may increase to
78 percent. Thus, the first increment of 20 rounds increased the score by
S percentage points, and the second increment of 20 rounds increased the
score by only 3 percentage points. The data to be collected will resolve
how much scores will change in response to increases in ammunition.

The substitution of simulation and subcaliber, based on the best
available information, results in no essential proficiency change, or
slight reductions. Figure 1-7 shows how the impact of subcaliber use might
appear. The impact might be linear or non-linear. Again, test data will
resolve the issue.
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Turbulence effects are less defined than the effects of ammunition
levels, and the substitution of simulation or subcaliber. As discussed in
Chapter IIl, new measures and associated data are needed. Preliminary
methods to guidg the analysis are provided in Chapter 111,

The methods proposed will provide ammunition allocation as a function
of proficiency and budget constraints. when new weapons or tactics a-e
introduced, the same general methods will apply. New data will be needed,
beginning with operational tests of the weapoﬁs and tactics, and new equa-
tions might be required. The latter decision will be determined by the
data obtained from tests, and the understanding gained from the methcds
deveioped from the models presented in this report.

I.  INDIRECT FIRE

The purpose of the indirect-fire methodology is to help the Marine
Corps to decide how much ammunition it needs to train its crews serving on
indirect-fire weapon systems. It organizes both the data and the "decision
variables”, not only into a logical form, but also into a quantitative
relationship so that values of the decision variables can be eguated to
some quantity of ammunition.

Tre basic decision variable which the Marine Corps must provide is the
Jevel of proficiency, or readiness, that it desires indirect-fire weapon
crews to exhibit. This "proficiency level" should be expressed in terms of
some standard, and the Marine Corps has specified the MCCRES standarcs tc
oe used in this study. To this end, the data gathered pertain to likely
MCCRES scores achievable by an indirect-fire unit under various circum-
stances--these scores being estimated through answers to questionnaires
given to Marine Corps’' experts.

The methodology provides information linking some number of live-fire
(and non-live-fire) exercises with some amount of achievable "proficiency".
It does not determine how many rounds to train with per exercise (in fact,
the data gathered are inconclusive in this regard), but it assumes the
current value from data of about 60 rounds per live-fire exercise.

T




Intuitively, the more live-fire exercise days, and consequently the more
ammunition, the greater the proficiency, and the methodology describes this
relationship quantitatively.

When training at the same specified number of exercise days per year,
some units will exhibit higher and some units lower proficiency if tested.
For planning training ammunition requirements based on proficiency, we need

some concept of Marine Corps-wide, long-term, “steady-state" proficiency.
The methodology provides this concept:
(1) By averaging, 1in a particular way, the subjective data
(essentially subjective estimates of the 1likely outcomes. of
MCCRES tests) gathered from Marine Corps experts.

e g =
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By establishing a measure of proficiency based on “average
maintainable proficiency".

In general, personnel turnover (turbulence) within a unit will lower
the maintainable level of proficiency in that unit unless compensated fo-
by an increased number of exercise days. The indirect-fire metheodology
makes personnel turnover a decision variable (along with proficiency) so
that the Marine Corps can judge the proficiency tradeoff between personne]
turnover and exercise days. In this way the current turnnover rate is not
"built in".

Since indirect-fire weapon «crews' activities dinvolve basically
procedural tasks, there can be considerable "forgetting" during periods
when training is not performed. Thus, the level of proficiency in time
varies depending on when training is conducted, how forgetting occurs in
the meanwhile, and how many new crew members replace established crew
members. Figure I-8 displays a sample time profile of a unit's profi-
ciency. The average proficiency of 78 percent represents the average
proficiency maintainable at the rate of training and the rate of the
relationship of this coverage proficiency to the amount of turnover
underlying the displayed process.

Profiles such as those displayed in Figure [-8 are characteristic of
small crews of indirect-fire weapon system sections such as the elements

(forward observer section, fire direction center, and howitzer sections) of
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an artillery battery. The proficiency of the battery, however, is some

iinadamm

complicated combination of the proficiencies of each of the elements and
the "coordination proficiency" between elements. Thus, the indirect-fire
methodology provides two models. One to describe the proficiency of the

elements, and one to combine the element proficiencies into a battery
proficiency.

The proficiency of an element can be described by a simple training
model which relates a crew's proficiency to the amount of training it
receives and the amount of personnel turnover it ‘experiences. This mode!l
can evaluate the gain in proficiency when a newly assembled crew trains,
and the level of maintainable proficiency as a mature crew trains and

g ey -
a sk it At b deii . -

changes. The model can also be used to evaluate the efficacy of predeploy-
ment intense training to boost proficiency. Figure [-9 displays a sampic
"proficiency maintenance" curve for an element's crew. As expected, the
more exercise days per year, the higher the maintainable proficiency.

The performance success of a battery depends on the ability of an
element's crew to perform those subtasks endemic to their function with
accuracy and timeliness. However, different missions make different
demands on each element’'s crew and require the elements to interact
differently among themselves. The indirect-fire methodology contains a
battery proficiency model which uses the MCCRES standards applicable to
different missions and mixes representative missions in order to relate
element proficiency tc battery proficiency. This model is tuned to the ’
implied ‘"coordination proficiency" extracted from the subjective data
provided by the questionnaires.

Figure I-10 displays the sampie relationship between exercise days per y
year and artillery battery proficiency. This curve is a basic output of
this study. It applies under the assumption that the battery trains
together with no differential training given to any element. The differ-

ence between 33 and 38 pure live-fire exercise days per year (at 60 rounds
per day) is about 2 percentage points (74 percent versus 75 percent). Also
to maintain the higher proficiencies, one needs proportionately more 50/50
live-fire/non-live-fire training than pure live-fire training (45 pure
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live-fire days to maintain 78 percent but 51 mixed 50/50 days to mainta‘n ‘-
the same proficiency.)

The battery proficiency model, linking element proficiencies as 1
represented in Figure [~9 *to battery proficiency as represented in Fig-
ure [-10. has other applications. It allows for the construction of trace- !
off curves which indicate how element proficiencies trade-off agai-st ﬁ

{

themseives, while maintaining the same battery proficiencies. For example,

increasing the fire-direction center's proficiency by one percentage peint
allows us to decrease the howitzer sections proficiency by one percentage
point with no change in battery proficiency. The battery proficiency mezel
indicates that forward observer (FO) proficiency has about twice the impact
on battery proficiency as do each of the other elements. Thus, it seems ic
cay to overtrain the FOs.

J.  OTHER CREW SERVED WEAPONS

Analysis of allowances for other crew served weapons was primarily

based on annual consumption data related to the basis of the current allow-
ance and costing considerations. The fcilowing paragraphs discuss those
crew served weapons identified in the study guidance.
1. TOW and DRAGON
It is understood that the current total inventory of practice anc

crimary missiles for both TOW and DRAGON are such that replacement of
training consumption is not required or anticipated over the next “en
years. However, the number of TOWs and DRAGONS in the FMF will concur-
rently increase significantly in conjunction with the force structure
evolution and eventually generate a requirement for procurement/rep.acement
of improved TOwW and DRAGON missiles. The current item replacement costs
for TOW and DRAGON missiles are estimated at $9,350 and $&,00C
respectively. Although current allowances appear minimal, item costs seen
in conjuncticn w~ith an increasing inventory and potential use of the MILZ

AM62 and XME4 training devices appear to warrant reconsideration of ‘he
basis of thase allowances. Specifically, experimentation with variapie

.r

1-25




I'!!!:!-l--lIll-IIllll-l--l-lI-N--'"'-"!"""-"""'"“‘

i
l
i»

organizational allowances similar to those discussed for tanks and
artillery would provide a means of determining if a more cost effective
allowance basis was feasible.
2. Air Defense (HAWK AND STINGER) .

The annual allowances of VX80, GM HAWK MIM-23B are three missiles
per battery in the active force structure and two per battery in the SMCR.
The unit cost of the missile is 3244,000. While the allowances can be
considered minimal the high unit cos* appears to warrant additional experi-

mentation with variable organizational allowances both at and below current
allowances.

The current annual allowance of VX81, GM REDEYE M41A2 is one per
gunner. It is understood that this allowance was possible due to a very
large inventory as related to only 60 gunners in the active force struc-
ture. However, the active force structure has been increased to two Tull
batteries each containing 150 Gunners. In light of the increased structure
and high cost of the STINGER missile, the Marine Corps has deveioped a
STINGER Launch Simulator which will be used to qualify all FMF gunners cn
an annua! basis. Therefore, there are no plans to institute an annual FMF
training allowance of the STINGER missile.

3. Machine Guns (M60 and .50 Caliber)
The annual consumption history of the high density .50 caliber

ammunition shows wide variations in annual consumption which tend to vali-
date a need for a management system providing more controi over training
a lowances. This need s not exciusive to .50 caliber consumption but
extends to all infantry crew served weapons. Perhaps the best example of
the need is the introduction of the M249 Squad Automatic Weapon. It ‘s
understood that the procurement will total 10,264 weapons which has the
potentiai of generating an annual! ccnsumption of 40-50 million rounds. As
the focal weapon of the Marine Fire Team, field requirements or "demand"
for high or liberal allowances can be anticipated. Assistant gunners as
well as gunners need to be qualified. In addition, the fire team and squad
teaders will need to be fully trained in directing and coordinating the
fire of the M249 in a variety of tactical situations. Concurrentiy, the
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Marine Corps needs a cost effective approach in determining reasonable
training allowances that will be predictably stable cver a number of years.
It is believed this example points toward transition to an organizational
training allowance system as the C series infantry battalion is introducec
into the force structure.

K.  VARIABLE ORGANIZATIONAL ALLOWANCE CONCEPTS

The methodologies defined above lead to the predictable premise that
differing hard data curves will evolve through testing. DOue to the many
variables included in the methodology it seems highly improbable that any
two battalion level organizations will produce matching curves. One coula
attempt to normalize these curves to derive standard allowances for all FMF
units. However, such an approach would not take advantage of the data
cathered or the magnitude of differences in force posture, mission tasking,
cersonnel turnover, and range Tocation/availability that are existent in
the FMF, The study group believes it is entirely feasible to set different
(or variable) fFY84 allowances through judgmental analysis of the current
curves and an evaluation of organizational location, mission tasking, per-
scnnel turbulence and live fire range constraints. A veriable organiza-
tional annual allowance tailored to mission tasking and other tasic factors
snould form the basis of a more cost effective allowance management system.

~.  CHANGES IN FORCES, WEAPONS AND DOCTRINE AND BUDGET LEVELS - MFACT CN
TRAINING AMMUNTTTON ALLOWANCES

Military forces are in a continuing state of evolutionary cnange. New
weapons and equipment are constantly being integrated into the miiitar,
inventory. This, in most cases, requires changes in doctrine and training
orocedures. The overall policy governing the acquisition of major systems
is set forth by Department of Defense in DOD Directives 35000.) "Majic+
Systems Acquisition," DOD 5000.2 "Major System Acquisition Process” and DOD
5000.3 *“Test and Evaluation." The develcopmental process of a weapen
systems is ail inclusive, and includes the develcpment of the doctrine c*
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amployment, the training and support packages to field and maintain the
item, and the personrnel skill reguirements to operate and sustain the
system under field conditions.

The overall acquisition process for new materiel is divided by DOD
into four (4) major phases:

(1) Conceptual,

(2) Validation,

(3) Full Scale Development, and

(4) Production and Development.

Training concepts and requirements should be studied, tested and/or evalu-
ated during each phase in development process. At the major decision
points at the termination of each phase, impact on training is a pertinent
decision-making factor to be considered pricr to the development entering
the next phase.

At the culmination of the development phase, the engineering devel-
opment protctype is thoroughly tested and evaluated to determine whether
the system meets the requirements and should transition into procuctior.
The training support package should be thoroughly tested and evaluated in
the Operational Test Il (QOTII). There is a tendency in the development
process, due te budgetary constraints and project urgency, to minimize the
testing of Integrated Logistic Support (ILS) iiems in the QTII tes®
pregram, As a result, the development of the LS items tends to fai:
pehind the development of the prototypes. This lag in ILS develooment anc
testing has a tendency tc be carried through to the production phase, anc
systems are frequently deployed with the training package incomplete, arc
not thoroughly tested. This impacts on training ammuniticn requirements
which are developed late with insufficient and inadequate testing. Hence,
it is extremely difficult under the circumstance to provide adequate arc
timeiy justification for budgetary purposes for :iraining ammunition which
is Dbeing produced concurrently with the system to meet deployment
schedules.,

Greater emphasis must be placed in assuring that doctrine, organi-
zations, tactics, personnel skill requirements and, above all, the total




training package are progressively and concurrently developed with the
materiel system. Training must be a major consideration in each phase cf
development.

In regard to training ammunition requirements, the evaluation shouic
answer critical issues pertaining to the development of the optimum opere-
tional proficiency of individual and unit skill level in the most econcmic
manner. To develop these requirements troop unit tests which determine
acceptable proficiency versus the optimum combination of iive and suc-
caliber fire and simulation should be conducted. The methodology developec
in this study for tank gunnery and artillery battery training should
provide a valuable evaluation tool in this test process.

A1l military materiel systems are ever changing. Systems undergo a
number of product improvements over their usefui Tlife. Also training
processes and procedures are evclutionary - constantly in a state cf
change. Hence, the training ammunition aliccaticn should be under constant
scrutiny to assure it dovetails with the training procedure. Data on
smmuniticn uses and preficiency attained must be gathered on & constant or
neriodic casis. The data utilizing the methodoiogy ceveloped in this study
will oprovide a justification for the 1live-fire ammunition requirement
~elated to readiness proficiency.

The military is constantly faced with budgetary constraints <rea:
‘mpact on the amount of training ammunition available for trocp use. Major

ca'iber ammurnition, 1.e.. artillery, tank and mortar, fecrm a majority

[
)

training ammunition budgetary reguirements. Hence, tnere is cgnstant
nressure by DOD and Congress to reduce the requirements for the h'gh cos:
ammunition items. Emphasis is placed on substituting sub-calier firings
and various cther training devices in lieu of Jive Tirings using the ma

caliber weapcn ammunition.

Field training under simulated combat conditions offers a challenge in
the development of training aids and technigues. Currently, training tech-
nigues using new technoiogy is undergoing dynamic development. The-e are
indications brought out in this study that an increase in wearons
proficiency is not proportional to ammunition expended. Hence. tc meet the
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continuing budget crunch, efforts must continue to seek non-economic means
of achieving combat proficiency with our weapons systems. It is essential
that we seek new non-live fire training techniques which, coupled with
required live-firing, will meet the individual and crew proficiency
requirements. Only in this manner can the battle of budget constraints be
successfully overcome. The methodology developed in this study will prove
a useful tool.

M. FINDINGS

The following summarizes the study findings resulting from :he
research, survey and analysis:
1. General

fnnual missions and deplcyments of USMC units are a major factor
vhich should determine individual MAF element training programs, and
ammunition requirements and allocations.

Hard data on tank gunnery and indirect-fire battery performarce
are virtually non-existent. This lack of hard data resulted in the need to
use subjective questionnaires as a survey tool in this study.

The judgments of personnel surveyed showed considerable variance
‘n absolute values of expected results. For example, estimates of <-he
crews qualifying in one case varied from 40 to 85 percent. However, there
s consistency in trends as reflected in the direction and slope of curves.

Training ammunition expenditures for tank gunnery and artillery
“ive firings are not available on a battery/tank platoon basis. Hence. nc
correlaticn between performance and expenditures could be made.

2. Tank Gunnery
The evident lack of consistency identifies data cclection neecs.
Zata should be collected on the follewing for each tank crew and platoon:
(1) Qualified or not on first MCCRES test,
(2) Number of retests to gualify,
(3) Amount of full caliber ammo expended by test table.
(4) Amount of subcaliber ammo expended by table,
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training package are progressively and concurrently developed with the
materiel system. Training must be a major consideration in each phase of
development.

In regard to training ammunition requirements, the evaluation should
answer critical issues pertaining to the development of the optimum opera-
tional proficiency of individual and unit skill level in the most economic
manner. To develop these requirements troop unit tests which determine
accepiable proficiency versus the optimum combination of live and sub-
caliber fire and simulation should be conducted. The methodology developec
in this study for tank gqunnery and artillery battery training should
provide a valuable evaluation tool in this test process.

A1l military materiel systems are ever changing. Systems undergo a
number of product improvements over their wuseful 1life. Also training
processes and procedures are evclutionary - constantly in a state cof
change. Hence, the training ammunition aliocation should be under constant
scrutiny to assure it dovetails with the training procedure. Data on
ammunition uses and proficiency attained must be gathered on a constant or
periodic basis. The data utilizing the methodology developed in this study
will provide a justification for the live-fire ammunition requirement
related to readiness proficiency.

The military is constantly faced with budgetary constraints tra:
impact on the amount of training ammunition available for troop use. Major
caliber ammunition, i.e., artillery, tank and mortar, fcrm a majority of
training ammunition budgetary requirements. Hence, there 1is constant
pressure by DOD and Congress to reduce the requirements for the high cos:
ammunition items. Emphasis is placed on substituting sub-calier firings
and various other training devices in lieu of live firings using the major
caliber weapon ammunition. .

Field training under simulated combat conditions offers a challenge in
the development of training aids and technigues. Currently, training tech-
niques using new technology is undergoing dynamic development. There are
indications brought out in this study that an increase 3in weapons
proficiency is not proportional to ammunition expended. Hence. to meet the
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(5) Proportion of simulation used in pre-table training (crews onlyi.
(6) Crew longevity to reflect turbulence, and
(7) Platoon longevity to reflect turbulence.
The following concepts can be tested to determine the effects of
changes in ammunition allowances, both full and subcaliber:
(1) Reduce the ammunition allowance for selected crews and platoons.
Set aside the unused portion of each crew's and platoon's ncrmel
allowance. Design the test so that crews or platoons not
qualifying have access to the set-aside ammunition, either until
they qualify or until they have exhausted their normal alloca-
tion.
(2) Test the substitution of subcaliber for full caliber, repeating
tests until the crews/platoons involved in the test qualify.
(3) Vary pre-table use of simulation.
After the collection of hard data over a one-year period, the
methodology presented in Chapter III will permit more precise definition of
training ammunition requirements.

3. Indirect Fire Weapon Systems

Analysis of the questionnaires revealed:
(1) A great variation in judgmental MCCRES performance in relation to
days of live-fire/simuiator training and rounds fired per deay.

and
{2} Occasional judgmental contradictions within the same respcncents
questionnaire.
The effect of changes in training ammunition allowances is highiy
uncertain.
The basis for structuring hard data collection is found in cur
proposed methodology.  The indirect-fire methodology developed in this

study requires as input (for each battery element and for the battery
overall):
(1) The MCCRES scoring, and for the prior year,

(2) The number of days of training,




- T

{3) The rounds expended per day {live-fire and subcaliber), and
{(4) The personnel turnover.
The analysis provides a basis for testing to determine the
effects of ammunition use on proficiency. Since battery proficiency
depends a great deal upon the coordination of elements, testing must be

devised to elicit some measure of the effect of training the battery
together versus training the elements separately.

The updated procedures proposed in the methodology can be used to

defermine ammunition allowances needed to achieve a specified average
battery proficiency, once testing has provided a relationship among:
(1) "Rate of learning" and rounds expended per day (both live-fire
and subcaliber) at the element level,
(2) The effects of turnover at the element level, and
(3) A measure of the increase in "coordination" (e.g., coordination
times) between elements as a functicn of mutual training.
4. Qther Crew Served Weapons

High cost missile systems training ammunition expenditures are
very tightly controlled; hence these offer 1ittle opportunity for savings.
5 potential saving might be made by reducing the HAWK missile annual
training allocation per battery from 3 to 2.

Machine gun training ammunition, which has a low unit cost but
has a high expenditure rate, is not tightly controlled and its allocation
rate varies widely on a year to year basis. There appears to be nc vaiic
justification for this fluctuation in allocations.

5. Impact on Ammunition Training Allowances of Changes in Weapons,
Tactics, Doctrine and Budaget Constraints

Emphasis must be placed on the concurrent development of systems
and their training procedures to include training ammunition allowance
beginning at the jatest in the full scale development phase of the acqui-
sition process.

As weapen systems develop and mature, the training procedure
should be under constant review with the goal of optimizing crew perform-
ance and training costs.
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CONCLUSTONS AND RECOMMENDATIONS

Conclusions:

The methodologies developed in this study provide a valid pasis
for determining tank and artillery ammunition training allow-
ances. (Chapter III, Section B.4 and C.5 and 7)

Specific changes in ammunition training allowances shoulc
commence on an experimental basis in FY84, (Chapter [II,
Section B.4.c and C.7.h)

There is a need to collect hard data on both direct and indirect
fire weapons systems; the basis for structuring this collection
ef-ort is identified in Chapter IIl. (Section B.4 and C.7)

There is a need to introduce and refine a more definite and
responsive ammunition allowance management system. (Chapter III,
Section B.1, B.3, and C.3)

Variable organizational allowance concepts should be tested
throughout the FMF in FY84 to determine the effects of changes in
ammunition allowances, both full and subcaliber. This should be
instituted in conjunction with directed increased use of other
training devices. (Chapter III, Section E)

A logical alternative to the current annual allowance system is
an organizational basis of allowance vice a per weapon basis.

Further, annual organizational allowances could be developec in
conjunction with a quarterly allocation and expenditure reporiing
system. (Chapter III, Section £)

Transition to an organizational basis of allowance in conjuncticn
with adoption of the methodology presented in Chapter I[Il would
provide a management system responsive to changes in weapons,
tactics, doctrine, force structure, and budget constraints.
(Chapter III, Section F)

Recommendations:

That current allowances be sustained during FY83. (Chapter III,
Section B.4.b and C.7.h)




(2)

That, commencing with FYB84, a system to collect hard data be
institutea as defined in Chapter III. (Section B.4.c, and C.7)
That, commencing with FY84, variable organizational allowance
concepts be tested throughout the FMF. Proposed FY84 allowances
for tank and M-198 artillery units are dépicted in Chapter III,
Sections B and C, respectively.

That the Marine Corps consider transition to an organizational
basis of allowance system for all FMF weapons systems. It is
further recommended that early transition to an organizational
allowance system be considered for M-198 artillery battalions. and
C Series infantry battalions. (Chapter IIl, Section E)
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CHAPTEK I
INTRODUCTICN

4,  PROBLEM

The purpose of this study is to determine the ammunition expenc -.re

necessary to attain and maintain requ red levels of proficiency. A

onT

ances for t-aining ammunition ere currantly promulgated by & Marine l:z-:os

Lz 2

Order publisned by the Deputy Chief of <aff for Instailations anc Leg s-

"

tics. These allowances have been based on a ccmbinaticn of uJsage ca-a,
budget constraints, and numerous unvalidated reguests from users. Lit-le
consiceraticn has been given to ‘evels of skill attainmen:, alternet .=
mears of trzining, or recognized standards of proficiency. The increas-nc
costs of ammunition, sophistication of weapons systems, and training crez
constraints require a more effective and efficient means to aliccate trzir-
ing ammunition. To establish that means, a measure of ammuniticn esxzerci-

ture consicdering the above parameters and relative to skill attainment zrc

croficiency, must be determined.

E. STUDY OBJECTIVES AND MODIFICATIONS

1. Opjectives

The major cbjectives of this study =ffor: are tc:

(") FRecommend Marine Corps ammuniticn training allcsinces casec or: J
ta) Attainment of required training standargs for inciviguals - !
units (IAW aporopriate Marine Corps lZombat  ReaZirecs :
Evaluation System (MCZRES; velume), -

.2 Mainterance of required training standarcs cf i-giLizuzc
{ 1AW appropriate MCCRES volume). :
{c) Attainment of required ‘trainirg stancarcds of ceizs. j
batteries, etc. (IAk appropriata MCORES veoiume). h




(3)

(d) Maintenance of required training standards of commands (IAn
appropriate MCCRES volume).

{e) This study shall not address Battalion Staff or Regimenta’
Staff expenditure o¢f training ammo requirements or M-l€
training requirements. ‘

Recommend a method by which subcaliber and simulator training can

be assigned a gquantitative value relative to the value of live-

fire training.

Recommend a methodology through which training allowances are

responsive to changes in weapons, tactics, doctrine and budget

constraints.

Modifications

In this study major emphasis has been placed on artillery anc

tank training ammunition regquirements; they constitute the major annua’

training ammunition expense. However, the study does consiger the *oilow-

ing other
(1)
(2)
03)

s
L4y

- - -
e -
crolect ¢

Fficer,

-

systems:

Mortars: 8lmm and 60mm,

Anti~tank systems - TOW and DRAGON,

Machine Gun, 7.62 mm M-€0 and .50 Caliber, HB flexible. grcunc
mounted. and

Air Defense Systems - Improved HAWK and STINGER,/REDEYE.

This study modification was agreed to by the study sponscr anz

C.  FACTS BEARING ON THE PROBLEM

The USMC conducts progressive training o attain and maintain orof-

ciency in crew-served weapon Sysiems.

Training publications such as Technical Manuals (TMs), rielc Manua's

’fMs), and Marine Corps Combat Readiness Evaluation System (MCCRES' previce

guidance and weapons specific instructions for crew-served weapcn sysiem:

training.

However, commanders are authcrized flexibility in the corauct c-

[1-2
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training to meet mission requirements, c.~straints of trairing fac-'-liec

and time, budget limitaticns, and unit readiness precficiency.

Crew-served weapons training is intended to improve comoal reagiress
3f individual and weapons system teams to meet specific mitsion regure-
ments and operational standards.

Current level of mission commitme:ts including deployments ang t-z'n-

ing and readiness exercises will continuc Tor the foreseeatie future.

3. MAJOR ASSUMPTIONS

That the standarcds of proficiency in the Marine Corps CTomcat Reacdiness
zvaiuation System (MCCRES) are valid.

Tnat the standarc of preficiency to bHe attained &t Mar“ne loros
schools can be provided.

Tnat the missicn of the Marine (lorps., as outiined In the Marinre “crpc
Midrange Otiective Plan (MMROP) wil® remain supstantially ure’:erec.

E. STUDY FOCJUS, LIMITATIONS. AND RATIONALE THEREFORE

-
|

ris stucy emchasizes crew-served w~eapor systems train‘ng In active
Fleet Marine Force units. Reserve unit training ‘s nc® consicerec.

Only currert weapons anrcd simulators are consicerec. “~ese ‘nc
tre 155mm howitzer M-TG8. tne M-£0A7 tanx, I0mm Ticrt weligri compary mer-
tar, and the 81mm mortar.

f-icrity and emphasis s given tc eramining weapon: systerms wiih
mecium costs and nhigh volume ammunition reguirements . arti ‘er,. morizre.
anc tarks). Low priority is given tc examining weapcns sysiams wif~ nige
cost and iow volume ammunition recuirements 10w, DRAGCN, F:
and [-HAWK},

I1-5
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7.  METHOD OF ANALYIS

1. General
To meet the objectives of the study, an analytical plan was deve-

loped which outlined the approach, the necessary tasks to be accomplishec.
and their sequencing which would be required for the development of the
methodologies for use in estimating ammunition training allowances. Tre
metnodciogies would be based on proficiency levels and training/budgetary
tradeoffs rather than the historically based parametric approach to exper-
diture rates, and periodic unjustified requests.

2. Overview of Tasks

To accomplish the study, the tasks and their sequencing are illus-
trated in Figure 11-1.
3. Critical Issues

In the approach, the study group felt that the following critice
issues to the study problem would be answered:
(1 Have other studies been done that would contribute tc the study”
(2) Is there sufficient data available to conduct the study?
(3) Can the data be quantified and organized for analysis?
(4) s there an existing methodology for the analysis?
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CHAFTER 110
0ISCUSSION

THE TRAINING ENVIRONMENT

1>

i

The Marine Corps’ consistent dedicaiicn to training readiress "3 .z-.

~ell known and effectively enunciated 'n a wige variety of cfficia™ -uz -~

cations. Also, as a force-in-readinec-. the Marine (Corps susta’ns 2 ~°gr
operational tempo of peacetime activitiz. These activities are ccrzuctiec
on a world-wice basis encompassing almost 11 climatic ccrditicms anc tar-

@)
on

rain variables. Therefore, it is useful to briefly review Marire Tz~
peacetime commitments, operational tempc. and fcrce posture in crcer 1T o2n-
sure a contextual picture of the Fleet Marine Force (FMF) <raining envircr-
nent. This review will address the Grounc Ccmbat Zlemenis o7 the rM=, tre
“ocus of the study effort.

First it should be noted that the Marine Corps mainta‘rs & mi~imum o7

twe forwara deployed forces aflcat. Marine Amphibicus Units (MAU

W
]
)
'

D

continuous basis and is expected to be capaple ¢f rapicdly emparxing Mari-

Amchibious Brigade (MAB) level forces in amphibicus shipping tc inzreas

m

+

tne fevel of forward deployed forces zficat on z worlc-w'g

{D
o
[¢Y)
n

2
W

]

addition, III MAF is forward depiocyed in Japan in a £/9s" conf-guratiz- iz
ce the 2ist MAU (ceployed afloat). The five “nfariry pzila’‘crs o7

!

U
“ne 3rd Marine Division {-) are ‘orwarc cer

§ -
|

M
9]
‘
(]
[
u
(@]
Y]
3
)
3
8%
S
3
s
ot
1
[
or
fu
1

<ion basis from rotation home bases leocatec in ths
sions.

In addition tc the basic continuous geplcyment commiIments Zescir’ze:l

abcve, the Marine Corps is committed:

{1) To provide forces tc the Ragid OCep cyment Joint
{(RDJTF) including the 7th MAB reilatec <c the Near Term “rezcst-
ticning Ship concept,

{2) To provide ready Battalion Lancirg
alert status related to both airlifted and amchitisus co~ti-ger-

cies, and




{3) To conduct both amphibious and other major exercises on a regular
basis in support of JCS and unilatera! training cbiectives.
The cther major factors fundamental tc the training envircoment :zre:

1Y The force basing posture,

ct
(]

(¢) The availability/location of appropriate traini~g arees
include live fire ranges, and

(3) The personnel turnover or turbulence generated by the high cpere-

tional tempo and unit rotation.

:n regard 1o the basing posture related to training areas and !ive
fire ranges, it should be noted that only at 29 Palms, CA, is there an
effective matzh of basing and trairing areas. Ali other basing posture-
training area combinations are a maze cf mismatcnes. In regard tc cerscn-
ne’ turnover, it should suffice to state that the perishable niture of uni:

training in e&n environment of significant personnel turbulence makes unit

training readiness one of the most difficult problems facing tcday's Marine

The above review reveals nothing new to the intended readers and eva -

uatcrs of this report. Rather, it serves as a reminder of the FMF training :

envirsnment in wnhich the study group attemcted to {crm pesitive and produc-

tive zconclusicns and recommendations. I
B. TEANK GUNNERY

Intreduczicn i

Tank gunnery is predominantly direct fire &t a point target by

fu
\
=

crew cperating from within a single tank. A tank crew normally consists of
a commander, ariver, gunner, and loader. who are cross-trainec for ail crew .
functions and operate as a single entity within a platoon of 5 tanks. The '

crew observes and selects targets, delivers direct fire on the target,
observes strikes, adjusts fire and observes results. The live-firing por- '
tion of the MCCRES for tank gunnery measures the proficiency of a crew to
attain a "hit" on moving and stationary targets at various ranges within

112
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prescribed time limits. Lack of availabi'ity of hard data from unit :-zin-
ing records and administration of MCCRES tests required a data cc'iecticn
effort which resulted in the develcpment of questionnaires to be aamini-
stered by mail to selected USMC tank gunnery experts. The list of experts
was selected by the USMC by name and provided to the' contractor, wno estab-
lished direct contact with the recipierts.

The tank gunnery survey was designed for company commanders anc

battalion training officers calling for judgments from their experience in
cenducting and evaluating tank crews pr.7ressing through gunnery <raining
to achieve and maintain proficiency. In order to obtain subjective esti-
mates of the probable correlation between qualification scores and ammuni-
tion allocation, the questionnaire was structured tc examine variations in
the amount of full caliber ammunition, sub-caliber and simulation substitu-
tion, tank crew experience and turbulence, training frequency and requali-
fication. The tank gunnery questionnaire was specifically structurea to
parallel the Army tank gunnery test program so that data resulting from the
tests can be applied to the tank gunnery methodology developed in this
study.
2. Tank Gunnery Survey

a. General Description

To determine the ammunition expenditure necessary *o at:tain
and maintain required levels of proficiency in tank gunnery, a course of
action w~as adopted which utilized a questionnaire and perscnal interview
procedure. This provided field data that permitted an ana'ysis which com-
pared the impact on training proficiency of the utilization of varying
amounts cf full and sub-caliber training ammunition., To provide the ‘ield
data, a total of nine (9) USMC experienced trainers selected by the prcject
officer were surveyed utilizing a questionnaire procedure. N

b. Questionnaire Respondents Experience and Selection

Table III-1 summarizes the experience of the respondents.
Officer personnel (8 officers) were in the grade of Lieutenant Colznel,
Major and Captain. All had served as platoon leaders and company comman-
ders of tank units. One had served as a battalion commander. Five (5) had

I11-3
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served in combat in Vietnam with USMC tank units. A1l but one of +the z%f: -

cers had attended the USA Armored School at Fort Knox. The one off cer
(Lt. Colonel) who had not attended a course at Ft. Knox was the current
USMC Liaison Office at the Armored School.

The Gunnery Sergeant who completed the guestionnaire has
served approximately all of his military career in tank units (active arg
reserve)., Currently, he is serving as Battalion Master Gunner. = sum-
mary, these nine individuals are highly experienced USMC tankers.

c. The Questionnaire

1) General
The tank gunnery questicnnaire is appenced as 7ab A-~

0 Annex A, The questionnaire sclicits subjective judgmenis from ‘-e
respondents in the following aspects of tank gunnery training:

(1) Armor Operations and Training Experience,

(2} First Qualification Test Program,

(3) Requalification Test Program,

(4) Platoon Test Program,

(5)

(6

) Effects of Freguency on Crew and Platoon Performance.

tffects of Turbulence of Crew and Platoon Performance. and

2) Questionnaire Parameters

The gquestionnaire utilizes the tank gunnery tes:s con-
tafned in FMI17-12 for the main gun. The live fire tables utilized ‘n ire
guesticnnaire were:

(1) Zero-Main gun,

(2) VI Static Tank - Static/Moving Targets,

(3) VII Tank Combat Course (Practice),

(4) VIII Tank Combat Course (Qualification), and

(5) IX Platoon Battle Run
The tank gunnery tests were utilized in determining subjective data <o~ *-e
qualification, requalification and platoon proficiency analysis *n wnice
varying amounts of ammunition was used.

With full caliber ammunition and sub-caliber as var<-
ables, three strategies were used with the amount of simulation increasec

[11-5




from C to 30 to 90 percent. In the platoon test the amount of sub- ang
full caliber fire was varied. Proficiency factors utilized were:

Distinguished - 830 - 100%
Superior - 80 - 89%
Qualified - 70 - 79%
Ungualified - less than 70%

3) Training Devices

The training devices used in guestionnaire included *he
M-85 laser trainer, Brewster device, Telfare device, TXV, Perceptronics,
and Detras.
d. Administration of the Survey

The guestionnaires were forwarded tc each expert. The pur-
pose was indicated and their subjective answers based on their milizary ex-
nerience to the gquestions posed was solicited. The forwarding letter
stressed the belief that live rounds must be expended during training ir
order to attain and maintain combat readiness. On the other hand. w~ith tne
increased costs of training ammunition, it was beiieved to be essentiz’
that expenditures had to be fully justified in attaining and maintainirg
vtssion required combat readiness. A Yimitation in this survey wes
tne size of the sample which was limited to nine (§) individuals &5y
OMB Ruie 5-CSR-1320.

e. General Remarks of Survey Respcndents

The general remarks cf the tank gunnery survev rescongents
were as follows:

) Lieutenant Colonel - 6 1,2 years Armor experience

"Direct supervision as battalion (0O of tank gunnery for 4C mcntrs
of tank crews, platoons and companies. Units fired estabt!lishec

gunnery tables both sub-caliber and service ammunition, Wes
ARMVAL Test Force Commander. Used laser engagement, TV cameres
and hit sensors. Tank gunnery experience of a total c¢*

30 months., Served also as Chief Evaluator for 2nd and 3rd Tars
Battalions annual qualification.”

. Major - 8 1/2 years Armor experience
"Answers to questionnaire are educated guesses, since 1ittle USMC
data avaiiable on USMC tank battalion gqualificatior percentages.
USMC Tacks gunnery ranges.”

[11-6
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!
j

/2 years Armeor experience
"Estimates based on how USMC trains - (nce a year sencs crews 3¢

. Lieutenant Colonel - 8

an Army range to fire unfam>l'ar tablec. <{rews have ¢ nard time
staying together. Ammunition requirement shou'g Se based on -ar-
ges to be used. Has never seen a platcon participate ir a

Tapble IXx exercise. Ranges are not adeguate for Tabple [Xx."

° Major - 7 years Armor experience
"Have been 1nvolved 1in tank gqunnery training ir M-48A2 =~z
M-60A1. Trained at Camp Pendletcn. 29 Falms., Okinawa, anc Zamp
Fuji. 1 consid~r myself ar experiencec :ank officer.”

) Lieutenant Colorel - 4 years Armor exper‘ence
"Combat experience as a company CC. 1-ained at Camc _ejeune and
participated in gunnery training at "ot Stewart.

“

° Captain - 4 years Armor experience
"PTatoon Teader n Ok nawa. Tarx gunrer, thers was severely lim-
ited. Spent two menths at camp Fuii. zZut not with tank platcen.
However, dic obse-/e gunrery. Stztioned at 2% Paims during
activation 3rd Tank Battaijon. I was comrany commanger anc
executive cfficer for five months, but due tc nor-avai'abilit, of
tanks little gunnery was -2nducted.”

° Captatr - 2 7 4 years Armor experience
"As a clatocn "eacer conzucted all oilatoon gunnery cualifica-
ticns. As a compcany ccrmander conducted gunnery  training

Tap'es -1V ana V!. 2o Ix.w

[ Maior - 9 yea~s &rr - . cersence
"™Mairtained scrzcis ..tz ‘on tanks and observed/participated
a large portice of officer on'istec crew tr ining. 4s the COI
tank section lamp Fuii. Japan plenned/conducted gunnery tra‘-in
for BLT platcens as trey ritatez throuch.”

G2 €D 3

3. Results of the Survey

a. tffects of Ammunition Use con Quaii®sizaticn

I Tota) Ammunition Allocaticn

Typical data are shown from ‘re sur.ey 1r
“or the percentage of crews qualified as a funct cn of tne number 2 rz.mcs
>f full caliber ammunition fired annually. Tre total numper guali‘-ec

t includes the tnree categories of gualified. superior. and gistinguisrec.

‘he figure demcnstrates the wide spread of estimates cbtained from :ne

resporcents to the survey. At the normal aiiccation of 162 rzunds zer

sear. the estimates of the proporticn of crews gualifying varies form 57 :z

[rr-7
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91 percent. The estimates also vary considerably in terms cf the change 1n
the proportion of crews qualified as the ammunition allocation ‘s recuce:x
to a low value of 54 rounds per year from the nominal value of 162 rcurds,
“he minimum estimated change is 5 percent at the minimal allocation. frcm
90 to 85 percent at 54 rounds. The maximum estimated change is 3C percent.
dropping from 50 percent at the normal allocation tco 2C perce~t =zt

54 rounds. Figure III-2 summarizes the data contained in Figure IIl-

showing the mean, the maximum, the minimum and the stanaard de.izt-cns at

each ammunition allocation. The ‘arge values of the stancard ceviaticn
emphasize the large spread of estimates. In addition to the variation
shown, the respondents indicated that there is a plus or minus © to
10 percent uncertainty in their estimates.

The proportion of crews in each qualificaticn catecgory
is shown in Figure III-3. Individual lines in the figure represent the
estimates of each respondent for the case of a normal full! caliber ammuni-

tion allocaticn. It is assumed that the average uncualifiec score ‘it

w
)
4

8% percent of the maximum score. The minimum, maximum, and mear value
the proportion of crews in each qualification category are shown in

ure III-4, The total mean score for that case is 76.08.

The mean scores were computed for each fu'' cz2’*ber

ammunition a'locaticn case for crews undergoing their first gua'i“izaticr
and those in & subsequent annual qualification. As shown in Figure [11-Z
for bctn cases, there is little variation in the mean sccre zs the ammur®-
“ion is varied from one-third the normal allocatior tc ! 172 < mes tre ~or-

ral allocation. If the ammunition allocation were reduced ¢ one-thira z*f .
tne current amount, the mean estimate indicates a reduction of “cur percen-

tage points in the percent of maximum score. Increasing the ammunitior .
ailocation to 1 1,2 times the normal would be expectec tc increase scores
by only one percentage point. As would be expected, the resuits show ar
estimate that crews returning for subsequent annual quaiificaticns weou
score consistently higher. The amount of increase is about three gercen-

tage points.
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It is obvicus from the data presented in Figure [I.-°
that there is no concensus on the current scores achieved by tank crews,
Furthermore, even if the mean score for the normal allocation of ammuniticr
were to be determined accurately, there stili remains uncertainty as tc ncw

sccres would change with a change .n ammunition allocation. To gain scme

understanding of how large the uncertainty might be, the data from fig-
ure [II-1 were examined to find the indiviaual estimating the greates:
change in score in response tc a change in ammunition. Tne change ir sccre
that an individual predicts for a change in ammunition was then comparec
against the mean values of the estimates. The result s shown. in 3
Figure I1I-6. The worst case differs from the mean by only five cercentage
points when the ammunition allocation is reduced from the current ailocz-
tion to one-third of the current level. This shows more consistency amcnc 4

tne respcndents in estimating the effects of charging ammunition than s

gstimating the proportion who gualify for any given amount of ammunition.
2) Substitution of Sub-caliber

The effect of substituting sub-caliber for full cal-ze- f
ammunition and of using various amounts of simuiation in the pre-tat'e
training are shown in Figure 1I1-7. These resuits aiso show little sensi-
tivity cf crew score to changes in the amount of fuil caliber ammurition.
There 15 a drop of only three percentage pcints in the crew sccres whe-
Tebles VI and VII are fired with only sub-caliber ammuniticn. Tre daz

aisc shcw that crews returrning for subsequent annuai gualificaticn a-s

{0
e, oot I

expected to score four to five points higher than crews taking the cuai 7,-

ing test for the first time. This effect is much greater than the us

simulation in the pre-table training. The maximum indivigual estimate of

the impact of using sub-caiiber ammunition ‘e shown in Figure I..-E. i

shows a five percentage point drop in score with the use c¢f sup-calibe~ }
ammunition in Tables VI and VII.

3) Platoon Effects of Total Allocation and Sub-caliter 5

Substitution &

The effects of reducing full caliber ammunition alloca-

tions or of substituting sub-caliber for full caliber are shown for tarx

c'atoons in Figure III-9. As with the crew results., there is oniy a smai’

[1r-14
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effect of either changing the allocation of full caliber ammunition or of
substituting sub-caliber.
4) Turbulence Effects
Effects of turbulence are shown in Figure 111-10 ‘or

crews and in Figure III-11 for platoons. The effects are significant in
botih cases. Crew turbulence is estimated to procduce a change of 9 percent
in the mean score. This corresponds to a mean change of 27 expectec ¢
qualify when three or four of the crew change, as shown in the surve,
results (see Figure A-10 in Appendix A). Platoon turbulence is estimatec
to produce a 7 percent change in the mean score when five new crews are
present in the platoon. Hard data are needed to identify more precise .
the effects of both crew and platocon turbulence, but it is evident that *:
can be and most likely is an important factor in performance.
5) Frequency of Training

The effects of frequency of training are shown :ir

Figure I1[-12 for crews and Figure [iI-13 for pilatoons. The results “or
50tn crews and platoons are very similar. The mean score for eacn ‘s :
expected to drop by about one percent per month when there is no training. ;
6) Conclusion :

The major result of the data obtained from tne survey

is trat sharp reductions in ammunition appear to be possible. Collectior
of training aata is needed to verify these conclusions and to identify sce-
cific reductions. Procedures to collect and analyze the needed data are
described in Paragraph [I1-C4, Methodology. . '
b. Effects of Allocation on Total Ammunition Use

A major concern of the current study is the degree to wnich ) ]
changes in the allocation of ammunition will effect <otil Marine Ccrrs ‘
training ammunition reguirements. The usual approach in chenging ammu-~:-
tion ailocation is to change the amount given tc each crew or platoor wi:r
no variation across the board except for differences in mission or current
status. With this approach, a decrease in the allocaticn of ammunition :zar

»

be expected to produce a small decrease in the number guaiifiec. A

slightly different approach is possible, however. It is inferred in 1ire

I11-19
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suggestion in the Army Field Manual FM17-12 that crews or platoons not
qualifying be allowed to reshoot until they achieve the necessary profici-
ency. This would suggest that the ammunition allowance might be reduced in
general, but that those crews or platoons not qualifying be issued an
additional allocation until they do qualify. It is not immediately clear
whether this would result in a net saving of ammunition or not. An
analysis was conducted to see if there are potential savings to be found in
that approach.

The idea of reducing ammunition allocations and then provid-
ing additional ammunition for unqualified crews to continue shooting until
they do qualify was analyzed in the following sequence of steps:

(1) Since there are no hard data to identify accurately the propor-
tion of crews qualifying under the current or normal ammunition
allocations a nominal point had to be picked for analysis. It
was assumed that the mean value of the proportion of crews qua'i-
fying under the normal allocation is representative of the cur-
rent situation.

(2) Each of the questionnaire responses was normalized to the mean
value selected in Step 1. As a result, each respcrident's curve
on the estimated proportion of crews qualifying for various ammu-
nition allocations passed through the mean value point as shown
in Figure III-14,

(3) The maximum, minimum and mean values of the proportions of crews
qualifying under different conditions was determined, as shown in
Figure I11I-15. It is assumed that the qualifying crews fireg
only their allocation of ammunition. It was assumed that the
crews not gqualifying with the original allocation would shoot the
average number of times indicated from the survey. (The surve;
included a question on how many reshoots would be typically
required for a crew that did not qualify the first time.)

The sequence of events followed on this training concept and
the numbers assumed to represent the amount of ammunition are shown in
Figure [II-16. The resulting use of ammunition is shown in Figure [1I-17.
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The effect of reducing the initial allocation and allowing those not quali-
f.ing to reshoot is to reduce the total! amount of ammunition for training
when the initial allocation is as low as 1/3 of what is currently provided.

The effect on the Marine Corps budget of reductions on the
s‘ze of those shown in Figure IIlI-17 would be significant. If all 210 tank
crews were to fire the ammunition allocations suggested in TC 25-3, the
cost would be $7.3 million dollers per year. Going to one-third of the
current allocation would reduce the expenditure of ammunition by 55 percent
for a savings of $4.0 million.

The possible explanation for the result of Figure III-17 is
shown in Figure III-18. Apparently, crews qualify before they fire their
toctal allocation. The remaining ammunition does not contribute to their
qualification, although, it may raise their proficency. If the initiel
allocation of ammunition is reduced, many crews will achieve gualification
without firing the full current, or nominal allocation. The unused differ-
ence between the reduced and the nominal aliccation is available to be usec
Dby crews that do not qualify and need additional training. In fact, the
net result is that the unused ammunition is more than enough to provice
reshoot capability to the unqualified crews. Therefore, there is a net
saving in total ammunition. This result is achieved assuming each reshoot
uses the same amount of ammunition as the initial attempt. FM17-12
suggests using less ammunition for reshooting. That might further reduce
tne total amount needed.

Before these analytical results can be treated as truly in-
dicative of the performance of Marine Corps crews and the reguirement for
ammunition, more data are needed. The data that needs to be collected are
described in the following paragraph on methodology. It may also be noted
that the concept of reducing the initial allocation of training ammunition
to each crew or platoon and then providing additional ammunition to those
that dec not qualify can work only if crews and platoons have access to
ranges to reshoot as often as needed. The approach is offered as a sugges-
tion to the Marine Corps to be examinec in greater detail when additional

[1T-26
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data become available on the relation between proficiency and the use of
ammunition.

4, Training Ammunition Allocation Methodology

a. Basic Reguirements

The subjective data obtained from the survey 1is not
consistent nor sufficiently conclusive to derive reasonable ammunition

allocation decisions from the results. Gunnery training performance
records are inadequate for MCCRES below battalion level, so there are no
hard data providing information on crew or platoon performance.

Furthermore, there are no adequate learning thecry models to
suppeort decisions on ammunition allocation. Learning theory provides some
support to use a curve of the general shape shown in Figure III-19. The
lack of solid research for the cases we are examining means that you could
select almost any arbitrary shape provided it has the general characteris-
tics shown in the figure.

From our general review of the 1literature and the survey
results, it is essential that hard data be obtained directly from US Marine i
Corps training activities. The foliowing section describes an approach
wshich will provide for the collection, compilation, and analysis of the
neeced data.
b.  Approach

The following steps are required to obtain usable guide®ines
Tar the allocation of training ammunition:

(1) Specify and enforce clear standards for tank firing training.
Currently the Marine Corps is suppcsed to be using the standarcs
specified in the US Army Field Manual (FM) 17-12. Standarcs mere
directly suitea to the Marine Corps may be developed. However.
it is more important that a set of standards be usec consistenti,
now than to spend time developing a new set and delay the ccilec-
tion the needed hard data. Therefore, immediate enforcement
of the use of FM 17-12 is recommended. If the Marine Corps does
develop new standards tailored more to its own needs they caen be

introduced later.
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Proficiency score as percentage of maximum score
Ammunition used
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Figuer [II-19. Relation Between Proficiency and Ammunition Use
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Hard cata must be collected from the Marine Corps training pro-
gram on the performance of tank crews and platoons against the
standards. It is necessary tc cbtain training results for dif-
ferant amounts of ammunition used. Twc alternatives are sug-
gested in the next subsection of this chapter ranging from a
rigidly structured test to the use of results as they can be
optained from the current Marine Corps training program. The
tvbe cf data tnat need to be coliectea and the forms to use -
the collection process are described later in this chapter.

Mathematical models will be used tc obtain least square est:mates
of the proficiency of crews and platoons as a function of the
amcunt of ammunition used. The eguaticns are gescribed later ir
tnis chapter but basically consist of an exponential formula fc-
proTiciency of crews and piatoons as a function of the amount cof
ammurtion used. Linear cor gquadratic forms are proposed for the

N
}
|

relationships between the use of simuietion cor subcaliper anc
proTiciency, and the effect of turbulence on proficiency.

The selection of the amount of simulation and subcaliber to use
wil’ be a functicn of the cost of each and the practical numper
of times they can be used by crews arz platoons. The procecure
for aetermining the amount of simulation and subca'iber to use
also be desc~ibec later in the chapter.

c. Data Ccllection

T~e data collection and anzlysis are intenced to hne':
the following:
The effect of tne variation of full czliber ammunition ailcce
ticns on crew ancd p.atoon performance;
The effect of the use of simulation ana sub-caliber ammuniticn as
a substitute for full caliber;
The effect of training profiles and mission requirements; and
The effect of turbulence.

The training prcfile and mission reguirements vary con-

siderably for different units in the Marine Corps. The training profiie

[11-30
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differs from unit to unit depending on the availability of ranges for "ive
firing, the availability of simulation, and the time available for
training. Mission requirements vary considerably for individual units.
Some are in a pre-deployment status, others are afloat or stationed in
Okinawa or Hawaii, and others are in a post-deployment status after
returning to their original units.\The number and type of training events
that take place throughout the year will be considerably different for each
of these units. A description is needed of the sequence of training events
if the analysis is going to be able to isolate effects due primarily to
ammunition usage.

There are two principal options for obtaining the hard data
on crew and platoon performance.

(1) A structured test in which the amounts of ammunition used by each
crew and each platoon are rigidly controlled according to & test
plan.

(2) The use of available data from the current training program.
This last approach assumes that there is enough variation in tne
use of ammunition under current procedures to provide usefu’
information for the analysis.

In developing a structured test there are three majcr
factors tc be reflected in the allocation of ammunition:

(1) The amount of full caiiber ammunition given to each crew and pla-
toon, and the amount of sub-caliber ammunition substituted <cr
full caliber.

(2) The amount of pre-table simulation and the type of simulator.

(3) The organization and mission of each crew and platoon.
£ach combination of full caliber, full-caliber/sub-caliber mix, amount :z¢
simulation, and organizational and missicn requirement represents a test 4
eiement. The assignment of platoons to each test element is a function of
its organization and mission. The Marine Corps therefore, will have to make
the final allocation. A typical test allocation is suggested in Fig-

ure ITI-20.
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ALL MAJOR FACTORS INFLUENCING PROFICIENCY MUST BE INCLUDED

Number Number Ammunition Pre-Table Organization/Mission

of of Allocation Simulation

Platoons Tanks (%)
1 7x* Nominal 0 1 TNK Bn
1 okl " " 3 TNK Bn
1 7* " " 2 TNK Bn/Pre-deployment
1 1* " " 2 TNK Bn/Post-deployment
1 7* " ! Hawaii/Pre-deployment
1 5 " ! Ok inawa
1 7* Nominal S0 1 TNK Bn
1 5 " " 3 TNK Bn
1 7* " " 2 TNK Bn/Pre-deployment
1 5 . " 2 TNK Bn/Post-deployment
1 " " Hawaii/Predeployment
1 7* " " Ok inawa ﬁ
1 7* 2/3 Fuli-cal. 0 1 TNK Bn
1 7 " " 3 TNK Bn
1 7* " " 2 TNK Bn/Pre-deployment
1 7x* " ! 2 TNK Bn/Post-deployment
1 5 ! " Hawaii/Post-deployment
1 5 " ! Ok inawa
1 5 2/3 Full-cal. 90 1 TNK Bn
1 7* " " 3 TNK Bn
1 5 " " 3 TNK Bn
1 5 " " 2 TNK Bn/Pre-deployment
1 5 " ! 2 TNK Bn/Post-deployment
1 5 " " Ok inawa
1 5 1/3 Full-cal. 0 3 TNK BN
1 7* " " 2 TNK Bn/Pre-deployment
1 5 " " 2 TNK Bn/Post-deployment
1 5 " " 1 TNK Bn

Figure I11-20. Tank Test Organization
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Number Number
of of
Platoons Tanks
5

5

7*
7*

=S e D s B = s —

5
5
S
S

*Includes two company command element tanks
**Includes two battalion command element tanks

Figure I1I-20.

Ammunition Pre-Table
Allocation Simulation

(%)
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Tank Test Organization (Continued)

ALL MAJOR FACTORS INFLUENCING PROFICIENCY MUST BE INCLUDED

Organization/Mission

1 TNK Bn

1 TNK Bn

Okinawa

1 TNK Bn

1 TNK Bn _
2 TNK Bn/Pre-deployment

2 TNK Bn/Post-depicyment
Okinawa
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The recommended assignment of platoons to each test eler .t
assumes 36 platoons in the Marine Corps. The control group for the test is
represented by the 6 platoons allocated a normal amount of ammunition with
zero simulation. One platoon is selected from each of the organization/
mission combinations. The five remaining groups vary the ammunition
allocation and the amount of simulation. Each platoon in each group repre-
sents one of the six organization/mission combinations.

wWhether wusing a structured test or current training
program, an example of the platoon reporting form shown in Figure 1I1-21
which is proposed to gather information on each of the five tank crews in
the platocn. These forms can be collected quarterly by each battalion S-2
and forwarded to the Marine Corps Development and Education Center &t
Quantico.

d. Analysis
1)  Regression Analysis Methodclogy

Standard least squares regression methods such as founc
in Statistical Package for the Social Sciences (SPSS) and other commercial
statistical computer programs, should be used to determine proficiency as a
function of full caliber ammumition use, and the effects of substituting
subcaliber or using simulation. It is recommended that the following equa-
tion be used to represent proficiency as a function of full caliber ammuni-

ticn use:
Sp = 100 (1 - e KfF)
where Sp = proficiency score as a percentage of the maximum score {from
cotumn 3 of date form, Figure Ili-21a)
F = annual use of full caliber ammunition (from column 4 of data
form)
KF = constant

Other forms can be used tc represent the shape of the
curve in figure III-19., The final selection cepends on the familiarity of
the analyst with particular forms, and the regression ccmputer package
available. This discussion assumes the exponental form given above.
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The result of the regression analysis will be the
determination of a value for Kf and a curve relating Sp to F as shown in
Figure I111-22. That curve provides the basic information on the amount of
ammunition needed to achieve a selected mean score.

2) Simulation and Subcaliber Substitution

The next step in the analysis is to determine how much

simulation and subcaliber ammunition should be used. First, consider the

use of subcaliber ammunition.

Using data collected on the form in Figure III-21, the
scores associated with the use of subcaliber should be processed in a least
squares regression to obtain a curve of the type shown in Figure III-23. A
guadratic equation form is probably the most realistic:

Sp = Spy (1 - Ksgz (SC)2)

where Spg = score for all full caliber ammunition of amount Fj,
SC = amount of subcaliber ammunition
Ksc2 = constant

It may be appropriate tc try a least squares fit on a
tinear function of the form:

So = Spg (1 - Kgcp(SC))
This option should be examined by the analyst when hard data are available.

When a tcrm has been selected and a curve determined by

regression, the next step is to determine how much subcaliber is required P
to sut-titute for a given amount of full caliber. Until hard data are {
available it is reasonable to assume that the amount of subcaliber ammuni- : !
tion to substitute for each round of full caliber will increase as the i

procertion of subcaliber in the training ammunition ailocation increases.
That is, as you rely more and more on subcaliber ammunition for training. ]
its deficiencies become more apnarent and you have to substitute more i
subcaliber rounds for each full caliber round to keep the same aroficiency. %

Assume a particular proficiency score Spy, is selectec d
as desired mean proficiency level. Then, Figure [I[-22 shows there is a
requirement for Fy rounds of full caliber ammunition. Now you want to find

aut how much subcaliber you can substitute for full caliber and still have
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Figure I11-22. Least-Squares Fit of Proficiency Curve to Data
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Figure I11-23. Effect of Subcaliber Use on Proficiency
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a score of Spy. You need a new curve as shown in Figure 11i-24 fer thre
amount of subcaliber as a function of the amount cf full caliber. At F = F.
you have no substitution. At F = 0 you have all subcaliber. From Fig-
ure II1-23, this implies a drop in score to Spy - Sgry. If we assume the

4

shape of the curve in Figure I1II1-23 is the same regardless of the value ¢
Spg, then we can obtain an estimate of how much subcaliper is needea io
maintain Spgy as follows:

(1) Compute Sp' = Spy + SsC

(2) From Figure 111-22 find F' corresponding to Sp .
F' is the amount of full caliber ammunition such that, when you substituta
all subcaliber, you drop back to a score of Spy. That is |, F' is the nurpe-
of subcaliber rounds that will give a score of Spy. By repeating this crc-
cess for different proportions of subcaliber you will get a curve like the
one shown in Figure [I[-24.

Since subcaliber 1is cheaper than full caliper, it ‘g
desirable from a cost standpoint tc use as much as possible. Two prcbems
arise, however. One is that at some point the sccre may never be achieved
without some full caliber. The other is that so much subcaliber Tiring ma,
be needed &s a substitute for eacn ful! caliber rounc that it takes tc:
long to train with subcaliber. Both problems may impcse limits as snown *-
Figure III-24. The final decision on the level of substituticn wi'! be a
matter of judgment until more is known from hard data.

The effect of pre-table sumulation shouid pe treated -
the same manner, but using pre-table ammunition amcunts. The difference -¢

that cost is a factor in simultation. The cost of the simulatcr is firea, sc

per-use cost declines as use increases. There will be a curve as shown -
Figure III-25 showing the substitution of simulaticn for pre-table tret:
ing. At a certain level of use, SIMgc, and above. the simulator cost ‘s

iower than ammunition use. Time required on the simulator and trainirg

-,
|

Ne

(@)

effectiveness limits may also be contrained as shown in Figure II1[-25.
analyst will have to determine this for each type of simulation.
The same approach would be taken in analyzing simula-

tion as a substitute for table firings. {
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Figure 111-24. Amount of Subcaliber to Substitute for Full
Caliber at a Given Score




AAGLLPY LN 40) 9IN31ISANG P ose UOLYRINmLS  (G2-T{] adnbiy

4
04 0
IS
m»..
sbutiy -
aulj syl anoge WIS uonenwis —
A11I3443-1502 UoR|NWIS 4O 13quIny
o f
(1991122 ||N} 3WOS PIJU "I’1) UMW} SSAUIAINDJ)YYS butuies) :
h )
“
JANS H




3) Turbulence
The effects of turbulence can be represented as a plot
of scores against a turbulence measure defined as follows:

4
Te = ji mj
i=]

where
Te = crew turbulence measure
m; = months member i has been with the crew prior to test, but
not more than the number of months since the crew was last
tested.
5
I N
To= 20m
i
where

Tp = platoon turbulence measure
mj = months crew j has been with the platoon prior to the test,
but not more than the number of months since the platocn was
last tested.
If all four crew members have been together since the

last test, one year prior to the current test,
Te =12+ 12 +12+ 12 =148

If one raw member joined the crew two months prior to
the current test,

Te = 12+12+12+2 =38
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As turbulence increases, i.e., more Crew members or Crews in a platosr rzve
been with their crew or platoon for only a few mcnths. the value of 7. :r
Tp decreases. The concept 1s shown in Figure I11-2¢6.

The shape of the scores as functions of T and Tp ccuic

be linear or non-linear. The linear form wou:d be:
STe = ST¢qy * kTcTe

STp = STpO + kTpr

where ST. = score as a function of T.
STp

STCO, STpO, KTc, and kTp are constants

score as a function of Tp

Non-linear forms will have to Le determined by :the analyst based zn tre

data pleots. They could be gquaaratic or exponential. Figure [1I1-27 shews

(31

Vinear example for crew turbulence, and a non-'‘near example for slatoor
turbulence.

e. Summation of Methodoiogy

In summary, the following steps are tsz be ‘tarer -
cc'lecting and analyzing data on ammuniticn a’location:
(1) Data will be collected on the forms of figure 111-27 zn 2z qua--
terly basis for all USMC tank platoons.

(2) Trne data for all-full-caliber ‘irainirg w31 ¢ ctrccessez i :

(8]

teast sguares routine to cbrtain proficienc, curies for teaz ozo
platoons as a function cf U’ caliper ammurition. przcucl’-c¢

~esulls o the type shown in Figure

(A

Zata for training witn simulatizn ang supcalizer ammur *izr o -
pe processed to produce least-sguares curves of ne t,re s~osn -
Figure TI1-23.

(4, Substitution requirements of sibcailber and simuiaticr ~% 1 ¢
cetermined as described earlier. resuitirz in curves 27 ire tite

shown in Figure 111-24 ana I11-25.
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a) Hypothetical Linear curve Fit for Crew Turbulence

NOTE: Both T¢ and Tp
could be either linear or

nan-linear
5p
Tp
b) Hypothetical Non-linear curve Fit for Platoon Turbulence
Fiqure II1-27. Turbulence Effects
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(5) Combinations of full caliber, subcaliber and simulation will be
determined as described earlier, using the results of the type
shown in Figures I11-21, I11-24 and I11-25.

(6) Data collection will continue to monitor the effects of using the
a11oca£ions determined in step (5).

f. Revised Allocation

When the data have been analyzed, a desired proficiency
selected, and the associated ammunition allocation determined, the Marine
Corps must still determine which units will receive the selected alloca-
tion, and which might still be involved in testing different allocations.
During the three-year period of the recommended test program, it is
expected that continuing uncertainty in different aspects of the training
~i11 require continued testing of variations from the seiected normal
aliocations tc obtain better data. !t is alsc expected that the normal
allocation will wvary by mission and organization reguirements. The
specific procedures for determining the alliocation will have <tz 5Se
developed eafter the initial set of data are collected and analyzec.
rowever, as a starting point and subject tc verification through the test
program, a Proposed Tank Ammuniticr Allowance, MCQ P8011, for FY84 is a*
Table 1lI-2.
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TABLE [11-2. PROPOSED TANK AMMUNITION ALLOWANCES IN MCO P8C11 FORMAT
j. 105 mm Tank, MGEOAI

CURRENT RECOMMENDED APPLICABLE
pODIC ITEM ALLOWANCE/BASIS ALLOWANCE /BASIS UNITS
€508 HEAT-T 34/Wpn a. 325 Per P1t a. One third cf
b, 216 Per P1t all Plts as
c. 108 Per Pt designated by
d. 1,296 Regualification USMC
Reserve (108 rds per b. One third cf
plt) all Plts as
designated by
USMC .
c. One third of
all Plts as
designated by
USMC
d.RequalPltsifreq.
€520 TPDS-T 91/Wpn a. 470 Per PIt a. One thirc of
b, 313 Per Plit all Plts as
c. 157 Per P1t designated by
d. 1,884 Requal Reserve b. One third of ali

by USMC

(9]

by USMC

[a ¥

TP-T 46/4Wpn . 15 Per P1t . One Third of

. 10 Per P1t ail Pits as

O o
[s9

(02

. Ore thira cfe’’

hy USMC

¢. One third of &’
Flts designatec
by USMC

NOTES:

1. "Allowances in subcategory "a" are basea on anaiytic nominz’.
Subcategories "b" and "c¢" reflect 2/3s and 1/3 of the Nomina! ailocations.
The reserve allowance permits requalification of up to 100% of the Flits a:
the lower allocation level.

2. These allocations are exclusively designed for crew/platoon proficiency

and therefore do not include special allowances for other purposes such as
combined arms exercises, demonstrations, etc.
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C.  INDIRECT FIRE

1. The Nature, Components and Functioning of the Indirect Fire
weapon System

For purposes of this discussion, an Indirect Fire wWeapon System
is one which is capable of effectively engaging a target other than by

sighting the weapon directly at the target. Artillery is the most repre-
sentative category of the Indirect Fire Weapon System.

The mission of the artillery is to provide effective fire in sup-
port of the maneuver forces on the battlefield. The artillery must be cap-
atle of surviving the enemy threat and providing responsive and accurate
fires at the time and place reguired. It is a major component of the air,
ground, and naval gun supporting arms team. _

Marine Corps artillery is organized into regiments, battalicns
and batteries. Of these battery is the most appropriate level to consider
for the purposes of this study. Wwhile the battery is organized to perfcrm i
a variety of functions, (operations, administrative, Jlogistic, security.
etc.) this study effort is directed to the operational functions which dir-
ectly involve the acquisition and engagement of targets.

a. Functioning of Artillery and Its Impact on this Study

Training, in a broad sense, affects all battery functions,

and contributes to the overall proficiency of the unit. In establishirg
measures of proficiency, this study addresses itself to those operaticnz’
functicns which are "gunnery" or "marksmanship" oriented. In this contex:.
the battery has three basic elements:

(1) The Forward Observer/Team, the target acguisition agent,

(2) The Fire Direction Center, or control agent, and

(3; The firing battery, its headguarters, and the howitzer secticns

which provide the weapon delivery capability.

These three elements comprise an Indirect Fire Weapon System.

Indirect Fire Weapon System inherently presents a much more
complex gunnery or marksmanship problem than that experienced by a Direct
Fire Weapon System. In the Indirect Fire Weapon System, the acquisition
element can "see" or acquire the target but cannot directly exercise tte
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weapon delivery system. The weapon delivery eiement can deliver the effec:

" M

on the target, but cannot "see" the target and does not know the Jecatior
aither of the target or of the acquisition element. The third element, ine
Fire Direction element, usually cannct see either the target or the acaqui-
sition element, and freguently cannot see the weapon delivery element.
Thus, the Indirect Fire Weapon System not only presents a difficult gqunrery
problem, it presents an exceptional challence teo any methodology which
attempts to measure how wel) this gunnery team performs.

The battery gunnery team functions in the fcliowing
idealized manner. The Forward Observer (F0O) getec:s and determinres the lc-
cation of appropriate indirect fire targets withirn his zone of observetion.
In order tc initiate action to engage :he targei, the fI transmits a
request for fire to the Fire Direction Center (FDC). If the missicn is
approved, the FC will adjust the f‘re onto the target. when -eguirec, ana
will provide surveillance and evaluation of the effects of fire on the tar-
zet. The FOC receives the request fcr fire from the FO. From <the za:z
orovided in the FO request, the FDC plcts tne target locaticn {(manua’', 2v
oy FADAC), anc determines the chart and firing gata. This data is conver-
ted into fire commands fcr the firing battery. The firing battery receives
the fire commands, and executes trne mission by tne howitzers firing “-e
appropriate cata.

b. Ingredients of Battery Performance

In order to effectivel, perfcrm 3its missicn, the bat-er.
must be capatie not cniy of firing in 4n accurate manner. out zlsc zf ze--
forming “"en demand.” It must be resacnsive toth witn respect tc the neecs
o7 the supported unit and to the nature of the target unaer engagemen:
Timeliness anz ancuracy become, then, the two caminant measures of how we'’
or how poorly the battery performs.

How well the bhattery perf-orms 1is dependent upcn: i; tre
proficiency ievel of each of the three (2} elements of the battery ,:he
Forward Observer, the Fire Direction Center. and thc howitzer sections
f3lso celled the Gun Crews)), and -: the battery's ability to effectively
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coordinate the activities of these three elements. In turn, the pro-
ficiency level of each element depends upon: a) the individual proficiency
of each member of the section in performing his assigned task in the firing
cperation, ard b) the ability of the element personnel to perform in
conjunction with each other so that the element function (FO, or FDC, or
GC) is accomplished 3in an accurate ard responsive manner.

One can begin to see the complexity involved in measuring
the performance of a battery in terms of accuracy and time. The battery
can fail to perform to the required standards of accuracy and time under
any of the following conditions:

(1) A1} three sections could be highly proficient but their activi-
ties with respect to each other (inter section) could b2

j improperly coordinated, and hence unresponsive.

(2) A1l three sections could be very effectively coordinated, but the
proficiency of one or more sections is such that it causes the
battery to fail to meet either the accuracy or time criteria.
The errant section may not be capable of performing to the
required degree of accuracy, or more likely, it can satisfy the

accuracy criteria, but not within the designated time criteria.

{3) Individual FQ, FDC, and howitzer sections can perform to the
required degree of accuracy, and can do this within the requirec
time parameters, but cannot perform this function "on demand”,
that is, in the proper seguence and timed with other batter)
firing functions. The result is the same: at the battery leve!l,
the battery fails to meet the proficiency standards.

¢c. The Role of Procedural Skills and Judgment
In Battery Performance

The effectiveness of the application of artillery Tire is
heavily dependent on the skill and coordination of the battery and its ele-
ments. The skills involved vary from section to section, but in general,
they can be sa‘d to be heavily procedurally oriented.
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The FDC is the most procedurally oriented of the secticns.
For any given type of mission, there is a weil defined prccedure or sequer-
tial steps that are followed by each member of the FDC team. These proce-
dures are frequently compiex and involved. To be proficient, the rC( mer-
bers not only must kncw the procedures and be able to perfcrm them tc the
required degree of accuracy in the required time, but also they must per-
form them at the time required by octher members cf the team. The
leadership within the FDC must, in addition, understand what procedures 1c
direct and whken to direct them.

While wvirtually every type of mission has a greate- or
lesser unique procedural aspect with respect to the activities of the FODC,
the degree of unigueness is less distinct for the FO and for the howitzer
sections. The howitzer sections are procedurally oriented with -espect 1tc
the sequential activities reguired to conduct a given type of mission.
While there are many different types of missions, there are a limitec
number of variations in the seguence of firing the howitzers. The forwar:
opserver is orocedurally oriented in that he must follow a sequence of ac:-
ions in order to initiate, adjust and terminate a mission. The *C,
however, is more exposed to making judgments., the results of which flow
inte a procedural form., The FO makes the judgmert on the farget ic Gce
engagec. He makes the judgment on the lccaticn ¢ the tarcet. He makes
the judgment on whether an adjusiment is reguired. He makes the Judgmer:
~ecommencding the manner in which the target is tc -e ergaged »"th respec:
to type cf ammunition and the vciume of fire *for effect. He makes ns
judgment on :the ccrrections to adjusting rcunas. ard. fina'ly, he makes the
judgment on the evaluation of the effects of the fire on ire target.

We do not imply that the O it the most imporzant player ‘n
the gunnery team. There is nc cre most important pilayer since &)1 sect-cns
must perform accurately and responsively tc maintain an efficient batte-..
We do imply that the overail gunnery team is heav.ly procedura’l’y crientec
in skills, that the FO is inputing a major number of decisicns or judgments

into that procedural system, and that tne value of these judcments wi™l
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have some positive or negative effect on the ability of the battery to
perform. '

Judgments are obviously made within the FDC and in the con-
duct of firirg the howitzers so one cannot conclude that the judgments made
by the FO are of greater or lesser importance than those made in the other
sections. However, because of their numter, the FO judgments are likely to
affect battery proficiency to a greater degree and on a more freguen:
basis, than those made by the other sections.

Furthermore, the FDC and the howitzer sections each have
intrinsic procedures to limit errors by cross checks and supervisory
action, whereas the FO's judgment is extremely difficult to cross check
either within the FQ section or by the FDC. Therefore, the experience of
the Forward Observer and his state of training exert a major infiuence.
positive or negative, on the battery proficiency.

2. Basic Issues for Resolution

There are two fundamental issues that this study must address and
resolve. The first concerns the number of live rounds needed to attain and
maintain the proficiency of a gunpery tfeam. The second concerns the
utility of non-live-fire trazining in the same regard. Overall, the princi-
pal chjective of this study s to formulate a methodology which quantita-
tiveily relates training, in terms of exercises and rounds, to proficiency.

One of the principai difficulties of this study is to formulate &
methodology which deals with an abstract terms called preficisncy. At an,
level, that s element or battery, proficiency is the ability to perform
functional firing tasks to some specified parameters of accuracy and time.
The identification of these specific performance parameters, and the reia-
tionship between this study and these parameters, are discussed at length
in the (next) paragraphs deaiing with the Marine Corps Compat Readiness
Evaluation System (MCCRES).

This section concentrates its discussion on the issues of attain-
ment and maintenance training, the impact of skill degradation and
personnel turncver (turbulence), and the impact of non-live-fire training,

on "proficiency”.
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These issues adaress abstract subject matter on which there 1
1ittle or no "hard data." The relationship of the conrcept c¢® precficienc,,
based on accuracy and time parameters, to training device and live fire
exerqﬂses is a complex cne. As we examine these relationships in closer
detail, we will find a second level of complex relaticnships between
battery proficiency and section proficiercy, due to the changes of pre-
ficiency due to skill degradation and personnel turnover.

a. Attainment and Mainténance of Proficiency

The first issue to be rescolved 3is the relationship between
the attainment and maintenance of a proficiency level and the number cr
frequency of "training events”. In this context, a "training event" is
typically characterized as a field exercise invoiving or culmirating ir
tive firing. (A section can also achieve some level of proficiency trrouch
classroom instruction, non-live firing "training events”, anc *hrcugh se s
applicatien.) The proficiency of a section will tend to rise after its
participation in a live-fire training event or exercise. As 1he section
experiences continued exposure to such exercises, ts proficiency will lenc
Lo increase to some satisfactory level. In order to maintain the uni:
oroficiency at a minimum acceptable level, the 1iraining event must be
~epeated at some point in time.

-

Underlying the whcie issue of Tive-fire training and

o)
O

ficiency is the fcllowing question. Does a unit or section proficiency

increase as a result cf learning skiils and coordiraticn in the “ive fir ng
environment, or is the live “iring event primariiy a valization process :c
verify the unit training proficiency already previcusly acguired? The con-
fidence level of an individual or unit or its commander °*n the ability ic
oerform, is a facter in this proficiency. and tne proficiency cf indivicua®
sections is affected by live firing in attaining sxill. Qur point is 1na*
after @ unit has attainea a given skill level, is the repetition of ‘-ve
firing exercises a learning vehicle or a valiaation vehicle?  Seccndary
points are: 1) should the unit use live firing as a learning vehicie or

are there cther less expensive or more effective approaches" and 2} 3¢ the
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live firing is used as nrimarily a validation process, how freguently must
proficiency be validated?

Nevertheless, the basic guestion to be resolved can be sum-
marized as:

(1) what do our current training events consist of in terms cf
ammunition expenditures, and days of live firing?

(2) How does the FQO, FODC, GC, and overall battery proficiency change
as the result of participation in the training event?

(3) What is the required frequency of training events to obtain anc
maintain a given proficiency level?

b. Degradation Factors tc Proficiency

The second issue to be resolved is the effect on section anc
cattery proficiency caused by skill degradation (forgetting).and personnel
-urnover. If there were no personnel turnover within the sections, anc if
personne} dia not lose skills through inactivity, we could more eas:ily,
determine the freguency of training events necessary to maintain a given
tevel of proficiency. Experience indicates that while many factors exert
an influence on individual or unit proficiency, the two most important fac-
tors that tend to decrease proficiency are skill degradation due tc "for-
cetting"”, and turnover of personnel.

Motor skills, such as loading a howitzer, tend to cegrace
only slightly over very extensive periods of time. Skilis which are
neavily oriented toward procedures, particularly complex procedures. such
as those of a forward observer, tend to be "forgotten" much more rapidi,
through periods of inactivity or non-training. [f one could determine the
rate at which a particular skill degrades in terms of prcficiency, then cne
could determine that point in time when another training event is requirec
t0 again restore or maintain the proficiency level above the regquired mini-
mum. Thus, a frequency of training events over any given time period could
pe quantitifed.

Recocnize, however, that each of the sections of the battery
have distinct skill characteristics. Some skills are more difficult te
maintain than others, and, therefore, skills degrade at different rates
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over identical time pericds. This makes tnhe freguenc, of Iraining eve it
section-dependent ana, thus, mignt suggest differential section t-airing.
When a section attains and maintains & aegree of rri-
ficiency, essentia’ly that degree of prcficiency reflecis tne cumurati.z
effects of the individual MOS skiils ana the marner in wh-cr those sk ¢

bR
]

are applied ana coordinated ir a team e‘fert. All mempers ¢ the tezr

contribute to the total team effort, but the tasks performed by some —ew-

O

bers may have grealer impact on tne prcticiency of the secticn Than
performed by other members. Tnose tasxs having grezler mpact may
from the influence on the team frcm the leadersrhip or superviscgry pos’zion
5f the team member or beca.se of “he pctentia. “mpact ¢f nis error,  For
example, an error in cutting tne cnarge or setiing the Zeflection -
cuadrant elevation has much greater impact than an errcr ir inme funciien cf
ramming the round intc the tube.

when a crew member is separated from the team anc ‘s
~erlaced by another, the proficiency cof the section is zffectec. If tne

renlazement has the same prciiciency in the MOS sxill as ‘ne mermoer wne vacs

reciaced, the secticn proficiency wii! degrade oniy ic the eazent that tne
new member 1is not used to working ~1th the other mempers cf the tezm. --e-
guentl., the repiacement aoces noct h ficiercy n tng VLS

ave the same pro
skil’ as that possessed by the zeparting member. |

crofiziency degraces beceuse of both the inferior skill cf the reptaceren:
:nc nis lack of experience in working with the other members < Tne 1earm.

N, with the “recuer{ rec aceme--

75 summarize this aiscus

$io
the proficiency of the unit would tenc tc gegrace -

T {=am personne.

~elation to:

{17 The numper of members who were -eplacec cver a civen perioc
time,

(2, The MCS proficiency skiil of the reclacemerts. anc

37 The errcr ampact potential of the sositior to me Thillec, particu-

tariy tncse of the supervisory type.

ine hasic guesticns to be rescived ars:

./ AT what rate ac sectional skills degraae cue to fcrzetiang?




(2) At what rate can these degraded skills be restored as a function
of a training event?

(3) Can a personnel turnover rate (number of personrel per month) be
related to a predictable change in groficiency level?

(4) Given a degradation of proficiency level resulting from personnel
turnover, how many training events, or what frequency of training
events, are reqguired in order to restore the pre-turnover prc-
ficiency level?

c. Non-Live-Fire Training
The third basic issue to be resolved is the capabilities.anc
Timitations of sub-caliber devices and cther training devices as tcols for

atzaining anc mairtaining proficiency. In an abstract study of this
nature, this issue is very difficult ic address. In large zart, trairing
Jevices have various, but limited. characteristics which they are cacable
> simuiating. These characteristics that can be simulatec may have greeat
vaiue to the training of one section but iimited value to the training of

rcther

ar

.

For example, the M31 trainer, a widely used device in the
arti'lery, is an excellent device for the training of the FDC. Within its
Jesign capatility to simulate, it prcvides e definite assist to the FQ ir
scme but not all functions. On the ather hand, it has limited value tc the
iraining of howitzer sections simpily because it cannct simuizte the physi-
ca’ envircnment in which the howitzer section must function.

This study s task is 1c evaluate the extent te which curver:
existing devices can contribute to proficiency. 1t does not address =:hre
issue of the optimum potential of future simuiators to contribute 2
training proficiency. This study is able to make such guantitative recom-
mendations.

3. Marine Corps Combat Readiness Evaluation System
This section discusses the general nature and scope of the Mar:ine
Torps Combat Readiness Evaluation System (MCCRES) and its relationsnip ¢
this study. This discussion is not intended as a critical aralysis cf the
MCCRES, for this is not a task of the study, nor does the study group find




a reason to critize the concept. There are, however, sharp distincticns
retween the application of the MCCRES standards to a given unit uncer
avaluation and the application of the study methodoliogy in establishing tne
~elationship between proficiency Tlevels and live fire/simulatec f-re
training. The MCCRES and the study have cdifferent cbjectives and cifferent
applications and the reader should urderstana this distincilion.
a. What is MCCRES?
Marine Corps Order 35C1.6 estaclished MCCRES witrin tne

Marine Corps and directed implementaticn cf trne system for training use.
Tne MCCRES provides the performance standards “or use in tne evaiuation cf
the combat readiness type units and tneir sudbcrdirate componenrts.

The MCCRES mission performance stancaras attempt o provide

o

comprehens‘ve means to evaluate all “uncticna: areas of a Marine Lir

Ground Task “orce. In the aprclication 2f MCIRES to :he field Artille-y

attery and 1ts sections, MCIRES establisres standards of performance for

(€3]

many fuctional tasks. These tasxks inciuce beth firing anc non-firing
activities or tasks as wel. as tacticai ard ec.ipment or‘enteq tasks.

The MCCRES embocies the aeta® ed performance standarcs for
virtua iy every type of indirect fire task at tne unit anc elemen: ‘eve..
This document has received very wide distributizn, anc has exeriead a mea-
surable effect on unit ana element training programs. The personne *rve -
ved in perfcrming incirect fire missicns and tasks are very aware cf tne
performance levels established in the MCCRES.

[t is the opinion of the study group, and of the Cver-
wnelming majcrity of the personnel interviewea, that the MCCRES parameters
are fair and attainable, but t'.at there is iittle "siack” in the zriteria,
zarticularly at the battery level. This seems desirabie “‘hat tne "coorzi-

naticn factor® of the battery's elements is implicit in <the MCCREIS

-t

standards. It is the most difficult factor to measure. Probably the bes
indicator of inter-element coordination is the timing and length c¢f tire

communicaticns or data transfers between elements as we discuss la:zer.
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b.  MCCRES In Application
It is in the application of the MCCRES, that is. the eva uz-

tion of a series of specific batteries or battalions, that its value as :
general measure of combat efficiency can be misread. rirst of a.', =-e
conduct of a MCCRES evaluation represents a substantial effort in terms <7
*ime, personnel resources, ranges and ammunition. Substantial persorne’
susport from other units is required to evaluate the unit undergcing <ne
MCZRES evaluation.  Substantial time is required in preparation for <re
MCCRES.

evaiuations cannct, as a practica’ matter, be conducted frequently on tne
same unit. It appears tha*t the ‘requency of evaluation of a given un‘:
cou'd extend to 18 - 24 months. [: does appear, in application, that many
units are evaluated by MCCRES just prior to some event, such as a deplcy-
ment outside CONUS or an extended training erercise in CONUS.

Because of the Marine Ccrp s many operationa! ccmmitments,
there is frequently substantial intra-regimental transfers of personne!
from other units into the upit designated for deployment, and designatec to
taxe the MCCRES evaluation. There is no argument that the unit passing the
MCCRES test is well qualified to perform. However, there is a danger theat
z2fter reviewing a series of many units scoring well on the MCCRES evalua-
tion, someone may come to the conclusion that the MCCRES evaluation of
these units represents the current training status of all like type Marire
Cerps units at any given time. It appears that personnel transfers to trs
unit designated to be evaluatec under MCCRES. and to deploy, exert :
negative influence con the status of proficiency of the transferring units.
1¥ it were physically possitle to administer the MCCRES on all like type
units simultaneously, then the scoring wculd 1ikely be substantiaity
gifferent than the scoring currently being achieved by those units whe have
been augmented prior to testing and deployment.

We recognize that this simultaneous testing is not feasible.
#e recognize the MCCRES is an effective approach to evaluate a specific

unit. We merely caution any general conclusion concerning the genera!
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state of training of any given type unit category based on the resuits :°
one or many individual MCCRES unit evaluations.
c. The Relationship Between MCCRES and This Study
The establishment of a body of specific performance crite-‘e

and the wide-spread knowledge of this criteria by the personnel in ingcirec:
fire military occupational specialties was a very significant assist ::
this study. It provided a common basis cf communication through the neziur
of questionnaires where the interrogators and :respondents used the same
performance criteria.

This study has the task of establishing a reiationshiz
between a proficiency level and the number of training events, hence the
scope of the study relates only to that prrtion of the MCCRES which agea's
with live firing/simulated live firing. This is ar importent distincticn.
The study methodology is capable of predicting the “"proficiercy level” of &
unit or section. given certain inputs, however the ‘"proficiency leve!"
relates to the ability of the battery or section tc perform *c MCCRES szan-
dards only with respect to live or simulated firirg.

This study examines how crews, sectiors and batteries
acquire skills, maintain skills, and how those skills are degracdea 7oy
changes in training frequency and by npersonnel turnover. The MCCRES
examines how crews, sections, and batteries performed 23t the time of
evaluation, measuring actual performance against estabiishec standards ‘-
3117 types of functional tasks.

This study provides a toc! or methodology - he'p rprecc:
the quantity and frequency of live firingc and simuiated firing to achieve
and maintain a designated level of proficiency for an indirect fire tyvoe
Jnit (e.g., field artillery battery) on a Marine Corps wide basis. 1: ‘:
universal in application. In concept, MCCRES provides a most valuacie set
cf criteria which can be readily translated into ‘raining objectives, e-c
in this respect MCCRES has universal application to any civen type Ma-i~e
Corps unit.

There is one final distinction between the MCCRES ang 4n<s
study. The MCCRES is correctly concerned that the battery be‘ng evaluatac
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is capable of performing each and every type of live fire mission {(pre-
cision registrations, mean-point-of-impact registrations, adjust-fire
missions, smoke, illumination, coordinated illumination, and cthers). This
stugy 1s concerned that whatever the composition of guantity and types of
missions fired by a battery in normal live fire training, that the battery

is capable of satisfying the MCCRES standards for each of those missions.
d.  MCCRES and the Definition of Proficiency
It is therefore not only conceivabie but highly like'ly that

there may be marked differences between the evaluation of a unit under ai:
<he tasks encompassed by MCCRES and the proficiency level predicted by thre

-

stuay methodology based only on live firing/simulated firing. Wh-le the

stucy's relationshir between live firing/simulated fire events and profi-
ciency level rebresents some overall average, not all units.are evaluatec
witn all of the same tasks in a MCCRES evaluation, and non-firing events

are neighted differently than firing events in the MCCRES scoring.

In acplying the abstract term "proficiency" in a practica’
marner, this study's position is that if a battery or section satisfies ine
accuracy and time parameters for a given type mission, that battery or sec-
t‘cn is 100 percent proficient in that type mission. If the secticn or
oatiary failed to satisfy the accuracy and time parameters for a given type

=~‘ssion, its proficiency in that type mission s zero. The accuraecy and
<i~e parameters fcr all missions are those established by MCCRES. The
s-cficiency level" of a battery or section then is determined by its abi’-

‘s, to perform the required functions within the MCCRES time and accuracy
criteria for the total missions fired.

For example. assume a battery live firing exercise consisted
c* sne (1) Precision Registration, six (6) adjust fire missions, one I}
i'“umination mission, and two (2) Fire-for-Effect missions (a total of ten
.0, missions). Assume the battery satisfied the MCCRES accuracy and time
criteria in the Precision Registration mission, in five (5) of the six (€}
iciust “ire missions and in the two (2) Fire for Effect missions, but
failed to meet the criteria in one (1) of the Adjust Fire missions and thre

one (1) illuminatica mission. This study would rate tne ‘"proficiency
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level" of that battery at 80 percent since it satisfied the perfeormance
criteria in eight (8) of the ten (10) missions fired.
e. MCCRES and Element Performance

As previously noted, the great value of MCCRES 1s the esta>-
lishment of a tody of performance standards. Since this stucy is concerneg
with battery and section proficiency and its relationship tc live and sim-
ulated firing, the study group reviewed in detail the MCCRES performance
parameters and standards relating to indirect fire units. At the secticr
level and at the battery level, the stancards for any firing related tasx
are very specific and are explicitly expressed in terms of accuracy - zanc
time.

For example, in the conduct of any typce missicn, ‘re forwar:z
chserver (FQ), the fire direction center (FDC) and the hcwitzer sect<zns
[HS) each have a number of specific tasks involved in the accomplishme-: o
their section missions. Each task has a time and accuracy paramete-r
associated with it. The FO must be able tc determine tne “ocaticr ¢f ire
target within certain accuracy parameters anc transmit that tarce: ‘ccatii:c-
to the FDC within certain time parameters. The output of the FDC effcr: ‘s
measured in terms of accuracy [(mils in geflecticr ang Quadran: Flevaton
time in fuze setting) and time.

Upon receipt of firing data from the FDC, the howiizer sec-
tions have specific time and accuracy parameters in which they must per--
form. In the case of an adjust fire mission, for example, the parameterc
for each section are different for the initia’ round. the zdiusimer:
rounds, and the fire-for-effect rounds. Therefore, with such a wel'-
defined and detailed body of explicit time and accuracy carameters <or ezc~
task of each battery section for each phase in each type mission, the 3
tation of this body of parameters in this study's "prificiency ‘eve®’
methodology is greatly facilitated. In addition, as noted. the MCZRES bec:
of parameters serves as a common basis for communicaticn between :he stuc.

group and those operational personnel whc have provided the benefit of

their experience in addressing the issues of this study relating ‘c

proficiency.
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f. MCCRES and Element Coordination
While MCCRES explicitly provides specific parameters in time

of accuracy and time for virtually every task at the section and battery
level, there ire also implicit parameters. If one examines the time and
accuracy parameters for the overall indirect fire system, it becomes
readily apparent that the "time" parame‘er dominates the success or faiilure
of a section or battery in satisfying the MCCRES criteria. If one examines
tne time parameters for each section in performing its individual tasks in
each phase of a mission, and tctals alil the time incremenis of ail the
sections, cne finds that the total is less than the time parameter at-the
cattery level to conduct a given type mission.

This is obviously logica'. The impiication however. is that
gach section must not only be capatle of satisfying its time criteria for
each given task in a mission, but it must perform "on demand.” It must
cerform proficiently in conjunction with other sections in the timeiy
evolution of a bpattery leve! missien. This is implicitly a parameter of
coordination.

For example, the FO, FDC, and howitizer sections cf a batiery
may inaividually be capabie of consistently satisfying the MCCRES criteria
for any type mission. When those individual sections are reguirec to ger-
form “on demand”, that is, in ccrjunction with the other sections at the
time and rclace of the evoiution of a battery levei mission, the batter, may
prove incapabie of satisfying the MCCRES time criteria. This is because
tne secticns are nct coordinating their effortis in a responsive manrer 2
bring effective fire cn the target. As we have already mentioned, prcbaz'y
the best indicator of inter-element coordination is the timing and length
cf the communications/data tran<fers between elements.

4. Querview of the Methoac cay

a. General
The purpose of this stuay is to provide the Marine Corps
~itn a methcdology wnich will assist the Marine Corps to decide how much
ammunition to use to train its crews serving on crew-served weapons. Fund-
amenta’ly then, the methcdology, and the results therefrom, must “e
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oriented toward decision-making. The job of the methodology is to organiz
the necessary data and the decision variables into a logical form, so that
when those data are inserted and the decision variables selected, they cen
be related to some quantity of ammunition.

Our methodology requires two decision variables: firsi, the
Marine Corps must specify the level of MCCRES proficiency an elemer:t cor
battery should maintain. Second, the Marine Corps must specify the amcunt
of personnel turnover (turbulence) expected within those elements. Tne
output of the methodology is the number of exercise days per year, with an
associated number of rounds of ammunition per exercise. This number of
exercise days and rounds will insure that an element or battery will main-
tain the specific level of MCCRES proficiency, in an average sense, ‘n
spite of the specified turbulence.

The data required by the methodolegy is mocerate in size.
Much of that data comes from the MCCRES itself, and will only change wnen
MCCRES standards change. Other more changeable data concern the relation-
ship between learning and rounds expended in "learning situations", anc tne
amourt of “"unlearning” due to the effects of turbulence and forgetting. we
have evaluated these data through an organized subjective means as & firs:
cut, but these data will change in time as hard data beccmes availaciz.
The methodclogy provides a means of including these new data.

b. Use of the Maintenance Approach

What is the measure of a unit's readiness? For the purzcses
of th's study, the Marine Corps has specified the measure. The MCIRIS
standards will be the measure, and this study interprets readiness in ter~:
of preficiercy as measured with respect to the MCCRES. A uniz's orc-
ficiency with respect to MCCRES will be taken as the unit's sccre *r oz
MCCRES evaluation.

For a given number cof exercise days per year, sore units
woulc be MCCRES-evaluated at higher levels of proficiency tran cthers.
There are innumerable reasons for this. A unit's proficiency depends nc:

only on the number of exercises it participates in, put also on the guality
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of that training, the preparation for it, the morale of the unit, the lead-

ership provided, the history of personnel turnovers, etc. For this reason,
we wish to measure proficiency in some average sense. For example, we
misht take the average of all measured proficiencies from all 1like units
jgentically trained and tested under identical MCCRES circumstances.

For the purpose cf establishing a training requirement for
amaunition, the Marine Corps must decide on the average MCCRES proficiency
thit it wants the units to exhibit. We do not wish to measure this
aoraficijency as if it were the result of a specialized one-shot attempt tc¢
do well on a MCCRES. Rather we wish this proficiency to reflect the
current state of readiness Marine Corps wide. e wish to calculate the
amount of live-fire and/or non-live-fire exercise days per year which will
"maintain" the units at the specified average proficiency level.

For this study, we interpret the average proficiency levei
10 be a level which is "maintairable" in some long-term sense. Within any
single unit the proficiency will fluctuate due to the occurrence cf
exercise periods, the turnover of personnel, the skill decay bpetween
exercises, etc. The preficiency we want to use is the time-averaged crofi-
ciency, tne "steady-state" level which notionally results when all the
transient effects befalling a new unit are smoothed over.

In this sense, we regara the attainment of proficiency ac
just a "ramping up" to the steady-state level, It is the steady-state
‘evel we are interested in as our measure of the impact of changes in
iri‘ning rate. We are looking to measure the average maintainabie prc-
ficiency of thne units as they trainm, forget, end experience changes i~
memcers,

c. The Effects of Turbulence

Personnel turnover, called <turbulence, within a wunit wi'’
Tever the maintainable level of proficiency of that unit, all other things
ceing equal. This effect can be compensated for by an increase in the

IS

e}

number of exercise days. This will allow the new members of the unit
"catch up" to the skill leveis of the old members of the unit.




[t seems obvious. then, that the lower the turbulence, <re
higher the maintainable proficiency at the same rates cf training.
Similarly, with lower turbulence, any specified prcficiency can be main-
tained at a lcwer rate of training. and, thus, with a lower consumption z-*
ammunition. In fact, from our review of military'training documents anc
interviews, this is exactly the case. Amcng US allies, where units may
stay together for almost a decade, higher proficiencies ¢f marksmarshic
have been achieved with a substantially lower consumption of ammunition.

Any acceptable methodology addressing the relaticnship
between ammunition consumption and training effectiveress must embody
explicit consideration of turbulence. It must be able tc quartify the
saving in training exercises associated with any reduction in turbulence.
The methodology developed in this study does this. It evaiuates a uni< s
maintainable proficiency in relation to tne number of exercise cays ne-
year and the number of personnel replaced per year.

Although the maintainable prcficiency of a mature crew mus:
include the factor of turbulence, the attainment of preficiency migrt ze
evaluated without it. We might assume that a new crew wi'' keer together.
at least for some reasonable perioc of time. Alsc. if there is ary zonsi-
deration of the effect of intense pre-ceployment training or prcv-cie-c,.
this might be aisc evaluated without respect tc ‘urbuience. “owever, = e
methodolegy of this study is general enough tc a'iow tne cersiceraticr o
turbulence even in these cases.

d. Days of Fire and Ernenditures Per Jay

The total number of rounas expended in trziring a ur<: s
crew during one year is the product of the number of exercise aa,s zf “ire
enjoyed by that crew with the average numher of rounds expenzec re-

exercise day. In order to determine tne effect of a one year :rain:-

1]

allowance, we need to know the penefit of one typical exercise zay. <inc
the effect of that one day is somehow dependent on the number of rourcs
fired during that day.

In our conduct cf this study, we were explicit in statinc

that we would not make suggestions concerning how to train, but cniy now
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much to train. We did not wish this study to recommend the number of

rounds to be used in one exercise day. Rather, we would conduct this study
with the view of recommending how often training days should occur under
the current training doctrine used by Marine Corps. Nevertheless, we do
address the issue briefly. Intuitively, more rounds per exercise is
better, up to the point of fatigue. Also intuitively, some minimal number
c? rounds needs to be fired to justify the preparation that has gone intc
the training event itself. Thus, there may be some "threshold" number oY
rounds in excess of which little training effect is discernable. In fact.
it may well be t-at the preparation for a live-fire field exercise is the
most important aspect of the training, and the event itself is merely a
validation cf the effect of that preparation.

After any exercise day, the benefit to the crew wili be &
variable depending on the preparation for tha exercise, the concentration
during the exercise itself, the rounds actua.iy fired, and whatever chance
nappenings affected the execution of that exercise. Qur point is that
there seems to be so many influential variables in a training exercise, anc
the data (including subjective data) so sparse that it is probabiy futile
tc discover any simple relationship between the number of rounds “ired anc
the cpecific skill ennhancement that number engendered.

Although we will gather data tc investigate the e ‘ect of

L0

~ounds-per-day on training effectiveness, the oniy possit’e mears ¢
dgrawing any conclusion in this regard is tc conduct rather t-crough ‘e’z
tests. Thus, for ammuniticn planning purposes, we wil® use an average n.™-
ber of rounds to represent one day's firing. And we will arsociate wiir
those rounds an average learning "rate" which we wi’ 1 extract ¢ -om Jatz,

a. The Acguisition of Da:a

The previous subsections have discussec the ..ria.’ "I, °-
impact which can be expected from any training exercise inveivirg 3 crew
{or an individual for that matter). Thus, any methodology pourpcrting tc
describe the relaticnship between training exercises and the acguistiton of
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proficiency, necessarily needs extensive hard data if it is to be scient--
fically precise. However, in order to guide a managerial cecision, we may
get away substantially cheaper.

The wusual method c¢f supporting a decision when there s
little nard data, is to acquire a reasonable amount of “expert" jucgmer:.
In many cases, expert judgment is all we can hope for, when, for exzmcie.
the data we need depends on the future outcome of certain events.

Expert judgment is not a substitute for hard data. The

-~

experts involved have already "preaveraged" important distinctions in the®
mind in ways which might be destructive to our eapplicatior. The experts

also carry prejudices around with them. When these prejugices car t

®

averaged out over experts., more reasonable results are ‘ikel, 2 ce

obtained. The most dangerous case is when the experts are unifcrmi,

biased, as for example when the decision to be mace basec or tneir jucgre~:
intimately affects them.
Nevertheless, as a result of our data gathering, we founc -c

compiete hard data adequate for our purposes. We found no records re.zting

a MCCRES-evaluatecd unit with the number of exercises it performed, comcleze
with expenditures, and complete with the changes of personnel within the
unit. Therefore, it was necessary to acquire subjective data from c.aii-
fied Marine Corps personnel. This subjective data was gathered in the ‘o--
of extensive questionnaires. These questionnaires asked for both cue “ta-
tive and quantitative information. They asked guestions toth direct’, z-c
indirectly and asked them in several ways in orger ¢ gcuble cnein tre

responses and tc eliminate biases. FEach gquestionnaire resccnse was trer *

processed in such a way that it could be regarded as a substitute for inree

pieces of hard data gathered from MCCRES-evaluated units. :
As hard data becomes available in the future, the sublec:’.e

information can be replaced by such data. It can te replaced comgiete’,.

or it can be mixed with the hard data. When mixec, and w~her enocugr nar:z

i
data is available, the preponderance of that data ~ill necessar:ly swar:c [
the original subjective estimates. The decision-making portion cf the !
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metnodology will thus improve from its original subjective base to an

iy

empirical base.
5. Structuring the Modeling

a. General
This paragraph describes how we organize and apply the data
needed to support a decision concerning the ammunition required to train.
The organization and collection of data is the scientific aspect of this
study. It supports, but is distinct from, the decision guidance aspect of

—wr
PO VAR

this study. We use mathematical models to organize the data and to tell us

the kind of data we need to support the decisions we wish to make. p
When there is a large amcunt of coherent data available, the

data can well “speak for themseives". We need no preconceived curve cr ﬂ

shape or theoretical construct to aid us in interpreting the data. The 1

cata will fall as they may and construct their own "curve'. They may not

lead to any "understanding" in the scientific sense, but it is sufficient E
to support a managerial decision. ti

For example, suppcse we knew from measurements that every ’
pattery training 30 times per year with 65 rounds of live fire wou'd test
out at 82 percent proficiency on MCCRES. And suppose we have similar {
neasurements for a large range of annual exercises with various numpers of '
consumeGc rounds Dper exercise. Then we need no theoretical construct tc
relate proficiency to ammunition expenditures per year. Rather, we have
compiete data. wWe pick a proficiency we like, and train according to our
evaiuaticn of the best of the alternative ways to get there. A

On the other hand, when the data available are sparse ang
incomplete (the usual case), then it behooves us to have some theoretica!l
idea of how the data holds together and relates tc itself and to our deci-
sicn variables. We need some theoretical construct, based or past
scientific study and/or operational procedures, and representative of the
pest current thought, to help us use a small amount of perhaps inconsistent
and confusing data. That is, we need to fill in the rationale which will
lead from sparse ard uncertain data to a decent managerial decision. !
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To provide this rationale, we have constructec two mathe-
matical models. One of the models relates the proficiency cof & pattery t:
the proficiencies of its elements (the forward observer function, the fire
direction function, and the howitzer aiming and loading function) evaluatec
with respect the the MCCRES standards. The other mocel applies the past
half-century's developments in quantitative learning theory to the problenm
of how much training it takes to attain and maintain the proficiency =7
gach element's crew. Together, they relate different amounts of training
to the proficiency of the battery overall.

Over a period of time, as nard data are collected from tra‘-
aing experience, and appropriate records are kept, the parameters of these
models can be updated from the parzmeters provided by this study. The uo-
dated parameters will reflect the most recent training experience. Tne
models will then change from a means of "extrapolating” from smai! amounts
5>f data, to a means of "interpolating” between measured results. As cata
is collected further, at some point, we would hope that they wou'z, "speix
‘or selves", Until that time, we propose that the Marine Corps use :t-e
moceling and parameters this study provides.

b. Relating Battery Proficiency tc Elements' Proficiencies

The overall proficiency of the battery is a complicated com-

sination of the proficiencies of each of the elements (FO, FDC, and &O .

znd the “coordination proficiency" between elements. The first mcdel tht

o

ctudy provides is one which describes this relaticrship In a cuantitat .

[1¢]

-ashion. This model, called the Battery Prcficiency Model, :zuizuts <~

m

rattery proficiency associated with specified input element proficiencies.

The ability of an element's crew to perform thecse suptasks
endemic to its function with accuracy and timeliness 1s fundamer:z® to tre
performance success of the battery. Relating the amount cof accuracy a-c
timeliness at the element level to the accuracy and timeliness at =:-e
battery level, requires that we formalize the intaractions among eiemen:c.
we do this in consideration of the different missicns a battery must ce
able to perform.
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Different missions make different demands on each element's
crew. Different missions require the elements to interact differently
among themselves. Thus, battery performance cannct be evaluated by simply
homogenizing the performance of the elements. Rather, it is necessary to
analyze the element's interactions at the mission level, and then assemble
the likely performances of several selected missions into a measure of the
battery performance overall.

In order to produce an analytically tractable model, suita-
ble for this study's decision purposes, we need a way to place a value on
an element's performance of a subtask within any mission. To do this, we
chocse to apply the elements specified proficiency to characterize it's
ability to meet the MCCRES standards for each subtask under consideration.
we do this in a way which provides & probability distribution on the amount
cf time it would take the element to achieve the MCCRES accuracy standard.
we describe this in more detail later in the next subsection.

Within each mission there are MCCRES standards for the sub-
tasks demanded of each element. However, there are no such standards
governing the accuracy and timeliness of the communication or the coordina-
tion between individual elements. Thus, in our modeling, we allowed 2
mode! parameter to characterize the goodness of these interactions, and
ailowed that parameter to be fit to data. With this parameter in place.
elements’ performance and interactions within mission can be strung
together, burdened with their probability distributions, so that the proba-
bility of completing the entire mission within MCCRES standards results.

Finaily, individual mission proficiencies, based on element
prcficiencies and the coordination parameter, can be combined to produce an
overall estimate of battery proficiency. We do this by taking a weighted
average of selected mission. We dJdiscuss this in more detail in the next
subsection. As an exercise of this Battery Proficiency Model, we can
investigate the sensitivity of battery proficiency to the element pro-
ficiencies. This is useful for evaluating which element, when given extra
training, would most benefit the performance of the battery. Figure [1I-28
summarizes our method.
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] For a specified mission, couple the element
proficiencies to relevant MCCRES standards to generate ]
a statistical characterization of element performance
in each subtask of the mission.

) Piece these representations together to obtain a
statistical representation of battery performance in
the mission.

. Interpret the resulting gquantification in light of the
battery-level MCCRES standards for the mission and
obtain a battery proficiency for this mission.

® Average the mission-dependent proficiencies over
relevant missions, using appropriate weights for each
mission, and thus establish an overall battery
proficiency.

Figure III-28. Summary of the Battery Proficiency Model Method
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c. Mission Analysis

In order to quantify the time and accuracy constraints of
the MCCRES standards on the joint performance of the elements, we need a

functional analysis of each battery mission. In this way we can assess how
the proficiency demands on each element's crew affects the overall perfor-
mance and how the communication flows between elements. This subsection
gives an example of the procedure we use in this study.

We have selected three mission types to characterize the
demands on the battery elements' crews: Fire-for-Effect, Adjust-Fire, and
Coordinated-Illumination. We have selected these missions because, among
them, they embody virtually all the important subtasks each battery elemen:
must perform. That is, if a battery can perform these missions with
accuracy and timeliness, then it is likely that it can perform all battery
funciions with accuracy and timeliness.

Among these three mission types, the Fire-for-Effect mission
is the simplest. Figure I1i-29 displays the time sequence of events which
characterizes the mission. Figure III-30 displays the applicable MCCRES
standards for the conduct of this mission. Built into box 3 of Fig-
ure II1-23 is a communication time T3 between the FOC and the GC for which
there is no specified standard. This time, T3, is our coordination
carameter,

Other missions are substantially more complicated than this
cne. For example, the Adjust-Fire mission requires loops of repeated event
seguences in order to characterize the time of accomplishment of the entire
mission. The necessary number of loops is a matter of charce, and this
makes our analysis substantially more difficult. Nevertheless, we are able
to nandle these difficulties in a mathematically tractable way.

The way we do this is in the way we interpret an element's
proficiency. We take an element proficiency of 80 percent to mean that it
can perform its function 80 percent of the time within the time specified
by the MCCRES standard. The actual time it takes to perform its function
is governed by chance. However, among all the chance performance times, we
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FO identifies target,

determines target location

and prepares RFF; FQ
transmits RFF to FODC

|

FDC plots target and
prepares firing data
T2

|

I

FDC sends Fire Missicn

and firing data to X0;

X0 sends data to guns
T3

Battery fires
T4

Time of Flight
T5

Figure I11-29.

Time Sequence of Events in the

Fire-For-Effect Mission
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Time Standards

Standard for FO performance
time T1 is 60 seconds

Standard for FDC performance
time Tp is 45 seconds

No explicit standard for time
T3; estimated minimum time
is 19 seconds

Standard for GC performance
time T4 is 45 seconds

Time of flight Tg for charge
(?) and range 15,000 meters
is 35 seconds

Standard for Battery
performance time T is 170
seconds (2.83 minutes)

Figure 111-30.
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Accuracy Standards

FO will locate target position
to within 200 meters

FDC will plot target position
by determining DF and QE
settings to within +3 mils;
this translates into a radial
error of 50 meters

GC will implement DF and QF
settings, again to within
+ 3 mils.

to an (additional) allowable

This is equivalent

radial error of 50 meters

Standard for Battery
performance is
- At least 1 round of
8 fired within 50 meters
of target*
- At least 6 rounds of
8 fired within 200 meters
of target

* In this and other missions, we assume an 8-gun battery.

MCCRES Standards for Conduct of Fire-For-Effect Mission




say that 80 percent of them will be less than or equal to the MCCRES stan-
dard.

We then string together these probabilities from eiement-
function-performance time to element-function-performance time. Trie
allows us to construct a probability that the total mission time wil'8 te ;
within MCCRES standards. We interpret this probability as tne proficiency
of the battery in that mission.

d. The Element Proficiency Model
In order to feed element proficiencies into the Battery Pro-

ficiency Model, we need some way to estimate the proficiency of each ele-
ment. To do this we use the same simple training model applied to eacr

element. This training model applies to the training of crews perfcrming

procedural tasks. It takes into account the amount of training the crew
has received and the amount of personnel turnover the crew has experiencec.

[ U A,

we call this model the Element Proficiency Model.

From the previous subsection we see that the element profi-
ciencies insinuate themselves in multiple ways intc the evaluation cof baz-
tery proficiency. Thus, those element prcficiencies become the key drivers
of the battery proficiency. Conseguently, we have taken some care to pre-
pare the f£lement Proficiency Mocd=! so that it is simple tc use, yet foundec

e ———— e,

on the pest knowledge available from the psychology of learning.

The two major factors governing the proficiency of a-
element's crew are: 1) the number of exercise days in which it has
© ticipated, and 2) the amount of personne) repiaced in that crew cver tne
pericd of training. Also, we must take into account the forgetting wnign

sccurs between "training events" ameng the stable crew members. The

T T T T T e A T

tlement Proficiency Model is a crew training mode! which embodies these
considerations,

The Element Proficiency Model is relatively fruga® in ‘:s
demand for data to support the selection of its parameters. [t uses three

parameters: a learning rate per "training events", a forgetting rate
applicable between "training events,” and a turbulence rate applicable whe-
a member of the crew leaves and is replaced by an individually skilled, bu: i
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new to the other crew members. These parameters neead not be evaluated

directly, but they can be estimated by fitting the model either to measured

training data, or to subjective estimates of such measurable training data.
% The Element Proficiency Mcdel has two basic applications.
| It can be used to assess the maintainable proficiedcy of a mature crew as
that crew trains and changes. It can be used to measure the gain in profi-
ciency of a new crew as that crew trains together and matures.
Secondarily, the model can also predict how long it would take to increase
the proficiency of a crew by some specified amount, under intense training, ¢
i.e., prior to deployment. It can also be used to evaluate the degradation '

of proficiency as a crew is unable to train, i.e., when deployed at sea. 3
The Element Proficiency Model is based on the current best
thought in the mathematical theory of Tlearning as 1t applies tc

individuals. We have extended thcse concepts to the training of crews

based on the little extant work on team training, and on the littie extant
work concerning the learning of procedural tasks.

In order to achieve a tractable mathematical form, we assume
that the occurrence of "training events" and the occurrence of personnel
turrover are independent from week to week. The apparent weakness of this
thecretical assumption s counter-balanced cperationally by one cf the

£32 +

rst lessons in statistics: in independent trials, it is commecn %o

ccserve strings of like events foliowed by strings of the non-cccurrence of i

tne same events., when you are away training, ycu will keep training; when ﬁ

you are back home, yocu may not train so regularly. E
As a sample of the type of result available from the Eiemen:

Prziciency Model, Figure I1I-31 displays a curve representative of "main- |

tenance training". This curve relates the number of exercise Zays per year

tc the average proficiency which would be disclayed by crews training at

that rate. As expected, the more you train, the better your proficiency.

The simple formula given in Figure [iI-31 generates the curve. The purpose

¥ gathering data s to support an accurate value of the formula

parameter C. 5
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For trainino at the average rate of n exercise days per vear. the
average maintainable proficiency will be of the form:

P(n)= —ﬁ%E~

for some value of C depending on the model parameters and

the turbulence rate.

Figure I11-31.
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Figure I11-32 displays a curve representative of attainment
training. Although the shape of this curve is similar to that of Fig-
ure I11-37. the underlying formula is quite different. Take special note
of the iabel on the x-axis. It is different from the label for the main-
tenance curve. Attainment of proficiency is characterized by a continuous
improvement in proficiency as weeks go by.

However, there is a 1imit to the proficiency that a crew can

| attain. The targest that a crew's proficiency can become is the main-
tainable proficiency associated with the rate of training (in terms of
exercise day per year) it is experiencing. This upper limit is available
from the maintenance curve of Figure III-31. when the same turnover rate
(embedded into the value of C) which applies to maintenance training aisc
applies to attainment training.

At this point, we need to know how data can be gatherec :¢
support the parameters we need in the formulas. The next paragraph

{ addresses this problem.

€. Developing Inputs tc the Methodology - The Questionnaire

a. Results of Liaison with US Army

At the outset of this study effor:, members of the study
group made two visits to Fort Eustis to confer with the Army Group which
was also invelved in studying the relationship between proficiency °n
*raining and expenditures of ammunition in exercises. In addition to con-

cJucting an extensive literature search on the subject matter of thi- study.

*he members conferred at length with each c¢f the Army counterparts. eacn
representing an Army major weapons category, i.e., Artillery, Tanks, Infan-
try, etc.

The Army study had been on-gcing for some period prior to
the initiation of this study effort. The Army group, having encountered ’
the same difficulty in obtaining "hard data" on the subject matter of the 1
effects of live firing on crew weapon proficiency, elected to conduct a
guestionnaire survey which was widely distributed at various facilities.
These questionnaires were available to the study group and were reviewec.
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1 13 i I 1
0 10 20 30 40 50 60

Number of Weeks of Training

For a new crew starting at profiaency Plo] and training at
the average rate of n exercse days per year (maximum
attainable proficiency is then P[n] in Figure 1-31)the new crew’s
attained proficiency after N weeks of training will be of the
form:

APN] = P[n] + rV¥ (P[o]-P[n]), -

where risofthe formr = 1-[n + C]C' (see Figure 111-31 )is less than
1, and C' depends on the learning rate parameter, AP[N] 1
approaches P[n] as N -> . In the sample curve n - 55 7 -'n

’ RN
¢ .

Figure [I1I-32. Attainment Proficiency
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Ir general, the guesticnnaires did provide various types of useful informa-
tion, but they did not attempt to quantify any relationships between
changes in proficiency and live firing.

The Army Group elected to establiish this relationshp &y con-
ducting a series of live fire training exercises with selected trained
units. For these units, the Army Group proposed to systematically decrease
the guantity of ammunition used per live firing, and measure the reducea
proficiency obtained by the reduced firing. This decrease was to be con-
centrated at values of 1/3 and 2/3 of standard allowance. Figure III-33
i‘iustrates the expected results of this approach. If a trained unit was
evaluated tc be 90 percent proficient by whatever method of measurement
(Point A), then by reducirg the quantity of ammunition expended in live
firing and/or by substituting training devices, one should measure the
change in proficiency (Point B). The difficulty with this approach is
that, in order tc reach a conclusion from the data so developed, one must
assume that the unit being evaluated was "at the knee of the curve" on the
80 percent proficiency line, and not at any other point such as al, A2, Al
on the 90 percent proficiency line.

We did not feel this assumption concerning the knee of the
curve could be validated from the Army Group's stepped allowance. If. for
example, the 90 percent proficient umit was at point A3 on the 90 percent
oroficient curve, and that unit's ammunition expenditures were reduced, it
is probable that the unit performance would show relatively 1littie
decreases, since it is moving lateraiiy a good way on the 390 percent curve
before it traces any downward path. In any case, this would not help us
determine the number of live-fire exercises as it effects proficiency. Anc
there is no theoretical model to assist in assessing the impact of
reductions in expenditures per training evert, as there is in assessing the

impact of reductions in the number of training events as discussed in

Paragrapoh (5.
b. USMC Study Approach
The study group, facing the lack of "hard data" on the sub-

ject matter, decided on a different approach for indirect fire. The
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approach was to develop inputs to the methodology through the vehicle of ¢
series of indirect fire weapons questionnaires. The questionnaires were
formulated to address the artillery and mortar weapon organizations at
various levels in the organization structure.

For example, the artillery questionnaires addressed both the
section level and the battery level. Separate questionnaires were formu-
lated for the following categories of functional billets:

(1) Command and Staff:

(a) Artillery Battalion Commander

(b) Artillery Battalion S-3

(¢} Artillery Battery Commander
2) Battery Executive Officer/Gunnery Sergeant,
3) Battery Forward Observer,
4) Battery Fire Direction Officer, and
5) Howitzer Section Chief.
The Forward Observer and Fire Direction officer questicnnaires addressed
the FO and FOC functions respectively; the howitzer Section Chief guestior-
neire provided the view of the howitzer crew activities from the view cf
the Section Chief; the Battery Executive Officer/Gunnery Sergeant provided
the view of the howitzer section activities from the aspect cf the firirg
cattery level; the Command and Staff questionnaire provided the broad view
cf the coordinated section activities at the battery level.

The questionnaires were formulated to address the common anc
unique aspects cof each functional activity. Each functional set ¢f
guestionnaires was administered to nine (9) experts. With the exception cf
the Command and Staff gquestionnaire, all questionnaires were administered
t~ members cf the 10th Marine Regiment at Camp Lejeune in late Novemper/
early December 1382. Respondents were selectec by the parent commands
based upon the respondent's experience and knowledge. The Command and
Staff guestionaire was administered through the mail individually to
officers selected by Headguarters, Marine Corps, based upon the experience
and knowledge and reputation of the officers.
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fEach questionnaire provides a background of the purgose c*
the questionnaire, that is, to obtain the respondents judgement cor cuzn
issues as the contribution of live firing to section and battery crif:-
ciency, the contribution of simulators and training devices to secticr anc
battery proficiency, the frequency at which training shouid be corauctec.
and the effects of personnel turnover and crew skill degradation on secticn
and battery proficiency. Further, the instructions, provicded &, =Ine
guestionnaire to the respondents, specifically define the term zrof:-
ciency" and relate that measurement to the MCCRES standards. This ‘s done
in order that there is a common basis of reference between the cuestion-
naire and the respondent regarcing the stendards of proficiency and the
measurement of changes in proficiency. The instructions prcvide en *llus-
tration of how proficiency is measured for purposes of the stuay anc its
relationship to the MCCRES stancards. Finally, the MCCRES :ime andg
accuracy standards of proficiency relating to the functiocnal area ci the
questionnaire are summarized for the respondent as a source of review anc
immediate reference.

c. Questionnaire QOutline

Although each questionnaire is wunigue to iis perticuiar
functional area, the common theme of the gquestionnaire °s out ‘rez as
follows:

(1) Qualifications/experience of the responagent;

(2) The number of days of live firing per cuarter anc the numper =7
rounds per firing day expended by the respondent’'s unit;

(3) The determination of the rate at which personne! attai~ crofi-
ciency in their artillery tasks as a function of live firing;

(4) Given the attainment of a desired proficiency level, wnat fre-

guency of 1live firing is reguired 1o maintain that ‘eve .

assuming no personnel turnover?

(5) At what rate does proficiency degrade, due to ipactive intervais
between live firing exercises: Once preficiency has degracec.
how rapidly can it be regained as a function cf iive f-ring

exercises and frequency of live firing?
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(6) The effect of personnel turnover on section prcficiency;

(7) The effects of simulators and training device on proficienc.
levels; and

(8) The difficulty of "learning" the skills needed tc effectively
participate in a variety of distinctly different type missions.
At the command and staff level, the line of questioning addi-
tionally addressed the difficulty in “coordinating" the various
types of missions.

In addition, the questionnaire explored not only the quanti-
tative aspect of each functional area, but also attempted to determine the
"What and Why" aspects. For example, what kinds of problems inhibit sec-
tion acguisition of desired proficiency levels? When skill degradation
takes place, does the principal degradation occur in forgetting procedures,
making errcrs in procedure, the timely application of procedures, or in
cocrdinated team effort? What is the value and availability of training
cevices? How effective are current training devices in increasing the
section proficiency? Which sections benefit most?

The nature of any questionnaire is admittedly subjective.
The responses are subjective judgments based on the best cumulative exper-
ierce available. There is no alternative "hard data" source to answer the
questions posed by this study. A "hard data" source could be created as a
follow on effort to validate the findings of the study, but it did not
exist at the initiation of the study and does not now exist. The guestion-
naire was the best effort of the study group toward obtaining the mest use-
ful inputs to the methodology, notwithstanding the subjective character cf
the cata. '

Nevertheless, the combination of subjective data (or more
precisely subjective estimates of the 1likely findings from hard data) anc
modeling have produced substantial results from this study. The next para-
graph discusses the nature of these results, and a sample application of
the deveioped methodology to artillery.
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7. Results of Analysis

a. Introduction
The purpose of this paragraph is ¢(c present the resulls o7
our analyses. The basic results we have to offer ccncern the relaticnsr o
of battery proficiency to the number of "exercise days' the battery pa-tic-
ipates in per year. We get this proficiency by:
(1) Evaluating the proficiency of each battery element (FC. FIC. a-z
GC) in relation to the number of exercise days per vyear throug”
use of the Element Proficiency Model, ard
(2) Evaluating the proficiency of the battery by using the Battery
Proficiency Model applied to the element croficiencies.
An average number of live rounds is associated with each live-fire exercise
day. Thus, we can relate battery proficiency tc the number of live rouncs
Tired annually. we begin with two discussions concerning how the two prz-
ficiency mocels (presented in Annex B) were cai‘brated for wuse in <his
study. figure Iil1-34 summarizes some of the collected cuestionnezire data.
£, Fitting the Element Proficiency Mocel

The Element Proficiency Model recuired three parameters.
These three parameters have to do with:

(1) The skill increase during a training event - the learning carame-

ter,

(2) The ski'l decrease between training events - the forgeiting para-
meters, and

(3) The skill decrease when an existing cre« memper is replacec o, 3~
individually skilled, but new to the crew, - the turbulerce carz-

meter.

Tn evaluate the mode! parameters of any one element. we re'y
on the responses to the guestionnaires (in Tab 8-1 to Annex B) whizch cz--
cern that element. We focus on certain responses to the questicns in tre
applicable questionnaire(s), and extract the quantitative data (icenti€iec
in  Exhibit B2-1 in Tab B2) for each respondent, We then wuse =:7e
"smoothing” technigque in Tab B2 to select those mcdel parameters which ave

most consistent with the individual respondent‘s answers. We thern compile
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Exercise days Turnover #/ Rounds per
Questionnaire Proficiency per year 6 months Exercise day

Section Chiefsl

1 85 56 6 200
2 85 80 4 75
3 75 20 2 200
4 55 80 2 155
5 75 80 3 90
6 70 100 3 200
7 95 84 6 120
8 75 32 8 80
9 75 92 6 80
10 85 40 3 5
median 75 80 3 105
mean 78 66 4.3 121

XQ
1 75 28 3 50
2 85 76 1 65
3 65 30 4 30
4 85 20 2 90
5 85 12 2 40
) 75 36 2 g0
7 85 40 5 100
8 85 48 3 100
9 75 12 2 40
median 85 30 2 50
mean 79 34 2.7 64

1. In comparison to the response to the other Questionnaires,
the Section Chiefs have reported abocut double the number of
exercise days per year and double the rounds consumed per
exercise.

Figure III-34. Summarized Basic Data from the Questionnaires
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Exercise days

Turnover #/ Rounds per

Questionnaire Proficiency per year 5 months Exercise day
Fire Direction Center
1 60 32 4 80
2 90 32 2 100
3 70 24 3 60
4 80 60 5 50
5 80 32 3 25
6 70 32 2 50
7 80 60 3 50
8 80 60 5 50
] 80 40 3 40
median 80 32 3 50
mean 77 41 3.3 56
Forward Observer
] 85 60 c 60
2 83 60 2 50
3 85 36 3 50
4 81 48 1 60
5 81 24 2 180
6 87 24 3 60
7 75 60 4 40
8 91 60 3 50
median 84 54 3 58
mean 84 47 2.4 69
Command and Staff
1 85 20 60
2 75 36 30
3 75 40 60
4 85 76 43
5 85 40 40
o) 65 96 70
7 75 72 100
8 75 40 100
median 75 40 60
mean 78 53 63

Figure 111-34.

Summarized Basic Data from the Questionnaires (Continued:
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the “smoothed" parameters of each respondent and analyze them statistically
in order to achieve a consensus on the value of each of the three para-
meters. The value of these parameters for each element can be found in
Figure B-2 of Annex B. (There are two values for the learning parameter -
one for live-fire training and one for non-live-fire training.)

There are three notable results in our analyses of question-
naire data. Ffirst, we could find no functional relationship between the
number of live rounds fired in an exercise and the learning parameter.
Intuitively, we might expect that the larger the number of rounds fired,
the greater the increase in skill acquisition. However, from the subjec-
tive data extracted from the questionnaires ( indirectly), we could find no
such relationship. Figure II11-35 is typical of what we did find. This
again leads us to believe that the Army Group Study will. ot find the
"knee" of the curve in Figure I1I1-33. if indeed there is one.

Second, individual responses do not support any distinction
between the initial learning of a skill, and the relearning of a skil’
which has been forgotten. Intuitively, if there were a distinction betwee-
an "unlearned" state of mind and a "forgotten” state of mind, with respect
to these procedural skills, one would expect the learning parameter repre-
sentative of reiearning from a "forgotten" state tc te greater than that ¢
initial learning from an "unlearned" state. There is no evicence c* this.
Furthermore, the learning paramete- representative of recovery fror per-
sonne! turnover might reasonably be between that cf relearninc ard ‘rit e’

learning. This is because in such situations, the old crew members ~° =

M

recovering from "forgetting" whiie the new crew members wiil be initia .
learning. Neither is there evidence of this.

Third, the responses to the effectiveness o  non-live-fire
training seemed erratic. Nevertheless, there seems to be ore nctiiceac'e
trend. Namely, that when mixing 1live-fire training with n~on-‘ive-fire
training, it seems better to mix live-fire with non-live=f‘re exercises
within the same "training event" than it is to mix training events devotec
purely to aither live-fire or non-live-fire exercises. Unfortunately. tne

Element Proficiency Model is designed to address separate "training event
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types in terms of how many events are needed to attain and maintain pro-

|
|
|

ficiency. It is not designed tc address how to do the “training event"

jtself. This point will be important when we make our recommendations.
c. Fitting the Battery Proficiency Model

The purpose of the battery prcficiency model is to link the
proficiencies of the battery elements together in order to assess how well
the battery performs overall. The "missing link" in this connection is the
“coordination proficiency" within the battery. That s, no matter how
incividually profic-ent each battery element is in it's own right, the bat-
tery itself will Ti<ely perform poorly if the communication and the coordi-
nation are poor. In the course of this study, we found this coordination
concept difficult to model and even more difficult to evaluate from the
guestionnaire data we had. Thus, we chose to operate the Battery Pro-
ficiency Model with the cocrdination parameter held constant. As indicated
in Annex B, this parameter is a single inter-element coordinaticn time, and
we found a suitable value of this coerdinaticn time by fitting the Model to

information in the Command and Staff Cuestionnaire.
: This Command and Staff Questionnaire information pertains to
: specific subjective evaluations of joint FO, FDC, GC, and battery profi-
ciencies after certain amounts of attainment training. We use a linear
regression on the logarithm to relate element to battery proficiency, and
we fit this simple model to the data (see Tab B-3). This simple mode! says
net for the element proficiencies all at 80 percent, a corresponding

<
[N

battery prcficiency in the mid to low 70's is consistent with the data from

the Command and Staff Questionnaire. Thus we compelled the Battery
Pro’iciency Model to approximate this result. Originally, we had estimated
that the coordination time was between 19 seconds and 45 seconds. We found
that a coordination time of 29 seconds was reasonable. Thus, a coordina-
tion time of 29 seconds was fixed in the Battery Proficiency Medel for al’
further applications. |

As a test of the Battery Proficiency Model, we set element
proficiencies at the median Marine Corps values specified by the question-
naire answers. These were 84 percent for FO, 80 percent for FDC, and




80 percent for GC (see Figure I1[-28). The battery proficiency ther
calculates to 75 percent. The median reported ba‘tery proficiency was alsc
75 percent, which is right on the computed value. Thus, we seem tc have
some consistency among the questionnaire responses., at least on the
average, when it comes to estimating current Marine Corps batiery erz
e'ement proficiencies, and the relationship among those proficiencies.

d. The Maintenance of Proficiency

We can summarize the relationship of training to proficie-cy
as follows. The greater the number of exercise days per year, the higher
the average maintainable proficiency for a mature crew (and the msre
quickly attainable that proficiency for a new crew) - all other things
being equai. The purpose of this sectior is to quantify how many exercise
days per year are associated with what proficiency level, and what has ¢
be equal. We begin with the maintenance curve. Figure II1I-31 is our
guide.

Figure I1I-36 is a consolidated display of the maintenance
orcticiencies as they depend on the number of exercise aays per year. e
‘nciude the curves for FO, FDC, GC, and Battery overall. ‘Tne batier,
curve assumes that the elements train together). The element sample orcs-
ciency curves come from the Element Proficiency Yodel (eguztion (8 =¥
~nnex B) and they all assume a median personnel <turnover rate cf =
‘rdividuals per 6 months (=3/26) in the FDC, in the GC, and zmeng the Fls.
“he sample battery proficiency curve comes from the Battery frcfictenc,
Mcgel using input element proficiencies associated ~itn the ccmmor numier
cf exercise days per year. Battery proficiency is expressed in hoth rure
Yive-fire and 50/50 Tlive-fire/non-live-fire (non-live-fire element orz-
ficiencies can be found in Anner B).

Figure III-36 ceontains other information. Notice %tnat “r=
FOC and GC occupy the same sample proficiency curve. This is bpecause a:
the personnel turnover of 6 individuals per year per crew, the "C" ve .e
for the formula in Note 2 of Figure III-36 (following equation 18} ¢~
Annex B) is about the same for both crews. (It cannot be distinguished cn

the scale of Figure [II-36.) Furthermore, the mediarn number of repor:ez
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WHERE n 1S THE NUMBER OF LIVE-FIRE EXERCISE DAYS PER
YEAR AND P{n} THE MAINTAINABLE AVERAGE PROFICIENCY.
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GC-C = 6.05.
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FOR EXERCISE DAYS PER YEAR.

Figure 11[-36. Element and Battery Maintenance
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exercise days per year is about the same for both FDC and GC at about
30 exercises per year. At 30 exercises per year, the FDC/GC curve is juy!
slightly higher than the median reported FfDC/GC proficiencies ¢~
80 percent.

For the FO, the median reported exercise days per year is IZ
(almost double the FDC and GC) in Figure TII-36. At this value, the f
curve is just slightly above the median reported proficiency of 84 percent.

)

C

With the median proficiencies of FO at 84 percent and FDC and GC at 8C per-
cent, the Battery Proficiency Models predict a battery proficiency of
75 percent, right on the median repcorted value of the battery proficier-
cies. Coincidently, the median reported battery exercise days of 40 per
year corresponds on the sample battery proficiency curve tc just above

75 percent. (At 40 exercises per year, the FO proficiency wouid be abou:
82 percent, the FDC about 86 percent, and GC about 87 percent as calculeazes
2y P{n) in Note 2 of Figure III-36).

If Marine Corps wishes to operate its artillery batteries a:
| icwer proficiencies, then it can reduce the number of Jive-fire exercise
; days by the appropriate amount. This will reduce the live ammunition con-
; sumption. For example, according to Figure III-36. 76 percent prcficienc,
can De maintained at 40 exercises per year at 60 rounds per exercise. :
total of 2400 rounds per battery per year. To operate at 7C rercen:
proficiency, reduce the number of exercise days to 28 per yez~ ar? cansure
1680 rounds.

If this reduced aliowance (1680} were 1o be soreaa cver <=2
same number of exercises (40), reducing the rounds per exercise (tc &0
then we would expect the proficiency loss to be iess than that under the

e

reduced number of exercises. This is the ocbservation from Figure T1:-3¢
However, we are unable to quantify this proficierzy in the atsence :*

. s

testing under reduced allowances.
Also plotted in figure I11-36 is tne battery proficier:,

curve fcr a 50/50 mix of non-live-fire and live-fire training. This ‘s j
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assembled from similar element proficiencies (different C's in Fig-
ure I11-36.) The information concerning the relationship between pro-
ficiency and non-live-fire training is weak because there seems toc te only

limited experience with non-live-fire training.

The 50/50 curve in Figure I11-36 is our best estimate of the
maintainable proficiency using a 50/50 mix of live-fire/non-live-fire exer-
cises. But the two battery curves in Figure III-36 are not as close as
they lcok. To maintain 74 percent proficiency takes 34 pure live-fire
exercises per year but about 40 mixed exercises per year - almost a
20 percent increase.

Note that we present the 50/50 mix curve in terms of mixing

sure live-fire exercises with pure non-live-fire exercises. This s
required by our modeling since our data is gathered in terms of pure exer-
cises on one form or t{he cther. However, the guesticnnaire resporses do
indicate that a better procedure may be to mix live-fire with non-live-fire
within the same exercise {but not necessarily during the same day). Again,
we are unable tc quantify this. This reguires testing, fcr it concerns how
to train and not how much to train.

e. The Attainment of Proficiency and Applications

When a new crew comes together, their proficiency is apt tc
oe low. As they train together, their proficiency will increase. This
subsection displays results concerning how quickly proficiency can be

attained. Figure I11-32 is our guide. The major decision variable here is

the rate of training. It could be intense, or it could be at the normal j
rate for maintenance training. We display both applications in this sub

section. We also display how fast proficiency decreases when training :
fails to take place. Let's begin with attainment at an average maintenance
training rate.

Figure III-37 displays the increase in proficiency c¢¥ eacrn

element and of the battery as a whole as the elements train together. Tne
circles on each curve indicate when the curve reaches the proficiency value

[11-34




JUSIL Py Adapeg pue jubiio | | UL anky

‘I1vH
IONIINGHNL WNIGIW HLIM ADNIIDI40Hd ITEYNIVINIVIN IHL IHYIN SITOHID €
‘916 - 1-09 ‘868 - 1-0Q4 'S€6° 104
‘S110S $8LO0 - 1D-09 '0€Z00 = :23-004 ‘8E€L00" - I-04 'S1 I ANV (I{D+ u) | -4
‘0SIV 'ZP'S =009 'vE'H=0-204 'vZ'L = D-04 :3HV I HO4 SINIVA IHL 0 » 1V
( 9€-111 3YNDOIS 33S) OF = U LY ADNIIDIH0OHd ITYNIVANIVIN 3HL Si [uld aNv
HY3IA H3d SAVA ISIOHIXI FHI4-IAIT OV INNSSY IM 'SHIIM NI SI N IHIHM

{uld + {[u]ld-od) N

‘VINWHOL 3HL MOT104 SIAHND INIW3IT3 2
"SANNOY 3AIT 09 HLIM AILVIOOSSY SI AVA 3S10HIX3 HOV3 't SILION

SHIIM
6¢ 9z €L 0 NiI3IwIL
o€ 0z 9l ol AVQ
c L c 1, ) \ 0 351043x3
000 @
)
) -
-62°0
A
o)
N
3
1
F0S0 9
1
4 |
o
H
& -l
1va —— Lss0 .
04
204




maintainable at the median turbulence rate ( =3/26). The initial profi-

ciencies were taken from the gquestionnaire responses concerning the profi-
ciency level of the respective crews after one live-fire exercise together.
We took this as our P. The battery achieves a "steady-state" proficiency
after five months of training together. This equates to 16 live-fire exer-
cise days, or about & two-day shoots (960) rounds). With this analytic
"machinery” in place, we can perform other applications: Subsection 7t
stated that, at this point in our knowledge, there is no discernable
distinction between an "unlearned" state of crew skill, and a forgotten
state of crew skill. As far as we can tell, if a crew is x percent
proficient, no matter how it got there, it will still require the same
amount of training to increase its proficiency to x+1 percent. And no
maiter how it got to x+] percent, it will take the same amount of time tc
recduce to x percent with no training when there is no turnover.

One application of this principle is the following pre-
depioyment strategy: Rather than maintain a relatively high proficiency.

one might maintain a relatively lower proficiency (at perhaps some cons:

derable saving), and, prior to deployment, boost that Jower proficiency
with intense exercise. This strategy may have particular appliication when !
tre battery is deployed at sea, and unable to train with live-fire. In

trat situation, the decrease in proficiency due to lack of training. which !

is inevitable, occurs at the expense of the cost of the intense training

period, rather <*han at the expense of the larger cost cf the incrementa’ H
maintenance training appiied ye long. H

Figure I1I-38 displays an example. We assume nc turncver f
auring pre-deployment. It takes between 8 and 9 exercise days to get the .

L
battery from 70 percent to 80 percent. This consumes about 510 rounds. g
According to Figure IlI-36. to maintain a battery at 80 percent takes about i
52 to 53 exercise days per year - for an average consumption c¢f 31E5( %
rcunds, while to maintain a battery at 70 percent takes 33 to 34 exercise
days per year - for an average consumption of 2010 rounds. This is a
difference of 1140 live rounds per battery, which might be made up for,

when needed, by 510 rounds used in intense training. Figure [I1-39
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WEEKS WITHOUT LIVE-FIRE EXERCISES

Figure III-39. Battery Proficiency Decay
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displays a sample decrease in proficiency for & batter; unable 1c train,
This rigure s identizal to the Battery Prcficiency Decay =z«hitipr =r
Annex B. We simply wish to demonstrate that the decay ‘s very sharp. Trr¢
rate of skill decay dictates that regular training is most necessary.

We should also comment that it is possible to adjust =:re
model for the turncver of different crew members having different impact on
orofessions. The average turnover rate can be adjusted by ecuating &
specific crew member's impact to the impact of some number of "average'
crew members. For example, the loss of a Section Cnhief might te equated ::
the loss of 2 gunners. The average "gunner" turnover can then be increesec
to account for the turnover of the Chief.

f. Sensitivity of the Battery Proficiency Mode!

2

Which element is the most critical to battery performance
[f we can quantify this, we might suggest a training strategy in whicn the
2iemert with the most battery proficiency impact would be giver some cver-
training. This would be a ‘ess expensive way toc maintain overall batzer,

orofictency. The Battery Proficiency Mode™ allows us tc do this. we

ar

[}

determine which element has the greatest impact on battery proficiency znc
27 how much., We dc this by testing the sensitivity of the batiery profi-
‘e

O

nCy output of the model to the input proficiencies of the elements.
~igures I1I-40a, o, anc c display these results. The idea in these figures
is to hold the battery nroficiency at the current median of 75 percent, anc
fix ore eiement’'s proficiency at 85 percent. Then, see what relationsr*:
is forzec on tne proficiencies of the other two elements in crder =2
maintain the 75 percent battery proficiency. For exampie, Figure Il1-40:2
nolds the FO proficiency at 85 percent. Then. ar 80 percent przficiercy
far the GC and FDC yields a 75 percent battery prcficiency. 4s the F2C
proficiency decreases to 75 percent, the GC proficiency must increase ::
85 percent to keep the battery at 75 percent. In the zrea of FD and GC ::

80 percent, every percent decrerase in FDC must be ccunter balanced b

(A}

percent increase in GC, and vice versa. At the top of the curve in
Figure [II-40a, a one percent decrease in FDC proficiency can be balancec
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by a one-half percent increase in GC proficiency. However, cre-neg *

percent increase about the S0 percent level is expensive tc cbtain.

Figure [I11-40- displays the reciprccai relationshic Zetlseen
FO and GC proficiencies. T“hrough the .8 to .39 rarge, tre curve inc-cates
that every one percent decrease in FO proficiency must te counterzaz zrcec
by 3 two percent increase in GC proficiency. Figure 111-302 srows &
similar tradeoff about the FO rproficiency of 85 percent. About FC =
80 percent the tradeoff is cne FO point for 1 1/2 FOC points.

Figures III-40a, b, and c suggest that it s & reascnabie
strategy to overtrain FOs. In fact, according to Figure 111-34. Marine
Corps seems to be doing this, since the fOs report more l‘ve-fire partici-
pation and a higher overall proficiency than the other eiements.

g. Mortars

A survey questionraire was designed and administered as par:
of the study (see Annex B) however, results were nct ottainec ir time o oe
included in the analysis of indirect fire. Accorgingly. the modei‘~g c*
mortar missions using the MCCRES standards has not been accomplishec 2s was
done for the artillery missions. However, because of the comparabi ‘ty =of
most aspects of artillery and mortar indirect fire, the same methccology
applies.

h. Proposed Artillery Training Allowance

Table 111-3 is a proposed Artillery Allowance in MCD PBO'!
fermat for the 155mm Howitzer., M-138. This proposed a'lowance c:. 2 ©Te
used as a basis for wvalidation testing. Further, the alicwance ‘s
exc'usively focused cn battery preficiency. It does nct include ai)

for demonstration, combined arms training and exercises, et:.




TABLE III-3.

PROPOSED ARTILLERY ALLOWANCES IN MCO P8011

m. 155 mm Howitzer, M198 (2)

CURRENT
DODIC ITEM ALLOWANCE /BASIS
D544 Prop, HE 306/Wpn
0550 Smoka, WP 40/Wpn
D505 Proj. I1lum 30/Wpn
D562 HE (ICM) 1/Wpn
NOTES:

UK VS T -

*RECOMMENDED

ALLOWANCE 1
BASIS (1)

. 2,800/8 Tube Btry
. 2,200/8 Tube Btry

. 48/8 Tube Btry
. 40/8 Tube Btry

. 96/8 Tube btry
. 56/8 Tube Btry

1/Btry or None

111-104

FORMAT

APPLICABLE
UNITS

a. OneBtry Per Bn
b. TwoBtry Per 8n

a. Two Btry Per Bn
b. TwoBtry Per 8n

a. One Btry Per Bn
b. Two Btry Per Bn

A1l Btry

*(1) Recommended allowances are derived from the analysis of 6 tube batteries with
conversion factors designed to maintain one 8 tube battery per Bn near 80% proficiency
and the other two above 70% proficiency.

(2, Proposed allowances to be used as a basis for validation testing and are
exclusively focused on battery proficiency; they do not include special allowances
for other purposes such as combined arms exercises, cemonstrations, etc.
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D. OTHER CREW SERVED WEAPONS

Analysis of allowances for other crew served weapons was primarily
based on annual consumption data related to the basis of the current allow-
ance and costing considerations. The following subparagraphs discuss those
crew served weapons identified in the study guidance.

1. TOW and Dragon

The current allowances for TOW and Dragon are:

TOW DRAGON
e PA66, GM TOW BGM-71A; e PL22, GM Dragon Practice M223;
e one perlauncher one per tracker
o PAB7, GM TOW Practice BTM-71A; e PL23, GM Dragon M222;
one per launcher one per tracker
o VXS94, TOW Blast Simulator; e GB39, CTG Rifle Grenade 7.62mm,
180 per launcher Mb4 (for use in M54 Dragon

trainer; 840 per gunner and
assistant gunner

It is understood that the current total inventory of practice anc
primary missiles for both TOW and DRAGON are such that replacement of
training consumption is not required or anticipated over the next few
years., However, the number of TOWs and DRAGONS in the FMF will con-
currently increase significantly in conjunction with the force structure
evolution and eventually generate a requirement for procurement/renlacemert
of improved TOW and DRAGON missiles. The current item replacement czsts
for TOW and CRAGON missiles are estimated at $9,950 and $8,0C0 resoec-
tively. Although current allowances appear minimal, item costs seen ‘-
conjunction with an increasing inventory and potential use of the MILES
XM62 and XM64 training devices appear to warrant reconsideration of the
basis of these allowances. Specifically, experimentation with variacie
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organizational allowances similar to those discussed for tanks and

artillery would provide a means of determining if a more cost effective
allowance basis was feasible.

2. Air Defense (HAWK and STINGER) .

The annual allowances of VX80, GM HAWK MIM-23B are three missiles

ver battery in the active force structure ind two per battery in the SMCR.

The unit cost of the missile is $244,000. It is noted that the high cost

of the missile is directly related to the battery vice launcher basis of

the allowances. While the allowances can be considered minimal, the high

| unit cost appears to warrant additional experimentation with variable orga-
nizational allowances both at and below current allowances. In this
regard, due consideration should be given to:

(1) Mount-out/deployment factors and constraints,

(2) Annual availability and location of live fire ranges, and

(3) Annual personnel turnover or turbulence.
| The current annual allowance of VX81, GM REDEYE M41A2 is one per
Gunner. It is understood that this allowance was possible due to a very
large inventory as related to only 60 gunners in the active force
structure. However, the active force structure has been increased to twe -
full batteries each containing 150 Gunners. In Tight of the increased
structure and high cost of the STINGER missile, the Marine Corps has devei-
oped a STINGER Launch Simulater which will be used to qualify all FMF gun-
ners on an annual basis. Therefore, there are no plans to institute an

annual FMF training allowance of the STINGER missile.
3. Machine Guns (M60 and .50 Calibe.)
The current high density allowances for the M60 and .50 caliber

machine guns are:

ME0 .50 Cal 1
e A131, Ctg 7.62 Linked e AS576 Ctg Cal .50, Linked 1
4 and 1; 4,800 per weapon 4 and 1 (M2); 1,500 per weapon '

e A589, Ctg Cai .50 Linked
4 and 1; 1,870 per weapon
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The annual consumption history of the high censity .50 calize-
ammunition is shown in Figures [I1-41 and II[-42 tcgether with related ui:
replacement costs. The data clearly show wide variaticne in arnue' corn-
sumption which tend to validate a need for a management system crovic -z
more control over training allowances. This need is not exclusi.e o .:i.
caliber consumption but extends to all infantry crew served weapons. ~e--
haps the best example of the need is the introduction of the M24% Szoac
Automatic Weapon. It is understood that the procurement will total 1C.22<
weapons which has the potential of generating an annua’ consumption :=*
40-50 million rounds. As the focal weapon of the Marine Fire Team, “-e'z
requirements or "demand" for high or liberal allowances car be ant.cipatec.
Assistant gunners as well as gunners need to be qualifiec. In aggcit- o,
the fire team and sguad leaders will need to be fully trained in directi -:
and coordinating the fire of the M248 in a variety of tactical situaticns
Concurrently, the Marine Corps needs a cost effective apprcach n deter-
mining reasonable training allowances that wili be predictably stable cve~
a number of years. It is believed this example points toward transition t:
an organizational training allowance system as the C series infartr,

, battalion is introduced into the force structure.

E.  VARIABLE ORGANIZATIONAL ALLOWANCE CONCEPTS

The methodologies defined above leacs to the prediciaple premise tnzt
differing hard data curves will evolve through testing. ©DOue tc *the mar.

variables included in the methodology, it seems highly ‘mprobable that an,
two battalion level organizations will produce matching curves. OJne cou'c
3 -

attempt to normalize these curves to derive standard allowances for al

upits. However, such an approach woula not take advantage of the Za::
gathered nor the magnitude of differences in force posture, missicr
tasking, personnel turnover, and range Jlocation/availability that are
existent in the FMF. The study group believes it is entirely feasible *:
set different {or variable) FY84 allowances through judgmental analysis cf
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the current curves and an evaluation of organizational location, missicn
tasking, personnel turbulence and live-fire range constraints.

Using the tank structure as the first basic example, the 2nd Tank
Battalion 1is organized with four tank companies and located at Camp
{ejuene, NC. It continually provides one platoon to the MED BLT, supports
other deployments and exercises at a high tempo including special cold wea-
ther exercises. The Bn (-) exercises extensively at Camp Picket, VA. Tank
Crew turnover may be expressed as (CTj; Range location/availability may rce
expressed as Rj.

The 3rd Tank Battalion {(-) with three tank companies is located at
29 Palms, CA; has NIPS tasking, MCATF testing, but no unit deployments.
Personnel and range variables may be expressed as (T2 and R2. The 1st Tank

Battalion (-) is located at Camp Pendleton, CA; does not have NTPS tasking

nor MCATF testing and no unit deployments. Personnel and range variables l
may be expressed as CT3 and R3. The tank company in the 1st Marine Brigace {
stands in stark contrast tc all other tank units in the FMF -- continucus
support of the deployed 31st MAU drives all facets of its training program.
Again in Japan, the tank company constitutes a unique tasking, personrnel
turnover, and range availability variable. In summary, a variable organi-
zational annual allowance tailcred to mission tasking and other basic Tac-
tors should form the basis of a more cost effective allowance managemert
system,

[,

This same premise can be applied to FYB84 artillery allowances. It it
sncerstood that the FYB83 allowances for M198 direct support weapons was
based on 155mm allowances, e.g., 306 rounds of DOBIC D544 vice 400 rouncs
of (445 allowed for the 105mm Howitzer direct support weapon. It is fur-
sher understood that the increased cost of the 155mm ammo ($170.34 pe-
round of DS544) was a basic factor in setting the FY83 allowance. However.
it should be clear that setting the D544 allowance at 306 rounds per weapon
does not reduce costs or hold them even, The M198 direct support batteries
are being formed with 8 vice 6 weapons per battery. Assuming a direct sup-
cort 105mm battery fired its total allowance of (445, the replacement cost
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~would be $340,080. Assum-ng an 8 tube MI198 battery fired its “recucec’
total allowance of DT44, the replacement cost would be $416,992.

The study group Delieves that it is not cnly feasible but nighl,
desirable to set different FY84 organizational artillery allowances aga‘~
through judgmental analysis of the artiliery curves in conjunction with
artillery organizational tasking, location and other basic factors.

It is further believec that tne basic premise can be used in FYB84 in
conjunction with the formation of C series infantry battalions and their
variable unit rotation cycles.

F.  CHANGES IN FORCES. WEAPONS AND DOCTRINE AND BUCGET LEVELS - IMPACT ON
TRAINING AMMUNT rTON ALLOWANCES

1. General - Acquisition Process

Military forces are in a continuing state of evolutionary change.
New weapons and equipment are constantly being integrated intc the military
forces inventory. This, in most cases, requires changes in doctrine and
training procedures. The overall policy governing the acquisition c¢f major
systems s set forth by Department of Defense in DOD Directives 3000.1
“Major Systems Acquisition”, DOD 5000.2 "Major System Acquisiticr Process”
and DOC Directive 500C.3 "Test and Evaluation”. The develcpmental process
of a weapon systems is all inclusive, and includes the developrent of the
doctrine of employment, the training and support packages tc fielc e~z
maintain the item, and the personnel skill reguirements %o operazte z-c
sustain the system under field conditions,

The Marine Corps relies primarily on the other services, princi-
paliy the Army and Navy, to develop its weapon systems. However, full
coordination is maintained by the USMC with the developing service during
the acquisition process.

2. Development of Training Support Packages

The overall acgquisition process for new materiel is divided by
DOD into four (4) major phases which include:
(1) Concertual,
(2) Validatijon,
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{3) full Scale Development, and

(4) Production and Development.
The training concepts and requirements are stucied, tested and/or evaluated
during each phase in development process. At -he major decision points at
the termination cf each phase, impact on training {s a pertinent decision-

making factor to be considered prior to proceeding to the next phase.
In the conceptual phase, a materiel concept in the form of a

breadboard and experimental mode! s presented for developmental decision.
Formal testing is not accomplished in this phase. Usually, the concept is
demonstrated to indicate potential military va'ue. The impact on training
is visualized and forms the basis for training requirements enunciated in
the Lletter of Agreement (LOA). This is a jecintly prepared and authen-
ticated document in which the user and ceveloper outline basic agreements
for the further investigation of the potential of the materiel system.
Training is coverad only in broad, general terms.

Ouring the Validation Phase, a&n advance develcpment prototype is

produced. It is given both technical and operational tests to form the
basis of an evaiuation of the future mil‘tary pctential of the system and
the readiness of system for transition to the full scale development phase.
Critizal technical and operaticnal issues are addressed during the testing
in this phase. Acgressive force develcpment tests and evaluaticns are
accomplished by the user to develop employment concepts, operational feasi-
bility, estimatecd/potential miiitary advantage and also the burdens of the
system. The decision to transition & system to full scale development is
the major acquisition decision in the validation phase. This decision
estaclishes the requirement, initiates the expenditure of large sums of R&D
money, and indicates the extert of the procurement dollars te be committed.
Very seldom is a system canceiled after it transiticns to the system
development phase. Supposedly, at this decision point, critical issues
concerning training have been addressed and answered satisfactorily.
However, details concerning training, such as resources required, have only
been addressed in a cursory manner. Generally, they have been estimated in
a parametric manner by comparison with previous similar systems,
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During the Systems Development Phase, DOD policy requires con-

siderable emphasis on the development of doctrine for employment, organize-
tional structure, maintenance allocations and procedures, and training pro-
grams and associated training aids. This is referred to as the integrated
logistic support (ILS) package. Most of these suppurt items are covered ‘r
draft field and technical manuals. The training ammunition requirements
are an essential part of the training package. Generally, it is formulatec
parametrically based upon requirements of previous like systems. ¥ it is
a completely new system, engineering judgments are made to provide an
initial requirement which is integrated with the remainder of the training
package.
3.  Test and Evaluation of Support Packages
At the culmination cf the development phase, the engineering

development prototype to include the training support package is supposec
to be thoroughly tested and evaluated to determine whether the system meets
che reguirements and should transition into production. However, there is
a2 tendency in the development process, due tc budgetary constraints anc
project urgency, for the development of the ILS items, inciuding the train-
ing package, to fall behind the development cf the prototypes. This lag in
ILS aevelopment and the resulting testing has a tendency io be carriec
through to the deployment phase. Therefore, systems are freguentiy
denlcyed with the training package incomplete, and not thorcuagniy tested.
This impacts on training ammunition reguirements which are devalcped late
and hurriedly with in ufficient and inadequate testing. It is extreme’ly

j

~h

fizu't under the circumstances, to provide adequate and timely Justifi-

£2

cation for budgetary purposes for training ammuniticn wnhich is being pro-
duced concurrently with the system to meet deployment schedules.

4. Mcre Emphasis on Timely Training Development in the Overail
Acquisition Process

Greater emphasis must be placed in assuring that doctrine, orga-
nizations, tactics, personnel skill requirements and, above all, the tota’
training package are progressively and concurrently deveicped with the
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materiel system. Training must be a major consideration in each phase of
development. Further, the total training package must be:
(1) Thoroughly tested and evaluated at the conclusion of the engi-
neering development phase, and
(2) Verified with production items in the production phase.

In regard to training ammunition requirements, the evaluation
should answer critical issues pertaining to the development of the optimum
ccerational proficiency of individual and unit skill levels in the most
economic manner. To develop these requirements, troop unit tests, which
cdetermine acceptable proficiency versus the optimum combination of live and
sub-caliber fire and simulation, should be conducted. The methodology
deveicped in this study for tank gunnery and artillery battery training
should provide a valuable evaluation tool in this test process.

5. Impact of Materiel Product Improvements, New Training Aids, and
Procedures on Training Ammunitjon Ajlocations

A1l military materiel systems are ever changing. Systems undergc
32 number of product improvements over their useful life. Also, training
orocesses and procedures are evolutionary - constantly in a state of
change. Consequently, the training ammunition allocation should be under
close scrutiny to assure that it dovetails with the training procedure.
Data on ammunition usage and proficiency attained must be gathered on a
consistent or periodic basis as determined necessary. Thus, data utiiizing
tne methodology developed in this study will provide a justification for
the live-fire ammunition requirement related to readiness proficiency.

6. Impact of the Budgetary Issue

The military is constantly faced with budgetary constraints that
impact on the amount of training ammunition available for troop use. Major
caiiber ammunition, i.e., artillery, tank and mortar, form a majority of
training ammunition budgetary reguirements. Hence, there is pressure by
J0D and Congress to reduce the requirement for the high cost ammunition
items. Emphasis is placed on substituting sub-caliber firings and various
other training devices in lieu of live firings using the major caliber

~veapon ammunition.
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Currently, training techniques using new technology is undergoing
dynamic development. There are indications brought ocut in this study that
an increase in crew proficiency is not proportional to ammunition expended.
Hence, to meet the continuing budget pressure, efforts must continue to
seek more cost effective means of achieving weapons crew proficiency. It
is essential that we seek new non-live fire training techniques which,
coupled with required live-firing, will meet the individual and crew pro-
ficiency requirements. Only in this manner can budget constraints be
successfully overcome.

The methods proposed will provide ammunition allocation as a
function of proficiency and budget constraints. When new weapons or
tactics are introduced, the same general methods will apply. New data w*1}
will be needed, beginning with operational tests of the weapons &nd
tactics and new equations might be required. The latter decision will be
determined by the data obtained from tests, and the understanding gained
from the methods developed from the models presented in this report.

G.  FINDINGS

The following summarizes the study findings resulting from the
research, survey and analysis:
1.  General

Annual missions and deployments of USMC units are a major factor
which should determine individual MAF element training programs. anc
ammunition requirements and allocations.

Hard data on tank gunnery and indirect fire battery performance
are virtually non-existent. This lack of hard data resulted in the need :¢
use subjective guestionnaires as a survey tool in this study.

The judgments of personnel surveyed showed considerable variance
in absolute values of expected results. For example, estimates of ‘re
crews qualifying in one case varied from 40 to 85 percent. However, there
is consistency in trends as reflected in the direction and slope of curves.
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Training ammunition expenditures for tank gunnery and artillery
live firings are not available on a battery/tank platoon basis. Hence, no
correlation between performance and expenditures could be made.

2. Tank Gunnery

The evident lack of consistency identifies data collection needs.
Jata should be coliected on the following for each tank crew and platoun:

(1) Qualified or not on first MCCRES test,

(2) Number of retests to qualify,

(3) Amount of full caliber ammo expended by test tabie,
(4) Amount of subcaliber ammo expended by table, é
(5) Proportion of simulation used in pre-table training (crews V

only), L
{(6) Crew longevity to reflect turbulence, and b
(7) Platoon longevity to reflect turbulence. '
The following concepts can be tested to determine the effects of

changes in ammunition allowances, both full and subcaliber: r
(1) Reduce the ammunition allowance for selected crews and pla- i
toons. Set aside the unused portion of each crew's and pla-
toon's normal allowance. Design the test so that crews or
platoons not qualifying have access to the set-aside ammu-
nition, either wuntil they qualify or until they have
exhausted their normal ailocation. .
(2) Test the substitution of subcaliber for full caliber,
repeating tests until the crews/platoons invclved in the
test qualify.
(3) Vary pre-table use of simulation.
After the collection of hard data over a one-year period, the
methodology presented in Chapter III will permit more precise definition of

training ammunition requirements.
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3. Indirect Fire Weapon Systems

Analysis of the questionnaires revealed:

(1) A great variation in judgmental MCCRES performance in rela-
tion to days of live-fire/simulator training and rouncs
fired per day, and

(2) Occasional judgmental contradictions within the same respon-
dents questionnaire.

The effect of changes in training ammunition allowances is hign'y

uncertain.

The basis for structuring hard data collection is found in our
proposed methodology. The indirect-fire methodology developed in tnis
study requires as input (for each battery element and for the batter;
overall):

The MCCRES scoring, and for the prior year,

)
) The number of days of training,
}  The rounds expended per day (live-fire and subcaliber;}. and

) The personnel turnover.

The analysis provides a basis for testing to determine tne
effects of ammunition use on proficiency. Since battery proficiency
depends a great deal upon the coordination of elements, testing mus: te
devised to elicit some measure of the effect of training the zatter,
together versus training the elements separately.

The updated procedures proposed in the methodoiogy can be usec =
determine ammunition allowances needed tc achieve a specified averzce
battery proficiency, once testing has provided a relationship among:

(1) "Rate of learning" and rounds expended per day {both '‘ve-

fire and subcaliber) at the element level,

(2) The effects of turnover at the element levei, and

{3) A measure of the increase in ‘coordination" (e.g., ccorcina-

¢
tion times) between elements as a function of

N
L e
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training.
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4, Other Crew Served Weapons

High cost missile systems training ammunition expenditures are
very tightly controlled; hence these offer little opportunity for savings.
A pontential saving might be made by reducing the HAWK missile annual
training allocation per battery from 3 to 2. :

Machine gun training ammunition, which has a low unit cost but
has a high expenditure rate, is not tightly controlled and its allocation
rate varies widely on a year to year basis. There appears to be no valid
justification for this fluctuation in allocations.

5. Impact on Ammunition Training Allowances of Changes in Weapons,
Tactics, Doctrine and Budget Constraints

Emphasis must be placed on the concurrent development of systems
znd their training procedures to include training ammunition allowance
beginning at the latest in the full scale development phase cf the acqui-
sition,

As weapon systems develop and mature, the training procedure
shouid be under constant review with the goal of optimizing crew perform-
ance and training costs.
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CHAPTER TV
CONCLUSIONS AND RECOMMENDATIONS

A.  CONCLUSIONS:

PN

(1) The methodologies developed in this study provide a valid basis
for determining tank and artillery ammunition training
aliowances. (Chapter !II, Section B.4 and C.5 & 7)

(2) Specific changes in ammunition training allowances shoulc
commence on an experimental basis in FY84, (Chapter 111,
Section B.4.C and C.7.h)

(3) There is a need to collect hard data on both direct and indirect

2, A 5§ ATTOER - N N s,

fire weapons systems; the basis for structuring this collection
effort is identified in Chapter III. (Section B.4 and C.7)

(4) There is a need to introduce and refine a more definife anc
responsive ammynition allowance management system. (Chapter Il
Section 8.1, B.3 and C.3)

{5) Variable organizational allcowance concepts should be testec
through the FMF in FYB4 to determine the effects of changes ir
ammunition allowances, both full and subcaliber. This should ne
instituted in conjunction with directed increased use of Gctirer
training devices. (Chapter liI, Section E)

(6) Logicza) alternative to the current annual allowance system is &r

corganizational basis of allcwance vice a per weapon bacis.

Further, annual organizational allowances could be developec °-
conjunction with a quarterly allocation and expenditure repcr:inc
system (Chapter III, Section E)

)
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{(7) Transition to an organizational basis of ailowance in conjunci-cr
with adoption of the methodology presented in Chapter !l wc.':z
provide a management system responsive to changes ‘n weagons.
tactics, doctrine, force structure, and budget constiraints.
(Chapter III, Section F)
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RECOMMENDATIONS:

()

(2)

That current allowances be sustained during FY83. (Chapter III,
B.4.b, and C.7.h)

That, commencing with FY84, a system to collect hard data be
instituted as defined in Chapter III, (Chapter 111, B.4.c and
C.7)

That, commencing with FY84, variable organizational allowance
concepts be tested throughout the FMF. Proposed FY84 allowances
for tank and M-198 artillery units are depicted in Chapter III,
Sections B and C, respectively.

That the Marine Corps consider transition to an organizational
basis of allowance system for all FMF weapons systems. It is
further recommended that early transition to an organizational
allowance system be considered for M-198 artillery battalions and
C Series infantry battalions. (Chapter III, Section E)
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