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SUMMARY

L)
\f\ A
AReco@uiolog o possible need for tnereased eflficiency in punnery

Prantry s and rhe dependence o! inereased tralaing e!ficlency on the
svartabslity or o peol or data base of gunnery job objectives, the US
Atay Armor Schoo! indU{ated research te develop the data bawe and to
cramine prososcd ponnery trafning. . A contract was awarded by the

I

BoAvmy Rescarch Institate for thy/ Behavioral and Sacial Sciences
‘

TARTY to the thyman Rcwnm'rr_gu.»!(»’mmn:h Organizacion (HumRRO) for

e dopratect ey

‘13 Drvelop a performance-requirements data base, or
veol of job oblectives for ME0ALAOS tank punnery.

230 Speciiy the tank yunnery traiming ohjectives that
are dmplied iIn TC 17-12-% (Tank Guunery Training;
tveeher 19743,

/9, Cuompare the guanery training obicct fves and the gunnery

tot obdoctives,

Thene three objectives were acconplished, and the fol;;:;ﬁﬁ conclusions
- -~

reached

At
i The gunnery joh objectives developed during this .
project wcem hm._pr(:h\':nsiw;; Ihegadiac il oo )
ITO2LLT BT LAApTehrnsive s sasd
full range of wiys that targets can be neutrale - tiaf /42"
fred using MBOATAOS guns. 1 the tol ubjectives
are coxpichensive, then a_bhagis has bern provided
fer:
A. Comparing the content of proposed gunnery
tradngng €0 gunnery Job conrent.
B Dreveloping trafning for crews of tanks other
than the MOOALAQS.
€. Inereasfng the otficiency of gwnnery training.
. Byatuating the effectivencss of gumery training.
— A -
= ) -
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the vannery perforsunce umnddrdqunpnm-d in TC o
Pi=12=% foctoeber 1974} should he revised fnr !n-,
creanat spectficity and decreased reltance on k"
CNDErT n“ininn.\\ﬁnﬂv I\cxlhllity in Wetting pun-
nery performance standards may be desi{rable, but
the newd for {10w1:1111y must he weirhed ngainst
the need for knotiing “where wve are" with respect
to punnery reddiness. The basts for catablishing
punnery ftandards also needs to be examined.
Standards ahould not be set on the basis of the
normat tve performance of our own gunners, or on
the bastis of expert opinlon. They should be set
un the hasis ¢t the best available {nformation on

nemy capabiltey,

The relevance of the gunnery exercises proposed n .
TC 1?~‘:-S (Uerobrr 197&) to _the punnery job secms

!Lluluu te aL_laxqt ane job objective.

Cunnery training, as proposed in TC 17-12-5 (October
1?&?lmﬁ, not comprehensive, ( Scme parts of the
punnery *nb Teceive extensive coverage in the new
tables. Other parts are not treated at all. Policy

makers whoe are responaible for decisions about

punnery training content should carefully review

what (o being left out of proposed training as com-

paved to vhat is being included. The results in

thia report make such a review possiblc.

The efficiency of the gunnery training proposed in c
TC 17-12-5 (Nctober 1974) can be increascd by o
tvarxiﬁh_moro within existing resource constraints, ol
or_by maintaining pregent proficiency levels at less o
at,. Tdentifying runnery skills that cut across

jﬁo ohirctives, and including there component gkills

{n training should promote learning of the max{mum
numbbr of job objectives with no increase in training
vost ., npning research to determine the least ex-
nensive 2ix of live fire and simulation that wil}
rrodure dendred or present profici{ency levels should

he continued.

Gunnery training {8 one of severas mecans of accom- ..
«lf hinv the ohjectives of gunnerv, Potentinlly less o
cxpoqﬁtvo means, such ag improved equipment relia- o
bility and personnel seclection, should be conslderedﬁ42-
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JOB OBJECTIVES FOR M60ALAOS TANK GUNNERY

Developing and implementing effective training would be easy if
time and funds vere unlimitad. But training resources alvays are 3
limitad. And because resources are limited, the effectiveness of a f

training program (s no longer a sufficient measure of its adequacy.

S

Increasingly the raquirement is for programs that are efficient ~--

programs that get the job done at lesst coet. g

Inafficiency in training usually comes in two varieties. The
first is overtraining: teaching trainees more than they need to know
and do in order to perform their jobs effectively. The second variety
is undertraining. Relsted to both of these sources of inefficiency is
s third (and most egregious) characteristic of training: 'teaching
the vrong thing’; that {s, teaching ski{lle and knowledge that are
_ either irrelevant or detrimental to effective job performance.

; The way to incresae training efficiency is to teach only those

skilla and knowledge that arc necessary for trainees to perform their

ol iie

jobs effectively. A ver' important consideration is implied here;
namely, that prior to developing and implementing a training program,
training developers must know, and be able to specify exactly, the ]

behaviotr {nvolved in effective job performance. This observsation cer-

tainly is not atarzling. Neither is {t trivial. Training developers

wvho do not know and cannot specify exactly the behavior required for

effective job performance are forced to guess. And {f their guesses

are wrong, nothing about their training programs can be right.

SR s N TE— o i
H%‘ P D




Specifying job~vffective behavior is difficult, time-consuaing,
and expensive. One is not surprised, therefore, to find that fnade-
quate programs are tolerated on the grounds that effective ones would
cost too much. This line of reasoning is deceptively attractive

because of difficulties involved in comparing training programs. The

coste of daveloping and implementing a nev program can be measured
r easily, but {fficulties alvays are encounter~ in measuring the costs zi
of an existing, perhaps ineffactive progran -—- hidden costs, such &s
equipment damnge attridutable to misuse, personal injury, or for that i
matter, death in combat. Occasions do arise, however, in which the
costs of inadequate training become so apparent as to obviate the need
for precise measurement. Such situations involve:

1. Training large numbers of psreonnel to perform

as parts o a larger working unit wvith a common

aission or goal.

2. Drasatic, publicly observadble evidence of failure
to acccaplish the mission or achieve the goal.

One example of a situatinn that fits this description is the training 3
of military personnel in times of nationa]l amergency. Because of the
necessity for training large mmbers of personnel under severe time con-
straints during World War I1, and because the effects of {nadequate

training vere dramatic and easily observed, the need for increased train-

ing efficiency was recognized. The training development msethods used
then, and modified during the past )0 years, have found increasing
scceptance in military and industrial settings. Pundamental to all such

methods is the concept of task analysis, a procedure vhich yields




!

i

descriptions of behavicr at successively greater levels of detail,
beginning vith a simple enumezation of tesk "areas” and ending with
exhaustive descripticns of behavior in terms of "task elements."

Anothsr method for generatiag descriptions of job-rslevant
behavior is the Critical Incident Technique (Flanagan, 1954), in which
records of extremely effective and extremely ineffective job-related
behavior are generated on the basis of interviews vith incumbents,
supervisors, peers of incumbents, or any other group whose judgments
of "effective” and "ineffective" are credible.

Finally, there {s the msthod (noct yet named, to the best of our
knowledge) that was used in this project. After deciding on an over-

all statement of the job "task" or objective ("neutralize targets"),

all conditions that are likely to affect task performance are i{dentified.

{Target charactertistics, veapons, and fire delivery methods are ex-
amples of condftions that affect gunnery performance.) All possible
combinations of the conditions are then examined, in order to fdentity
all possible ways that the job "task"™ can be perforwed.

The goal of all of the methods cited above {s to form a compre-
hensive data base of job-relevant behavior. The behavior comprising
the data base can be thought of as a pool of all possible job objec-
tives, from which objectivec for training or items for testing can be
derived. Without a pool against vhich to compare training or test
cortent, it is impossible to determine what has been left out of train-
ing or testing. Another way of viewing the concept is that selecting

the content of training programs and testing programs requires nn-pl{gs

i i

b




the behaviors encompassed dy the job. The pool or data bass genersted '

by task anslysis, critics) incidents, or the method used in this
Joct defines the

pro-
ulstion or domain of Job behavior from which
samples of behavior srs

both.

taken for inclusion in training, evslustion, or

Without the pool or deta bdase, wve have no vay of knowing which

"chunks" of the Job are not besing addressed in training or testing. ¥

And without knoving what has besn left out, ve have no basis (other

than opinion) for Judging the edequacy of training or test content.

Rationale

Recognizing o poaaible need for increased efficiency in tank gun-~

RNery training, and the dependence of increased training efficiency on

the availabdilicy of o pool or dats base of gunnery job objectives, the

US Arsy Research Institute for the Bahavioral

g e st et
R TI  ia a ae cay a

and Social Sciences (ARI)
! initiated reaearch to develop the data baase and to examine proposed

gunnery training. .\ comtract for aasistance in achieving these objec-

tivea wma avarded by ARI to the Human Resocurces Research Organization ]
(HumRR0) .

Purpose '

The purposes of this proje~t were to:

1. Develop o performance-requirements data base, or
pool of job odbjectivea for RE0ALAOS? tank gunnery.

2. Specify the tank gunnery training objectives that

are implied in TC 17-12-3 (Tamk Gunvery Trsining;
1 October 1974).

3. Compare the gunnery training odjectives and the
gunnery job object {ves.

)TM MOOALADS 18 the preliminary veraion of the N6JALR), and
cludes only the add-on stabilizer portion of the E3 Package.

4
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JOB ORJECTIVES A IRAINING CRIRCTIVES:
GENENAL COMSYDERATIONS

Since there are no universally accepted definitions of "job ob- §
jective” and "training objective," we will define the terms as used in
this report. Both terms are subsumed under the rubric, "humsn perfor-
sance objectives,” which are characterized by three parts:
1. Activity or task statement.
2. Conditfons statement.

3. Standards statement.

Activities or Tasks

Activitiee or tisks are brief statements, usually consisting of
an active verb and a direct object, of the behavior addressed by the

objective. “Noutralize targets” is a task or activity statement for

tank gunnery.

Conditiona
Conditions refer to any circumstances that might be expected to
alter the quality or the productivity of the task or activity that {s

to be performed. Day and night, stationary and moving firing vehicles

and targets, and weapons used, all are "conditionns" for the tank gunnery

activity. "neutralize targets."

Standards
Standavds, as used in lmmon performance cbjectives, describe the

quality or the asount (quantity, production) of the performance of

interest, or both. Performance quality in gunnery is expressed as




sccurecy, snd production ss number »f hits. As in all stenderds,
quantity snd quality mersurse of human performance have little utility

slons. To bs ussful, the quantity and quality messures mus’ be ex-

prassed relative to cost: how much ers we willing to pay to obtein

the dedired quality or quentity of perforasnce? In human performance

ot ZamA AR e iz

? objectives indirect measvrer of cost ususlly ere used. Tima and

asount of materiel expended ere axamples of human performance "costs.”

A stenderd for tank gunnecy might bs, ''vcors & second-round hit

s

vithin seven seconds.” In this stenderd the measure of:
1. Qualicty 18 "hit” (es opposed to “wiss™).

2. Quantity {s one hit -- tha mea:ure of production
implied in the standard.

R st St M

3. .ost is seven seconds and two rounds.

Humsn perforsancs standards fragueatly ars stated imprecisaly. One
often finds, for sxampla, standards stated as, "90 percent hit rata,"”

or "five rounds per minuts."” Standards should include separate m2asuras :
of quality, quantity and cost, for several ressons:

E 1. Clerity of comsunication to tast designers, test

' administrators, and others. “Ninsty percent hit
rate,” and "five rounds per minute" are incomplete
standarde, in thaet thay hava no cost measures as-
sociated with them. ''Ninety percent hit rate” doea
not communicats tha numbar of rounds to ba expended.
And "fiva rounds per aminute” does not communicata
the totsl amount of tima that will be allowed for
schieving the five-per-ainuta critarion. §

2. The possidilitias for statistical inference with !
respect *o performance raliadility and confidence i
levels ara quite different for, say, 9 out of 10
hits as opposed to 90 out of 100 hits.

). To pereit warious combinations of basic data for
analyses of standards by interested inveatigators.




Job, as Opposed to ITraining Objectives

The foregoing discusaion pertains to human performance objectives,
i ths term that subsumes both job objectives and training objectives. §
The distinction between job objectives and training objectives remains
to be made.
Job objectives describe performance, in terma of activities, con-
ditions, and standards, that will be demonstrated as part of effective

performance on the job. Thus, for the tank gunner "job," a job ob-

jective might be:

: "Civen (n) a stationary M60ALAOS tank with the main
3 gun battlesighted with SABOT, (b) an operational

3 gunnar's day periscope, and (c) a soving tank tar-
got that is vis‘ble at leas than 3200 meters without
artificial light during the day; the gunner will
open fire vithin 16 seconds, and neutraifze the tar-
get vithin 24 seconds of the alert glement of the
tank commander's command, using no more than tw
rounds. "

Training objectives descridbe performance, in terms of activities,
conditions, and standards, that is to be demonstrated in training.
A trafining ohjective for tank gunnery might bhe:

1 "Given (a) a stationary firing vehicle that is equip-
| ped with a main gun simulation device, (b) an

operat fonal gunner’'s telescope, and (c) a moving
silhouette target ({lank view of Soviet tank) that (s
visible at 1600 meters with white light; the gunner
will open fire within 10 seconds, and neutralize the
target within |5 seconds of the alert element of the
tank commander's command, using no more than two
(simul ated) rounds.”

Job objectives and training object ives somet imes are identical.

The gunnery job objective cited above could also be a training objec-

tive. But not all job objectives are training objectives. This is : i




v T

80 because there usually are some skills and knowledge that are re-

quired for effective job performance, but are not included in training

for the job. Certain skills and knovledge may be excluded from train-

ing for any of several reasons:

1. Eage of learning on the job.

2. Infrequency of occurrence on the $ob.

3. "Non-criticality” to effective job performance.

4. High cost.
Job objectives pertaining to neutralizing afrcraft targets with the
caiiber .50 machinegun are examples of job objectives that are not
training objectives.

Finally, not all training objectives are job objectives. Some
training objectives, for example, are enabling objectives. Their
maslery is required for sastery of other training objectives, but they
never 2re practiced on the job. Objectives that require using a

burst-on-targe: sinulator are examples of training objectives that are

not job objectives.

i bt 5o S i N O At B L1 5




' JOB OBJECTIVES

| Job objectives for tank gunnery were specified for use in subse- g
quent compariaons with the training objectives implied in the new {

¢

gunnery tables (TC 17-12-5), and for potential use as a file or data ;

base for deriving training objectives and evaluating training effec-

tiveness. ?

Met hod
The method for developing job objectives began by speciiying the
overall task or activity f{nvolved i{n tank gunnery; namely, neutralizing

targets, using avaflable weaponry., Attention was then directed to:

i
X
1. Selecting conditions for ure in the objectives.
What conditions could affect, for better or |
worse, a tank crow's ability 1o neutralfize
targets’

2. Selecting levels within conditions for use in the
objectives. Given that a condition such as tar-
get range 1s likely to affect a crew's ability to
neutralize targete, what orders of magnitude or
"levels" of target range should be included tn
the ohiect {ves?

s

J. Combining levels across condftionx totarm & com-
prehensive set of ohjectives. The nuaber of
é posaible ‘ob objectives tor anv one task or
: activity {s a function of the number of condf-
tions and levels within conditfons associated
with the objective. If one task has two condi-
tions (target range and visibility, for example)
and two levels within each condition (<1100
neters and »1100 metcrs; visible and not vi-‘Yle)
then the number of possible combinations of levels
across conditions and the number of possible
object ives, {8 2x2=4:

it i

ko e AR
&




A. Visible at <1100 meters.
B. Visible at »1100 meters.

C. Not visible at <1100 meters.

D. Not visible at >1100 meters.

4. Specifying performance standards for each com-
bination of levels acrcse conditions. Gunnery
performance standards might be expected to dif-
fer depending on, for example, whether the
target was visible at <1100 meters, or not vis-
ible at >1100 meters.

RSN, RPN PO ST
A T ¥

Selecting Conditions

Having agreed that the overall task or activity for tank gunnery

vas to neutralize targets, we then asked vhat combinations of weapons,
fire-delivery methods, crew members, and fire control instruments
could be used by crews to neutralize targets. The results of this
inquiry are summarfzed in Figure i.

The lines connecting the rectangles in Figure 1 indicate "allow-
able"” relationships among Jevels of the conditions. Using either the
battlesight (BS) or precisfon (PRE) method of fire delivery with the
main gun, for example, the tank commander can neutralize targets
using the rangefinder (RFDR) with efther IR or daylight (D) acces-
sories. The tank commander cannot, according 2o Figure 1, use the
gunner ‘s periscope {PER) or telescope (TEL).

As can be inferred from Figure 1, we had at this point in the

i b

project identified four conditiors that could affect gunnery perfor-

maance, and a total of 18 levels within the four conditions. The

conditions and levels were:

10
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1. Weapon:
Main Gun.
Coaxial Machinegun.
Caliber .50 Machinegun.

2, Fire-Delivery Method:
Battlesight (for main gun; "non-precision" or
NP for the machineguns).
Precision (PRE).
Range Card (RC).
Range Card Lay to Direct Fire (RCDF).

). Croev Member:
Tank Commander (TC).
Tank Gunner (CNR).

4. Tire Control Instrument:
RFDR, Day: Rangef inder.
RFDR, IR: Rangef {nder with metascope.
TC/PER, Day: Tank commander's cupola periscope.
TC/PER, 1R: Tank comsander's infrared periscope.
GNR/PER, Day: Gunner's periacope.
GNR/PER, IR: Gunner's infrared periscope.

TEL: Gunner's telescope.
INF: Gunner's (nfinity sight.
AUX : Auxiliary fire controls (azimuth indi-

cator and elevation quadrant).

The next step in selecting cond{tions for use in the job objec-
tives waa to ask, "What conditione other than those shown in Figure ],
might be axpected to affect -- for better or woree -- a Qualified crev's
ability to neutralize targets?” This question was ansvered by three
sembers of the project ataff who formerly vere tank commanders, on the
basis of their own combat experience, and a review of technical docu-
sentation. Thelir answvers were presented in the form of lists of

conditions, which in their viev, might affect a tank crew's effective-

ness in neutralizing targeta. Sample entrieec on the lists vere flat
as opposed to rough terrain, clear as opposed to cloudy skies, and

vehicle as opposed to troop targets. The project director sorted the
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antries in the lists in an effort to discover supercrdinate classes
of conditions under which each of the individual entries could be
classified.

An initial result of this exercise was the realiza’‘on that tar-
gets, like all visual stimuli, could be classified in terms of:

1. Contrast, as measured in foot-lambents of targe
brightness over foot-candles of background
1llumination.

2. Apparent aize, which is measured in degrees of
visual angle subtended by the target; and 15 &
function of range and actua. size of the target.

3. Apparent speed, vhich {¢ measursd in degrees of
visual angle subtense per second; and 1s a func-
tion of range, speed, and direction of motion.

The use of contrast, apparent size, and apparent speed to describe tar-
gets vas immediately ahbandoned {or several reasons. The main reason
wvas that none of the three messures provides dasic data on target fype
(trocps, tanks, for example) or target range -- data that sre essen-
tial for brianging effective fire to bear on targets.

The major classes of conditions that emerged as the result of the
exercise described above vere:

1. PFiring Vehicle Motion.

2. Target Motson.

). Target Type (e.g., tank as opposed to troop).

4. Target Vigibility.

5. Target Range.

6. Ammsunition.

7. Day, as cpposed to Night firing.

13
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Selecting Levels Within Conditions

Applying the methods described above yielded a set of 11 ciasses
of conditions or variables that could affect a crew's capability to
neutralize targets.

1. Weapon.
2. TFire-Delivery Mathod.
3. Crev Mesber.
4. Fire Control Instrument.
5. Firing Vehicle Motion.
6. Target Motion.
7. Target Type.
8. Terget Visibility.
9. Target Range.
10. Aamunition.
11. Day/Night.
To appreciate how levels were selected for each of these conditions,
it helps to understand the difference between (ontinuous snd discrete
var fatles.

Continuous variadbles are characterized by interval scales, and by
being infinitely subdivisible. An interval scale {s one in vhich 2 is
tvice as much as 1, & is twice as msuch as 2, and so forth. Scales
used to measure the range variable (or condition) are interval scales,
since 50 meters are tvice 25 meters, 100 is twice 50, etc. The range

variadble also is infinitely subdivisible: 10 meters {s halfway

betwveen 0 and 20 meters, 5 {s halfway between O and 10, sd infinitum.

bl
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l;cnuoo rangs is sn interval scale, and becauss the scsls i{s in-
finitely subdivisible, range is s continuous variable (or condition).

In contrast vith continuous variables are discrete veriablsa --
variables such as type of ammunition and type of target. There are
only so sany aambers in the ammunition "class,” and there are no values
of the variable between mambers of the class: there is no 'velue" of
ammunition betwveen SABOT end HEAT, or between HEAT end Caliber .50.
Similarly, there ere no "values” of tank targets betwveen tank end
troops, or between troops and bunkers. Members of classes of variables
such es smmunjition and target type are, therefore, discrete. Kinds or
types of snything are discrete. Inches, pounds, and cubic centimetets
ere continuous.

Specifying levels for the discrete conditions seiected for inclu-
sica in the job objectives vas no problem. For conditions such as
target type, fire-delivery method, and ammunition, we simply had to
describe vhat existed in the real world: the numbers of target types,
fire-delivery methods, and kinds of ammunition sre finite, small, snd
easily tdentifiable.

Selecting levels for the continuous conditions was a different
matter. At one extreme, one could say that tank crews will be able to
neutralize targets at any renge, traveling at any speed, under any con-
dictions of viseibility. And, in fact, this is wvhat the gunnery "job"
reslly is about. But wve wanted to relate conditions such as terget
range, speed, and viaibility to performance standards. Job objectives

that required neutralizing any target at any speed under amy conditions

15




of visibility were, therefore, judged unsatisfactory (though perfect-
ly realistic): emall targets moving quickly as night are more
difficult to neutralize than are large stationary targets in broad
daylight. And such differences should be reflected in performance
standards if the standards are to be useful.

At the other extreme, one might write separate gunnery job obiec-
tives for targets moving at 8 MPH, 8.1 MPH, 8.2 MPH; or for targets
at 1000 meters, 1001 meters, 1002 meters, etc. Such a procedure would
have yielded coraiderably more than the number of gunnery objectives
necessary to describe hov targets could be neutralized. Compromises
vere necessary, therefore, in selecting levels of the continuous con-
ditions ~- compromises that would avoid proliferation of objectives on
the one hand, and {nability to relate performance standards to con-
ditfons on the other. The kinds of compromises made, and the bases
for making them are noted in the following sections, wvhich describe
how levels were selected within each of the 11 conditions.

Weapon. The weapon condition is a discrete variable. As noted
earlier, there are no ''values of weapon' between the main gun and
coaxial machinegun, or betveen main gun and caliber .50 smachinegun,
or between the coax and caliber .50. Selection of levels of weapons
vas dictated by vhat exists (as was selection of levels for all other
discrete variadbles). The levels of the weapon condition arsz: main
gun, coaxial machinegun, and caliber .30 machinegun.

Fire-Delivery Method. Fire-delivery method is another disCrete

condition, with leve s defin-J by vhat exists in the real worid. Four
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levels of fire-delivery mathod were identified: precision, reuge
card, range card lay to direct fire, and battlesight (or "non-precision”
for the machineguns).

Crev Member. Thie is another discrete veriable in that M6OALAOS
tank crews consist of only four positions: tenk cowmander, gunner,
loader, end driver. Two levels of the crev member veriable were iden-
tified, corresponding to the two aamders of the crev vho normally fire
the veapons: tank commander and gunner.

, Hre Control Instrument. Nine levals of this diecrete conditionm
were identified (see Figure 1): TC's rengefinder, TC's rengefinder
vith metascops, TC'e cupola periscope, TC's IR periscope, GMR's peri-

scope, GMR's IR periscops, CMR'e telescope, GMR's infinity eight, and
suxiliary fire controls.

Firing Vehicle Motion. Vehicle motion is e continuous variabdle,

in that the NGOALAOS can travel at any epsed from slightly more than
0 MPE to ebout )0 MPH. The problem of selecting lsvels of vehicle
motion disappeared in light of two practical consideretions!

1. Our desire to keep the number of job objectives
sinimal (recall that the number of objectives
incresases in direct proportion to the mmbder of
conditions in the objectives, and the mmber of
levels vithin conditions).

2. The traditional method of steting tank wotiom in
gunnery training.

Based on these precticel consideretions, two levels of firing vehicle
aotion were sslected: stetionary and moving.

Por purposes of this project e¢ll woving firing vehicles were es-
owmed te be traveling et retee of 10 to 13 ¥PA,
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Target Motion. The levels of target motion selected for use in
the job objectives were {dentical to those selected for firing vehicle
motion: stationary and moving. The reasons underlying the selection
of levels also were identical to the reasons for selecting the levels
of firing vehicle motion: desire to minimize the number of objectives,

and conformance to existing practice.

For purposes of this project all moving targets wvere assumed to
be traveling at rates of 8 to 15 MPA.
Target Type. Our initfal 1ist of levels for the target type
variable consisted of six entries:
1. Tank or tank-itke.
2. Bunker or pillbox.
3. Light-armored or unarmored vehicle.
4. Crew-served weape-.
5. Troops.
6. Afrcrafe.
As vill be seen later, it proved possible to combine two levels of tar-
get type {n some of the objectives: tank and light-armored vehicle,
for example, for some matin gun battlesight engagements; and bunkers
and crew-served weapons vehicles for others.

Target Visibility. Target visibility can vary infinitely and {s

therefore a continuous variable. After considerable deliberation about
selecting levels of visibility and about the interaction betveen visi-
bility and the day/night variable, we nsk:d the queation, "What aspects
of target visibility are most like!y to affect a crew's effectiveness
(likelihood of a hit, performance time, or both) in neutralizing tar-

gets?” The answer to this questi .y lay, not in whether a day or night

i8




engagement was involved, but in two other considerstions: whether or
not sreificial light was required to make the target visidle, and
vhether or not the targst was visidle under any circumstances at all.
Thus, the levels of the visidility verisble aselected for incluaion in
the study wers:

1. Visidle without artificial lighet.

2. Viaidle with arcificial light.

3. Not visidle under any circumstancess.

Target Range. The pervasive consideration in selecting levels of
the targst range variadble waa to minimize the number of levels (and
therefore the number of objectivee) while atill reflecting the maximm
eof fective renges of the wespons, fire control instruments, and amsuni-
tica that would bde includod in the objectives. The levels of target
rangea selected, and rationales for their selection were:

1. <300 meters: the ranges vithin vhich the range-
finder should not be used.

2. 53500-900 metera: the ranges within vhich the TC
suet range.

3. <900 meters: the ranges within which the coax {s
ef fective.

4. <1100 weters: the renges within vhich IR fe effec-
tive; also, 1100 weters 1a the bat:lesight range
indexed for HEAT.

5. 1100-1600 metera: 1600 setera is the battleeight
renge indexed for SABOT. 1100 meters was es-
tablished ea ¢ lower ranjge psrameter for conven-
tence in combining job abjectives for SABOT end
NEAT at <1100 metere (ote Tables 1 through 7).

6. 500-3200 meters: The rangefinder ie effective at
S00 through 4400 meters. Mt because some of our
objectives are to be performed both by the TC using
the rangefinder, and the CIR using the telescope, an
uppar range of 3200 wss estadlished to reflect the
saxinem effective rangs ¢f the telescope.

19

i 40t et 35




7. 1100-2300 meters: the ranges within wvhich the
caliber .50 machinegun may be used with wvhite
light or illuminating shells.

8. 1100-3200 meters: the renges within vhich the
sain gun may be used with white light or 1llumi-~
nating shalls.

9. ALL: the ranges vithin vhich the main gun may oe
used with range card data.

Ammunition. Ammunition is another discrete variable, for which
levels vere selected by tdentifying the kinds of ammunition customarily
availadble for use vith the main gun, coax, and caliber .50 machinegun:
SABOT (APDS), HEAT, HEP, BEEHIVE (APERS), COAX (7.62mm) and CALIBER
.50.

Day/Night. Two levels of this condition were selectad —— day and
night -- after considerable debate about its utility. The day/night
vsriable 1c both redundant to, and less descriptive than, the ievels
of the visibility condition. It i redundant in that gunnery opera-
tions will be the same vhether the tacget s visible without artificial
light at night or visible without artificial light in the daytime;
and operstions will bte the same wvhethar the target s not visible under
any circumstances at night or not visidble under any circumstances in
the daytime. The day/night variable 1s less descriptive than the
visibility varisble in that it does not distinguish between targets
that are or are not visible in the daylight, or between targets that
are or are not visible without artificial tllumination at night .

antu.tho reservations noted above, we decided to ratair the

day/night condition for use in our job objectives, maianly to wake

20
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comparisons poesible between the job objectives and the day/night

training exercisee proposed in TC 17-12-5.

Figure 2 summarizes the conditions and lev.i: within conditions

that resulted from the exercise described above.

Combining Levels Across Conditions

Ueing the conditions and the levels within conditiv.. =7 sum-
marized in Figure 2, it is possidble to forw a very large number of
tank gunnery objectives by selecting one level from each condition,
and combining {t vith one level from every other condition. The
nunher of possible combinations equals the number of levels within
eacn condition multiplied together, or 3 (weapons) x & (fire-delivery
sathods) x 2 (crev members) x 9 (fire control instruments) x 2
(firing vehicie motions) x 2 (target motions) x % (target types) x )
(targat visibility conditions) x 9 (target ranges) x 6 (kinds of
ammaition) x 2 (day/night conditions) = 1,679,616. While the numbder
of pateidble comdbinations of levels vwithin conditions is large, the
great majority of combinations do not in fact "make sense" -- combins-
tiona, for example, that have the gunner firing the caliber .50
msachinegun, or where the target is a moving bunker, or wvhere the tank
commarder is using the gunner's periscope. Notice that it is not neces-
eary to write and examine each possible combination of levels of con-
ditions before diacarding the nonsensical combinations. Objectives
simply are not written for anysubsets of combinaticns that have tw

levels that do not "go together."
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FIG. 2. Conditfons and levels within conditions
for use in the Job objectives.
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By ignoring the combinations of conditions levels that did not
wake sense, and by combining some levels within conditions (tank and
light-armored vehicle targets for some main gun engagements, for ex-
ample), ve identified 225 combinations of lavels across conditions,
under which ME6OAIAOS tank crews might be expected to neutralize tar-
gets in the "real world." By pairing each of the 225 combinations
with the general statement of the gunnery task (neutralize targets),
we had the basis for writing 225 different job objectives for tank
gunnery.

The criterfon for calling an objective unique or different, and
including ft in the list of 225, was that the manipulations required
on the part of the crewv menber who was doing the firing had to be
differén in sowe respect from the manipulations required in all other
objectives. Thus, firing at stationary and moving targets with the
main gun wvere considered different or unique objsctives {(because dif-
ferent manipulations are involved). But firing battlesighted SABOT
or HEAT st s tank at less than 1100 meters wvas trested as a single
objective (no difference {n the gunner's mwanipulations, even though

two different kinds of ammunition are used).

Specifying Standards

The goal for this part of the project was to establish perfor-
mance standards for aach of the 25 job objectives. The standards were
to be more cosplete and explicit than those customarily set forth by

training developers, in that they would be characterized by separate

measures of:
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1. Performance quality.
2. Production.

3. Cost.

Performance Quality. The measure of performance quality in gun-

nery is accuracy: hitting target centers constitutes higher quality
gunnery performance than miasing targets. For purposes of this pro-
Ject, "target hit" was the quality weasure sssociated with each
objective. No distinctions were made with respect to “goodness of
hit," and all hi%s were assumed to result in neurralized targets.

We realize that these assumptions are indefensible, but chose to ac-
cept them as the ohly alternative to the time-consuming hair-splitting
that would be involved in specifying different time étandards for hits
vhich did, as opposed to hits which did not, neutralize targets.

Production. The measure of production for each job odbjective {s
one hit, regardless of target characteristics or of wcapons used;
that 1s, one ie the minimally acceptadble numbuer of hits to be gotten
vithin the time snd ammunition-expenditure constraints for esch odb-
Jective. In machinegun engagements, a minimum of cne tcscer must hit
the target. (One in five rounds is a tracer.)

Cost. As noted earlier, the "cost" allowable for achieving the
performance quality and production criteria wvas to be specified in
teras of performance time, and number of rounds expended.

The method for establishing the maximum number of rounds tc bde
expendad in the engagements deecridbed by our job objectives was sud-

jective. The results represent a compromise among existing practice
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in training, recent sctuarial data on simulated tank combat, snd what

our subject-matter experts thought was reasonable. The maximum num-
bers of rounds to be expended in the engagements described by our job
objectives are:

1. Two rounda for all main gun engagements, except for
range card firing in vhich five rounds are allowed.

2. One-hundred fifty rounds for coaxial and caliber
.50 machinegun engagements against area targets.

3. Sixty roundc for coax engagements against point
targets.

4. Fifty rounds for caliber .50 machinegun engagements
against point targets.

Tentative performance time standards were established by the
three subject-matter experts on the project staff, who reviewed the
225 objectives and specified opening and total times for each. A
Tank Gunnery Panel wvas then convened, which consisted of two gunnery
instructcrs from the US Ammy Armor School, Weapons Department; and
one tank commander from the US Army Research Inatitute detachment at
Fort Knox. The three members of the panel vere former tank commanders,
with 18 montha, 6 vearc, and 9 years experience.

The panel members vere given a briefing on the objectives of the
project and their role in {t; and were asked to specify opening and
closing timea for an "average' tank crew, for each engagement descrilted
by the job objectives. As a means of structuring their assigmment
further, ve also gave the panel members a list of assuaptions that had
been prepared by the project’'s subject-matter experts vhile developing
their preliminary time eatimates. The list of assumptions {s attached

as Appeadix A to this report. .
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The panel spent three days specifying opening and closing times

for the job objectives. A project staff aember was present throughout

the meetings to answer questions, and to assist by providing copies of

Pertinent gunnery publications. He made no effort to influence the

panel‘a decisions, vhich were made on the basis of the panel memders'

own experience and the contents of the literature at their disposal.

Where differences of opinfion arose in specifying the time standards,

they were debated by the panei members and resolved. The final list
of time standards had the unanimous approval of the panel .

After doing their time estimates, the panel members met with the

HumRRO subject-matter experts to resolve differences between the two

independently genersted sets of estimates. For objactives wvhere the

difference between the two groups’ opening or closing time estimates

vas four seconds or less, a compromise standard vas set by splitting

the difference. 1In cases where the time difference was greater than

four seconds, a time-line analysis was done, assigning a time to each

component “step” in the engagement. Consensus on opening and total

times was reached after discussions about the time required for sach
component step. An ancillary benefit of the time-1line analysis vas a
table of "Constants used in Estimating Ferformance Times," which

evolved as a result of the groups' discussions. The table is present-

ed as Appendix B of this repore.

Resuits
The job objectives resulting from applying the methods Just
descrided are presented in Tables 1 through 7. The Objectivea are

presented in tabular, as opposed to narrativa form, to facilitate

26
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comparisons among conditions and among standards. The objectives are

available in narrative form from ARI (Krsemer, et gl., 197%).

Organization of the Job Objectives

The main organizer for the job objectives in Tables 1 through 7
is the veapon: main gun, coaxisl machinegun, and calidber .50 machine-
gun. Within each of the three wveapon systems, the objectives are
further organized by method of {ire delivery. The overall organization
of the tables s ae follows:

Table 1: Main Gun, Batrlesight.

Table 2: Main Gun, Prectision.

Tabla 3: Main Gun, Ranga Card, and Range Card
lLay to Direct Fire.

Table 4: Coax, Non-precision.
Tadbla 5: Coax, Prectision.

Tabla 6: Coax, Range Card, and Range Card
Lay to Direct Fire.

Table 7: Caliter .50, Non-precision.

Reading the Object{vas

Conatder the first entry in Table 1 (Main Gun, Battlesight): The
entriaa under JOB OBJECTIVE NUMBER indicate that the {irat row in the
table eummarizee .'ob Objective #1 for the tank commandar (TC) and two
job oblectivea - <« - .2 -- for the gunner (CNR). Underscored
numbers in tha .28 _ - */TTE NUMBER columna indicate job objectivee that
are addreesed by the gunnery tablea proposed in TC 17-12-5 (October

1974). ‘f%e underecoring can be ignored for now, but vill de referred
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to later in comparisons between the job objectives and the gunnery
Ll cleen.

To understand the job-objective numbering system in Tables 1}
through 7, it is necessary to consider the entries under the head ing
FIKE CONTROL INSTRUMENTS:

1. RFDR (rangefinder), D (day), and IR (infrared).

2. TC/PER (tank commander's periscope), Day and IR.

3. GNR/PER {(gunner's periscope), Day and IR.

4. TEL (telescope).

5. INF (infinfty sight).

6. AUX (auxiliary fire control {instruments).
The numbers under these headinge indicate the order of preference for
use of the fire control instrument in engaging targets described in
the row. The ! under GNR/PER, D, indicatzs that the gunner's day
periscope {s the primary fire contrcl {nstrument to be used for engaging
targets described in the firast rov. The number 2 under TEL irdicates
that the telescope {s & secondary fire conirol (natrument that the gun-
ner may use in engaging such targets. And the entry, 3, under RFDRK,
D, indicates that the rangefinder (day) may be used dv the TC as a
third alternate system. The first rov in the table, then, summarizes
three jod objectives:

1. GNR's Job Objective #1: Engaging targets descrided
in the rov, using the gunner's day periscope.

2. GCMR's Job Objective #2: [Engaging targets descridbed
in the row, using the gunner's teleacope.

J. TC's Job Objective #1: Engaging targets described
in the row, using the rangefinder.

)5
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Notice that some job objectives are repeated {n Tables 1 through 7.

TC's Job Objective #1 sppears twice iu Table 1, for example. The
reaeon for Tepeating eome odjectives is that at least one condition in . "'1
the objective changes, and this change has an effect on perforsance

time: 7TC's Job Objective #1 is repeated in Table 1 becauee the range

le different for the two entries, and the range change makes the total
perforasance time different. The change in total performance time,
though, 1s due only to the different distances that the rounds must
travel, and has nothing to do with the performsnce of the TC. Recall
that to qualify as unigue, an objective had to require manipulations
that vere different from the manipulations in all other objectives.
Since the same manipulations are involved in firing TC's Job Objective
#1 at ranges of less than 1100 meters and at ranges betwveen 1100 and
1600 meters, the two entries are treated as the same objective.

The entry, STA, in the first rowv under the FIRE VEH MOTION column
in Table 1 indicates that the firing vehicle is stationary.

Target characteristics for the first entry of Table 1 sre:

1. STA: stationary.

2. T/L: tank or light-araored vehicle.

Ty

3. VIS: visible without artificial iight.
4. <1100: less than 1100 meters.
D/¥ indicates that the obdjective 1is to be perfcrmed either during
the day or at night.

SB/HT indicatee that SABDOT or NEAT is to be used.

Y T




The PERFORMANCE TIME entries in Tables 1 through 7 give opening
and total times for tie TC and GNR. In cases where the row contains
only one objective for either the TC or GNR, the opening and total
times for that objective are given. The first entry in Table 1, for
example, contains only one objective for the TC (using the range-
finder). The performance time for this objective i{s given under TC,
OPEN, TOTAL: 10 seconds to open, and 15 seconds total.

In cases vhere the row contains more than one objective for etither
the TC or GNR, the opening and total times sre given only for the en-
gagesent using the primary fire control instruments. The first entry
in Table 1 containg two objectives for the GNR: the primary objec-
tive, using the day periscope; and the secondary objective, using the
telescope. The 7-second opening, and l2-second total times in the
first row under GNR, OPEN, TOTAL are for the primary (gunner's peri-
scope) o2jective. No performance times are given in the tadble for the
gunner's Job Objective #2 (using the telescope). Performance times for
the secondary or alternate f{ire-control instruments were computed
using the constants {n Appendix B. They are presented under sepaiate
cover in the narrative forms of the objectives (see Kraemer, et al.,
1975).

The performance times given in the job objective tables are for
the maximsum range specified in the objective. If, for example, the
range specified in the objective is 11-1600 (1100 to 1600 meters),
the performance times shown in the objective apply to the 1600-meter
upper limit. Performance times for ranges less than the upper limit

can be computed using data presented in Firing Tables, FT 105-A-2.
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The quality, production, and number of rounds were left out of
Tablas 1 through 7 to avoid redundancy. Recall that the production

snd quality measure 1s "one hit" for each objective, and that the

=

saxinum number of rounds to be expended ia:

1. Two for all main gun engagements, except for
range cari objectives.

2. Five for main gun, range card objectives.

3. Sixty for coax, and fifty for caliber .50 ' g
point targets.

4. One-hundred-fifty for coax and caliber .50
area targets.

Using the information given above, the three objectives in the
first rov of Table 1 can be written as:

. TC Objective #1: Given (a) a stationary M60ALAOS
tank with the main gun battlesighted with SABOT or
HEAT, (b) an operational rangsfinder, and (c) a
stationary tank or light-araored vshicle target
that {s visible st less than 1100 meters without

1 artificial light at day or night; TC will open

fire within 10 seconds of the alsrt eleamant of

his command, and neutraliza the target within 15

seconds, using no more than two rounds.

. GNR Objective #1: Given (a) s stationary M60AIAOS

4 tank with the main gun battlesighted with SABOT or

b HEAT, (b) an operticnal gunner'a day periacope, and

' (c) a stationary tank or light-armored vehicle

varget that is visible at less than 1100 meters vith-
out artificial light at day or night; GNR will open

1 fire vithin 7 seconds of the slert element of the
TC's command, and neutraliza the target within 12
seconds, using no more than two rounds.

e M G DA 0 A AN OBl . O o in At
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. GNR Objective #2: GCiven (a) a statjonary M60OAIAOS
tank wvith the main gun bsttlesighted with SABOT or
REAT, (b) an oparational telescope (day), and (c)
stationary tenk or light-armored vehicla target that _
is visible at lass than 1100 wetars without artificial 3
light at day or night; GER will open fire within 9 :
seconds of ths alert alement of tha TC's command, and .
seutraliza the targat within 14 seconds, using no mora
than two rounds.

28
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A numerical summary of 225 job objectives, by weapon, fire

delivery method, and crew member is presented in Table 8.

Discussion

The parts of the job objectives pertaining to activities or tasks,

conditions, and standards raise separate issues for discussion.

Activities or Tasks

AT o A 5y

Traditionalists, schooled in the means and ends of task analysts,

i) e 2T e

undoubtedly will take i{ssue with our definition of the gunnery job in

terms of one “task” -- neutralizing targets. Certainly the job is

Ludi

sore complex than that. We agree that it is, and suggest that this

complexity has been reflected, not in the usual detailed list of task

i s et et nile

statements, but in the myriad combinations of conditions presented in i
the job objectives. We suggest also that the test of the adequacy of
any set of job objectives is neither the number of different tasks in-

cluded in the set, nor the level of detail at which the tasks are

pikalesd

i vritten. Rather, the test of adequacy is comprehensiveness.

The question of comprehensiveness, as applied to the job objec-
tives presented in this report, reduces to the question, "Are there
wvaye, other than those described by the objectives, that targets can
be neutralized with M6OAIAOS guns?” We think not. And if not, then %
the icb chiectives provide a data base froz wvhich developing training

and evaluation programs can proceed.

Further on the topic of comprehensiveness: Our job objectives are ]
intended to describe gunnery comprehensively. In the term, "gunnery ]
i

i
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TABLE 8

NUMBERS OF JOB OBJECTIVES, BY WEAPON,
FIRE DELIVERY METHOD, AND CREW MEMBER

WEAPGN MAIN GUN COAX 50 | o1ALS
IRE DELIVERY
THOD TC GRR TC ] GNR TC
attiesight (non-pre-
cision for machinequns) 12 20 18 | 42 20 N2
Precision 4 24 4 36 68
Range Card 1 1 2
Range tard Lay to
Direct Fire 5 8 9 | 2 43
TOTALS 21| s3 | 3 |00 20 | 225




job objectives,” the important qualifier is "gunnery.”" It is used
synonymously with "marksmanship” or "shooting." The job objectives

do not deacribe comprehensively the gunner's job, which consiats of

tasks other than those encompassed by gunnery -- maintenance tasks,

for example, and computer checks.

] Conditions
A possible criticism of the conditions parts of the job objectives
is that some conditions that will affect crews’ ability to neutralize

targets have not been included in the objectives. Conditions such as

PETe

enemy firepower and tactics, and presence or absence of air and artil- 3
lery support are cxamples. This line of criticisa loses sight of the

goals of gunnery training and cf the purposes of this project. The

A W T T CI

purpose of this project was tc compare gunnery job objectives and train-
ing content. And the goal of gunnery training (through Tables VII and

VIII) is to teach crews to neutralize targets with minimal expenditures

of time and ammunitfon. Current and proposed gunnery training do not
include firing in the presence of air and artillery support, or against

sultiple, tactically deployed targeta. Engagements under theae kinds

T T

of conditions are seen as a body of akilil and knowledge outside the

+

reals of "guanery” or "marksmanship,” and within the realm of fire

] control and command -- topics that are addreased in Gunnery Tables

IX and X.
Standards
Whether or not two rounds are the "right"” allocationa for main gun 3
é engagements, or vhether a TC needs to hit a target culy once while

4l
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firing 150 caliber .50 rounds, or whether or not our opening and total
times are ''correc”" are open questions. Gunnery standsrds, and stan-
dards for all combat performance, should not be aet on the basis of
expert judgment, for if the experts sre wrong, our gunners will be in
trouble "when the flag drops.” Notr should standards be set on the
basis of the normative performance of our own trsinees or qualified
gunners. Normative data can tell us how good we are, but not how good
ve need to be. Standards for combat performance should be set on the
basia of the best available information about the enemy's capability.
Knoving that our gunners can meet arbitrarily established opening and
closing time standards of 5 and 7 seconds provides little comfort {f
the enemy can open in 4 seconds and close in 6. Information about enemy
gunnery capabilities must be made available to guide development of

training and job parformance standards.

Conclusior
Tha gunnery job objectives developed during this project seem com-

prehensive. It {s difficult to think of ways, othar than thosa dascribed
in the objectives, that crews couid neutralize targets wvith M60AIAOS
guna. Ona may argua that the task or activity statements used in tha
objectivaa sre ""too ganaral,” or that certain conditiona that affect
gunnery performance have been omitted, or that performanca standards
baaed on expert judgment are (or are not) totally satisfactory. Tha
counter-arguments have been praaanted, and the issuaa dafy rspid reso-

lution. But 1if the job objectivea ara comprahensive, then a basis has

been provided for:




A. Comparing the content of proposed gunnery training
to gunnery job content. This in turn permits com-
paring what will be included in gunuery training
and what will be excluded.

B. Developing efficient gunnery training. By speci-
fying the component skills in the gunnery job
objectives, and then identifying component skills
that cut across objectives, a basias will be pro-
vided for specifying enabling training objectives. ]
Mastery of the enabling objectives should promote .
learning of the marimum number of job objectives. 3

C. Developing training for crews of tanks other than
the M60AIAOS. The job objectives for the M60AL1AOS ]
can be rewritten to form a comprehensive set of job -
objectives for any new tank, by replacing any con-
ditions and levels within conditions that are unique 3
to the M60ALAOS with conditions and levels that apply ¥
to the newv tank.

Bvaluating the effectiveness of gunnery training. The
job objectives generated during this project can be
used to develop gunnery evaluation programs that will
permit a high degree of confidence in results. As-
suming that the purpose of gunnery training is to 4
] permit crews to neutralize targets in all the ways
] described by the objectives, random selection of job ;
objectives for use as "test {tems' would be one way
to design valid measures of training effectiveness.
The pool of objectives could be reduced before itea
selection took place by deleting objectives that are
too costly to test (aircraft targets, for example),
or job objectives could be selected for use in evalu-
ation, on the basis of criticality, difficulty, or
8 frequency of performance. The {tem pool is now avail-
able. How {t is used {s a policy matter.

i ———
o

Notice also that by accumulating data on performance of the objec-
tivee over time, a basis will be provided for applying all of the
traditions]l methods of item analvsis. Answers to questions such as

"Does a 'GO’' on {tem X guarantee a 'G)' on item Y?" need no longer be

subject to the vagaries of expert opinion.
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GUNNERY EXERCISES AND TRAINING OBJECTIVES

This part of the project dealt with translating the tank gun-
nery exercises presented in Firing Tables I through VIII of TC 17-
12-5 (October 1974) into the format of human performance objectives.
This was done in order to make comparisons possible between training

content and the job objectives developed earlier in the project.

Orientation: Firing Tables and Exercises

Training Circular (TC) 17-12-5 1is a document that reflects emerg-
ing doctrine snd thinking with respect to tank gunnery trafning.
Training content is organized within efght firing tables, each of which
contains severs] trsining exercises. Tank crews progress through the
exercises in Tables I through VII on their way to qualifying by firing
the exercises in Tsble VIII.

TC 17-12-5 {s being revised, and eventually may become s field
manual (M) to replace FM 17-12. A major difference between traiuing
as prescribed in FM 17-12 and TC 17-12-5 1s in method of fire
delivery. The field manual emphasizes the precision method, in which
crevs range on the target and obtain a highly accurste gun lay in
order to maximize the probability of a first-round hit. The new train-
ing circular retains some emphasis on the precision method of fire
delivery, and adds battlesight, target-foram, and burst-on-target --
“quick-draw" techniques that are designed to capitalize on the poten-
tial of tank veaponry for combiuing shock effect, accuracy, and speed.

The purposes of the eight gunnery firing tables in TC 17-12-%

include:

.
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1. "... the development of individual skills by dii-
ferent crew members."

2. "... to develop solid individual expertise combined
with teamwork within a crev."”

3. "... to train individual members of a tank crew in

& logical sequence culminating in crew qualifi-
cations and crew battle-runs."”

The gunerzl goals of each of the eight tables are:
. Table 1: Zero and manipulation techniques.
. Table 11: Fundamentale of fire adjustment techniques.

. Table I11: Tracking and applying proper adjusiment
techniques.

. Table IV. Zeroing the main gun, firing at stationary
targets wvith the main gun with and without arti-

ficial illumination, and basic techniques of tank
fire adjustwent.

. Table V: lLeading, tracking, engaging and adjusting

fire on moving targets with the main gun with and
vithout artificial {llumination.

. Table V1: Develop crew coordination and ability *

4 engage both moving and staticnary targets with

f tank sachineguns from a moving and stationary tank
3 vith and vithout artificial {llumination.

E . Table VII: Develop crew's ability to engage moving
3 and stationary targets vith all tank-mounted

; veapons with and without artificial illuasination
and to prepare the crev for testing on Table VIII.

. Table VIII: Qualification: Final evaluation of
crev abil{ties developed during Table VII.

Tables VII and VIII are essentially identical, with practice on Table
VII used to prepare crews for qualification on Table VIII.
The overall goals noted above are addressed by providing crews

vith practice in the followving areas:

i o b




: 1. Day Firing. Referred to as “"A" tablss, thess sxer-
: cises are intended to trsin end evsluate ths tsnk

crev in the repid dsatruction of tsrgets during the
day.

2. Might Piring. Rsferred to as "B" tables, thass sxer-
cises ers for training snd evsluating the tsnk crev
in ths repid engsgement and dasiruction of tergsta at
night under various msthods of illumination, while
instilling crew confidance in tsnk weapon effective-
ness under conditions of darkness.

SR 4
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). Subcelibsr Firing. Referred tu es "C" tebles (Teblss
I, 11 end II1), these exercisss are designed to per-
mit treining and evalueting each crevman es e gunnsr

wvithout the distraction ceused by the blest snd recoil ?
of the main gun. By eimulating the firing of the main 3

gun, gunnery procedures ere practiced without expendi- 1
ture of ammunition. 1

4. Dry Firing. Reierred to es “D" tables, these exer-
cises ere designed to insure crevmen understand the
fundamentals of gunnery, and to develop teamwork.

5. 8Services Firing (Tsbles IV end V). These exercises i

are for developing the skills, speed, and accurecy 2
required by the tank commander, gunner, ~:d loader 5
in employing gunnery :echniques against stationary |
end moving targets, and for conditioning the crevw to i
the bdlast and recoil ot the sain gun.

Crev Field Firing end Crew Proficiency (Tables VI,
VII and VIII). The purpose of these exercises is to
trsin and test the speed end teamwork of the tank
crev in engaging different targets et verious renges
with the proper veapon snd ammunit fon.

A TG PO e T T T | TP
.

3 Yor purposas of orfentation, a summary of the contents of Gunnery
Tables I through VIII, by exercise number, method of fire delivery,
snd crev position (TC or GNR) from which esach exercise {s fired fs
presented in Tabdle 9. The Arabic numbers after ecch cell entry corre-

spond to the job objectives to which each treining exercise is rslated.

el

Thess numbers can be ignored now, but will be referred to later %

ook bl

in comparing job end treining objectives.
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1)

(2)

(3)

4)

(3)

(6)

Footnotes to Teble 9

This firing exercise requires the gunner to simulate zeroing
the main gun. Zeroing was excluded from our analysis of
guonery objectives.

This firing exercise requires the use of white light beyond
1600 maters. The maximum effective range of white light {s
spproximately 1600 meters.

This exercise requires the TC to range on a target using the
rangsfinder with wetascope. The rangefinder with metascope
can only be uaed effectively against targets emitting an IR
light source.

This firing exercise requires the GNR to fire HEP ammuntition
against a tank or tank-like targst. HEP ammunition {s not
recommended for use against tank or tank-like targets.

This firing exercise requires the TC to range on a wmoving
target and simultaneocusly to track it. This task seeams
impossibla, as tracking and ranging both are right-hand
operations.

This firing exercise rcquiroﬁ*tho use of infrared light (IR)
beyond 1100 meters. The maximum effective range capability
of IR is approximately 1100 meters.

i Astiovrei Ak A

o i

1 B3 1 I

e




The parenthetical eatries ere explained in the footnotes to Table
9. Footrotes 2 through 6 refer to apparent errors in the exercises.
Footnote 3, for example, refers to exercises that have the TC using
the metescope ageinst targets that do not emit IR light. And Footnote
5 refers to exerciees in vhich the TC sust range on a moving target
and simulteneously track it -- s seemingly impossible task, since
trecking and ranging ere both right-hand operstions. Of the 137
gunnery exercises, 19 were found to contain errors of the kind noted
above. VUWe understand that these are being corrected in forthcoming

revisions of TC 17-12-5.

Training Objectives

Each of the gunnery exercises in TC 17-12-5 that pertained to the
MO60ALAOS tank was reviewved, and was written in two forms:

1. A narrative form that included task, conditions,
and standards statements.

2. An abdbreviated form similar to the one used for
present ing the job objectives {n Tables 1 through 7.

49
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Method

An example of a training exercise (Exercise 3A from Gunnery Table

1) from TC 17-12-5 is:

uNtT TANK CREW LOAD{R
CREW GUNNER _ DRIVER ~™—

EXERCISE NO. REQUIREMENT POSSIBLE | PRACTICE | RECORD
RDS SCORE SCORE SCORE

3 9 t Lach Mt . . .. ... o |
MANIPULATION ' i
(Secondary Stght) No points swarded for !

nits after | minyte

time limit
‘ Tota! Possidie . . . . . 92 i
]

This exercise vas translated {nto the fcllowing narrative form:

"Given (a) a statlonary M60AIAOS tank with a
main gun sinmulatfon device, (b) an operational
gunner's telsscope, and (c) a statfonary
silhouette target (flank view of Soviet tanks)
that s visible at 60 soters during the day;
ths gunner will hit _ out of 9 targets within
60 seconds, using no more than 9 rounds. "}

w

lln cases vhere the exercises did not include a standard or part
of a standard, blank spaces were left in the correaponding narrative
and tabular presentation.

50
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In the aboreviated form, Exerciss JA, Table ! was recorded as

follows:
" 7 4 (" \J :
aen | Onpw FIRE CONTROL
L) ()
ol [ TR A L et P il |
i
q
- —— - i
A |mm s smlish| v ") Y (' St 3
e \’R‘f g ——
!
]
3
STARDARDS, oD ¢
Fing oL IvCRY i
o L
I gy 4
] 0 " i
T —

Transformations fromtraining e¢xercise to narrative to tabular form

vere dons for each training exerciss, as described and {llustrated abdbove.

Results

The training objectives rssulting from the translation of ths

gunnery exercises ars presented in abdreviated form ip Tadbles 10 through

3 17. Narratives of ths objsctivss ars availadbls from ARl (Kraemer,
et al., 197%). {
t The training objeciivss presented in Tables 10 ‘hrough 17 parallsl !
the organization of ths eight guanery firing tables: our Tabls 10 sum-

sarises Gunnery Table I, our Table 11 summarizes Gunnery Tabdle 11, :

and oo forth through our Table 17, which summariszses Gunnery Tabls VIII.

s1 i

bl e i
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Conside: the second row entry in Table 10:

1. The EXER NBR indicates that the trsining objective 3
corresponds to Exercise 2A (from Gunnery Tatle 1). :

2. The CNR entry under CREW POS indicates that the
firing fe to be done from the gunner's station.

3. PMring vehicle motion 1is etationary (STA).
4. The target is a stationary tank eilhouette (SIL)
visible without artificial light (VIS) at 60

seters.

3. The exercise is to be practiced under daylight
(DAY) condittons.

6. The gunnar's day pertiscope (GNR/PER, D) fs to
be used.

]
i 7. SIM under AMMO indicates that simulated firing is
1 used in the sxercice.

8. Ths entriss under STANDARDS f{ndicate that 9 rounds
1 ars to be fired within 60 seconds, with the number
of hite unspecified.

9. BS under METHOD OF FIRE DELIVERY indicatds that
the battleaight method of fire delivsry fs used.

Using the information given above, the training objective corre-

sponding to Exercise 2A of Table 1 can bz written as:

"Civen (a) a stationary M60AIADS tank with a main gun
simulation device, (b) an operatfonal gunner's peri-
scope, and (c) a stationary silhouette target that is
vigible at 60 metsrs (simulated) without artificial
light during the day; the gunner will score __ hits
vithin 60 seconds, using no more than 9 rounds.”

1 Discussion
% The conditions and activity parts of the training objectives are
1 aubject to the same comments as wvere made about the job objectives;

1 namely, that some important conditions are not included in the objec-
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tives, ond that "hit targete" ie too general s statement of the gun-
nery job. These comments csn be dismiesed on the grounds presented
earlier.

One of the most notable espects of the treining objectives in
Tebles 10 through 17 is the mmber of blank spaces in the STAMDARDS
colusns. The inclimation to criticize the standards on the basis of
incomplatensss, however, must be balanced egeinst the fact that the
incompletensss is intentional. The designers of the gunnery tadles
bhave built flexidility into Tadles I through VII, to permit unit com-
sanders to decids wvhen their units srs rsady to progress from One
table to the next. The nsed for flaxibility usually s justified on
the grounds that diffarent unite may hava diffarent training needs,
and that training rasources and demands fluctuats over tims.

Mainteining flexibility in the atandarde for Tablas ! through VII
say be reasonable, inasmuch ss the standards for Tabls VIl are rigid
(at least for main gun engagements; no closing times era given for
the machineguns). The dasigners of the proposed tables are, in es-
sence, telling unit commandars, "It's up to you to decida when your
peopls ere ready to progress snd qualify, but you wvill have nothing to
say sbout vhether they are qualified.” Flaxibility in standards pre-
sents prodblems though. The main prodlem is that, without rigid
standards, one never knows “vhers crews are”™ vith respect to profi-
ciency or readiness. Stetements such as, "All crews vith X veeks of
treining have achiseved Tebla V1 stenderds,” ers mesningless 1if tha
"standards” for Tsbls V1 ars flexible. Aqy comparison among

crows that uses flexidle stasdards will be unsatiefactory for the same

reasons that messuring leagth with s rubber ruler is umsstisfactory.
¢l
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"It 1s slso difficult to see how, with flexible standards, unit
commanders can decide when a unit 1s ready to progress from one tadle
to another. Such decisions would be easier to mske (and justify) {f
the "standards" for Tables I through VII vere more complete.

The fssue of vhere standards come from vas discussed with respect
to job objectives, and applies equally to the :raining objectives.
The best stzndards sre those that reflect the need for being more pro-
ficient than the eneay. The worst are those that are bssed on expert
opinion.

The standards for Tsble VIII are complete, snd therefore do pro-
vide a basis for proficiency sssessment. And scoring for Table VIII
reflects the groving concern with economy in tank gunnery: points
are avarded for speed, accuracy, and conserving ammunition. But the
rationale is not clear for allocating three rounds for each main gun
qualification exercise when in training only two rounds sre allocated.
The emphasis on conserving amsunition is appropriate and should per-
haps be increaned, inasmuch as firing the proposed tables requires

considerably more a--uv\luonl than did firing their predecessors.

Numer ical Sumsaries

After (-ansforming the gunnery exercises into training objectives,

a numerics]l susmary was prepared, shoving hov many training obje:tives

l‘l’ho ammunition requirements presented in M 17-12 sre based on
thrce crew nambers firing Tsbles IV snd V. The requirements in
TC 17-12-5 (October 1974) are based on only one crev mesber firing
Tables IV and V. Correcting the dsta so that only one crev mamber
fires the FM 17-12 tables, one finds that 84 rounds of 105em ammunition
are required to fire the old tables, as cowpared to 1350 rounds for the
tables in TC 17-12-5.
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pertained to each wveapon, fire delivery method, and firing table.
This summary {s presented in Tsble 18.

The totsl number of objectives (129) in Table 18 is eight less
than the total number of exercises in Gunnery Tables I through VIII,
for reasons cited in the footnote of Table 18. Ninety-seven of the
exerc ises (about three-quarters of the totsl) sre for main gun trsin-
ing. and of the 97, 60 are battlesight exercises. The heavy emphasis
on main gun training, and especially main gun bsttlesight training,
seems sppropriate i{n light of sssumptions about mid-intensity European
conflicts. A question naturslly arises, though, sbhout the balance of
axercises scross veapons snd methods of fire delivery in the tables.
Only two of the main gun exercises provide range card prectice, and no
exercises are provided for range card or range card lay to direct fire
vith the coax. The assumption here may be that vhatever {s learned
during range card practice in Exercises 4B and 5B of Table 1 will
generalize to the coax. Since the range card prsctice is given early
in training, and {n only two exercises though, long-terms retention of
range card skills probably {s not good -- an {saue that is not easily
resolved, since there are no range csrd exercises in Table VIII,
Perhaps the reasons for the exclusion {s economy. Range card firing
on srea targets with the main gun wuld require five rounds. Considera-
tion should be given though to including s less expensive range card
engsgement in Tadble VIII -- & cosx engagement, for exasple.

Some of the skills practiced {n one gunnery tsble sre repeated in
other tables. The range may change from one exercise to anuther, for

example, dut the manipulations required of the gunner do not. For this

6)




T AT TR PO TS R NPT T o Sl e e " s o catcaie s " e R

T34 N Ag
Bupbues pus BupgIvsl TROSURI{TENS SNBSS YOt A Q0L 40 B PUT Y/ 398343 ]
“3ubif gl 1B 108 op AWY 13000 150060 BEONELIB Byl 8 IR B4 MDD

NIWR UL S(QEL 30 By JuP ST $93120T) PUS SA| B1Q) )0 §F DU gy ‘§C 4T} Oabs) :
.»t.u# 2415 49 pOGIee 4q POy seyd ]
B WU PLAOD PuS CSRLIIAIWD BTG 03 B115ITBM0 ¥ B¢ NDLNe ] I(R9] ‘yi 8% 3a0N) _
L.
CBIQTY Siyd up S|P3 Sy) W04, PRYIIED SLBR B8 2abEe i) w
et SN '
i
o
621 ”2 " 2t 9 iy o1 % s 13 JT
s
21 y ’ y c ¢ 0 o 0 VO | 2l - i, 4
| §%
LY ) 9 3 o ¢ 0 g 0 SWiIL IS }
- 3213 3410 63 3
0 ' ¢ [ G o o a ol ;
L O ] an ek g
4] [+] [ [+] ] 1] [4 [ 0 pse: eburp w W.m
A L e S e e . SN i s &2
8t ’ ' 4 o o ¢ G ¢ wisimi | LF .
S SR/ (R Il . e et e e Bk
o1 ] b 3 ¢ o o o % woyyy s aduOn |
11 * " b} Yi {1 Ci L ] SWIL: WY nive |
e by g SMaL O3 1
DRI CP R 2 S T T R R S RTAE T W
i L g o o 9 ¢ ¢ ‘ povy asbuvy 55
e (N e o T e - T . 4 o e 4 -
€ 1} ’ ¢ G4 t1 c G o LT PV
—— I 8 R A . T
42 ] [] ] 0 5 ’ ¢ [ ¥ subiseiiavg M
o » !
swigs) 1At ) s 1 i 1 1 R R
~w§» ONiul4 Gy QDOMLIM A¥IALTTIG 3813 “NOJYIM F
AR S3ALLIICYT MINIVEL ) SEFEEN 1
F
81 N




Liciaic

reason, many of the training objectives written from the exercises were
virtually identical. In order to examine the extent of redundancy in
the gunnery tablea, we counted for each table the number of exercises
that required skills that had not been practiced in any preceding tabdle.
The results of this count are presented in Tadble 1. Of the 97 main
gun exercises, 47 involve skills that sre required in no othar exer-
cises; that s, 50 of the exercises require practicing skills that were
practiced in an earlier firing table. Of the 20 coax exercises, nine
vere sufficiently different from one another to qualify as "different"
training objectives. Five of the 12 caliber .50 exercises so qualify.
Of the 129 training objectives, a total of 61 are unique.

Part of the reason for the redundancy in the firing tables is
that some of the exercises {nvolve part-task 'ractice -- in wvhich case
it makes sense for more than cne exercise to address one objective.
But the possibility that some objectives are being overtaught should
be conaidered: Do trainees really need to perform 60 main gun battle-
sight exercises in order to master the 31 unique objectives? If not,
then perhaps some resources could be shifted to "beef up” parts of the

tables vhere undertraining seems likely (e.g., range card firing).

Conclusion
Some errors in the gunnesy tables were noted. These can be (and
apparently are being) easily corrected.
A cursory reviev of the firing tables reveals some violations of
the tenets of instructional technology. But increased familiarity with

the tables ieads to the conclusion that the "violations” may, in fact,
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be concessions to practical constrainis. Standards for Tables I through
VII, for example, &re deliberately incomplete, to provide flexibility
for unit commanders. But the need for flexibility must be weighed
against the need for "knowving where we are" with respect to gunnery
proficiency and readiness. Consideraticu also should be given to rely-
ing less on expert opinion for standard-setting, and more on infor-
sation about enemy capability.

The heavy semphasis of the tables on sowme methods of fire delivery
(battlesight and precision) to the near-exclusion of others (range
card and range card lay to direct fire) raises questiona not only about
the rationales for the imtalance, but aleo sbout vhethier the little-
practiced exercises are deing learned at all. And rthe large diacrepancy
between the total numbers of training objectivea and unique objectives
suggests that some overtraining may be ongoing.

Finally, the increasing emphasis on econcay in gunnery training,
coupied with limitations vn training rescurces, ruggests ihai exaaina-
tions ire in order, of potentislly leas expensive alternatives for

accomplishing gunnery training objectives.
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JOB OBJECTIVES AND TRAINING OBJECTIVES COMPARED

ldeally, evaluations of training programs should take one or both

of two forms:

1. Bumpirical studies of the relevance of training, to
estabiish the extent to which skills and knowledge

acquired in training are related to performance on
the job.

*J

Empirical studies of the cffectiveness of training:
given that training objectives are highly relevant
to performance on the job, to what extent is the
program meeting its objectives?
The stringent empirical requircments posed by both kinds of studies are
a mixed blessing. Empirical studies of training rrlevance and effec-
tiveness, if competently designed, conducted, and interpreted, can yield
ifron-clad cases for training revisions. But the high costs, admini-
strative problems, and interpretive diffaiculties associated with the
conduct of such studies demand reliance on less costly but adafttedly
less convincing means for training cvaluation -- "soft” evaluations such
as those that are possible using the job objectives and training objec-
tives presented carlier in this report. Confidence in the results of
such evaluations resta on the valfdity of several assumptions:
1. That our job obhiectives are reasonably comprehensive;
that {8, the job objectives represent well the full
range of wavs that crews can neut-alize targets using
the weaponry avaflabhle on the M60ALAOS.
2. That the probability of succesr in combat fncreases
with increases in crews' ability to neutralize tar-
gets using all of the means provided by M60A1A0S
firepower and weaponry.
3. That our translations of gunnery training content into
the gunnery training objectives presented earlier are

reasonably accurate representations of vhat is being
covered in gunnery training.
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4. That wvhatever is being learned by gunnery traineas
1s less than what is being addressed by gunnery
training.

Our comparisons of gunnery job and training objectives are pre-
sented with reservations: Without empirical evaluations of the
relevance and effectiveness of gunnery training, no unequivocal con-
clusions can be drawn. And wvithout such studies, we can neither
confirm or retute the following claims (1) that gunnery training
as presently conducted yields maximum effectiveness at least cost, and
(2) that 1f "the flag dropped" tomorrow we would find that our tank
crevs were indeed capable of neutralizing targets using the entire gamut
of weaponry and firepower provided by the M60AIAOS. These are open
questions that can never be fully resolved without empirical studies of

the kind mentioned above. We contend, however, that even without such

studies the case for revised gunnery training is easily made.

Comparisons

One means for comparirg the job objectives and the training objec-
tives s to compare their total numberg. There are 225 job objectives
and only 129 training objectives, so something seems to be missing from
training. Further, {f a single iob objective {8 addressed by more than
one training objective, then the number of job objectives left “uncovered'

by training seems conndenblc.l Notice though, that total numbers of

ll!bdlfl interested in exactly which job objectives are and are not
covered by training are referred to Tables | through 7. Recall that the
underscored job object ive numbers in the tables correspond to job ob-
jectives that are addressed by the training exercises in TC 17-12-5
(October 1974). The objective numbers that are not underscored in the
tables indicate job object ives that are not addressed in TC 17-12-5.
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Jjob objectives or training objectives are mainly functions of the num-
ber of conditions and leveis within conditions used {n the objectives.
As noted earlier, with two two-level conditions (and one task) the num-
ber of possidble objectives (& four. Add another two-level condition
and the number i{s efght. Add another, and 16 different objectives can
be written.

Notice aiso that cif{ective training does not require a one-to-one
relation between training and job objectives. Efticient programs, as
a matter of fact, may have fewer training than job objectives, because
the training developers will have designed exercises that cut across
Job objectives, and will have deliberately excluded some job objectives
from training (objectives, for exanmple, that correspond to non-critical
skills and knowledge).

For the reasons noted above, (omparisons between the total numbers
of job and training objectives are not particularly instructive.

Other methods of comparing the Yob and training objectives are pro-
vided in Table 20. The first two rows of the table are iterations of
data presented earlier -- numbers of joh oblectiven and training objec-
tives, bv weapon and method of (fre delivery. The numbers in the third
row are new. To compute them, we took cach of the 129 training objec-
tives, one~by-one, and paired it with the job objective to which 1t was
most related.1 This patring of training and job objectives provided an

indicatton of the relevance of proposed gunnery training to the guanery

lGee Table 9 for information on which training objectives were

related to vhich job objectives.
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job. Nearly all of the training exercises could be related tc at least
one job objective. The relevance of gunnery training to the gunnery
job therefore seems unquestionable.

Any job objective that had at least one training objective re-
lated to it was counted as "one,”" and included in the third row of
Table 20.

To interpret the data in Table 20, consider the first column,
labelled "Battlesight.” There are 32 job objectives and 60 training
objectives for wmain gun, battlesight firing. The 60 training objec-
tives are related to 12 of the 32 job objectives, leaving 20 of the 32
aain gun battlesight job ohjectives not addresaed by training.

In the second column ("Precisfon”) of Table 20, we see¢ that there
are 28 job objectives and 35 training objectives. The 35 training ob-
Jectives are related to 12 of the 28 job objectives, leaving 16 main
gun precision job obhjectives not covered by training.

Rather large numbers of job objectives not addressed by training
appesr in the rest of Table 20: 57 coax, non-precisfon objectives;

34 coax precision objectives, )0 range card lay to direct fire (coax)
objectives, and 15 caliber .50 objectives.

All told, only 40 of the 225 job objectivea are addreased by the
training exercisea proposed in IC 17-12-5 (October 1974). One-hundred-
eighty-five job objectives (more than three-quarters of the total)
are not addreased by training.

The msost important aspect of Table 20 ia that many job odbjectives
have no training objectives related to them. This is to be expected

in some measure, becausi¢ the number of job objectives (225) is greater




than the number of training objectives, and because more tharn one
training objective may be related to a single job objective. But the
fact that 185 job objectives -- over three-quarters of the gunnery job
as defined by our objectives -- are not addressed by training demands
additional inquiry.

Tadbles 1 through 7, in the section of this report entitled '"Job

Objectives,” show which job objectives are not addressed by training.
A review of these tables provided information on training omissions,
which are highlighted in Table 21. Here we see that many of the job
objectives that are not addressed by training involve moving-moving
engagements with all three weapona. Whether or not to fnclude moving-
moving engagementa in training undoubtedly will be decided in light of
emerging atabilization gunnery doctrine on vhether or not crews should
fire on the wove.

Another large group of objectives that is not addressed by train-
fng is for the TC firing from the TC's station. The propesed tables
include only two objectives for the TC firing the main gun from the
TC'a stattion, and both ohjectives are for precisicn engagements. The
rationale for not providing more practice firing the wmain gun, and
for providing no practice firing the coax from the TC's station may be
that the TC waa formerly a qualified gunner. Whether or not profi-
ciency in firing from the gunner's seat generalizes to firing from “he

TC'a atatlon {a qQuesticnable. Consideration should therefore be given

to providing more coax and main gun practice for the TC firing froms his
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station. Consideration might alsc be given to having the gunaer prac-
tice firing from the TC's station, becsuse of the TC's vulnerability.
Another reason that a large number of coax jo> objectives {s not
addressed by training {s because the job objectives include coax en-
gagmments using up to six different fire-control instruments, and
training does not.
Th2 15 caliber .50 job objectiver that are not addressed in train-

ing are oostly moving engagements &gsinst point largets.

Discussion

The relevance of the nev exercises to the gunnery job secms un-
quest fonable: nearly sll of the exercises are related to at least one
job objective.

While the relevance of the nev tables is unquesticnable, their ccm-
prehenviveness is not. Some job vbjectives receive only cursory treat-
ment in the tadbles, and most are not addressed at all. The new tables
address lres than a quarter of the job objectives fdentified during this
project. Whether or not the unaddressed objectives are sufficiently
inportant or critical to be addreaned in forthcoming revisions of the
gunnery tables 1s a policy matier not within our purview.

For a variety of reasons iusuallv related to cost) sclectivity must
be enercised in deciding wvhat to include in training. Training programs
seldom can address all of the skills and knowledge required for effec-
tive job performance. Some skills and knovledge must be left out.

Making correct decisfons about which skills and knowledge to ex-

clude from treining is the most difficult part of the training developer ‘s
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job. 1deally, such decisions are made on the baais of carefully con-
trolled experiments to identify critical job requirsments. In practice
such studies seldow are performed, because of high costs and the ob-
vicus problems associated vith empirically establishing critical require-
nents for «ffective performance in combat. Such studies are not
recommended for determini~g p - nery training content. Instead, policy
wakers responsible for decisions about the content of gunnery training
should reviev carefully those job objectives that will not be addressed
in the nev {iring tables. Two questions need to be answered: “What
ate the risks sssociated vith tank crevs' fatlure to master the ‘ob ob-
jectives that sre excluded froe trafning’” And 1f the risks are great,
"“How can they be reduced?”

Gunnery tratining as proposed in TC 17-12-5 (October 1974) ts not

comprehensive. Questions also can be raised about fts efficiency:
Can more be taught (and learned) within existing constrsints on training
manpover, equipment, time and money? Or can exiating proficiency levels
be maintained at leas cos!’ Roth questions receive affirmative ansvers
in our view,

Research should be cuntinued to determine wvhat effect, 1 anv,
decteased reliance on firing 105 rounds will have on gunnery petfor-
mance. All veasonable alternatives to live {iring shculd be considered,
including subcaliber and dry firing. Hopefully, the results of such
atudies will put to rest the debstes about wvhether live fire is neces-

sary of simulation {s sufficient. Live {ire prodadly will prove to be

easent {al for sume aspects of gunnery. Simulstion will prove totally

s
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sufficient for others. A significant contridbution can he made b; both
live fire and similetion, end the problem {s to find the optimsl
mix,

Naintaining preaent levals of proficiency at less cost does not
seen particularly difficult. Teaching more, vhile staying within pres-
ent budget constraints is a different matter. The job odbjectives
developed during this project provide a data base for developing gunnery
programs that teach more. Analysis {s needed to specify the component
skille in the jJob objectives. Once specified, skills can be identified
that cut across job objectives. These skille can thun be incorporatad
into enabling objectives, the mestery of vhich vill promote learning of
the meximus number of job objectives. The enadling objectives, in con-
junction with terafnal (Jod) objectives that ere selected on the dasis
of thetir difficulty, criticalicy, or frequency of performance on the ich,
should be used {n the desirn of trafning. Our guess is thet the en-
abling objectives will prove to be prime candidetes for simulation, and
the terainal objectives for live fire.

Finally, we wuld de remins {f we did not comment on the need for
vieving gunnery training in a larger “systems” context. Just as simula-
tion and live {ire can be viewed as mears for accomplishing the goals of
gunnery training, o can the goale of gunnery ttaining be viewed as
seans iu: sccomplishing cther supercrdinate goals -- goals that involve
neutralizing targets at leaut cost. Systems thinking demands that
alternatives and supplements to training for achieving these goals be

considered -- potentially less expensive alternatives and supplements

such as improved equipment reliabilitv and personnel aelection techniques.
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CONCLUS 10RS

1. The gunnery job objectives developed during this project seem com-
prehensive.

E If the job objectives do describe the full range of ways that

crews can neutralize targets using MEOALADS weaponry, then s baasis

has been provided for:

1 A. Compariug the -ontent of proposed gunnery training to

1 gunnery job content. This in {urn permits comparisons

' between what will be included in tratning and what will
be excluded.

5. Developing training for crews of tanks other than the
M60ALADS. The objecttves for the MO0AIAOS can be re-
vritten to form a comprehensive set of job objectiven

: for any new tank, by replacing any conditions and levels

] vithin condit{ons that are unique to the M60AIAQDS with

' conditfons and levels that apply to the new tank.

C. Increasing the efficiency of gunnery training. By spect-
fying the cozponent skills in the gunnery job objectives,
and then tdentifying component ekilis that cut across
objectives, a basts will be provided for specifying
enabling objectives. Mastary of the enabling objectives
should proeote learning of the maximu= number of !ob
object iven.

D. FEvaluating the effectiveness of gunnery training. The
job objectives can he used as a pool from vhich {tems
may he selected {or evaluating punnery tratning. Objec-
tiveu could be aeclevrad from the pool randomly for use (n
evaluation, or on the hanis of cviticality, difffculty,
or frequency of performance The poel could be reduced
hefore ftem selection by deleting obiectives that may be
too costly to test.

»2

The gunne.y performance standards proposed tn TC 17-12-% should be
1 revised for increased specificity and decreaned reliance on expert

opinton.

-

While some flexibility say be desirsble in the setting of gun-
nery performance standards, the need for {lextbility must be weighed

against the need for "knowing where we are” with respect to gunnery

18
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readiness. Simply making the standards less flexible wili not be

enough. If, as current doctrine indfcstes, our tank crevs will be

expacted to win outnumbered, then the standards for performance in
training must reflect the need to be faster and mere accurate than

E prospective opponents. Our recommendation is not for research, i
4 P

e

but for review and deliberation by policy makers: Do the proposed

standarde reflect what {es known by enemy gunnery capabilities? And
vhat i{s the likelihocd that meeting the proposed standards will
result in gunnery proficiency that is greater than that of pro-
spect ive enczies’ .

3. The relevance of the gunnery excrcises proposed in 7C 17-12-5 to the
gunnery job scems unguestionablie.

Nearly all of the tratning exer isvs were rejated to at Jeast

one j0b ohjective. The tew instances where trafning oxerviges

could not be reiated to Job obfectives {nvolved minor errors in

the exercises, which are being (orrected.
4. Cunnery trafring, as proposed fn TC 17-1:-5, 18 not comprehensive.
Some Sobh oblectives are emphastirzed {n the new tabies -- oble -
tives for =ain gun battlestpht and precision engagenents, for
exmmple. Other 1% oMfectives Te ¢i-¢ OGNV Cursary (reatment in
the nev tadbles; range-card and range-vard-lav-to—direct-flire objec-

3
tives are exazmples. But most of the joh P ‘ectives are not addresred l

] at sll. Examples of !ob objsctives that sre not addressed in the |

proposed tables include sll objectives that involve the TC firing

battlesiglt from his ntation, the TC firing the coax froe his station,

moving-woving engagements, and precision firing from a moving tank.




Policy makers responsible for decisions about the conteut of
gunnery training should review carefully those job objectives that
will not be addressed fn the new firing tables. Two questions
must be answered: "What are the risks associated with tank crews'
fatflure to master the jcb objectives that are excluded from tratin-
fng?" And if the risks are great, "How can they be reduced?”
Cunnery training is onc uvi scveral mcans for accogplishing the goal

of neutralizing targets at lvast cost. Alternatives and supple-
ments to training should be considered.

Just as sf{mulation and live fire can be viewed as means for
accoaplishing the goals of gunnery tratning, so can gunnery training
be viewed an a means for g omplishing superordinate goals: namely,
neutraiizing targets at feast coat.  Syrtems thinking demands that
the full range of alternatives and supplementes to training for
achieving thess goais be constdered -- poentially lesa expensive
alternatives and supplemente such as {(mproved cquipment reltability

and personnel delection technigues,
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APPENDIX A  ASSUMPTIONS USED IN ESTIMATING PERFORMANCE TIMES !

The asssuaptions which follow ware made in order to provide a common frame
of reference for setting performance standards. We realize full well, for
example, that in combat some targats will ba moving at spaeds other than 8
through 15 miles per hour, that {lluminsting shalls can ba used at lass than
1030 meters, and that not all tergets will be immediate thraats. As notad in
the body of the report, one of our goals was to avoid proliferation of jodb
objectives -- a goal that could not hava bean met had we prasanted differant
standards end different objectives for targets moving at 7, as opposed to 8
miles per hour; 1%, as opposed to 15 degree angles of traverse; and the like. *

Tha line had to be drawn somewhere. Our assumptions define where we drew the
line.

FIRING VEHICLE

General

1. Duriag battlesight engagements, the appropriate range and smeuni-
tion are indexed into the rangefinder and computer, respectively,
21X meters for HEAT, and 100 meters for SABOT', and the round
is loaded in the chamber.

During precision cngagements with the tank commander firing, the

tank commmander 1s obscrving through his optics when starting the ;

fire coemand. i

{

. Range card data arc avatlable for firing the matn gun or coaxial i

machinegun. 3

3

1

«. In firing range card lay to direct fire, the range card data are i

used to lay the main gun or ccaxial machinegun {n the general }

vicinity of the target before {llumination {s used to bring fire !

to bear on the target. ;
When firing the main gun using range card lay to direct fire,

T PTPREE

ranging is required, regardless of range, once the target is
{lluminated with white light or {lluminating shells,

When firing the coaxial machinegun using range card lay to direct
fire, ranging i{s required beyond )0 meters once the target is
flluminated with white light or {lluminating shells.

When the tank commander or gunner has fired the main gun, he {s

able to sense the first round and apply burst-on-target [BOT), if

required, Por the purposes of this study sensing of “lost"” and .
subsequent fire commsands were not considered.

X

Starting or opening times for all engagements begin when the tank
commgnder {ssuet the alert element of the f{ire command.

- B -




10.

12.

13.

14.

15.

16.

17.

18.

19.

The tank commander cannot range on targets using the metascope
attached to the range finder. The metascope can be used effec-
tively against targets emitting and IR light source, but it {is
not practical.

The tank commander does not use the precision method when firing
the calidber .50 machinegun. He will apply the burst-on-target
(BOT) technique of fire against most targets.

During engagements where the tank commander must fire the main E
gun, it probably is impossible to range and track the target at 3
the same time. (Ranging and tracking are both right-hand ]
operations on the MOOAIAOS tank.) The tank commander can fire
using battlesight or by indexing an estimated range to target
into the rangafinder.

Motion
The speed of the firing vehicle when engaging targets on the
sove s 10-15 MPH. This speed was selected as an optimua for

firing on the move, based on information in FM 17-12.

When firing on tha move at a moving target, the firing vehicle
and target ars soving in opposite (lateral) directions.

e i

When firing on the move at a stationary target, the tank is
soving toward the %arget at an angle of 15 degrees or less.

s o R

Fire-Control Instruments

.

The IR periscope s considered the primary fire-control instrument
vhen firing at night at 1100 meters or less. Beyond 1100 meters,

vhite light and day sights are considered the primary fire-control
fnstruments.

When using the gunner's telescope, the maximur effective range
for SABOT 1s 2800 meters; and }200 meters for HEAT, HEP, and
BEEHIVE.

The gunner's day periscope is the primary firing sight for en-
gaging point targets with the coaxial machinegun during the day,
or at night using wvhite light.

L L

The infinity sight is the gunmer’'s primary firing sight for en-
gaging area targets with the coaxial machinegun during the day,
ot st night using wvhite light.

The IR periecope is the gunner's primary firing sight for en-
gaging area targets vith the cosxiasl machinegun at night using iR.

. R5 o

FrwmeR e
et G siankn oo o

R T rm—




T

20.

21.

22.

23,

25.

6.

7.

Visibility

The maximum ef fective range of IR is 1100 meters.
The maximum effective range of wvhite light is 1600 meters.

Illuminating shelis are required to enhance target visidbilicy
beyond 1600 meters. Illuminating shells can be used at all
ranges under 1600 meters. But for purposes of this study, we
assumed that IR and white light would be used within their
range capabilitics; and {lluminating shells would have to be
used at farther ranges, {f vhite light were required.

Using vhite searchlight or flluminating shells does not affect
sunnery performance differentially.

TARGET

General

The target alway. is considered an immediate threat to the tank
crew. The target must be engaged with the weapon system, method
of fire delivery, fire-control instrument, and ammunit ion that
will neutralize the target in the least amount of time. All
targets were considered threats in order to derive the minimum
performance standard for target destruction.

Troope are considered to be stationary area targets.

The target locations for all engugements with the main gun,
coaxial machinegun, and caliber .50 machinegun are within a
JO degree arc to the front of the tank.

Mot ion

The speed of moving targets i{s 8-15 MPH.




APPENDIX B Constants Used in Estimating Performance Times

e S i N e i e i

CONSTANTS FOR OPENING (FIRST-ROUND) TIME
ACTIVITY TINE (sec) i
? . Firing the main gun, battlesight, from a stationary tank
: target from the gunner's position ............... R 7
. Firing the coaxial machinegun at a stationary tank
against a stationary target from the gunner's position ...... 8
. Firing the caliber .50 machinegun from a stationary tank
against a stationary target from the commander's position ... 7
. Firing the main gun or coaxial machinegun in the stabilized
mode from a moving tank against a stationary target ......... 3
. Firing the calidber .50 machinegun in the non-stabilized
mode from & moving tank against 2 moving target ........... 30 5
. Firing 60, 7.62mm rcunds, using 20-25 round bursts .......... 10 f
. Firing 100-150, 7.62mm rounds, using 20-25 round bursts ..... 25 |
Z . Firing 50, caliber .50 rounds, using 10-20 round buists ..... 9 g
. Firing 100-150, caliber .50 rounds, using 10-20 round :
3 bursts ......... T LR T et § bl 00 0B o aC SoEEDd !
. Firing 50, caliber .50 rounds at afrcraft targets ......... bk 4 !

. Moving down from tank commander's open hatch position to
8 p H

ad
Ot b 5

use rangefinder ........... ... .. i i e do
3 Indexing HEP for coaxfal machinegun ............ .. .. iiuuen. 1
Indexing firing data using the auxiliary fire contrel ;
IMSETUENTE o .ooooe i 5 o e eloiaialcie s olelale JIH 5 2 AP esle o e ele elae 5ooda 1 |
. Ustng the gunner's telescope . ......iiirieninniieninrsonsnas 2
. Using aim-of{ wvith the rangefinder or gunner's periscope
vhen firing BEEHIVE ampunition ......... ... i itetnrnnnvonns Shelsle 2
E . Using infrared (IR) {liumination .................. Solo SO0 e 10 :
. Using white light (searchlight or {lluminating shells) ..... o 5 |

i
:
¢
¥
8




ACTIVITY TIME (sec) -
. Tracking from a stetionary or moving tank .....ocovveeennnen 3
: . Ranging on & CATBEL . ... ... itieentnnecrosscsrassosonnnssans k]
. Setting the fuze on BEEMIVE ammunition .......cco covvcnnnnas b
. loading, after setting fuze on BEEHIVE ammunition ........... k]
. Pausing before firing the main gUR  ...vivinrinenrncasonenss 3
CONSTANTS FOR (SECOND-ROUND) TIME
ACTIVITY TIME (eec)
. Using infrared (IR) illumination ........ ..... 3 aqag ac 302000 2
. Using white light (searchlight or {lluminating shells) ...... 2
. Sensing .......... 0000 GJoa0o 00 gEogea oojdao o PPl ogdgo o 0I5 30 Gosaoldok 4 ".
]
. Load ‘ng, after setting fuze on BEEHIVE ameunition ........ 3 b
AMMUNITION FLIGHT TIME TIME (sec) ]
4
. SABOT/HEAT :
1100 meters ....ov ittt ittt it 5000 . 1
1600 meters .........oiiiti ittt 500 2
3200 MeTOrS .. ...t it 560 4
. BEEMIVE
1100 MOLer® ... ittt ittt tnanasnsastssasnonnnsenss chaklo . :
1600 Mmeters . ... it i it e . 300 ckE o 2 A
; Y200 MELIETB] = olo o/ ohs ool ol oas ol =65 re 2o ole (Mo 35 * + CLeE)3 501q 5 :
. HEP
1100 [@ETOTB - - - « - 5mne =+ Tonsnsl 3o = o o Busnsrs o ol oo o o2 g ¢ Sles BIoReT - oo i 3
1600 meters ....... 50 KI5, o O 0 SITCIINKIC G O A > o0 g & Aol 3
3200 meters ....... 500 6 b D0 6 IR o0 00 g o aaes IR 8
= an /Y
, S / -
L
~ —
- 88 - R

i st s




