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th•· rwt·d for flt•~1hil1ty mtH>t ht! \o'ci~~ht'<l nRIJinat 
r tw n<•t>d fnr kn.v\Jing "...,here IJI." nre" IJ{th rt'"fH'!Cl 
t<> 1:\llliH'fV .r~:\Z!int•ss. Tlw hllllis for t~fltllblishing 
~~·mn"rv l';t-,m.Ltrrl!l .:11 so nt'NJa to be cxnminrtl. 
$tnndnrd~• !-1hould nor br set on the bnsia of the 
nnro;H tv<· pt·rformancc.• of our ovn gunn<'rs, or on 
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:'."f}.lt~·.st_it•_,1.ab_!~·~~--\Nenrly all of tht• t•xcrches ""~ 
rcllltc,;, to ut_le4sl one job objective•. 
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5. 

(;_l::me_r~:....'.!:..:~_i_n __ ~~l!u..~-r!~,~-~~ed in "I:C _17-12-U~tohcr.-
197:.) _1>~ not C'omprcht•nsivc , So111e pnrt.!t of the 
V-:-;·;·,;,~~;~- ~; --~~;-~;- -T-;('·; i~·(-;--,~x"t~·Mtv«- coverage! 1n the n(•...-

tnbl•~s. Otht'r pnrtn arc not trentcd at all. l'olicy 
~•kt•r!, who nr .. rcnpon81blc for decisions about 
f.IHHat·rv trn1t11np: t.ontl'nt sh0uld car('fully review 
\.1hat 1.~ !:><'lng left out of proposed trnining as com­
r:n- .. d to lo'h.1t is btdnR included. The results jn 
thjn rf'pnrt ::l-1Kt' "IH~h 4 review po~oiblc. 

]"!:_<; __ ~·.f.!.}~:_i_('~'.}'- of tht· gunMry trn i~_ing ErC?~Aed jn <. .. 
!_~_lJ::) 2.:l.J.~_t2._h_!':_!_}j~ cnn bf!. 1t~£!_~~d by_ c.... 
~ .. ('!lC:}I_ i .~£.. -~-~- :w.t t hi ~-_!Xi_!!_!: 1 n.a rcs.ou rr'-' conRtrR 1 nt l!..t--'i:... 
{)_r ____ l'J .. E:.1}_l~t_., __ !_~}.'2&....£.~~of ic -Lc'~~j:J:.!.Yel "~.$.!.'!....~ 
cc~t •.. YdcntHyin~ Runnery 11\r.ills th<tl cut across · 
j-;:,-i;i~hj '''" t fvt-n, n~d ind udinR tht'Re component Alcil J !l 
in trll!r.inr. 11hould pr01'1)0tE> lenrn1nft of the maximum 
nu~.~~r nf joh ob.1c.:-tfvcs with no inLr('ase in training 
l.'t'l•;f. Onr,ninh f('~('.,rch to determine tht" lea~tt ex-
l'H':1!': !·.• .. ~ ix nf live Hr«:' nnd si.rnttlnti.:ln that IJil 1 
':'tn-du.-.· dcrtirt•d or prr.!H~nt proficiency lt"vels should 
he c:t>l\ t i mr('d. 
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JOB OBJECTIVES FOR K6QA1AOS TANK GUNNERY 

Developing and implementing effective training would be easy if 

time and fund» wmre unlimited.    But training resource» always are 

llaitad.    And bacauae resources are Halted, the effectiveness of a 

training prograa is no longer a sufficient measure of its adequacy. 

Increasingly the requirement 1« for progress that are efficient ■— 

progress that get the job done at  least cost. 

Inefficiency in training usually cones In two verietles.    The 

first  le overtraining:     teaching tralneee more than they need to know 

and do in order  to perform their jobs effectively.    The second variety 

Is  ändertraining.    Related  to both of  these sources of   Inefficiency is 

a third  (and most  egregious) characteristic of training:     "teaching 

the wrong thing";  that   la,  reaching »kill» and knowledge that are 

either  irrelevant or detrimental to effective job performance. 

The ««ay to  increase training efficiency  Is to teach only those 

•kills and knowledge that  arc necessary for  traineee to perform their 

jobs effectively.     A ver-  Important  consideration  is  Implied  here; 

namely,  that prior to developing and  implementing * training prograa. 

training developers must know,  and be able to specify exactly, the 

behavior  Involved  in effective job performance.    This observation cer- 

tainly  Is not startling.    Neither  is It  trivial.    Training developers 

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

effective job performance are forced to guess.    And  if their guesses 

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

"-"'''''"TiiiMHKiti - Tf-ji -,   lim 
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Sp«clfylog job-effective behavior is difficult, time-consuming, 

«mi expensive.    One is not surprised, therefor«,  to find that  inade- 

quate progress are tolerated on the grounds that effective ones would 

cost too auch.    This line of reasoning is deceptively attractive 

because of difficulties involved in comparing training progress.    The 

costs of developing and implementing a new program cen be aeasured 

easily, but K?ficultles alweys are encountered in aeasuring the costs 

of an existing, perhaps ineffective prograa — hidden costs, such «• 

equipment deaage attributable to ■lause, personal  Injury, or for that 

aatter, death in combat.    Occasions do arise,  however.  In which the 

coets of  inadequate training become so apparent as to obviate th« need 

for precise measurement.    Such situations Involve: 

1. Training large numbers of personnel to perform 
as parts oi a larger working unit with a common 
mission or goal. 

2. Dramatic,  publicly observable evidence of failure 
to accomplish the mission or achieve the goal. 

One example of a situation that fits this description is the training 

of military personnel  in times of national emergency.    Because of the 

necessity for training large numbers of personnel under severe time con- 

straints during World war  II, and because the effects of inadequate 

training were dramatic and eaeily observed, the need for Increased train- 

ing efficiency was recognised.    The training development methods used 

than, and modified during the peet 30 years, have found  increasing 

acceptance in military aad industrial settings.    Fundamental to all such 

methods is the concept of taak aaalysia, a procedure which yields 
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* 
descriptions of behavlcr at successively greater levels of detail, 

betInning vlth a simple enumeration of talk "areas" and ending vith 

exhaustive descriptions of behavior in tens of "task elements." 

Another nethod for generstiag descriptions of job-relevant 

behavior is the Critical Incident Technique (Flanagan, 1954), in which 

records of extreaely effective and extreaely ineffective job-related 

behavior are generated on the basis of interviews vith incumbents, 

supervisors, peers of  incumbents, or any othar group vhose judgaenta 

of "effective" and  "ineffective" are credible. 

Finally,  there la the method  (not 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 ("neutralise targets"), 

all conditions  that are likely to affect task performance are Identified. 

(Target characteristics, weapons, and fire delivery aethods are ex- 

amplee of conditions that affect  gunnery performance.)    All possible 

combinations of  the conditions are then examined,   in order to identify 

all  possible ways that  the job "task" can be performed. 

The goal of  all of   the methods cited above  la to fore a compre- 

henalve data base of  Job-relevant behavior.     The behavior comprlalng 

the data base can be thought of aa a pool of all  possible job objec- 

tives,  from which objectives for training or  items for testing can be 

derived.    Without a pool against which to compare training or teat 

content,  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 sampling 

, *iuuddtt li.-j. '.  :■ . 
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the behaviors encoapaeead by the job.    Tho pool or data baae generated 

by Cask analyela, ericleal incideate, or tha acthod uaad ia thia pro- 

ject daflnaa tho population or donain of job behavior fro» which 

Maple« of behavior are taken for incluaion la training, evaluation, or 

both.    Without tha pool or data baae, we have no way of knowing which 

"chuaka" of the job vrm not being eddreased in training or teetlng. 

And without knowing what haa been left out, we have no baaia (other 

than opinion) for judging the adequacy of training or teet content. 

Rationale 

Recognising • possible need for  lncreaaed efficiency In tank gun- 

nery training, and the dependence of  lncreaaed training efficiency on 

the availability of a pool or data baa« of gunnery Job objectlvee, the 

US Any Reaearch Institute for the Behavioral and Social Science«  (ARI) 

initiated research to develop the data baae and to exaalne proposed 

gunnery training.    A contract  for aaaiatance in achieving theae objec- 

tivea waa awarded  by ARI  to the Human Resources Research Organisation 

(HueJUtO). 

1 

Purno«« 

The purpose« of thle project were to: 

1. Develop a performance-reectremeata date base, or 
pool of job objectives for M60A1AOS* tank gunnery. 

2. Specify the tank gunnery training objective« that 
are implied in TC 17-12-5 (Tank Caaaory Training; 
October 1974). 

3. Compare the gunnery training objectlvee .tad the 
gunnery job objectlvee. 

She M60A1AOS U the preliminary vereion of the M60A1E3, end  ln- 
cludee only the add-on stabilUer portion of the El package. 
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JOB OUBCIiVEa äSSS HUkUÜSC PMBCTIVES: 
GWiMAL CO??S!|>HUTIOHS 

Sine« there ere no universally accept«d definitions of "job ob- 

jective" and "training objective," we will define the terse ee used in 

this report.    Both terse ere eubeused under the rubric, "husen perfor- 

mance objectives," which ere cherecterlted by three parts: 

1. Activity or taek stetesent. 

2. Conditions stetesent. 

3. Standards ststesent. 

Activities or Tasks 

Activities or t*aka ere brief etetesents, usually consisting of 

sn active verb end e direct object,  of  the behavior eddreesed by the 

objective.     "Neutralise tsrgets"  le e tssk or activity statesent   for 

tank gunnery. 

Cond It Ions 

Conditions refer to eny clrcusstancea that sight be expected to 

alter the quality or the productivity of  the task or activity that  la 

to be perforated.    Day and night,  stationery end sovlng firing vehicles 

and targete.  and weapone ueed. ell era "conditions" for the tank gunnery 

activity,  "neutralise targets." 

Standarda 

Standards, ee used  la Kasan perforsence objectivee, describe the 

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

Interest, or both.    Perforsence quality 1« gunnery le expreeeed ee 



«mvwiwWM 

accuracy, and production as numbar of hita.    Ai la all standards, 

quantity and quality mscsuras of human performance hava littla utility 

alona.    To be useful, tha quantity and quality ana cur«a auar b« ax- 

praoaad relativ« to coat:    how auch ara «a willing to pay to obtain 

tha desired quality or quantity of performance?    In human performance 

objective« lndlract aeast-ra* of cost uaually are uaad.    Time and 

aaount of aatarial expanded ara example« of human performance "coata." 

A standard for tank gunnery aighr ba, "»cor« a second-round hit 

within seven seconds.*'    In this standard the seasur* of: 

1     Quality is "hit" (as oppooad to 'miss"). 

2. Quantity Is on« hit    — th« ma» are of production 
Implied In th« standard. 

3. -,ost  Is seven seconds and two rtunda. 

Hunan parforaanc« standards frequently «r« stated  lapreclscly.    On« 

often finds,  for example,  standards stated as,  "90 percent hit rate," 

or "five rounds par nlnute."    Standards should  Include separate naasuras 

of quality,  quantity and cost,  for several reasons: 

1. Clarity of coauunlcatIon    to test designers, test 
administrators, and others.    "Ninety percent hit 
rate," and "five rounds per nlnute" are lncoaplet« 
standards,   In that  they have no cost measures as- 
sociated with then.    "Ninety percent hit rate" does 
not coantunlcate the number of rounds to be expended. 
And "five rounds per nlnute" do«« not communicate 
the total amount of  time that will b« allowed for 
achieving the five-par -minute criterion. 

2. The possibilities for statistical  inference with 
respect ?o performance reliability and confidence 
levels are quite different for,  say, 9 out of  10 
hits as opposed to 90 out of 100 hits. 

3. To permit various combinations of basic data for 
analyses of standards by interested investigators. 
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Job, as Opposed to Training Objective« 

The foregoing discussion pertains to human performance objectives, 

the term thst subsumes both Job objectives end  training objectives. 

The distinction between Job objectives and training objectives remains 

to be made. 

Job objectives describe performance,  in terms 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: 

"Given  (a) a stationary M60A1AOS tank with the main 
gun battlesighted with SABOT,   (b) an operational 
gunnar's  lay periscope, and   (c)  a moving tank tar- 
get  that   is visible at  less than 3200 meters without 
artificial light during the day;  the gunner will 
open fire within 16 seconds,  and neutralise the tar- 
get within 24 seconds of  the alert element of  the 
tank commander's command,  using no more than two 
rounds." 

Training objectUea describe performance,   In terms of activities, 

conditions, and standards,  that   Is to be demonstrated  in training. 

A training objective   for  tank  gunnery might   be: 

"Clven   (a)   a  atut lonary  firing vehicle that   1« equip- 
ped  with a  main gun  *imtil.it ion device,   (b)  an 
operational   gunner's  telescope,   and   (c)   a moving 
silhouette  target   (flank  view of  Soviet   tank)   that   is 
visible at   1600 meters with white  light;   the  gunner 
will  open  fire within  10 seconds,  and  neutralise the 
target  within  IS seconds of   the alert   element  of   the 
tank commander's command,   using no more than two 
(simulated)  rounds." 

Job objectives and training objectives sometimes are identical. 

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

tive,     tut  not all   job objectives are training objectives.    This  is 

»***<*..,,,.,,.   -nMiiirf- iiiiiiiTTf fjMftai-antv'rmr HBSjmiassm ^tammmtmimmma—mm—^»..^^—»^„^»^ 
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so because there usually are MB« skills «nd knowledge that »t re- 

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

for the job.    Certain skills and knowledge nay be excluded fro« train- 

ing for any of several reasons: 

1. Ease of  learning on the job. 

2. Infrequency of occurrence on the job. 

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

4. High coat. 

Job objective» pertaining to neutrali«ing aircraft  targets with the 

caliber  .50 machlnegun are example* of job objectivea that are not 

training objectivea. 

Finally,  not all  training objective» are Job objectives.     Some 

training objectives,   for  example,  are enabling objective».     Their 

aastery  1» required   for mastery of   other  training objective»,  but   they 

never »re   practiced  on the Job.     Objective«  that  require using a 

burst-on-target   simulator are examples of training objectives that are 

not   job objectives. 

■ *^üftj^...;-,.-, , ....--.;,■. ■Tuirmm irninnniiT - 
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JOB OBJECTIVES 

Job objectives for tank gunnery were specified for use in subse- 

quent comparisons with th« training objectives Implied In the new 

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

base for deriving training objectives and evaluating training effec- 

tiveness. 

Method 

The method  for developing Job objectives  began by specifying  the 

overall  task or  activity   involved   in tank gunnery;   namely,   neutralizing 

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

*•     Selecting condition«   for   u*e   in  the objectives. 
What  conditions could  affect,   for   better  or 
worse,   a  tank crew's  ability  to neutralise 
targets? 

2-     Selecting   level» within conditions   for  use  in the 
objectives.     Given  that   a  condition such as tar- 
get   range   is  likely to affect  a crew's ability to 
neutralize  target«,   what   orders of  magnitude or 
"levels" of   target   range  should  he   included   in 
the  ob*er t ive* ' 

'■     Combining   levels across rond It _ion*  to »or»   *  com- 
prehensive  set  of   objectives.     The number  of 
possible  job objectives  tor   anv one  task  or 
sctivlty   is a   function of   the number of  condi- 
tions and   levels within conditions associated 
with the objective.     If  one task  has  two condi- 
tions   (target   range and visibility,   for  example) 
and  two  levels within each condition  (»1100 
meters and s>1100 meters;   visible and  not  v<-'ble) 
than the number of  possible combinations of  levels 
across conditions,  and  the number  of  possible 
objectives.   Is 2*2*4: 

Mr flfcüSiteMiiffli 
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A. Visible at <1100 asters. 

B. Visible at >1100 aeters. 

C. Not visible «c <1100 esters. 

D. Hot visible st >1100 aeters. 

*• Specifying performance standards for each com- 
bination of levels across conditions. Gunnery 
performance standards sight be expected to dif- 
fer depending on. for exaaple, whether the 
target was visible at <1100 aeters, or not vis- 
ible at »1100 meters. 

Selecting Conditions 

Having agreed that the overall task or activity for tank gunnery 

was to neutralise targets, we then asked what combinations of weapons, 

fire-delivery aethods. crew »embers, and fire control lnstruaents 

could be used by crew« to neutral ice targets.  The results of this 

inquiry are summarized In Figure I. 

The lines connecting the rectangles in Figure 1 indicate "allow- 

able" relationships «song levels of the conditions.  Using either the 

battleslght (BS) or precision (PRE) method of fire delivery with the 

sain gun, for exaaple, the tank commander can neutralize target* 

using the rangefInder (RFDR) with either IR or daylight (D) acces- 

sories.  Th« tank commander cannot, according to Figure 1, use the 

gunner's periscope (PER) or telescope (TEL). 

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

project identified four conditions that could affect gunnery perfor- 

mance, and a total of IS levels within the four conditions. The 

conditions and levels were: 

10 
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1. Weapon: 
Main Gun. ' 
Coaxial Nachinegun. { 
Caliber  .50 Machinegun. I 

*    j 
2. Fire-Delivery Method: ! 

Battlesight  (for sain gun;  "non-preclklon" or 
KP for Che machinegun»). 

Precision (PRE). 
Range Card  (RC). 
Range Card Lay to Direct Fire  (RCDF). 

3. Crew Meaber: 
tank Commander  (TO. 
Tank Cunner   (CNR). 

4. Fire Control  Instrument: 
RFDR, Day: Rangefinder. 
RFDR,  TR: Rangefinder with metascope. • 
TC/PER,  Day: Tank commander's cupola periscope. 
TC/PER,   IK: Tank coaaander's  infrared periscope. 
GNR/PER, Day: Cunner's periscope. 
CNR/PER.   IR: Gunner's  infrared periscope. 
TEL: Gunner's telescope. 
INF: Gunner's  infinity sight. 
MIX: Auxiliary fire controls  (azimuth indi- 

cator und  elevation quadrant). 

The next   step   In selecting conditions  for  use  in the job objec- 

tives was to ask,   "What  conditions other  than those shown In Figure 1, 

■lght be expected to affect   — for better or worse — a qualified crew's 

ability to neutralize targets?"    This question was answered by three 

■cabers of  the project   staff who  formerly were tank coaaanders, on the 

basis of  their own coabat  experience,  and a review of  technical docu- 

mentation.    Their answers were presented  In the fora of  lists of 

conditions, which  In their view,  might affect a tank crew's effective- 

ness in neutralising targets.     Sample entries on the lists were flat 

as opposed to rough terrain, clear as opposed to cloudy skies, and 

vehicle as opposed to troop targets.    The project director sorted the 

12 
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entries In the lists  in an effort  to discover superordinate classes 

of conditions under which each of  the individual  entries could be 

classified. 

An initial result of this exercise was the realise*<on that  tar- 

gets,  like all visual  sttauli. could be classified  in terms of: 

1. Contrast, as measured in foot-lambents of target 
brightness over foot-candles of background 
illumination. 

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

3. Apparent   speed,  which  it measured  In degrees of 
visual   angle  subtense per   second;   and   is a func- 
tion of   range,   speed,   and direction of motion. 

The use of contrast,  apparent   size,  and apparent  speed to describe tar- 

gets MIS  Immediately abandoned for seversl  reasons.     The main reason 

was that none of  the three measures provides basic data on target  type 

(troops,   tanks,   for example) or  target  range — data that are essen- 

tial  for bringing effective fire to bear on targets. 

The major classes of conditions that emerged as the result of  the 

exercise described above were: 

1. Firing Vehicle Motion. 

2. Target Hot ton. 

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

4. Target Visibility. 

5. Target Range. 

6. Ammunition. 

7. Day,  as opposed to Night  firing. 

13 
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Selecting Levels Within Condition« 

Applying the »ethods described above yielded a set of 11 ciiuei 

of conditions or vsrlsbles that could affect a crew's capability to 

neutralise targets. 

1. Weapon. 

2. Fire-Delivery Hathod. 

3. Crew Meaber. 

4. Fire Control Instrument. 

5. Firing Vehicle Motion. 

6. Target Notion. 

7. Target Type. 

8. Target Visibility. 

9. Target Range. 

10. Aaaunltlon. 

11. Day/Night. 

To appreciate how levels were selected  for each of these conditions, 

it  helps to understand the difference between continuous end discrete 

variables. 

Continuous variables are characterised by  interval  scales, and by 

being  infinitely subdivisible.    An interval  scale is one In which 2 is 

twice as auch as 1,  4 Is twice as such as 2, and so forth.    Scales 

used to aeasure the range variable  (or condition) are interval scales, 

sine« 50 aeters are twice 25 asters,  100 is twice 50.  etc.    The range 

variable alao is infinitely subdivisible:    10 aeters Is halfway 

between 0 end 20 aeters.  5 is halfway between 0 and 10, ad lnflnltua. 

U 
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because rant« la an inc«rv*l teal«, and bacauaa eh« seal« la in- 

finitely subdivisible, rang« Is a continuous variable (or condition). 

In contraat with continuous variables ar« discrete variables — 

variables euch aa type of a—unit Ion and type of target. There are 

only so «any aaabera in the aaaunltlon "class,: and there are no values 

of the variable between aaabera of the class: there is no "value" of 

aaaunltlon between SABOT and HEAT, or between HEAT and Caliber .50. 

Slailarly, there are no "values" of tank targeta between tank and 

troops, or between troops and bunkers. Maabcrs of classes of variables 

auch as aaaunltlon and target type are, therefore, discrete. Kinds or 

types of anything are dlacrete.  Inches, pounds, and cubic cent tuet et« 

are continuous. 

Specifying levels for the discrete conditions selected for Inclu- 

sion in the job objectives was no problea. For conditions such as 

target type, fire-delivery »ethod, and aaaninltlon, we siaply had to 

describe what existed in the real world: the nuabers of target types, 

fire-delivery sethods, and kinds of aaaunltlon are finite, saall, and 

eaally identifiable. 

Selecting levels for the continuous conditions was a different 

natter. At one extreae, one could say that tank crewa will be able to 

neutralise targete at any range, traveling at any speed, under any con- 

ditions of visibility. And, in fact, thia i« what the gunnery "job" 

really la about, tut we wanted to relate conditions such as tsrget 

range, speed, and visibility to performance standards. Job objectives 

that required neutralising any target at any speed under any conditions 

15 
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of visibility wer«, therefore, judged unsatisfactory (though perfect- 

ly realistic):    small targets aoving quickly as night are »ore 

difficult to neutralise 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 extreac, one sight write separate gunnery Job objec- 

tives for targets aoving at 8 KPH, 8.1 MPH, 8.2 MPH; or for targets 

at 1000 sisters,  1001 meters.  1002 asters,  etc.    Such a procedure would 

have yielded considerably aore than the number of  gunnery objectives 

necessary to describe how targets could be neutralised.    Coaproalses 

were necessary,  therefore,  in selecting levels of the continuous con- 

ditions — coaproalses that would avoid proliferation of objectives on 

the one hand,   and  inability to relate performance standards to con- 

ditions on the other.    The kinds of  compromises made, and the bases 

for making them «re noted   in the following sections, which describe 

how levels were selected within each of   the 11  conditions. 

Weapon.    The weapon condition  is a discrete variable.    Aa noted 

earlier,   there are no "values of weapon" between the main Run and 

coaxial mechlncgun, or between main gun and caliber   .50 aachlnegun, 

or between the coax and caliber   .50.     Selection of   levels of weapons 

was dictated by what  exists  (as waa selection of  levels for all other 

discrete variables).     The levels of  the weapon condition are:    aaln 

gun, coaxial aachlnegun,  and caliber   .50 aachlnegun. 

rire-Dellvsry Method.    Fire-delivery method  is another discrete 

condition, with lev«  • defln J by what exists in the reel world.    Pour 
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levele of fire-delivery nethod were identified:    proclaim, range 

card, rang« card lay to direct fire, and battleslght (or "non-precialon" 

for tha aachlnegune). 

Craw Meaner.    Tbla la another dlacrata variable In that M60A1AOS 

tank crawa eonalat of only four poaltlona:    tank coaaander, gunner, 

loader, and driver.    Two levels of tha crew aeaber varlabla ware Idea» 

tilled, correapondlng to tha two aaebere of the crev who noraally fire 

the weapons:    tank coaaander and gunnar. 

,   Fire Control Instrument.    Mine levele of thla discrete condition 

were identified (aae Figure 1):    TC'a range!Inder, TC'a rental Inder 

with aetsecope, TC's cupola periscope, TC'a II perlecope, CKft's perl- 

scope, Oil's II perlecope, CHI's telescope. Gill's Infinity sight, end 

auxiliary fire controls. 

Flrlna Vehicle Motion.    Vehicle notion Is s continuous variable, 

la that the M60A1AOS can travel at any apeed fron slightly aore then 

0 KPM to about 30 KPH.    The problea of selecting levels of vehicle 

action dlaeppeared la light of two practical considerations: 

1. Our deelre to keep the nuaber of job objectives 
alnlaal (recall that the maber of objectives 
lncreasee In direct proportion to the maber of 
conditions In the objectlvee, end the nuaber of 
levels within conditions). 

2. The traditional nethod of etetlng tank notion la 
gunnery training. 

Based on these practical considerations, two levels of firing vehicle 

notion were selected:    stationary and aoving. 

Par purpoees of thia project all aoving firing vehlclee ware ee- 

te be traveling at ratea of 10 to IS MPH. 
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Target Motion.    The levels of target sot ion selected for use in 

the Job objectives «ere identical to those selected for firing vehicle 

■otion:    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 nunber of objectives, 

and conformance to existing practice. 

For purposes of this project all moving targets were assisted to 

be traveling at rates of 8 to 15 M?rt. 

Target  Type.     Our  initial list  of  levels for the target  type 

variable consisted of  six entries: 

1. Tank or  tank-like. 

2. Bunker or pillbox. 

3. Light-armored  or  unarmored vehicle. 

4. Crew-served veapo". 

5. Troops. 

6. Aircraft. 

As will be seen later.   It  proved possible to combine two levels of tar- 

get   type  in some of  the objectives:     tank and light-armored vehicle, 

for example,  for  some main gun battlesight  engagements;  and bunkers 

and crew-served weapons vehicles for  others. 

Target Visibility.     Target  visibility can vary  infinitely and   is 

therefore a continuous variable.    Alter conaiderable deliberation about 

selecting levels of visibility and about  the interaction between visi- 

bility and the day/night  variable, we asked the question,  "What aspects 

of target visibility are most likely to affect a crew's effectiveness 

(likelihood of a hit,  performance time, or both)  in neutralising tar- 

gets?"    The answer to this quest 1 /a lay. not  in whether a day or night 

Id 
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«njageaent waa Involved, but la tw other consideratione:    whether or 

not artlficlal light IM reoulrad to asks th« target visible, end 

whether or not the target was viaible under any clrcuastsncea at all. 

Thus, the level« of the visibility variable selected for inclusion in 

the study were: 

1. Visible without artificial light. 

2. Visible with artificial light. 

3. Not visible under any eircunatancaa. 

Tartet Kante.    The pervasive consideration in selecting levels of 

the targst range variable waa to ainlais« the nuaber of levels (and 

therefore the nuaber of objectives) while still reflecting the aaxlaua 

effective ranges of the weapons, fire control lnstruaents, and saaunl 

tloa that would be Included  in the objectives.    The levels of target 

ranges selected, and rationales for their selection were: 

1. <SO0 Mt era:    th« ranges within which the range- 
finder should not be used. 

2. MXMMX) aetersi    the ranges within which the TC 
auat rang«. 

3. <*00 aeters:    the ranges within which the coax is 
effective. 

4. <1100 aeters:    the ranges within which 111 la effec- 
tive; also,  1100 aeters is the hattleeight range 
indexed for MEAT. 

5. 1100-1600 aeters:    1600 stetere is the battleelght 
renge indexed for SABOT.    1100 aeters was es- 
tablished ee a lower range parameter for conven- 
ience in ccabining Job objectives for SABOT end 
■BAT at «1100 aeters (see Tablae 1 through 7). 

300-3200 aeters:    The rengefInder la effective et 
500 through 4400 asters.    Bat because eoae of our 
objectives ere to be perforaad both by the TC using 
the rangefInder, ear the Cam using the telescope, en 

range of 3200 waa established to reflect the 
effective range of the telescope. 

It 
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7. 1100-2300 Htwii    the ranges within which the 
caliber .50 machlnegun My be used wich whit« 
light or  Illuminating «hallt. 

8. 1100-3200 meters:    tha rangaa within which tha 
main gun nay ba used with whlta light or illuni- 
nating shalla. 

9. ALL:    tha rangaa within which tha «ain gun «ay ba 
uaad with range card data. 

A—unit ton.    Asmunltlon is another discrete variable, for which 

levels ware selected by  Identifying tha hinds of amnunltion customarily 

available for use with the stain gun, coax, and caliber   .50 nachlnegun: 

SABOT  (APDS), HEAT. HEP,  BEEHIVE  (APERS), COAX  (7.62am) and CALIBER 

.50. 

Day/Hlght.    Two levels of this condition were selected ~ day and 

night  — after considerable debate about  ita utility.    The day/night 

variable le both redundant to, and laaa descriptive than,  tha levels 

of  the visibility condition.     It  Is redundant  in that gunnery opera- 

tions will be tha same whether tha tsrgat  la visible without artificial 

light at night or visible without artificial light  in the daytlae; 

and operations will ba the ease whether tha target  la not viaibla under 

any circumstances at night  or not visible under any circumstances in 

the daytime.    The day/night variable Is leas descriptive than the 

visibility variable in that   it does not distinguish between targeta 

that are or are not visible In the daylight, or between targeta that 

sre or are not visible    without artificial  illumination at night   . 

Despite the reservations noted above, we decided to retain tha 

day/night condition for uae in our job objective«, mainly to «take 
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comparisons possible between the job objactives and tha day/night 

training exercises proposed in TC 17-12-5. 

Figure 3 suamaritss tha conditions and levels within conditions 

that rasultad fron tha exercise daacrlbed above. 

Combining Lav als across Conditions 

Using tha conditions and  the level• within crnditi^      -■ «um- 

asriied in Figure 2,  It is possible to for« a very lsrge number of 

tank gunnery objectives by selecting one level  fro« each condition, 

and combining It with one level  from every other condition.    The 

number of possible combinations equals the number of levelj within 

eacn condition multiplied together,  or  3  (weapon«) x 4  (fire-delivery 

methods) x 2  (craw members) x 9 (fire control  instruments) x 2 

(firing vehicle motions) x 2 (tsrget motions) x *> (tsrget types) x 3 

(target visibility conditions)  x 9  (target  ranges) x 6  (kinds of 

asasuaitlon) x 2  (day/night conditions) * 1,679,616.    While the mather 

of possible combinations of levels within conditions Is lsrge, the 

great majority of combinations do not  in fact  "make sense" — combina- 

tions,   for example,  that  have the gunner  firing the caliber   .50 

machtsiegun, or where the target  is a moving bunker, or where the tank 

commander  is using the gunner's periscope.    Notice that  it  la not neces- 

sary to write and examine each possible combination of  levels of con- 

ditions before discarding the nonsenaical combinations.    Objectives 

simply sre not written for any subsets of   combinations that have two 

levels that do not "go together." 
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By ignoring the coabinations of condition« levels that did not 

make sense, and by combining son« levels within condition« (tank and 

light-armored vehicle target« for »one aain gun engagement«, for ex- 

ample), ve identified 225 combination« of level« aero«« condition«, 

under which M60A1AOS tank crew« eight be expected to neutralize tar- 

get« in the "real world." By pairing each of the 225 coabinations 

with the general «tateaent of the gunnery task (neutralise target«), 

we had the bail« for writing 225 different job objective« for tank 

gunnery. 

The criterion for calling an objective unique or different, and 

including it in the list of 225, was that the manipulations required 

on the part of the crew »ember who we« doing the firing had to be 

different in «oae reapert froa the aanlpulation« required in all other 

objective«. Thu«, firing at stationary and moving targets with the 

aain gun were considered different or unique objective« (because dif- 

ferent aanlpulations are Involved).  But firing battlesighted SABOT 

or HEAT st a tank at less than 1100 aeters was treated aa a single 

objective (no difference in the gunner's aanlpulatlone, even though 

two different kind« of ammunition are used). 

Speclfylnt Standard» 

The goal for this part of the project waa to eatabliah perfor- 

mance standard!» for aach of the 225 job objectives.  The standards were 

to be aore coaplete and explicit than those customarily set forth by 

treining developers, in that they would be characterised by eeparate 

measures of: 

2 3 
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1. Performance quality. 

2. Production. 

3. Cost. 

Performance Quality.    Tha measure of performance quality In gun- 

nery la accuracy:    hitting target centera constitute« higher quality 

gunnery performance than mlaalng targeta.    For purpose« of this pro- 

ject, "target hit" was the quality Bcasure associated with each 

objective.    Ho distinctions were made with respect to "goodness of 

hit," and all hits were assumed to result in neutralised targets. 

We realise that  these assumptions are indefensible, but chose to ac- 

cept thee aa the only alternative to the time-consuming hair-splitting 

that would be Involved  In specifying different time standards for hits 

which did, as opposed to hits which did not, neutralise targeta. 

Production.    The measure of production for each Job objective la 

one hit, regardless of target characteristics or of weapons used; 

that la, one le the minimally acceptable number of hits to be gotten 

within the time and ammunition-expenditure constraints for each ob- 

jective.    In mechlnegun engagements, a minimum of one tracer must hit 

the target.     (One in five rounds Is a tracer.) 

Cost.    Aa noted earlier,  the "cost" allowable for achieving the 

performance quality and production criteria was to be specified  In 

terms of performance time,  and  number of rounds expended. 

The method  for establishing the maximum number of rounds to be 

expended In the engagements described by our job objectives was sub- 

jective.    The results represent a compromise among eaistlng practice 
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In training, recent actuarial data on aimulated tank combat, And what 

our subject-matt er expert« thought was reaeonable.    The maximum num- 

bere of round« to be expended In the engagement« deacrlbed by our Job 

objective« are: 

1. Two round« for all main gun engagenents,  except for 
range card firing in which five round« are allowed. 

2. One-hundred fifty round« for coaxial and caliber 
.50 aachlnegun engagenents against area targets. 

3. Sixty roundG for coax engagements against  point 
target«. 

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

Tentative performance tisse standards were established by the 

three aubject-matter expert« on the project  staff, who reviewed the 

225 objective« and specified opening and total tines for each.    A 

Tank Gunnery Panel was then convened, which consisted of two gunnery 

instruct   rs fro« the US Army Armor  School,  Weapons Department; and 

one tank commmnder  from the US Army Research  Institute detachment  at 

Fort Knox.    The three member« of the panel   *ere former tank commanders, 

with  IS aontha,   6 years,   and  9 year« experience. 

The panel member« were given a briefing on the objective« of the 

project and their role in it;  and were asked to specify opening and 

closing time« for an "average" tank crew,   for each engagement described 

by the Job objectives.    As a means of structuring their assignment 

further, we alao gave the panel members a list  of assumptions that  had 

been prepared by the project'a subject-matter  experta while developing 

their preliminary time estimate«.    The ll«t of assumption« ie attached 

aa Appendix 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 member 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's decisions,  which were made on the basis of the panel members' 

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

Where differences of opinion arose in specifying the time standards, 

they were debated by the panel members end 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 

HumJUlO subject-matter experts to resolve differences between the two 

Independently generated sets of estimates.    For objectivee where the 

difference between the two groups' opening or closing tlaui estimates 

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

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

four seconds, s time-line analysis was don«, assigning a time to each 

component  "step" in the engagement.    Consensus on opening end total 

times was reached after discussion» about  the time required  for each 

component  step.     An ancillary benefit of  the time-line analysis wss a 

table of "Constants used in Estimating Performance Times," which 

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

ad as Appendix B of this report. 

leeults 

The job objectives resulting from applying the methods juat 

described are preaented  in Tablee 1 through 7.    Thu objectives are 

presented  in tabular, as opposed to narrati«« form, to facilitate 
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comparisons among condition« and aaong standards,    the objective« are 

available to narrative for« fro« All (Kraeaer, «Hi«. 1975). 

Organisation of tha Job Objective« 

Tha «ain organizer for tha job objectivaa An Tablaa 1 through 7 

Aa tha weapon:    main gun,  coaxial aachinegun, and caliber  .50 Machine- 

gun.    Within each of the three weapon eyeteme, the objective« are 

further organised by acthod of  fire delivery.    The overall Organisation 

of the table« la a« follows: 

Table 1:    Main Gun,  Battleeight. 

Table  2:     Main Gun.   Precision. 

Table 3:    Main Gun, Range Card, and Range Card 
Lay to Direct Fire. 

Table 4:     Coax,   Non-precision. 

Table  b:     Con»,  Precision. 

Table b:    Coax,  Range    Card,  and Range Card 
Lay to Direct  Fire. 

Table 7:    Caliber   .50,  Non-precision. 

Read in«, the Objectives 

Consider the first entry in Table 1   (Main Gun,  Battleslaht):    The 

entries under JOB OBJECTIVE NUMBER  indicate that  the first  row In the 

table suaaarUes Job Objective #1  for the tank coaaander   (TC) and two 

job objectives -     ' 2 —  for the gunner  (GNR).    Underscored 

nuabers  in the ~3B        W?r | NUMBER coluans  indicate job objectives that 

are addressed by the gunnery tablea proposed in TC 17-12-5 (October 

1974).    The underscoring can be Ignored  for now,  but will be referred 
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vo l*t«r In comparisons between the job objective* und the gunnery 

tkv" cites. 

To understand the job-objective numbering system in Tables 1 

through 7,  it  is necessary to consider the entries under the heading 

FIRE CONTROL INSTRUMENTS: 

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

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

3. CNR/PER  (gunner's periscope). Day «nd  IR. 

4. TEL (telescope). 

5. INF   (infinity  sight). 

6. AUX   (auxiliary   fire control   instruments). 

The numbers under  these heading«  indicate the order of preference for 

use of  the fire control   instrument   in engaging  targets described  In 

the row.     The  1   under CNR/PER,  D.   indicates that   the  gunner's day 

periscope  is  the  primary  fire control   instrument   to be used   for  engaging 

tsrgets described   in  the  first   row.     The number   2  under  TEL  indicate» 

that   the telescope   is a  secondary  fire control   instrument  that   the gun- 

ner may use  in engaging such  targets-     And  the entry,   3.  under RFDR, 

D,   indicates  that   the rangefinder   (day) may be used  bv the TC as a 

third alternate  system.     The  first   row  in  the table,   then,   summarises 

three job objectives: 

1. CNR's Job Objective #1:     Engaging targets described 
In the row,  using the gunner's day periscope. 

2. CNR's Job Objective #2:     Engaging targets described 
in the row, using the gunner's telescope. 

3. TC's Job Objective #1:     Engaging targets described 
in the row,  using the rangefinder. 
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Not lea that MM Job objective« are repeated in Tables 1 through 7. 

TC'a Job Objective #1 appears twice lu Table 1, for example.    The 

reaaon for repeating some objective« la that at least one condition in 

the objective changes, and this change has an affect on performance 

tiae:    TC's Job Objective #1  is repeated in Table 1 becauae the range 

is different for the two entries, and the range change makes the total 

performance tiae different.    The change in total performance time, 

though,  la due only to the different dlatancea that the rounds must 

travel, and has nothing to do with the performance of the TC.    Recall 

that to qualify aa unique, an objective had  to require manipulations 

that were different fro« the manlpulationa in all other objectives. 

Since the aaae manipulations are Involved  in firing TC's Job Objective 

#1 at ranges of lees than 1100 asters and at ranges between 1100 end 

1600 meters,  the two entries are treated ae the eaae objective. 

The entry,  STA.   in the first  row under the FIRE VEH NOTION column 

in Table 1   Indicates that  the fir In« vehicle  is stationary. 

Target characteristics for the flret  entry of Table 1 are: 

1. STA:  stationary. 

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

3. VIS: vlalbie without artificial light. 

4. «1100:  leas than 1100 meters. 

D/M indicates that the objective is to be performed either during 

the day or at night. 

Sl/HT indlcatee that SABOT or MAT la to be uaed. 
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Th« PERFORMANCE TIME entries in Tables 1 through 7 give opening 

and total tiaes for tue TC and CNR. In cases where the row contains 

only one objective for «lther the TC or CNR, the opening and total 

tiaes for that objective are given. The first entry in Table 1, for 

exaaple, contains only one objective for the TC (using the range- 

finder). The perforasnee tiae for this objective is given under TC, 

OPED, TOTAL:    10 seconds to open, and IS seconds total. 

In cases where the row contains aore than one objective for  either 

the TC or CNR,   the opening and total tiaes are given only for  the en- 

gageaent  using the priaary fire control   instruments.    The first  entry 

in Table 1 contains two objectives for the CNR:     the priaary objec- 

tive,  using the day periscope;  and  the secondary objective, using the 

telescope.    The 7-second opening, and 12-second total  tiaes in the 

first row under CNR, OPEN, TOTAL are for the priaary  (gunner's perl- 

scope) objective.     No perforasnee tiaes are given in the table for the 

gunner's Job Objective #2  (using the telescope).    Perforasnee tiaes for 

the secondary or alternate fire-control   lnstruaents were coaputed 

using the constants in Appendix B.    They are presented under  separate 

cover  in the narrative foras of the objectives  (see Krseaer,  et  a)■, 

1975). 

The perforasnee tiaes given in the job objective tables are for 

the aaxiaua rsnge specified in the objective.     If,  for exaaple,  the 

range specified in the objective Is 11-1600 (1100 to 1600 aeters). 

the perforasnee tiaes shown in the objective apply to the 1600-aeter 

upper llait.    Perforasnee tiaes for ranges less than the upper lialt 

can be coaputed using dsta presented in Firing Tables, FT 105-A-2. 
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The quality, production, and number of rounds «rar« laft out of 

Tables 1  through 7  to avoid redundancy.    Recall  that the production 

and quality aeaaure la "one hit" for aach objective, and that the 

maximum number of rounds to be expanded  la: 

1. Two for all »»in gun engageaents, except for 
range card objectives. 

2. Five for main gun, range card objectives. 

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

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

Using the  information given above,  the three objectives in the 

first  row of Table  1 can be written as: 

.  TC Objective #1:    Given  (a) a stationary M60A1AOS 
tank vlth the aain gun battlesighted with SABOT or 
HEAT,   (b)  an oparational rangefInder,  and   (c) a 
stationary tank or light-armored vehicle target 
that  is visible at  less than 1100 aeters without 
artificial light at day or night; TC will open 
fire within 10 seconds of the alert element of 
hla command,  and neutralise the target within 15 
seconds,  using no aore than two rounds. 

.  CUR Objective #1:    Given  (a) a stationary M60A1AOS 
tank with the main gun battlesighted with SABOT or 
HEAT,   (b)  an opertlcnal   gunner's day  periscope,  and 
(c) a  stationary tank or  light-armored vehicle 
target  that   Is visible at   less titan 1100 meters with- 
out artificial  light at day or night; GNR will open 
fire within 7  seconds of  the alert  element of  the 
TC's command,  and neutralise the target within 12 
seconds,  using no more than two rounds. 

.  GNR Objective #2:    Civen  (a) a stationary M60A1AOS 
tank with the main gun battlesighted with SABOT or 
HEAT,   (b) an operational telescope (day), and  (c) a 
stationary tank or light-armored vehicle target that 
la visible at less than 1100 meters without artificial 
light at day or night; CM will open flra within 9 
seconds of the alert clamant of the TC's command, and 
neutralise the target within 14 seconds, using no more 
than two rounds. 
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A numerical summary of 225 job objectives, by weapon, fire 

delivery method, and crev member is presented In Table 8. 

Discussion 

The parts of the job objectives pertaining to activities or task«, 

conditions, and standards raise separate Issues for discussion. 

Activities or Tasks 

Traditionalists, schooled in the aeans and ends of task analysis, 

undoubtedly will take Issue with our definition of the gunnery job In 

terms of one "task" — neutralizing targets. Ortainly the job is 

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 

statements, but in the myriad combinations of conditions presented in 

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 

written.  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 

ways, other than those described by the objectives, that targets can 

be neutralised with M60A1A0S guns?" We think not.  And if not. then 

the Job objectives provld» a data baae from which 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 
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TABLE 8 

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

""^""^^   WEAPON MAIN GUN COAX CAL .50 TOTALS 
FIRE DELIVERY^      —^^ 
METHOD                      ^\^ TC GNR TC GNR TC 

Battleslght (non-pre- 
jclslon for nachlneguns) 12 20 18 42 20 112 

Precision 4 24 4 36 68 

fange Card X Xi 2 

(Rang* Card Lay to 
Direct F1re 5 8 9 21 43 

TOTALS 21 53 31 100 20 225 
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job objectives," th« lmportsnt qualifier 1« "gunnery." It Is used 

synonymously with "marksmanship" or "shooting." The job objectives 

do not describe comprehensively the gunner's job, which consists 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 

enemy firepower and tactics, and presence or absence of air and artil- 

lery support are examples. This line of criticism loses sight of the 

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

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) la to teach crews to neutralize targets with minimal expenditures 

of time and ammunition.  Current and proposed gunnery training do not 

include firing in the presence of air and artillery support, or against 

multiple, tactically deployed targets.  Engagement« under these kinds 

of conditions are seen as a body of «kill and knowledge outalde the 

realm of "gunnery" or "marksmanship," and within the realm of fire 

control and command — topics that are addressed in Gunnery Tables 

IX and X. 

Standards 

Whether or not  two rounds sre the "right" allocation« for main gun 

engagements, or whether a TC needs to hit s target calf once while 
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firing ISO caliber .50 rounds, or whether or not our opening end total 

tines ere "correc:" are open questions. Cunnery standards, and atan- 

dards for all combat performance, should not be set on the basis of 

expert judgment, for if the experts are wrong, our gunners will be in 

trouble "when the flag drops." Nor should standards be set on the 

basis of the normative performance of our own trainees or qualified 

gunners. Normative data can tell us how good we are, but not how good 

we need to be. Standards for combat performance should be set on the 

basis of the best available information about the enemy's capability. 

Knowing that our gunners can acet arbitrarily established opening and 

closing time standards of 5 and 7 seconds provides little comfort if 

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 performance standards. 

Concluslot 

The gunnery Job objectives developed during this project seem com- 

prehensive.  It is difficult to think of ways, other than those described 

in the objectives, that crews could neutralise targets with M60A1A0S 

guns. One may argue that the task or activity statements used in the 

objectives are "too general," or that certain conditions that effect 

gunnery performance have been omitted, or that performance standards 

based on expert Judgment are (or are not) totally satisfactory. The 

counter-argissents have been presented, end the Issues defy rapid reso- 

lution, tut if the Job objectives are comprehensive, then e basis has 

been provided for: 
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A. Comparing the content of proposed gunnery training, 
to gunnery job content. This in turn permit« con- 
paring what will be included in gunnery 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 basis will be pro- 
vided for specifying enabling training objectives. 
Mastery of the enabling objectives should promote 
learning of the maximum number of job objectives. 

C. Developing training for crews of tanks other than 
the M60A1AOS.  The job objectives for the M60A1AOS 
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 
to the M60A1A0S with conditions and levels that apply 
to the new tank. 

D. Evaluating 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 
permit crews to neutralize targets in all the ways 
described by the objectives, random selection of job 
objectives for use as "test it ens" would be one way 
to design valid measures of training effectiveness. 
The pool of objectives could be reduced before Item 
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 crltlcallty, difficulty, or 
frequency of performance.  The item pool la now avail- 
able.  How it Is used is a policy matter. 

Notice also that by accumulat Injt data on performance of the objec- 

tive* over time, a basis will be provided for applying all of the 

traditional methods of item analysis.  Answers to questions euch as 

"Does a 'CO' on item X guarantee a 'CO' on item Y,M 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 Is a document  that  reflects emerg- 

ing doctrine and thinking with respect  to tank gunnery training. 

Training content   Is organised within eight  firing tables, each of which 

contains several  training exercises.     Tank crews progress through the 

exercises  in Tables  I  through VII on their way to qualifying by firing 

the exercises in Table VIII. 

TC 17-12-5  Is being revised,  and  eventually may becoae a field 

manual  (FM) to replace FM 17-12.    A major difference between training 

as prescribed in FM 17-12 and TC 17-12-5 Is in method of fire 

delivery.    The field manual emphasizes the precision method,   in which 

crews range on the target  and obtain a highly accurate gut> 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 battleslght,  target-form,  and burst-on-target  — 

"quick-draw" techniques that  are designed to capitalize on the poten- 

tial of tank weaponry for combining shock effect, accuracy, and speed. 

The purpose* of the eight gunnery firing tables in TC 17-12-5 

Include: 

4* 
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1. "... the development of individual skill« by dif- 
ferent crew «embers." 

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

3. "...  to train individual members of a tank crew in 
a logical sequence culminating in crew qualifi- 
cations and crew battle-runs." 

The gtnerel goals of each of  the eight tables are: 

.  Table  I:    Zero and manipulation techniques. 

.  Table II:     Fundamentale of fire adjustment  techniques. 

. Table III: Tracking and applying proper adjustment 
techniques. 

.  Table  IV.     Zeroing the main gun,   firing at  stationary 
targets with the main gun with and without  arti- 
ficial   illumination,   and basic  techniques of  tank 
fire adjustment. 

. Table V: Leading, tracking, engaging and adjusting 
fire on moving targets with the main gun with and 
without artificial   illumination. 

. Table VI:    Develop crew coordination and ability *i 
engage both moving and atatlcnary targets with 
tank machlncguns from a moving and stationary tank 
with and without artificial   illumination. 

. Table VII:    Develop crew's ability to engage moving 
and stationary targets with all tank-mounted 
weapons with and without artificial  illumination 
and  to prepare the crew for  testing on Tsble VIII. 

.  Table VIII:    Qualification:     Final  evaluation of 
crew abilities 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 

with prsctlce In the following areas: 
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l«    Bäl y^io«-    Referred co •• "A" Mb!«a, these exer- 
cises are Intended to train and evaluate the tank 
craw in the rapid daatruction of targets during the 
day. 

2-    MitAt firing,    teferred to as "B" tables, theae exer- 
ciaes are for training and evaluating the tank crew 
in the rapid engagement and daatruction of targets at 
night under various sethods of  illumination, while 
instilling crew confidence in tank weapon effective- 
ness under conditions of darkness. 

3. Subcallber Firing.    Referred tu as "C" tablea (Tablea 
I,  II and III),  theae exercises sre designed to per- 
mit training end evaluating each crewman as a gunner 
without the distraction caused by the blaet and recoil 
of the main gun.    By simulating the firing of the main 
gun,  gunnery procedures are practiced without expendi- 
ture of ammunition. 

4. Dry Fifing. Referred to as "D" tablea, theae exer- 
cises sre designed to Insure crewmen understand the 
fundamentals of gunnery, and  to develop teamwork. 

5. Service Firing (Tables IV and V). These exercises 
are for developing the skills, speed, and accuracy 
required by thr tank commander, gunner, .td loader 
in employing gunnery techniques egalnst stationary 
and moving targets, and for conditioning the crew to 
the blast  and recoil o:   the main gun. 

••    Crew Field Firing sad Crew Proficiency  (Tables VI, 
VII and VIII).    The purpose of these exercises is to 
train and test  the speed and teamwork of the tank 
crew in engaging different targets st various ranges 
with the proper weapon and ammunition. 

For purposes of orientation, a summary of the contents of Gunnery 

Tables I through VIII.  by exercise number, method of fire delivery, 

end crew position (TC or Gfflt)  from which each exercise is fired is 

preeented  in Table 9.    The Arabic numbers after mech cell entry corre- 

spond to the job objectives to which each training exercise is related. 

Theee numbere can be ignored  now,  but will be referred to later 

in comparing job and training objectlvee. 
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Footnote« to Table 9 

(1) This firing exercise requires the gunner to simulate zeroing 
the ««in gun.    Zeroing wee excluded fro» our analysis of 
gunnery objectives. 

(2) This firing exercise requires the use of white light beyond 
1600 asters. The aaxlaua effective range of white light is 
approximately 1600 net era. 

(3) This exercise requires the TC to range on a target using the 
rangefindcr with aetascope.    The rangeflnder with aetascope 
can only be used effectively against targets emitting an    IR 
light source. 

(4) This firing exerciae requires the CNR to fire HEP aanunitlon 
agalnat a tank or tank-like target.    HEP aasminltion is not 
recoanended  for use agalnat   tank or tank-like targets. 

(5) This firing exercise requires the TC to range on a aovlng 
target and siaultaneously to track it.    This tssk scans 
iaposslble, as tracking and ranging both are right-hand 
operations. 

(6) This firing exercise requires the use of  Infrared  light  (It) 
beyond 1100 aeters.    The aaxlaua effective range capability 
of   IR is approximately 1100 aeiera. 
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The parenthetical entries are explained in th« footnotes to Table 

9.    Footnotes 2 through 6 refer to apparent errors In the exercises. 

Footnote 3,  for example, refers to exercises that have the TC using 

the Mtaecope against targets that do not emit  IR light.    And Footnote 

5 refera to exercises In which the TC oust  range on a aovlng target 

and simultaneously track it — a seemingly impossible task,  since 

tracking and ranging are both right-hand operations.    Of the 137 

gunnery exercises,  19 were found to contain errors of the kind noted 

above.    Wt understand that  these are being corrected  in forthcoming 

revisions of TC 17-12-5, 

Training Objective« 

Each of the gunnery exercises  in TC 17-12-5 that pertained to the 

M60ALA0S tank was reviewed,  and wee written   In two   form«: 

1. A narrative  for» that   Included  task,  conditions, 
and standard« statements. 

2. An abbreviated   for« slailar to the one used for 
presenting the job objectives  in Tables 1  through 7. 
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Method 

An exaaplc of a training exercise  (Exercise 3A fro» Gunnery Table 

I)  fro« TC 17-12-5 is: 

UNIT 
CftEU 

TANK (MtU 
GUNNER 

10A0£R 
DRIVE Jt 

CttRCISl 
NO. 1       M0U1WWNT          POSSIBLE    | PRACTICE 
RÜS                                           SCORE        i    SCORE 

«COW     i 
SCORE 
  

•'■■"■' 

3 
NANIPUIATION 
(Secondary Sl«ht) 

« t«ch hit  

No points «wrtJed fe- 
hlt» «fter 1 Minute 
t«*t Halt 

Total Poislblt .... 

-7 1 
.  JO    1 

,  

l 
1 

i 
i 

. 90 
•     i. > 1 „1           ,   1 

This exercise was translated  Into the following narrative  for«: 

"Given  (a) a stationary M60A1AOS tank with a 
«aln gun simulation device,   (b) an operational 
gunner's telescope,  and   (c) a stationary 
allhouctte target   (flank view of Soviet  tank») 
that   Is visible at  60 «oters during the day; 
the gunner will hit  __ out of 9 targets within 
60 seconds,  using no «ore than 9 rounds."' 

In cases where the exercises did not  include a standard or part 
of a standard, blank spaces were left  in the corresponding narrative 
and tabular presentation. 
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In the abbreviated form, Exarclae 3A, Tab!« I was recorded «a 

follow«: 

IHI am Mil 
It» 

ten* 
TMKT Ml 

«I 
W Tiff net mi« 

■ikffl 

i» IT» in |   lit   |     M m j 

nti coma 
USTtMVT «M 

TO. tin 

■i 1 ■■ 1 tni 
*n hmltt«! 

mtwa v 
tm nmif 

» *0     I B  

Trenefonsetiona fro»training «xerclec to narrative to tabular  fom 

var« dona for aach training exercise, aa described and  Illustrated above. 

Results 

The training objectives resulting fro« the translation of the 

gunnery exercises are presented in abbreviated for« lo Tablaa 10 through 

17. Narratives of the objectives are available from AM Krsewer. 

•£il.. 1975). 

The training objectlvee presented in Tablaa 10 through 1? parallel 

the organisation of the eight gunnery firing tablaa: our Table 10 SUB- 

«arises Gunnery Table I, our Table 11 siisaurlsee Gunnery Table II. 

and so forth through our Table 17, which auswarltee Gunnery Table VIII. 
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Consid»;  ch« second row entry In Table 10: 

1. Th« EXER NBR Indicates that Che training objective 
corresponds to Exercise 2A (froa Gunnery Table I). 

2. The CNR entry under CREW POS lndicatea that the 
firing is to be dune froa the gunner's station. 

3. Firing vehicle notion is stationary (STA). 

4. The target is a stationary tank silhouette (SIL) 
visible without artificial light  (VIS) at 60 
steter s. 

3.    The exerclss is to be prsctlced under daylight 
(DAY)  conditions. 

6. The gunner's day periscope  (CNR/PER, D)  is to 
bs used. 

7. SIM under AMMO indicates that slaulated firing is 
used in ths exerclte. 

8. The entriss under STANDARDS indicate that 9 rounds 
•re to be fired within 60 seconds, with ths nunber 
of hits unspecified. 

9. BS under METHOD OF FIRE DELIVERY  Indicates that 
ths hattleelght aethod    of fire delivery la used. 

Using the Information given above,   the training objective corre- 

sponding to Exercise 2A of Table 1 can b« written a«: 

"Given  (a) a  stationary M60A1AOS  tank with a aaln gun 
elaulatlon device,   (b) an operational  gunner's perl- 
scope, end   (c)  a atationary silhouette target that   Is 
visible at 60 asters  (slaulated) without artificial 
light during the day;   the gunner will   score   hits 
within 60 seconds,  using no acre than 9 round»." 

Discussion 

Ths conditions snd activity parta of  the training objectives ars 

subject  to the saae coaaents as were asde about  the job objectives; 

naaely,  that  soae laportsnt conditions are not   Included  in the objec- 
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tivne. and that "hit targets" it coo general a »moment of th« gun- 

nery job.    Thee« coaimtc can ba dismissed on tha ground« presented 

aarllar. 

One of tha most aotabla aspects of tha tralalnt objactlvaa in 

Tablaa 10 through 17 la tha cumber of blank apaeaa In tha STAMDA1DS 

columns.    Tha inclination to crltlclta tha standards on tha basis of 

lncompleteneee, however, auat ba balancad against tha fact that tha 

Incompleteness is intantlonal.    Tha daaignars of tha gunnery tablaa 

hsve built flexibility into Tablaa I through VII, to parmlt unit com- 

manders to dacida whan thalr units sra ready to progress fro« one 

table to tha next.    The need for flexibility usually is justified on 

the grounds that different units nay have different training needs, 

and that training resources and denands fluctuate over tine. 

Maintaining flexibility in the standards for Tables I through VII 

■ay be reasonable,   inasmuch as the standards for Table VIII ere rigid 

(at least for «aIn gun engagements;  no closing tines are given for 

the aachlneguna).    The deeigners of the proposed tsbles are,  in es- 

sence,  telling unit commanders,  "It's up to you to decide when your 

people are ready to progress and Qualify, but you will have nothing to 

aay ebout whether they ere qualified."    Flexibility in standards prä- 

sente problees   though.     The main problem is that, without rigid 

standards, ona never knows "where crews ere" with respect to profi- 

ciency or readiness.    Statement« such as,  "All crews with I weeks of 

training have achieved Table VI standards," are meaning!no« If the 

"standards" for Table VI are flexible.      any comparison among 

crewa that name flexible standards will ba unmetlafactory far tha mama 

raeeoaa that measuring length with a rubber rule» la unsetiafactory. 
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It is also difficult to see how, with flexible standard», unit 

cosaunders can decide when a unit  is ready to progreaa from one table 

to another.    Such declaione would be easier to sake (and justify)  if 

the "standards" for Tables I through VII were «ore complete. 

The issue of where standards cone fron was dlscusssd with respect 

to job objectives,  and applies equally to the '.raining objectives. 

The best  standards are those that reflect  the need for being «ore pro- 

ficient   than the eneay.    The worst are those that  are baaed on expert 

opinion. 

The standards for Table VIII are complete, and therefore do pro- 

vide a basis for proficiency asaeasaent.     And scoring for Table VIII 

reflect»  the growing concern with econoay  In tank gunnery:     points 

•re awarded  for  apeed,   accuracy,  and conserving aanunltlon.     But  the 

rationale   la not  clear   for  allocating three  round»  for  each main gun 

qualification  exercise  when   in   training only  two  rounds are allocated. 

The  eaphaai» on  conserving  «»Munition   1»  appropriate and  should per- 

haps  be   Increased,   inasmuch as   firing  the  proposed   tables  requlrea 

considerably sore  ammunition     than did   firing  their  predecessors. 

Numerical   Summaries 

After   c-anaforeing  the gunnery eserclsea  Into training objectivca, 

a maaericel euamary was prepared,  ehowlag how stany training objectives 

The ammunition requirements presented   In FM  17-12 are based  on 
three crew member* firing Tablea  TV and V.    The requirement»  in 
TC  17-12-5 (October  1974) ere baaed on only one crew aeaber  firing 
Tablea IV and V.    Correcting the data so that only one crew aeaber 
flree the FM 17-12 tsbles,  one  finds that M rounds of  105aa aaaunitlon 
are required to fire the old tsbles, as compared to ISO rounds for the 
tsbles  in TC 17-12-5. 
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pertained to «ach weapon, fir« delivery »ethod, and firing tabi«. 

Thia «usury la presented  in Table 18. 

Th« total nuaber of objectives (129)  in Table 18 la flight laaa 

than tha total nuaber of exerclaes in Gunnery Tablea I through VIII, 

for reaaona cltad  in th« footnote of Table 18.    Ninety-seven of  th« 

exerclaea  (about  three-quarter« of  tha total) are for aaln gun train- 

ing;  and of  the 97,  60 are battlealght exerclaea.    The heavy eaphaaia 

on aaln gun training,  and especially sain gun battlealght training, 

eeeaa appropriate in light of assumption« about aid-Intensity European 

conflict«.     A question naturally arise«,  though, about the balance of 

exercises acroaa weapon« and methods of  fire delivery  in the tablea. 

Only two of  the sein gun exerclaea provide range card  practice, and no 

exercise* are provided  for  range card or range card  lay to direct  fire 

with the coax.     The assumption here may be that whatever  la learned 

during range card  practice   In Exercises 4B and   5B of Table     I will 

general lie to the coax.     Since the range card  practice  is given early 

in training,   and   in only two exerclaea though,   long-tens retention of 

range card skill a probably  Is not  good — an  issue that   is not easily 

resolved,   since  there are no range card  exercises  in Table VIII. 

Perhaps the reasons  for  the exclusion  is economy.     Range card   firing 

on area  targets with the stain gun would  require  five rounds.     Considera- 

tion should be given though to including a leaa expensive range card 

engagement   in Table VIII  — a coax engagement,   for  example. 

Sam* of  th* skills practiced   in one gunnery tsble are repeated  in 

other tablea.    Th* range may change from one exerclae to another,  for 

example,   but  the manipulations required of  the gunner do not.    For this 
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reason, many of the training objectlvea written fro« the exercises »ere 

virtually Identical.  In order to examine the extent of redundancy In 

the gunnery tables, we counted for each table the number of exercises 

that required skills that had not been practiced in any preceding table. 

The results of this count art presented In Table 1?. Of the 97 aaln 

gun exercises, 47 Involve skills that are required In no other exer- 

cises; that Is, 50 of the exercises require practicing skills that were 

practiced in an earlier firing table. Of the 20 coax exercises, nine 

were 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 Involve part-task practice — In which case 

It makes sense for more than one exercise to address one objective. 

But the possibility that some objectives arc being overtaught should 

be considered:  Do trainees really need to perform 60 main gun battle- 

sight exercises In order to master the 31 unique objectives?  If not, 

then perhaps so«e resources could be shifted to "beef up" parts of the 

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

Conclusion 

Some errors in the gunnery tsbles were noted. These can be (and 

apparently are being) easily corrected. 

A cursory review of the firing tables reveals some violations of 

the tenets of instructional technology.  But increased familiarity with 

the tables leads to the conclusion that the "violations" may, in fact. 
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be concessions to practical constraint«.    Standards for Tables I through 

VII,  for example, are deliberately Incomplete, to provide flexibility 

for unit commanders.    But the need for flexibility must be weighed 

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

proficiency and readiness.    Consideration also should be given to rely- 

ing less on expert opinion for standard-setting, and »ore on infor- 

mation about enemy capability. 

The heavy emphasis of the tablea on some methods of fire delivery 

(batclealght and precision)  to the near-exclusion of othera  (range 

card and range card  lay to direct  fire)  raises questions not only about 

the rationales for the iabalanc«,  but alao about whether the little- 

practiced exercises are being learned at all.    And rhe large discrepancy 

between the total numbers of training objectives and unique objectives 

suggests that  some overtraining may be ongoing. 

Finally,  th<* Increasing eaphasis on econoay in gunnery training, 

coupled with  1 Imitat tonn on  training  reacurrc»,   suggest»   thai*   ejutaina- 

tions arc  in order,  of  potentialiy lens expensive alternativen for 

accomplishing gunnery training objectives. 
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JOB OBJECTIVES AND TRAINING OBJECTIVES COMPARED 

Ideally, evaluations of training programs should take one or both 

of two foras: 

1. Empirical studies of the relevance of training, to 
establish the extent to which skills and knowledge 
acquired in training are related to performance on 
the job. 

2. Empirical studies of the effectiveness of training: 
given that training objectives arc highly relevant 
to performance on the job, to what extent is the 
program meeting its objectives? 

The stringent empirical requirements posed by both kinds of studies are 

a mixed blessing.  Empirical studies of training relevance and effec- 

tiveness, if competently designed, conducted, and interpreted, can yield 

iron-clad cases for training revisions.  But the high coats, admini- 

strative problems, and   interpretive difficulties associated with the 

conduct of such studies demand reliance on less costly but admittedly 

less convincing means for training evaluation — "soft" evaluations auch 

as those that are poaaible using the job objectives and training objec- 

tives presented earlier in this report.  Confidence in the results of 

such evaluations rests on the validity of sever.il assumptions: 

1. That our job objective« are reasonably comprehensive; 
that is, the jnb objectives represent well the full 
range of way« that crews can neut'*H*e targets using 
the weaponry avail able on the M60A1AOS. 

2. That the probability of success in combat Increases 
with increasea in crews' ability to neutralize tar- 
gets using all of the means provided by M60AJAOS 
firepower and weaponry. 

3. That our translations of gunnery training content into 
the gunnery training objectives presented earlier are 
reasonably accurate representations of what is being 
covered in gunnery training. 
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*. That whatever la being learned by gunnery trainees 
is less than what is being addressed by gunnery 
training. 

Our comparisons of gunnery job and training objectives are pre- 

sented with reservations: Without eaplrical evaluations of the 

relevance and effectiveness of gunnery training, no unequivocal con- 

clusions can be drawn. And without such studies, we can neither 

confirm or refute the following claims     (1) that gunnery training 

as presently conducted yields aaximua effectiveness at least cost, and 

(2) that if "the flag dropped" tomorrow we would find that our tank 

crews were Indeed capable of neutralizing targets using the entire gamut 

of weaponry and firepower provided by the M60A1AOS. 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. 

Comparison» 

One Mean« for comparing the fob objectives and the training objec- 

tives Is to coapare their total nuabers.  There are 225 job objectives 

and only 129 training objectives, so soar thing ROWS to be Missing from 

training.  Further, if a single job objective la addressed by more than 

one training objective, then lh«» nuraber of job objectives left "uncovered" 

by training seems considerable.   JJotice though, that total nuabers of 

Readers interested In exactly which job objectives sre and are not 
covered by training arc referred to Tables 1 through 7. Recall that the 
underscored job objective nuabers in the tablea correspond to job ob- 
jectives that are addressed by the training exercises in TC 17-12-5 
(October 1974).  The objective nuabers that are not underscored in the 
tables Indicate job objectives that art not addressed in TC 17-12-5. 

69 

fat- ■^■^a%iirl»«""-" - .^^*^«^»^~.^ .>.-^^--^^  <*■■*.--**-,...—....-■ ,-^, 



lSee Table 9 for information on which training objective« vere 
related to which job objectives. 
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job objective» or training objective» are mainly functions of the 

ber of conditions and  level» within condition» used  in th« objective». 

A» noted earlier,  with two two-level condition»  (and one ta»k)  th« num- 
i 

ber of  po»»ible objective»   is tour.    Add another  two-level condition 

and   the  number   is eight.     Add  another,   and   16 different  objective» can 

be written. 

Notice also that   effective  training does not   require a one-to-one 

relation between training and   job objectives.     Efficient  programs,  a« 

a matter of  fact,  may  have  fewei   training  than  job objectives,   because 

the  training developers will   have designed  exercise«  that  cut  across 

Job objective«,   and  will   have deliberately  excluded   some  Job objectives 

from  training   (objectives,   tar   exanplc,   that   correspond   to non-critical 

skills and  knowledge;. 

For   the  reasons  noted   above,   comparisons  between the total  numbers 

of   Job and  training objectives are not   particularly   instructive. 

Other methods of   comparing   the   job  and   training objective» are pro- 

vided   in Table   20.     The  first   two   rows  of   the  table are   iterations of 

data  presented   earlier   --   nuabers     (   job objectives  and   training objec- 

tives,   bv  weapon  and  «ethod   o*   fir*-  delivery.     The  mashers   in  the  third 

row are  new.     To compute  them,   we   took   each  of   the  129 training  objec- 

tives,   one-by-one.   and   faired   it   with  the   job  objective   to  which   it  was 

moat   related.4  This  pairing of   training and   Job objectives provided  an 

indication of   the relevance of   proposed  gunnery training to the gunnery 

*>■•■ ■-   -.■■.■.•-■   -.    ■      •    — ■■ A—.wimSE««f--»-^—  -— ,,.,      |  ■■— ---     - - 



3 
£ 
m 

?! 
w    3 

,* 

1 

v> ' 
l M< c* o ^ 
S «Si *» V) 

»- 

o 
 :    

Irt« 

S f • 
ac «*i 

3£ 1 ■*- © rsj tn 4A 

— X 16 
«vi #•— *•** h 

"O   • 
%. — 1 
«Ok 
*j     — 

ou. 
© O o S 

faul 
"'•    ! 

5 8"E j - o o — 
* JLL. 

! I 
I * s 

i *      ! 
&S I i i   —   ;   O o m r*. 
C i»      <o t/1 

1 u! 
b> • V - * 
£°i! 

i            i        O U. : 
%  «I         |     HI •— (VI 

i           *  Jf V 

._._   —    —-   -> 
3     • 

~ 
O 

ar 2.3 ] 
s f 

I 
i 

1»^ 

«N> <o 

i *•    ! a. 
 ♦ i • "      ' 

; £ 
i cr 

| —              w s r* o 

•* j *» 
a . 

tn IE 
t w •-• 

8 -> ob«o^ 

8A£ 
* < V» 

«p       Bui 

fe| O w 
it oau o      uw 

w     a»i_i 

u* O * TWO O •— v> O 

II Is   
Mt 
  

• »— V* 

S§g* 
—.—— —„. 

1 

* 

a 
*>« 

u *- 
- o 

«I «■ 
— «I 
JO  «•> 

5 8 
* 8 — *. 
* c 
«A "• 

> t 

¥5 

C    »5 

• 

^2 

71 

-i*J*a'' ..mitt»,  i ... - -     - i^"iiJhwfiMMiiifiiBfiniiilMii¥ianinr>iiiiii MI"      ^-:-,.-.,-^.^,,,,... . ,^^»,„.,_« 



job.    Nearly «11 of the training exercise« could be related tr at least 

one Job objective.    The relevance of gunnery training to the gunnery 

Job therefore seeas 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 "Battlealght."    There are 32 job objectives and 60 training 

objectives for sain gun,   battleslght  firing.     The 60 training objec- 

tives are related  to 12 of  the 32 job objectives,   leaving 20 of  the 32 

Bain gun battleslght  Job objectives not  addressed  by training. 

In the second coluatn  ("Precision")  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 aaln 

gun precision job objectives not  covered  by training. 

Rather  large nusbers of   Job objectives not addressed by training 

appear  In the rest  of Table 20:     57 COM,  non-precision objectives; 

34 coax  precision objectives,   30 range card   lay  to direct   fire  (coax) 

objectives,  and   15 caliber   .50 objectives. 

All  told,   only 40 of   the  225 job objectives are addressed  by the 

training exercises proposed   In TC  17-12-5  (October   1974).     One-hundred- 

eighty-five   job objectives  (sure than three-quarters of  the total) 

are not addressed by training. 

The aost  iaportant aspect of Table 20 is that aany job objectives 

have no training objectives related to the«.    This is to be expected 

in soae Measure,  because  the maber of  job objectives (225)  ia greater 
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than the nuaber of  training objectives, and because more than one 

training objective nay 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. 

Tables 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 weapons.    Whether or not   to include moving- 

moving engagements  in training undoubtedly will  be decided  in light of 

emerging  stabilization  gunnery doctrine on whether or  not   crews  should 

f ire on the move. 

Another   large  group of   objectives  that   Is  not  addressed  by  train- 

ing    is   for   the TC   firing  from  the TC's  station.     The  proposed   tables 

Include  only  two objectives  for   the  TC   firing  the ».»in gun from  the 

TC's  station,   and  both objectives  are for   precisiion engagements.     The 

rationale for  not   providing more practice  firinp   the main gun,  and 

for  providing no  practice  firing   the coax  from  the TC's  station may be 

that   the TC was   formerly a  qualified   Runner.     Whether   or   not   profi- 

ciency  in firing from  the gunner's  seat   generalizes to firing from *he 

TC's  station  is questionable.    Consideration  sitould  therefore be given 

to providing more coax  and main gun practice for  the TC  firing  from his 
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station.    Consideration might alao be given to having the gunaer prac- 

tice firing from the TC'a station, because of the TC'a vulnerability. 

Another reason that a large number of coax jo.i objectives is not 

addressed by training is because the Job objectives include coax en- 

gagements using up to six different fire-control  instruments, and 

training does not. 

Tha 15 caliber   .50 job objectiver that are not addressed   In train- 

ing arc mostly moving engagements against point   targets. 

Discussion 

The relevsnce of the new exercises to the gunnery Job scums un- 

questionable:    nearly all of  the exercises are related to at   least on«: 

job objective. 

While  the relevance of   the new tables   is unquestionable,   their  com- 

prehensiveness  is not.     Some job objectives receive only cursory treat- 

ment   in the  tsbles,  and most  are not  addressed  at all.     The new tables 

address  less than a quarter of  the job objectives  Identified  during  thin 

project.     Whether  or  not   the unaddreased  objectives are  eufficlently 

laportant   or  critical   to be addressed   in  forthcoming  revisions of   the 

gunnery  tables   is *  policy matter   not   within our  purview. 

For a variety of   reasons   (usually related  to cost)   selectivitv must 

be exercised   In deciding what   to   include  in training.     Training prograa* 

seldos) can address all  of   the  skills ttnd knowledge required  fo«-  affec- 

tive Job performance.     Some skills and knowledge must  be  left out. 

Making correct decisions about which skills and knowledge to ex- 

clude from training 1« the most difficult part of  the training developer's 
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job.    Ideally,  such decisions «re Bade on the basis of carefully con- 

trolled experiments to  identify critical Job requirement«.    In practice 

euch etudiee seldom are performed,  because of high costs and the ob- 

vious problems associated with empirically establishing critical require- 

ments for affective performance in combat.     Such studies are not 

recoemended  for determining gr-nery training content.     Instead, policy 

makers responsible for decisions «bout  the content ot   gunnery training 

should review careful lv  those job objectives that  will  not  be addressed 

in the new firing tables.     Two questions need  to be answered:    "What 

are the risks associated with tank crews'   failure to master the «ob ob- 

jectives that  arc excluded  from training?"    And  if  the risks are great, 

"How can they be reduced?" 

Gunnery training as proposed  In TC 17-12-5  (October 1974)   is not 

coaprehenslve.     Questions also can be raised  about   its  efficiency: 

Can sore be taught   (and  learned)  within existing constraints on training 

manpower,   equipment,   tsac and  money?    Or  can existing proficiency  levels 

be maintained at   lea» rost ?     &>th questions  receive affirmative answers 

in  our  vlev. 

Research  should   he   ««ntinued   to    determine what   effect.   If   any, 

decreased   reliance on  firing  iOSaes rounds will   have on gunnery perfor- 

mance.     Ail   leasonable alternative»  to  live  firing  should  be considered, 

Including aubcaliber  and dry  firing.     Hopefully,   the results of  such 

studies will put  to rest  the debates shout  whether  live fire is neces- 

sary or simulation  is sufficient.     Live fire probably will prove to be 

essential  for   some aspects of  gunnery.     Simulation will   prove totally 
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sufficient for other*.     A significant contribution can be made by both 

live fir« end simulation, and the problem la to find  the optimal 

mix. 

Maintaining praaant levels of proficiency at less cost does not 

sees particularly difficult.    Teaching sore, while staying within pres- 

ent budget constraints is a different «attar.    The job objectives 

developed during this project provide a data has« for developing gunnery 

progress that teach «ore.    Analysis is needed to specify the component 

skills In the job objective«.    Once specified, skills can be Identified 

that cut across Job objectives.    These skills can than be incorporated 

into enabling objectives,  the mastery of which will promote learning of 

the aaiiaua number of job objectives.    The enabling objectives,  In con- 

junction with terminal   (Job) objectives that are aelected on the baals 

of their difficulty, crltlcallty, or frequency of performance on the job, 

ahould be uead  In the design of training.    Our guest  la that  the en- 

abling objectlvea will  prove to be pri*e randldstea for  simulation, «nd 

tho terminal objectives  for live fire. 

Finally,  we would be remiss  if we did  not   comment  on th«*  newi  for 

viewing gunnerv  training   in a  larger  "systems" context .     Just  as  si»h- 

tion and   live  fire can be viewed  as aeart  for  accomplishing  the goals of 

gunnery  training,   no can  the goals of  gunnery  training  he  viewed  a« 

mrnans i-_:  eccoapl ishing cthe<-  cuperordlnate goals  — goals that   involve 

neutralising targeta at  least coat.     Systems thinking demands that 

alternatives and   supplements to training for achieving these goala be 

conaldered  — potentially  lets expensive alternatives and  supplements 

such as   improved equipment  reliability and  peraonnei   selection technique« 

Am 

77 

iüi^^ ,.^»±~*i. 
MüMMMM—a^aMws^amaam—m* 



CONCLUSIONS 

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

If th« Job objective« do describe the full range of ways that 

crews can neutralise targets using M60A1A0S weaponry, then a basis 

!**•^S*DJB£PJLM.,55Li ° r ■ 

*•    Comparing the content of proposed gunnery training to 
gunnery Job content-     This   in  turn  peraits comparison» 
between what   will   be   included   in  training and what  will 
be excluded. 

8•     Developing trainirt£ tor cr ews_ of   tanks other than the 
H60A1AOS■     The objectives for the H60A1ÄÖS can be re- 
written to  far» a cooprehensive  set   of   job objectives 
for  any new tank,   by replacing any conditions and  levels 
within conditions  that   sre unique  to the M60A1AOS with 
conditions  and   level»  that  apply  to  the new tank. 

C'     Increasing the  efficiency of gunnery  trslnlng.     By  speci- 
fying  the conponent   skill»   in  the gunnery job objectives, 
and  then   identifying component   ekllxs  that  cut  across 
objectives,   a  basis will   be  provided  for  specifying 
enabling objectives-     Mastery of  the enabling objectives 
should  proeote   learning of  the maximum number  of   Job 
objectlves. 

D•     Evaiuatlng^ t he effectlveness of  gunnery training.     The 
Job objectives  can be used  as a  pool   from which   items 
mav  be   «elected   for   evaluating   gunnery   training.     Objec- 
tive«  could   be  select***!   frrs*  the  pool   randosly   for   use   in 
evaluation,   or   on  the  ha«i»  of   criticality,   difficulty, 
or  frequency  of   per t ortaanc e       The  poo!   -ould  be  reduced 
before   item  »election  bv  deleting  objective*  that   stay  be 
loo costly  to  test . 

* ^ÜL^ynn*_*Jl j^erformaru e »tandard» proposed in TC 17-12-5 should be 
revised for increased spec if icjtjf *M decreased reliance on expert 
op in ion. 

While  eosje   flexibility aav be desirable   in the  setting of gun- 

nery performance  standards,   the  need  for   flexibility Rust  be weighed 

against   the need   for  "knowing where we are" with respect   to gunnery 
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readiness.     Siaply staking the standard«*  less flexible will not be 

enough.    If, at current doctrine Indicate», our tank crews will be 

expected to win outnumbered,   then the standard» for performance In 

training suet reflect  the need to be faster and acre accurate than 

prospective opponents.    Our recaasendatIon in not  for research, 

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

standards reflect  what   i» known by eneay gunnery capabllitlee-'    And 

what  is the likelihood that meeting the proposed standards will 

result  In gunnery proficiency that   is greater  than that  of pro- 

spective enemies? 

■*•     The relevance of   the gunnery  excrclsej» proposed   in TC  17-12-5 to th<? 
gunnery Job »£«£*. ur> quest ionaM e. 

Nearly  ail   e!   the   training.  e*er;i«M's  urn-   related   tu  at   Irasl 

one  Job objective.     The   frv   instances  vhert»  training  exercises 

rouid  not   be  related   to  Job  objeclives   involve«!  sinor   error«   in 

the  exercise»,   whith are  being   corrected. 

*•    Gunnery training)  <»■ 2r!,Ilo*r**   in TC  1 Zj">_^r.^_t  4* not  ccanr«hensly e ■ 

Soisr   lob  objective*   are   «-»phasl r«*d   in   rhc   new  LiMos   --   ob\ec - 

t ives  for  sain  Run batt5e»igh(   and   prerlslon  engagement»,   for 

exaaple.     Or her   J<?b objectives  receive  onlv  t-ursorv  treataent   in 

the new tables;  range-card ana  range-rard-Uy-to-dlrect-f ire objec- 

tives are  exaaple«.     but  acst   of   the   Job  objectives  »'f  not   addressed 

at   all.     Exaaples of   Job obj*cttves  that   «re  not   addressed   in  the 

proposed  tables  lnclud« sll  objectives that   involve the TC firing 

bettlealgt.t   fro« his station,   the TC  firing the coax  fro« his station, 

aovlng-aoving engageaente.  and  precision  firing froa a moving tank. 
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Policy aukers responsible for decisions «bout the content of 

gunnery training should review carefully those Job objectives that 

will not be addressed in the new firing tables.  Two questions 

mist be answered:  "What are the risks associated with tank crews' 

failure to master the ]t.-b objectives that are excluded frot» train- 

ing?" And if the risks are great, "How can they be reduced?" 

Gunnery training is one oj several mean« for accomplishing the goal 

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

Just aa simulation and live firs- can be viewed AS means for 

accoeplishlng the goal« of gunnery training, so can gunnery training 

be viewed a» a ax-at!« tor acc-w.pi i thing superordinate goals; namely, 

neutralizing targets at Iras! cost.  SVMF»* thinking demand* that 

the full range of alternative» and supplement* to training for 

achieving th«»e ».-•*'»« b«* considered ■- poentiallv less expensive 

alternatives and supplement* euch a* improved equipment reliability 

and personnel «election tevhniques. 
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APPENDIX A  ASSUMPTIONS USED IN ESTIMATING PEtFOEMANCE TIMES 

The assumptions which follow war« made in order to provide • common frame 
of reference for setting performance standards. We realize full well, for 
example, chae in combat tome targets will be moving at apeeda other than 8 
through 15 miles per hour, that illuminating sheila can be uaed at laaa than 
loOv meters, and that not all targeta will be immediate threats. Aa noted in 
the body of the report, one of our goala waa to avoid proliferation of job 
objectives -• a goal that could not have been mat had we presented different 
standards and different objectives for targets moving at ?, aa opposed to 6 
miles per hour; 13, as opposed to 16 degree angles of traverse; and Che like. 
The line had to be drawn somewhere. Our assumptions define where we drew the 
line. 

FIRING VEHICLE 

General 

1. Duri.ig batt'.«sight engagements, the appropriate range and ammuni- 
tion are Indexed Into the range finder and computer, respectively, 
HOC meters for HEAT, and 160Q  meters for SABOT , and the round 
Is loaded In the chamber. 

During precision engageaent■ with the tsnk commander firing, the 
tank commander is observing through hi» optic* when starting the 
fire coasxand. 

'.  Range card data are available for firing the main gun or coaxial 
machinegun. 

•.  In firing range card lay to direct fire, the range card data are 
used to lay the main gun or coaxial machinegun In the general 
vicinity of the target before illumination is used to bring fire 
to bear on the target. 

When firing the main gun using range card lay to direct fire, 
ranging Is required, regardless of range, once the target is 
illuminated with white light or Illuminating shells. 

*  When firing the coaxial machinegun using range card lay to direct 
fire, ranging Is required beyond *€Q  meters once the target is 
Illuminated with white light or illuminating shells. 

When the tank commander or gunner has fired the main gun, he la 
able to eenae the first round and apply burat-on-target (BOT), If 
required, for the purposes of this study sensing of "lost" and 
subsequent fire commands were not considered. 

Starting or opening times for all engagements begin when the tank 
commander issues the alert eleswnt of the fire command. 

- & 
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9. The tank commander cannot rang« on target» using the met«scope 
attached to the range finder. The metascope can be used effec- 
tively against targets emitting and IR light source, but It is 
not practical. 

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

11. During engagements where the tank commander must fire the main 
gun, it probably is impossible to range and track the target at 
the same time.  (Ranging and tracking are both right-hand 
operations on the MSOAIAOS tank.) The tank commander can fire 
using bettleslght or by indexing an estimated range to target 
Into the range finder. 

Hot ion 

12. The speed of the firing vehicle when engaging targets on the 
move Is 10-13 KPH.    This speed was selected as an optimum for 
firing on the move,  based on information In FH 17-12. 

13. When firing on the move at a moving target, the firing vehicle 
and target are moving In opposite (lateral) directions. 

14. Whan firing on the move at a stationary target, the tank is 
moving toward the target at an angle of 15 degrees or less. 

Fire-Control  Instruments 

13.    The  IR periecope la considered  the primary fire-control   instrument 
when firing at night at  1100 meters or  less.     Beyond 1100 meters, 
white light and day sights are considered the primary fire-control 
Instrumente. 

16. When using  the gunner's telescope,   the aaxinur  effective range 
for SABOT  is 2800 meters;  and  3200 meters for HEAT, HEP.  and 
BEEHIVE. 

17. The gunner's day periscope is the primary firing eight for en- 
gaging point targets with the coaxial machlnegun during the day, 
or at night using white light. 

18. The infinity eight is the gunner's primary firing sight for en- 
gaging area targets with the coaxial mnchlnegun during the day, 
or at night using white light. 

19. The II periecope le the gunner's primary firing eight for en- 
gaging area targets with the coaxial machinegun at night using  »R. 

i 
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Visibility 

20.    The maxima effective range of  IR 1« 1100 meters. 

22. 

21. The maximum effective range of white light is 1600 metera. 

Illuminating shells are required to enhance target visibility 
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 capabilities; and illuminating shells would have to be 
used at farther ranges, if white light were required. 

23.  Using white searchlight or illuminating shells does not affect 
gunnery performance differentially. 

TARGET 

General 

2«. The target alwayi is considered an Lanedlate threat to the tank 
crew.  The target must be engaged with the weapon system, method 
of fire delivery, fire-control instrument, and ammunition that 
will neutralize the target in the least amount of time.  All 
targets were considered threats in order to derive the minimus 
performance standard for target destruction. 

25. Troops are considered to be stationary area targets. 

26. The target locations for all engagements with the main gun, 
coaxial machinegun, and caliber .SO machinegun are within a 
30 degree arc to the front of the tank. 

Hot ion 

27.  The speed of moving targets Is 8-15 HPH. 
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APPENDIX B      Constants Used in Estimating Performance Times 

CONSTANTS FOR OPENING  (FIRST-ROUND) TIME 

ACTIVITY TIME (sec) 

.  Firing the main gun,  battlesight,   fro« a stationary tank 
tsrgst  fro« the gunner's posit Ion   7 

.   Firing the coaxial machine-gun at a stationary tank 
against a stationary target  from the gunner's position    8 

.  Firing the caliber   .50 machlnegun 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 caliber  .SO machlnegun  in the non-stabilized 
mode  from a moving tank against   a moving  target     5 

.   Firing 60,   7.62BM rounds,   using  20-25 round  bursts           10 

.  Firing 100-150,   7.62mm rounds,  using 20-25 round bursts          25 

.   Firing  50,   caliber   .50 rounds,   using  10-20 round  burst»     9 

.   Firing  100-150,  caliber   .50 rounds,  using  10-20 round 
bursts          23 

.  Firing 50,  caliber   .50 rounds at  aircraft   targets     4 

.   Moving down  from tank commander's  open  hatch position  to 
use rangefInder     3 

.   Indexing HEP  for   coaxial   tsw»c!iinegun     1 

.   Indexing  firing data using the auxiliary fire control 
instrument a  1 

.   Using the gunner's telescope  2 

.   Using aim-off with the rangefInder  or  gunner's periscope 
when firing BEEHIVE asmtunition          2 

. Using Infrared   (II)   illumination          10 

.  Using white  light   (searchlight   or   illuminating, «hells)     5 
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ACTIVITY TIME (aec) 

.  Tracking fro« • stationary or moving tank   3 

.  Ranging on a target  3 

.  Sttting th« fute on BEEHIVE ammunition  5 

.  Loading, after setting fute on BEEHIVE ammunition    3 

.   Pausing before firing the main gun        ) 

CONSTANTS FOR   (SECOND-ROUND) TIME 

ACTIVITY TIME (sec) 

.  Using infrared   (IR)   illumination  2 

.  Using white light   (searchlight or   illuminating shells)     2 

.   Sens ing    4 

.   Load ng,  after  setting fute on BEEHIVE ammunition    3 

AMMUNITION TLICHT TIME TIME (sec) 

.   SABOT/HEAT 
1100 meters    1 
1600 meters  2 
3200 meters     4 

.   BEEHIVE 
1100 meters     L 
1600 m« er s     2 
J200 met er s     5 

.   HEP 
li00 meters    2 
1600 meters    3 
3200 meters    8 
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