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AN ANALYTIC APPROACH TO ESTiMATING Tl~ (ZNE RALIZABILITY
OF TANK CREW PE RFORMANCE OBJECT IVES

I~FRODUCTION

The Army progras for gunnery training and tank crew evaluation is
dei ined by gunnery tables, consisting of several training or testing
exerc ises in which crews engage targets under various conditions . Crews
progress through the exercises listed in Tables I through VII and reach
successful completion of the gunnery exercises in Table Viii.

The gunnery tables are developed by experienced Armor personnel who
distill  the essence of tank gunnery into a manageable set of training and
~.esting exercises . Gunnery tables are developed for each Armor weapon
system tha t has stgn~fican t differences in firing capabilit y ,  and are
cont inuo usly revised to reflect changes in equipment and doctrine .
A d d i t i o n a l  imp *tu s for revising the gunnery tables is provided by the

s coamitsent to Increase both combat readiness arid efficiency in
training and evaluation .

Extensive efforts to improve the efficiency of tank crew training
evaluation are underway . In addition to ongoing TRADOC and F~~SCOM
Studies , a long -range program of research has been I r . it iated by the U. S .
Army Research Ins t i tute . Numerous issues are being investigated ,
i r. ci ~4 ~ng methods of defining and measuring the performance domain of tank
g’;~~ery , the use of simulation devices as a replacement or complement to
live fir ing , and the type of practice schedule required to develop and
maintain required levels of proficiency . As part of th is progra iat lc
effort , a project is underway to develop a more efficient Table Viii test
for M6OA 1AOS crews . The first of a series of studies toward this goal
describes performance objectives in the gunnery domain in terms of their
potential generaiizability s th. extent to which performance on one item
predicts performance on others .

General r.abi 11 ty is an importan t consideration in tank crew training
and evaluation. The gunnery perf ormance domain which tank crews must
master is considerable . A recent study reported by Kraeaer , Boldovici
and Boycan ( 1976) * resulted in a list of 225 perf ormance objectives , and
def l r .ed all possible way s that targets could be n.utraliaed with M6OA.1AOS
weapons . Each objective represents a unique set of procedures to be
applied by the tank crew , with the env ironmental and tact ical cond itions
under which such procedures are app ropriate . For example . “Give n a
stationary M6OA1AOS and a mov ing tank type target of 1... than 1600 meters
either day or night, the crew will engage, using a battlesight method of
fire and the gunner’s periscope.” in view of the practical constraints of

* Kraemer , R.E., Boldovici, J . A . ,  and Boycan , G.G . Job Objectives
for M6OA~~ OS T&nk Gunnery. Research Memorandum 76-9. U.S. Army
Research Institute for the Behavioral and Social Sciences . April 1976 .
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time , range facilities end coats associated with live ammunition , ~~~~
c~z~not be provided the opportun i ty to practice and subseq uently dezr.onstrste

~r~ftcIency on all such performance objectives . Therefore , an optinal
subset ~~~~~ be Iden tified . In the case of evaluation , this subset shc ..ld
consist of objective8 which minimize the risk of misclassification - t~ .:~t t~~.
either passing crews who are really not qualif ied , or f a i l i r ~ ~~~~ who are - -~

quali:  ted .

: r aditi onal empirical item -analysis methods were not feasible f or  t~~ s
project because of the resources required to obtain rep eated measur es c ~ .

all tasks in the gunnery domain , in lieu of establishing item gener a l~ z a L i l I t y
en~~ r Ic a l1y wtth livef ire data , an alternat ive analy ic ap; r~ach had o be

The valid Ity of the app roach rests on the assumption tha t the more ta~~.
eler ~t ’~~ s or behavioral steps that any performance obj ect iv e has it .  coanor.
wi~~~. her objectives, the greater the communality among those ot j ect . .es .
F urthermore , the greater the communal i ty , the greater the probabili ty tha t
;~~r:~~rmance on the one objective i~ predictive of perf ormance on othe~~..
suppose, for examp le , that ~ t could be demonstrated tha t f ir ing the ma~.r .
gun using the precision method has more tas k elements in common w i t h  f ir I n g
the ma ~ n gun bat t lesighted than with fir i~~ 

. he coaxial machine gun . The -
, 

-

assum p~~ -r ~ is tha t because of this greater coaaunal~ t y ,  the precisior~ aai1
gun task is more predictive of the bat~ 1esI.ghted main ~~~ task th~ ’ of coax~a1
machtr. e ~~~~ performance .

T~~ H1UCAL AU ROACH

:he basic approach used to establish comm ur.al~i.y among pert rnance
obj *~-t ive s  i~; the tan k gunnery doma ir. Is shown in F igure 1. CL~ect iv~~
were listed down the i~’:t colu*n of a large matrix. Task elements were
t hen listed a- ’rc- sa th. top . h~xaaples of task elements are , “Loader
t~~ounces ‘ ‘~ j~ ,

‘ “Gunner Indexes HEP” and “Gunner levels bubble .” A ’l ’
or t ‘0’ was then entered under each task-element in the row for ~~~

~~o ’t ive , ind icating tha t performance of the obj ective did or did not
rø~~~ire performance of each of the task elements . The matrix was
c(~~~1eted in this manner for 2~e0 obje ctives and a total of 113 task
elements .

Certain “system state” assumptions had to be made ear ly ~ ~ the
analysis in order to achieve consistency in specifying which task
elements were and were not included in each objective . I f , for example ,
the weapons were assumed to be loaded , different  task elements would be
inv olved than If the weapons were assumed to be unloaded

.2
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Pert orm ance 1a~ k F 1.aemt
~~~ective

1 1 1 1 1 1 0 0 0 0 0 0 0

2 1 1 1 1 1 1 1 1 0 0  0 0

3 1 1 1 1 0 0 0 0 1 1  1 1

240

Figure 1. Concept of the data matrix.

-

- - CLUST~~ ANALYSIS ~~ T} ~~ 0BJECTIV~~

The :irst que~~ Ion in analyzing the matrix of 240 performance objectives
by 113 -ask elements was whether subsets or “ families” of objectives , those

had ?~~t~ ~~~~ e1ere~.ts ~.n common , c~~.ld be identified . If relative ly
n~~g e e ~~~~ famil ies of obje c .ives could be identified , the problem of

assessing generalizabtli’y of each objective could be simplified . Rather
than “ tr~a~~ng generalizability of each obJective for 240 ob,ectives ,
..- ‘~~era1tzabIlity could be determined for a much smaller set of objectives.
~o;.r eser.t atIor. of the entire domain of gunnery perforixi~.nce objectives
cot. ld then be insured by Including the most genera lisable obj ective(s)
from each f a m i l y .

- - lw- cluster analyses were performed in an at tempt to identify families
of objectIves. Both analyses began by calculating the “behavioral di8tance ”
between each pa ir of obj ectives. Many distance measure s have been reported
~n the literature , but for the one-zero da ta in the objective-element
w.a ’ r i x. most of these measures are equivalent. The simple matching coefficient
(s? ’!C) was used to measure behavioral distance in the present analyses . The
~~C me-~nur es dist ance by the proport ion of elements which are Identical
betwee~. “ach pair of objectives . Thus , for two objectives which have
exact i s. the same va lues on 20 out of the 113 elements , the inter-obj ective
d~~~’ aT ce is 20/11) or .117.

~se of the SMC produces a matrix that shows the behavioral dista nce
betwe*”- every pa ir of obj ectives Objectives that are “close together”
t~. behavioral distance form the clusters of objectives . The process is
amalgamative , in that the two closest objective s form the seed for the
I 1rs~ cluster. Nearby obj ectives are incorporated into this cluster

an ob ,~e- ’t tve is found which is too far away~ this objective then
for*a the seed of a new cluster .
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Two clustering a1g~r~ t hjns which em ploy the SMC were considered . One
~: these , the Average Distance ama lgamat ion algorithm , requires an
a ;.j

~~tioy . that the 11) behavioral dimensions are independent . Because
t~~’ assumption seemed ques’ tonab1e, both this algorith m and another ,
the Direct Clusteri ng algortth m * which does not require the independence
assumption , wer e used . The L~irect Clusteri ng algorith m was used : i r ’ , to
est the ind epender.~- e azsum~ t t on . The more typical Aver a ge Distance

algortthm was then used as a check .

R~~ULTS Ci’ THE CLU~ T~~ AN ALYSiS

The Direct solution Indicated certain dependencIes but did nc ~ rul e
3ut the Averag e Distaz.~’e algorithm , so both were used as a pair L:
convergi ng operations . The Direct cluster anaiyeis yielded 2~ d~~~ tnc t
-‘lusters ; the Average Distance solution recast ‘he 240 obj ectives I n t o  ~-.
separ ate clusters . To examine the similar I ty or degree of over1~ 1 ~ween
‘.he t w :  solutions, ~enn diagrams were drawn t o  In dicate how eac~- :-
objectIve had been catev r.~ ed by the alternative solutions. Ar- ex.~r1 ‘-

t: the .enn d~~~ra.-~ Is presented Ir. Figure 2. Each circle represe nts a
set of objec ’I ves c1us r’r,~

.d by one of the analytic nrocedures. C1~ otert .
defined t. the Direc’ solution are shown by solid lines. Clusters
emerglr ,g from the Aver age Distance approach are shown by dottud lIr~e~ .The n ..sbers w I t h in  cluste ro represent specific performance ob, . c i v e s .

he u enn die a.-n ; -‘ r-.i’ted identification of clusters which overl a pped
or were interco nnected . Et~ ht cases were observed Ir. which ht ,gh-order
cluster s exl8teth contaIn !n~ a m I x of clusters from each solution , and
having no overlap with other higher-order clusters . These larger ~~~ :
were re ferred to as fa mIli es of performance obj ectives.

T~~-le 1 summar izes th ’~ eigh t f -tr~ilies which were isolated Lv th~- i r
coa ;-0 r .enl. clusters and : J ectives . The most compell ing fea t ure of Table
is the descr lF tive informatIon provided for each family . These descrip tions
were O a ined by examir.Ing eac h obj ective in a fam ily to establish what it

common with the other members . The consistency of the ob~ect ives In a
family is all the more striki ng when one recalls thats 1) description w~~z~
attempted only after the fa ni lies had been identified ; and 2 )  the d e scr I ; -~or~or ~d had no ’ been included in the cluster ana lyses.

* Dixon , W . J .  BMDPs Bjp~edi~.aJ, Computer P~rojcraas . Berke ly , Ca lit or nias
~r .ivers I ty of Califo r nia Pre ss, 1975.

Hartigan , J . A .  Direct clusteri ng of a data matri x. Journ al of the
Americ an Statistical Association , 1972 , ~~~, 123-129
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A8 further check on the integrity of the families, each was examined
in terms of its behavioral elements. A typica l outcome is shown in Tabl e

for Faa i].y V - Gunner , MaIn Gun , Precision , }iEP/BEE . Table 2 has two
particularly salient features: r irst , only 39 of the total set of 113
e1er ~ents are involved in Fami ly V . Second , of these 39, 17 are possessed
by every objective ir.  the fam ily . This patterning is typica l of that
found in all eight families : Only selected sets of elements apply t c
each family , and many of these elements are possessed by every objective
~n the family , it is the latter elements that primarily def the a given
family and distinguish it ~roa others .

Based on these res~.d ts , the strategy for selecting objectives ~or
inclusion ir a t~~tk gunnery test would be to sample fro m the homogeneous

h~)ect i v es con~rtsing ea~~b far~.’i , .  Because homagene ity is a high ly
relative concept , however , it can be argued that even greater hosogene~ ty
could be secured hy s-.thdivid thg fam ilies f urther on purely ra tior .al
~r. undo. In Tab ] , 2 for example , one might further distinguish among the
fam ily V obj ect.ves i~. terms of those involving HEP end those irv~ lv ing
8~~ 4IVE tr~r~—~ ;itton . When this is done, two subfamilies can be identified .
The firs , with o~,~ectiveo £49 5t. a  contains 3L~ elements 1 20 of which are
common to all eight 1~ i ob .,ectives. The second or B~~H1VE subfamily, with
ot~ ectIves ~~~~~~~~~~ conta~~;o 35 elements , 22 of which are coanc-r. to all 8
obj ect 4 ves. The next ~; ‘ ep was S deter mine item genera lizab ility .

GEN~~ALIZAB L~TY ANALYSIS

The approach to estimatinv generalizab ility was based on the assumpt ion
that t~.e more element s an obj ective had in common w~.th other objectives, the
greater the probability tha t performance on the one objective would be
pred~ ct1ve of ~—erformance on the others. Two analogous indexes were
developed to describe i.he generalizat~.1i ty of a given objective . One was
used to express the gerMra1 izabil~ty of objectives in a given subfamily.
The other Index served ~,. sim ilar funct ion at the fam ily level.

The rationale for deve1op~r;g the gener elizability index stemmed from
•~~ assumption that an objective consisting of elements occurring infreq~.ertlyin the family or subfamily would not be as goed a predictor of performance
in that fam ily as would another objective containing elements shared by
many of the other objectives in the family. Because each objective has
many elements , the contr Ib ~ t ion of each element to generali zabi lity was
weighted by its freque~ c~, of fam i ly occurrence (F) or frequency of
subfamily occurrence ( f ) .  One can , however , look at these same eleaent.s
~~; larger perspective. That is, the elements also dist ribute themselves
across the domain , some cutti ng across many different families , while
others are concentra t ed almost entire ly in a given family . These latter
elements serv e to define the family . A parameter which takes this family -
domain tradeoff into accoun t was developed : Ff0 or f/D, where D is the

8
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frequency with which a given behavioral, element occurred in the 24J
-

- 
objectives comprising the gunnery domain. Each element is weighted

- . -- 
mul t i p licat ively for family frequency and Inverse ly for its frequency

-~~~~~ -, - 

~~. th e domain relat4. ve to the fami ly ( e . g . ,  F .  F f0) .  More simply stated ,
L tn ent a  contribute to genera ].izability in a. family to the extent that

the~,- are relati vely common Ir. the family and relatively unique in the
doaa~~.

Index values were computed for each objective in a given family as
follows: ~

‘or each behavioral element comprising the family the F2/D or
: - ./D value was computed . For a given objective, these values were summed
across the eleme nts definIng the objective .

i-~~;~:L~
-
~ OF T}~~ GENERAL1ZAB1LITY ANALYSIS

- c ~ eralIzab iiitv index values represented estimates of the extent to
which an objective permIts generalizations about the family or subfamily
of objectIves from which it is drawn . The resulto are presented in Tables
3-s . Each table represents one of the eight families and when appr opriate ,
constit .e ::t subfa.milies. In each case , the code number and description of
a ~‘rf. r-~i~.ce ,. ective In term~; of 11 system variables is preser.ted along
w ith computed indexes of generalizability for the family and subfamily , if
approprta~e. - eneralL~abilt ty indexe8 , expressed in terms of z score
e~~.lv -~lents, have ~een used to order ~--bJectives f rom most to least
generallzatle .

SU)Q(,LJ~Y AND CONCLUSION S
\

“~~ae~eralizabIl i ,  is an important. consideration ir , item selection , if
test performance is expected to be predict i ve cf performance on a larger
~cma in. in this o udy. analytic means were used to estimate the
ge :.eraliiability of performance objectives which were cand idates f or
inclusion In a tank gunnery test . Cluster analyses were conducted to
idt r .tify subsets or families of objective8 in the d omain which were
homoge - .- . - -..:~ in terms of behav I oral elements . Then indexes of
gener allr.a bility were computed to describe how generalizable a given
objective was to cthers in its family.  These analyses provided a useful
~ranework for applyIr.~ the crIterion of generalizability during item
asic- ion .

The data base suggests including at least one objective from each of
— the subdomains that were identified . Given relatively limited resources ,
4 .  f r examp le , the moot generalizable objective from each of the eight major
t families would be includ ed in the gunnery test . Given fewer constraints ,

the most generalimable objective from each of the 17 fami ly or constituent
suhfamilies would be selected . Although multiples of eight or 17
objectIves represer~t the ideal, a part ial sampling across families or

_ 
*_  _  4
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~
“
~.i subfaai1ies is also possible , and may even become necessary when other

factors such as criticality, existing range facilities and ammunition
costs are considered . ~~~.

Use of the methodolog i~al approach just described need not be limited

~-o tank crew performance objecti ves . Test designers working with any
well defined performance domain may siso find the app roach to be a useful
and convenient way of treating the issue of genera limaoility . In the
near ~ut ure, the Army Research Institute will publish a comprehensive
report on its efforts to develop a more efficient test of tank gunnery .

~.‘1ated effor ts include research to establish the criticalit y of cre w
performance objectives , an assessment of the appropriateness of different
test scoring procedures and a discussion of the tradeoffs in g’~ .er al1~.ability ,
cr ItIcality and score quality which are involved in the design of an
efficie nt test of t ank crew weapons proficiency .
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