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AN ANALYTIC APPROACH TO ESTIMATING THE GENERALIZABILITY
OF TANK CREW PERFORMANCE OBJECTIVES

INTRODUCTION

The Army program for gunnery training and tank crew evaluation is
defined by gunnery tables, consisting of several training or testing
exercises 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
testing exercises, Gunnery tables are developed for each Armor weapon
system that has significant differences in firing capability, and are
continuously revised to reflect changes in equipment and doctrine.
Additional impetus for revising the gunnery tables is provided by the
Army‘'s commitment to increase both combat readiness and efficlency in
training and evaluation.

Extensive efforts to improve the efficiency of tank crew training
evaluation are underway. In addition to ongoing TRADOC and FORSCOM
studies, a long-range program of research has been initiated by the U. S.
Army Research Institute. Numerous issues are being investigated,
including methods of defining and measuring the performance domain of tank
gunnery, the use of simulation devices as a replacement or complement to
live firing, and the type of practice schedule required to develop and
maintain required levels of proficiency. As part of this programmatic
effort, a project is underway to develop a more efficient Table VIII test
for MGOALAOS crews., The first of a series of studies toward this goal
describes performance objectives in the gunnery domain in terms of their
potential generalizability: the extent to which performance on one item
predicts performance on others.

Generalizability is an important consideration in tank crew training
and evaluation, The gunnery performance domain which tank crews must
master is considerable. A recent study reported by Kraemer, Boldovici
and Boycan (1976)* resulted in a list of 225 performance objectives, and
defined all possible ways that targets could be neutralized with ME0ALAOS
weapons. Bach objective represents a unique set of procedures to be
applied by the tank crew, with the environmental and tactical conditions
under which such procedures are appropriate. For example, "Given a
stationary M6OAlAOS and a moving tank type target of less 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
T G . Research Memorandum 76-9, U.S. Army
Research Institute for the Behavioral and Social Sciences. April 1976.
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time, range facilitles and costs associated with live ammunition, crews
cannot be provided the opportunity to practice and subsequently demonstrate
proficiency on all such performance objectives. Therefore, an optimal
subset must be identified. In the case of evaluation, this subset should
consist of objectives which minimize the risk of lisciuau'lcation - that is,
either passing crews who are really not qualified, or falling crews who are
qualified.

Traditional empirical item-analysis methods were not feasible for this
project because of the rescurces required to obtain repeated measures on
all tasks in the gunnery domain. In lieu of establishing item generalizability
empirically with livefire data, an alternative analytic approach had to be
used .

The validity of the approach rests on the assumption that the more task
elements or behavioral steps that any performance objective has in common
with other objectives, the greater the communality among those objectives.
Furthermore, the greater the communality, the greater the probability that
performance on the one objective is predictive of performance on others.
Suppose, for example, that it could be demonstrated that firing the main
gun using the precision method has more task elements in common with firing
the main gun battlesighted than with firing the coaxial machine gun. The
assumption is that because of this greater communality, the precision main
gun task is more predictive of the battlesighted main gun task than of coaxial
machine gun performance.

TECHNICAL AFPROACH

The basic approach used to establish communality among performance
objectives in the tank gunnery domain is shown in Figure 1. Objectives
were listed down the left column of a large matrix. Task elements were
then listed across the top. Examples of task elements are, "Loader
announces 'up’',” "Gunner indexes HEP" and "Gunner levels bubble." A'l'
or an '0' was then entered under each task-element in the row for each
objective, indicating that performance of the objective did or did not
require performance of each of the task elements. The matrix was
completed in this manner for 240 objectives and a total of 113 task
elements.

Certain "system state” assumptions had to be made early in the
analysis in order to achlieve consistency in specifying which task
elements were and were not included in each objective. If, for example,
the weapons were assumed to be loaded, different task elements would be
involved than if the weapons were assumed to be unloaded.
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Figure 1, Concept of the data matrix.

CLUSTER ANALYSIS OF THE OBJECTIVES

The first question in analyzing the matrix of 240 performance objectives
by 113 task elements was whether subsets or “"families" of objectives, those
that had many task elements in common, could be identified. If relatively
homogeneous families of objectives could be identified, the problem of
assessing generalizability of each objective could be simplified. Rather
than estimating generalizabllity of each objective for 240 objectives,
generalizablility could be determined for a much smaller set of objectives,
Representation of the entire domain of gunnery performance objectives
could then be insured by including the most generalizable objective(s)
from each family.

Two cluster analyses were performed in an attempt to identify families
of objectives. Both analyses began by calculating the "behavioral distance"
between each palr of objectives. Many distance measures have been reported
in the literature, but for the one-zero data in the objective-element
matrix, most of these measures are equivalent. The simple matching coefficient
(SMC) was used to measure behavioral distance in the present analyses. The
SMC measures distance by the proportion of elements which are identical
between each pair of objectives. Thus, for two objectives which have
exactly the same values on 20 out of the 113 elements, the inter-objective
distance is 20/113 or .117.

Use of the SMC produces a matrix that shows the behavioral distance
between every pair of objectives, Objectives that are "close together”
in behavioral distance form the clusters of objectives. The process is
amalgamative, in that the two closest objectives form the seed for the
first cluster. Nearby objectives are incorporated into this cluster
until an objective is found which is too far away; this objective then
forms the seed of a new cluster.

i 4
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Two clustering algorithms which employ the SMC were considered. One
of these, the Average Distance amalgamation algorithm, requires an
assumption that the 113 behavioral dimensions are independent. Because
this assumption seemed questionable, both this algorithm and another,
the Direct Clustering algorithm* which does not require the independence
assumption, were used. The Uirect Clustering algorithm was used first, to
test the independence assumption. The more typical Average Distance
algorithm was then used as a check,

RESULTS OF THE CLUSTER ANALYSIS

The Direct solution indicated certain dependencies but did not rule
out the Average Distance algorithm, so both were used as a pair of
converging operations. The Direct cluster analysis ylelded 26 distinct
clusters; the Average Distance solution recast the 240 objectives into 34
separate clusters. To examine the similarity or degree of overlap between
the two solutions, Venn dlagrams were drawn to indicate how each job
objective had been categoriged by the alternative solutions. An example
of the Venn diagram is presented in Figure 2. Each circle represents a
set of objectives clustered by one of the analytic procedures, Clusters
defined by the Direct solution are shown by solid lines. Clusters
emerging from the Average Distance approach are shown by dotted lines,
The numbers within clusters represent specific performance objectives,

The Venn diagrams permitted identification of clusters which overlapped
or were interconnected. Elght cases were observed in which high-order
clusters existed: contalning a mix of clusters from each solution, and
having no overlap with other higher-order clusters. These larger sets
were referred to as famllies of performance objectives.

Table 1 summarizes the eight families which were isolated by their
component clusters and objectives. The most compelling feature of Table 1
is the descriptive information provided for each family. These descriptions
were obtained by examining each objective in a family to establish what it
had in common with the other members. The consistency of the objectives in a
family is all the more striking when one recalls that: 1) description was
attempted only after the families had been identified; and 2) the descriptors
used had not been included in the cluster analyses.

* Dixon, W.J. BMDP: Biomedical Computer Programs. Berkely, California:
University of California Press, 1975.

Hartigan, J.A. Direct clustering of a data matrix,
American Statistical Assoclation, 1972, 67, 123-129
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Family V Objective-Element Matrix
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As further check on the integrity of the families, each was examined
in terms of its behavioral elements. A typical outcome is shown in Table
2 for Family V - Gunner, Main Gun, Precision, HEP/BEE. Table 2 has two
particularly salient features: First, only 39 of the total set of 113
elements are involved in Family V., Second, of these 39, 17 are possessed
by every objective in the family. This patterning is typical of that
found in all eight families: Only selected sets of elements apply to
each family, and many of these elements are possessed by every objective
in the family. It is the latter elements that primarily define a given
family and distinguish it from others.

Based on these results, the strategy for selecting objectives for
inclusion in a tank gunnery test would be to sample from the homogeneous
objectives comprising each family. Because homegeneity is a highly
relative concept, however, it can be argued that even greater homogeneity
could be secured by subdividing families further on purely rational
grounds., In Tabl? 2 for example, one might further distinguish among the
family V objectives in terms of those involving HEP and those involving
BEEHIVE ammunition. When this is done, two subfamilies can be identified.
The first, with objectives 49-56, contains 34 elements, 20 of which are
common to all eight HEP objectives. The second or BEEHIVE subfamily, with
objectives 57-6L, contains 35 elements, 22 of which are common to all 8
objectives. The next step was to determine item generalizability.

GENERALIZABILITY ANALYSIS

The approach to estimating generalizability was based on the assumption
that the more elements an objective had in common with other objectives, the
greater the probability that performance on the one objective would be
predictive of performance on the others, Two analogous indexes were
developed to describe the generalizability of a given objective. One was
used to express the generalizability of objectives in a given subfamily.

The other index served = similar function at the family level.

The rationale for developing the generalizability index stemmed from
the assumption that an objective consisting of elements occurring infrequently
in the family or subfamily would not be as good a predictor of performance
in that family as would another objective containing elements shared by
many of the other objectives in the family. Because each objective has
many elements, the contribution of each element to generalizability was
weighted by its frequency of family occurrence (F) or frequency of
subfamily occurrence (f). One can, however, look at these same elements
in larger perspective. That is, the elements also distribute themselves
across the domain, some cutting across many different families, while
others are concentrated almost entirely in a given family. These latter
elements serve to define the family. A parameter which takes this family-
domain tradeoff into account was developed: F/D or f/D, where D is the
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frequency with which a given behavioral element occurred in the 240
objectives comprising the gunnery domain. Each element is weighted
multiplicatively for family frequency and inversely for its frequency

in the domain relative to the family (e.g., F. F/D). More simply stated,
elements contribute to generalizability in a family to the extent that
they are relatively common in the family and relatively unique in the
domain.

Index values were computed for each objective in a given family as
follows: For each behavioral element comprising the family the F2/D or
£2/D value was computed. For a given objective, these values were summed
across the elements defining the objective.

RESULTS OF THE GENERALIZABILITY ANALYSIS

Generalizability 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 results are presented in Tables
3-5. [Each table represents one of the eight families and when appropriate,
constituent subfamilies. In each case, the code number and description of
a performance objective in terms of 11 system variables is presented along
with computed indexes of generalizability for the family and subfamily, if
appropriate. Generalizability indexes, expressed in terms of z score
equivalents, have been used to order objectives from most to least
generallizable,

SUMMARY AND CONCLUSIONS

“Ceneralizability is an important consideration in item selection, if
test performance is expected to be predictive of performance on a larger
domain. In this study, analytic means were used to estimate the
generalizablility of performance objectives which were candidates for
inclusion in a tank gunnery test. Cluster analyses were conducted to
identify subsets or families of objectives in the domain which were
homogeneous in terms of behavioral elements, Then indexes of
generalizability were computed to describe how generalizable a given
objective was to others in its family. These analyses provided a useful
framework for applying the criterion of generalizability during item
selection.

The data base suggests including at least one objective from each of
the subdomains that were identified. Given relatively limited resources,
for example, the most generalizable objective from each of the eight major
families would be included in the gunnery test. Given fewer constraints,
the most generalizable objective from each of the 17 family or constituent
subfamilies would be selected. Although multiples of eight or 17

objectives represerit the ideal, a partial sampling across families or ,———*;7avv\
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\ subfamilies 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 nthodologhal approach just described need not be limited ]
to tank crew performance objectives. Test designers working with any 3
well defined performance domain may also find the approach to be a useful _
and convenlent way of treating the issue of generalizability. In the
near future, the Army Research Institute will publish a comprehensive
report on its efforts to develop a more efficient test of tank gunnery.
Related efforts include research to establish the criticality of crew
performance objectives, an assessment of the appropriateness of different
test scoring procedures and a discussion of the tradeoffs in gereralizability,
criticality and score quality which are involved in the design of an
efficient test of tank crew weapons proficiency.

10
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