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Because of the enormous costs involved in the design and development of
a complex training device, one can ill afford to adopt a "wait-and-see™ atti-
tude about the effectiveness of training which it provides. The primary
problem confroniting individuals responsible for military training, therefore,
is how to plan for, design, and develop a training device from the very start,
which will prove to be effective for a particular set of training objectives.
But, given the requirements for training, how can one forecast or estimate
how effective any specific design will be? For example, as designed will the
device facilitate or inhibit ease of instructor operation (i.e., presentation
of problem materials, monitoring and evaluation of student performance, pro-
vision of feedback)? Similarly, from the student peoint of view, will the
design lead to rapid acquisition of skills and their positive transfer to the
operational setting?

If answers to these types of questions could be given early in the design
and development process, then a basis would exist for comparing and contrasting
the "relative gcodness" of alternative designs prior to actual development.

By systematically evaluating alternative designs in terms of predicted train-
ing effectiveness, we might better be able to insure that the design finally
adopted is better than other designs which may have been under consideration.
This, after all, is the basic point. It would be desirable to have some
early indication that the adopted design will provide superior training, rel-
ative to competing designs.

In the 25 years since World War II, few other training problems have re-
ceived as much attention. The problem has come under repeated attack and has
been approached from a number of different theoretical positions. Various
methods have been conceived to help determine what should be trained and how
training should be accomplished. Many of these approaches have shared the
assumption that operational tasks possess certain critical characteristics
which have specific implications for the design and utilization of training
devices. It was hoped that this information, together with estimates of cost,
would lead to training decisions which insured maximum returns for each train-
ing dollar invested. In spite of several efforts in this direction, however,
the problem of prescribing the design of a training device, or of predicting
its effectiveness, remains unsolved.

THE EARLY YEARS—~INTUITING THE SOLUTION

Historically, gross inadequacies in the design of training devices were
often eliminated on the basis of shrewd guesswork. In the earliest approaches,
design decisions were made by subject-matter specialists,who drew on experi-
ence and common sense,to solve training design problems. As a result, they
often wereable tc make fairly sound decisions about the design . of training
aids and equipment, student and instructor stations, and other aspects of the
training situation which might facilitate the learning experience. However,
these early practitioners were artisans. Because of their experience, they
were able to translate certain types of -Information about the job to.be per-
formed into requirements for training. As is true of all artists, however,
they differed in terms of their conceptualization of and their approach to
the training problems which faced them. As a result, some were highly success-
ful in making sound training decisions. Others were not. Furthermore, be-
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cause of the informal and implicit nature of their methods, it was difficult
to train others in their use. But the major disadvantage of this approach lay
in the difficulty of evaluating the proposed training solution prior to its
adoption. Predictions as to the effectiveness of training were scarcely
better than opinion.

QUALITATIVE TASK ANALYSIS——A CERTAIN AMOUNT OF NAME CALLING .

Because of the difficulties inherent in these individualistic methods,
attention was focused upon the development of more formal and programmatic
approaches. The results of these efforts were a mumber of job descriptive
and task analytic procedures. Using these approaches, it became possible to
describe jobs in terms of their major task components, and then to describe
these components in terms of underlying task elements and activities. Des-
cription proceeded systematically through several levels. The earliest of
these procedures (e.g., Miller, 1953; Miller & Van Cott, 1855) were designed
to help specify those. aspects of an operational task which should be consid-
ered as basic items of content in a training program. More recent efforts
(e.g., Chenzoff § Folley, 1965), while retaining an interest in specifying
the appropriate content of training, have also attempted to prescribe the
manner in which training should be accomplished.  Among the more advanced of
these techniques is the Training Analysis Procedure (TAP)} currently in use
at the Naval Training Device Center. As described in the Fourth Annual Con-
ference (Middleton, 1969), TAP is designed to aid in developing device re-
quirements and translating these into functional characteristics of training
hardware.

Other investigatcrs have attempted to formalize training decisions by
developing task classification systems having implications for training.
These taxonomists shared the belief that basically different types of tasks
did indeed exist. Given this premise, a logical step was to collect, sort,
and catalogue tasks, casting them into their appropriate classes or families.
For each identifiable class of tasks there might exist an unique ox optimally
effective set of training procedures. As a consequence of this thinking there
have been several attempts to classify tasks and to specify for each class
those training technigues which seem most appropriate (e.g., Willis & Petersom,
1961; Stolurow, 1964; Miller, 1969).

Many of the analytic and taxonomic methodologies developed to date have
had their own particular problems. Most, however, have shared one weakness.
They have become toc dependent upon a process of name calling or labelling.

A certain amount of name calling, of course, is inevitable, and in and of it-
self is harmless enough. But when a specific training decision may Test upon
the label given a particular task element, and when we often can't agree on

" the label to apply (e.g., decision making, problem solving, inductive reason-
ing), then there is cause for concern. At this point the objectivity and

- reliability with which tasks can be described and analyzed are in doubt.

Such is the case with many of the classical task-analytic approaches.
They have provided for the description of tasks in behavioral or functiomal
. terms (e.g., the behavioral taxonomy of Berlimer, Angell, § Shearer, 1564;
the functional descriptors employed by Gagne, 1962; and by Miller, 1966).
These terms have been found difficult to apply unambiguously. This diffi-
culty, coupled with the fact that the terms in use permit only qualitative
~ distinctions to be drawn among different tasks, limits the utility of these
approaches. While they may help to determine the basic content of training,
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and although they may even provide general guidelines about how training should
be conducted, these approaches will not aid in the prediction of training
effectiveness. -

QUANTITATIVE TASK ANALYSIS-—PIGEON-HOLDING BY THE NUMBERS

In order to augment these conventional task-analytic procedures, there-
fore, the Naval Training Device Center has been seeking altermative ways of
using information about the features of a training device and about the char-
acteristics of the tasks performed within that device. -Desired is a more re-
liable and objective method of task description which might be used to fore-
cast training effectiveness. Underlying this effort there have been two
issues of primary importance. First, would measures of training effectiveness
(i.e., rate of skill acquisition, level of transfer) vary in some predictable
manner as features of a training device were manipulated? Unless there was a 7
relationship between these two sets of variables, prediction of effectiveness , oo
would not be feasible. Second, and even more basically, would it be possible
to describe the c¢ritical features of ‘2 device reliably and along a number of
quantitative dimensions? Unless such description were possible, there would
be no way of investigating the relationship of interest.

To resolve these issues a research program was initiated by the Naval Train-
ing Device Center and thé American Institutes for Research (AIR) which had three
objectives. These involved: (a) . Exploring ways of reliably describing features
of trainee or instructor stations in quantitative terms; (b) determining whether
the quantitative descriptors could be used to describe failrly complex devices; and
{c) developing statistical methods for relating the quantitative. descriptors te = _
variations in device effectiveness. ’ s

In pursuit of these objectives, a variety of. computer-driven and tape-
based somar training devices were examined, in order to identify features,
which could be quantified. As a result of these efforts, a number of quanti-
tative task-descriptive indices were assembled. These indices, developed by
AIR, represented critical dimensions of the stimulus, response, and procedural
aspects of trainee and instructor statioms. Critical dimensions were those
which, if manipulated, would be expected to affect level of (imstructor) pro-
ficiency, rate of skill acquisition, or degree of transfer. Included among -
the indices were a variety. of rating scales relating to such dimensions as
work load, precision of responses, and response rate. Other indices were
based on metrics such as the Display Evaluation Index (DEI) developed by
Siegel and his co-workers (Siegel, Miehle, & Federman, 1963) and the several
panel layout metrics developed by Fowler and his associates (Fowler, Williams,

Fowler, & Young, 1968). The DEI is basically a measure of the effectiveness

with which information flows from displays, via the operator, to corresponding

controls. The panel-layout indices represent the extent to which general human- “
engineering principles have been applied to the design of hardware.

Application of the indices to four trainee tasks; (i.e., set-up, detectlon
localization, and classification) as represented in a variety of different N
sonar training devices, was attempted. This exercise demonstrated that most
if not all of the indices could be used reliably to scale the extent and man-
ner in which the trainee tasks differ across-devices.. By extension, there-
fore, the indices can be used to describe reliably and quantitatively how com-
peting designs of the same device differ.
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Can such quantitative information be related to measures of training
effectiveness? In the final analysis, there is no way of specifying a priori
which indices will bear a relationship to measures of performance, learning,
or transfer. In order to explore the relationship between variations in de- =
sign parameters and training effectiveness criteria, additional research is )
Tequired.

Such. research has been undertaken by AIR for NAVIRADEVCEN and is currently
in progress. Training-effectiveness data are being collected both in the field
and in the laboratory to provide criteria for regression analysis. The lab-
oratory data are being obtained with the aid of a synthetic "trainer" which
is an:abstraction of the many sonar devices examined earlier in ocur research
for NAVTRADEVCEN. The field data are being obtained through questionnaires, given
to instructors and to trainee personnel. These questiomnaires are designed to
elicit estimates of the effectiveness of specific sonar trainers under stand-
ardized conditions. Use of the questionnaire,as opposed to more explicit per-
formance evaluation,is being employed because of the well-known difficulties
of accessing field equipment directly. Based on these field and laboratory
data, regression equations will be developed. Such equations, if successfully
validated, would permit the effectiveness of a given design to be predicted
from knowledge of index values descriptive of that design. That is, we could
then "pigeon-hole™ by the numbers.

The trend away from purely qualitative task analysis procedures toward
more quantitative techniques will result in improved training solutions. - Such
techniques offer promise in assuring the effectiveness of a training device-
earlier in the design process. Until these techniques are formally developed,
predictions of trainee or instructor proficiency on particular trainer config-
urations will continue to be as much art as science. )
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