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1.0 INTRODUCTION

1.1 Background

One of the most complex problems facing Army planners is the
design and development of effective training systeams, particularly where
the use of operationa) equipment for training purposes {s impractical.
A number of situations necessitate constraint in the use of operational
equipment in 4 training role. These include reduced military budgets
with consequent reduced availability of actual hardware for tratning
purposes, reduced availability of large-scale training areas and ranges,
and finally, growing concern for the ecological damage which can arise
trom mechanized field engagements,

In order to deal with the limitations resulting from the reduced
use of operational hardware the Army has turned incredsingly to the use
of training devices which simulate the operational situation. These
training devices are designed to meet the needs of a variety of students
who enter the training situation lacking varying degrees of knowledge or
skill. To the extent that exposure to the training device(s) imparts
necessary knowledge and facilitates performance at specified criterion
levels on an operational task, the tratining device is judged to be ef-
fective.

A basic problem is how to plan for, design, and develop a trainting
system incorporating the different kinds of devices which will prove to
be effective for a particular training and operational situation. The .
development starts with a statement of the requirement for training (e.g., b
a new weapon system i3 being develcped for which trained operators will ‘
eventually be required; or, a training need is identified whith cuts 3
across several weapons systems). The next step is to identify what needs '
to be trained (the training deficits possessed by students who wil) be
exposed to the training) and to specify the general training system which
will meet these objectives, At this level the specification is still a ]
"functiomal" one, oriented toward goals and objectives as opposed to -

hardware,
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As planning of the training program progresses, the level of detail
also increases and the "how" of training begins to be explored. Decisions
are made regarding classroom versus on-the-job training, the length of
the course(s), and the requirements for training devices and aids to sup-

port training. Many of these decisions are fairly straightforward and f »é
can be made by experienced training specialists familiar with the personne) :
needs and resources of the Army. Questions regarding training devices, ﬂ

however, are not readily amenable to such a pricess, How and when to use
them, how to design them, and what to spend on tpem 4are issues which, in
the past, have been dealt with in a fairly arbitrary manner due to the
lack of objective bases on which to make such decisions. Sound instryc-
tional decisions regarding the use of training devices are contingent upon
the development of a conceptual framework and methodology which can be
employed to forecast training device effectiveness.

The primary goal of the present project is the development and
evaluation »f a model which can be used to predict and to evaluate the
effectiveness of training devices. The modeling is particularly aimed at
describing how device design, device use, training strategy, and individual
ability interact to influence device effectiveness. Standards of ef-
fectiveness include both acquisition and transfer of mil{tary skills with
emphasis placed upon transfer from training to operational settings, As
described in the preceding reports on this project (Wheaton, Rose,
Fingerman, Korotkin, and Holding, 1974, 1976), the first step in develop-
ing the mode! was to examine, and when possible, to build upon previous
efforts. Toward this end, past methods and models dealing with the
design or evaluation of training devices were reviewed, general tneories
of transfer were studied, and a host of specific varfables were surveyed,
particularly in terms of their impact on transfer. Based upon a synthesis
of these inputs a preliminary mode) was formulated for predicting the ef-
fectiveness of a given training device at the various stages in its
development. In the training-content by training-process mode! which ‘
emerged, device effectiveness was viewed as a function of: (1) the :




potential for transfer, (2) the magnitude of the trainees’' learning
deficit, and (3) the appropriateness of the training techniques used to
overcome that deficit, Subsequent efforts have sought to refine and
clarify the model and to develop a plan for field testing and evaluation.

1.2 Purpose of the Report {

-As the second document in the series, spn present report is
concerned with the development of an updated form of the transfer of
training model, and the synthesis of its components into a standardized
method for its application. Major concerns are determination of the kinds
of data necessary to apply the model, an assessment of the availability of
the needed information, and the development of & feasible and reliabie
set of procedures for processing the data to generate predictions of
potential training-device effectiveness. )

rd

The foilowing sections of the report outline the steps followed to
achieve these obJectives.'fkection 2.0 outlines the rationale and
development of the predictive model into its current form., In generating
predictions about the training effectiveness of a given training device,
the mode! combines data concerning the device's transfer potential, the
learning deficits of the trainee population, and the extent to which the
device incorporates various training principles and techniques which have

been shown to have potential for enhancing training effectiveness,
\ .
"t Saction 3.0 of the report describes the detailed procedures that

are necessary to generate predictions from the model. Procedural issues
include: the data which are needed, as well as how they are to be
acquired and processedvﬁ\The ffrst procedural step involves the determina-
tion of transfer potential for the device in question. The model presents
transfer potential as a joint function of: (1) task communality between
the training device and tﬁe operational task, and (2) similarity between
the device and the operational situation. The second step involves the
determination of a Learning Deficit for the trainees who will be trained
on the device. The third step requires an assessment of the extent to
which the various training steps in the device utilize various principles

3
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of training. The final procedural step in applying the mode! invoives

the process by which the data from the other steps are combined into an

index or indices which reflect the device's effectiveness. The {ndicators

relate to the percentage of training time saved by using the device as

well as to various measures of trainee proficiency after a given amount

of exposure to the device. The model also allows for an assessment of 1
transfer that takes into account the type and amount of supporting 7
classroom instruction which the trainees experience before practice on
the device.

Section 3.0 also describes in detail the step-by-step procedures
that the project staff followed in performing an experimental appti-
cation of the model, Two training tasks used for this purpose were:
(1) fire main gun (M60A tank) using the M-32 sight, and (2) apply
burst-on-target adjustment of fire using the M-32 sight, Four devices
were processed. These were the 17-4 Burst-on-Target Trainer, 17-B4
Burst-on-Target Trainer, M-55 Conduct-of-Fire Trainer, and SIMFIRE.
These devices were selected in a manner designed to yield at least
modest varidtion in their predicted efficacy for training the two
criterion tasks so that the model's utility could be assessed across a
range of predictions.

The purpose of this preliminary application was twefold., First, it
wds designed to assess the feasibility of applying the model. Feasibility
includes an assessment of the time in a training device's “1ife cycle" at
which the model can be applied, either at the Training Device Requirement .
(TDR) stage. or at the prototypic device stage. Another asspect of .}
feasibility concerns the potentfal application of the model for systems
versus non-systems training devices. The second purpose of the applica- 4&
tion was to determine the reliability of the procedures. [n most cases,
modeling data were collected independently from four senior project staff
members and relfability indices were computed. These are reported in
Section 3.0. This section also discusses the problems thut the pruject
staff encountered in applying the model and the resolutions which were




achieved. This information should prove invaluable in future applica-
tions and as guidance for Army personnel who may wish to apply the
model .

Section 4.0 presents the development and derivation of a predictive
equatfon using as parameters the outputs of the analyses discussed in
Section 3.0. Section 5.0 consists of a discussion of the results, and
suqqestions for further research in the area.




2.0 THE MODEL

2.1 Background
The first report in this series (Wheaton, et al., 1976) presented
a prelfnindry structural model for use in forecasting training device
effectiveness. This preliminary model incorporated most of the central .
issues involved in training device effectiveness that were revealed
through an analysis of previous models, methods, and empirical data. hf
The model dealt with two major classes of variables: :
1. Those associated with developing a training device which does,
fn fact, elfcit the behaviurs which are required in the opera-
tional situation; these were termed "Appropriateness” variables,
Those variables associated ~ith actually learning these
behaviors, these were called "Lfficiency” variables,

o

Under "Appropriateness,” the central {ssue was the transfer
potentfal of the device. Assuming that the trainee became proficient yn
the tasks presented in the training situation, would he then meet the . b
tratning requirements? To deal with this question, three types of
analyses were proposed: (1) a communality analysis, (2) o criticality
analysis, and (3) a similarity analysis,

In addressing the "Lfficiency” i1ssues, two major analyses were pro-
posed. The tirst involved a deternanation of the trainee's learning
deficit: an assessment of what trainees were actually required to
learn.  This was addressed by three proposed analyses: (1) determining
whether appropriate skills and knowledye were already in the trainee's
repertory; (2) establishing the proficiency requirements for the
criterion transfer task; and (3) estimating how difficult it would be
to learn the task, The second major analysis subsuwed under "Efficiency”
was the Training Technigues and Principles analysis. This proposed
analysis was an attempt to make direct use of empirical data and training
principles for a specific situation in order to depict the efficacy of

training,
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The basic input data for all of these proposed analyses was
presumed to stem directly from or to be derivable from task analyses of
the training and the operational situations. The preliminary model pro-
posed two complementary schemes for conducting the task analyses, thereby
determining the "Trajning Content": (1) a detailed task description, and
(2) a behavioral taxonomic classification,

C

In summary, the preliminary model was represented as a training-
content by training-process matrix. The content axis consisted of task
analytic data, while the process axis was made up of two major headings,
Appropriateness and Efficiency, and several subheadings. A functional
mode) was only implied in the previous report;, basically, it was assumed .
that the inputs to the Appropriateness and Efficiency analyses would be :f
task or subtask descriptions (and the behavioral categories for these
tasks) of the operational system and the training sftuation, combined
with a physical description of the operational and training equipment,
The precise nature of the measurements to be taken, the resultants of
these individual analyses, and how these measures would be combined were
unspecified in the preliminary model.

2.2 Current Structural and Functional Model

With minor exceptions, the model in its current state of development
retains the basic structure of the preliminary model. While specific
decisions regarding the implementation of the various analyses have been
made, the basic rationale for the general types of analyses to be per-
formed has remained unchanged. Training device effectiveness {s still
viewed as a function of the transfer potential of the device, the
learning deficit of the trainees, ard the extent to which appropriate
training techniques sre utilized in the device, As mentioned in the
previous report, training effectiveness in general will be moderated by
a host of potent variables external to the device itself, such as device
acceptance, cther instructional support, etc. While it {s still felt
that many of these variables would more appropristely be considered in o
traintng system effectiveness model, provision has been made for an

7
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“extended” application of the current device effectiveness model. For
instance, it has been found that the type and amount of supporting
classroom instruction can be incorporated into the learning-deficit
portion ot the model. Other examples of this extended model application

will be presented below,

Figure 1 presents the structural and functional model at its
present stage of development. The structural mode) is divided under
three major headings: Inputs, Processes, and Outputs. Functional
relationships are indicated by arrows leading from inputs through
processes to outputs. In order to minimiye perceptual confusion,
several arrows have been omitted from the figure;, these omissions will
be discussad below, along with thelr appropriate locations and functions,
The tollowing discussion of the model is organized around the three
major analyses comprising the processes by which input daty are trans-
formed into outputs. These major analyses are: Transfer Potential,
Learning Deficit, and Training Techniques, Detafled discussion of the
procedursas involved in conducting each analysis will he presented in
Section 3.0 below,

2.2.1 Transfer Potential.  The model presents transter potential as
a joint function of (1) task communality between the training situation
and the operationd) setting, and () stmilarity between the training
device and the operational equipment., Task conmunality refers to whether
3 oapecific task fn the operational situation is represented in the train.
ing device., Communality can be assessed in two ways, first, comunality
tan be determined from the actual way that the devire is currently used
by the Army. For example, for the subtask, "Indexes ammunition into the
computer,” SIMIIRE has no communality with the operational task since
trainees are presumed not to index ammunition in the SIMFIRE trainer.
The other way of viewing communality s to assess “potential” communality
between the device and the operational sftuation. [n the example above,
SIMFIRE would have potential communality with the operational task,
since it would certainly be possible for trainees to index ammunition in
the SIMFIRE trainer,
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Similarity refers to (1) the physical simitarity between the displays
and controls in the training device and those in the operational situa-
tion, and (?) the degree of functional similarity between the controls
and displays in the two situations, Physical similarity is what has
traditionally been referred to as “"fidelity." It refers to the appearance
and physical characteristics of the displays and controls in the tratning
device and the operational situation. Functional simflarity fs a newer con-
cept which refers to what the tratnee actually does to the controls and dis-
plays in the two situations, The concept is based on information-processing
theory, and utilizes the idea of information transmission (Fitts and Posner,
1967).  Two basic decisions are made in determining functional similarity.
First, are the information-processing functions ot the displays and controls
in the operational situstion represented realistically in the training device?
tunction refers to such formal {nformation-processing activities as conser-
vation, reduction, or generation, for example, 8 task fnvalving conservation
is one in which the vutput has some fixed relationship to stimulus events,

%0 that the stimulus {input) can be inferred preciscly from the response
{output). To {llustrate, in the operational situation, the earphones serve
the tunction of conservation: they transmit signalsy from the tank commander
to the gunner reqarding type of ammunition, etc. In the training situation,
the earphones are not present; however, the same information conservation
function fs maintained since the same information s still transmitted to

the gunnery trainee. The second decision 15 with respect to the amount of
informatinn transmitted in the two situations. for example, in the operational
situation dassume that the ammunition command reduces the gunner's uncertainty
45 to which of six types of rounds he will have to index. If, in a traintng
device, it 15 possible to index only two different rounds, the amount of
information in the two situations 1s different. The concept of functional
similarity will be further claborated in the procedures section (3.0) telow,

Inputs to the Communality analysis consist of subtask descriptions
for the device and the operational situation, The Physical Similarity
analysis requires a 1ist and description of the controls and displays for
the device and the associated operational equipment, and, the Func.
ttonal Similarfty analysis requires a 1ist of control and display
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functions in the two situations., Operational definitions for these )
inputs, along with the procedures for obtaining the information, are ]
presented in Section 3.0. The outputs from each of these analyses are _
combined to arrive at a Subtask Transfer Potential value for each of the 4
subtasks. Again, combinatorial rules will be presented in later sections »

of this report, |

The preliminary model, in addition to proposing a Communality and
Similarity analysis for Transfer Potential, also included a Criticality
analysis. The basic idea was to determine which of the tasks identified
by the training objective and found in the operational situation would be
most critical to have represented in the training device. It became ap-
parent, however, that no task was a priori more critical than any other
for operational performance; in a sense, all subtasks are, by definition,
equally important since faflure to perform any one of them might result
in failure to perform the entire task adequately. Criticality, therefore,
{s currently viewed from the perspective of the trainee: what tasks or
subtasks require the most training? Thus, criticality has been subsumed
under the next major analysis, Learning Deficit,

2.2.2 Learning Deficit. This analysis essentially involves
determining the relationship between the level of proficiency that »
trainee has prior to training and the leve) of proficiency that is re-
quired in order to be able to perform the operational task to criterion
specifications. There are two procedures involved in this analysis:

(1) a detarmination of the "objective" difficulty of the subtasks in-
volved in operational performance; and (2) an assessment of the specific
defictts, in terms of skill and knowledge requirements, of the trainees,
The first determination involves a ranking of the relevant subtasks by
difficulty, independent of the specific trainee population. The second
assessment involves a rating, for each skill and knowledge requirement,
of the required level of proficiency and the hypothesized level of
preficiency of a given trainee population.

N




Inputs for these analyses are again the subtask descriptions for the
operational tasks, and naturally, the training objective. In addition,
a Tist of the skills and knowledge required for each of the subtasks
serves as input, This analysis is performed independent of any
particular training device; Learning Deficit depends solely on a
specification of what trainees must know at the end of training. As
mentioned above, "Criticality” now refers to those tasks which have the
largest learning deficits; these are the tasks that are most necessary to
have represented in any training device. The output of the Learning
teficit analysis fs a score representing the difficulty of 8 subtask,
weighted by the severity of the specific deficits on that subtask for a
given trainee population, As suggested above, it 1s possible to incor-
porate knowledge about auxiliary classroom instruction at this stage of
the overall analysis, Ffor example, classroom instruction could provide
some of the necessary knowledge that would otherwise contribute to a
greater deficit rating; this information would result in a change in the
weights assigned to a particular subtask,

2.2.3 Training Techniques. The third major analysis involves an
assessment of Lhe extent to which the vartfous training steps in the
device utilize various principles and techniques of training. These
principles and techniques were gencrated from an analysis of the existing
training and transfer literature, The basic procedure is to compare a
specific device configuration against these training techniques and
Jotermine whether or no* fand to what degree) the device conforms with or
violates good practice.

The inputs to this analysis are unspecified in Figure 1. In effect,
any and all information obtained from the preceding analyses is con-
sidered as input; this includes the training objective, skill and
knowledge requirements, similarity ratings, and so forth, The principles
themselves have been rated with respect to empirical and theoretical

support.
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Logistically, the Training Technique analysis is a most time-consuming
activity; presently, there are approximstely one hundred principles and
techniques to be evaluated for each subtask, for each device under consid-
eration. Vvarfous strategies have been employed to facilitate this
analysis. One technique s to categorize each subtask and principle into
an appropriate behavioral category (see Section 3.6, and Appendix A);
this reduces the number of principles scanned for each subtask, Amother
technique 1s to divide the principles into categories which pertain to
various aspects of performance. [n the examples processed for the
present report, these categories were: stimulus parameters, response
parameters, and feedback parameters, Further modification and organiza-
tion of this analysis {s being considered.

The output of this analysis is a rating, for each subtask, of the
potential effectiveness of a particular device for overcoming a specified
learning deficit in a given subtask. This output {s then combined with
the outputs from the Transfer Potential and Learning Deficit analyses to
produce a subtask device effectiveness rating. Finally, the ratings for
cach of the subtasks are combined to produce an overall device effective-
ness rating,

succeeding sections will further elaborate the derivation of inputs,
the specific methodology for the processes, and the mathematical and
practical rationale for the combinatory rules. The specific procedures
have implications for informational requirements of the model as well as
for experimental paradigms necessary to test it. Aside from the specific
application, however, we feel that the model in {ts present form incor-
porates the various considerations applicable to the evaluation of
training device effectiveness., While the adequacy of the procedures and
the relations between the various outputs remain to be empirically
validated, the concepts and constructs underlying the mode! were generated
from a thorough consideration of existing 1iterature, expert opinfon,
and practical guidelines of training. As such, the mode! can be constdered
apart from its specific application as the current best guess as to what
should be considered in the evaluation of a device,

13 X




3.0 PROCEDURES FOR APPLICATION OF THE MODEL
3.1 QOverview

In this section procedures are presented for application of the model
to generate forecasts about the effectiveness of training devices, The
intention is to describe the analytic steps in sufficient detail to enable
vthers to apply the model. In the Army's case the required analyses would
be performed by personnel experienced in task analysis and in derivation of 1
trafning objectives. In the following portions of this section (3.2-3.6) five
basic analyses are described including: Task Communality analysis (3.2),
Physical Similarity analysis {3.3), Functional Similarity analysis (3.4),
Learning Deficit analysis (3.5), and Training Technique assessment (3.6).

In the final portion of this section (3.7), procedures are presented for
determining summary index values for the three components of the structural
model: Transfer Potential, Learning Deficit, and Training Technigues,

fach analysis 1s described according to a standard format., First,
the fnput data requirements are indicated and the steps necessary to generate
these inputs are discussed. Next, the specific procedural steps involved
in conducting the anmalysis are described. [xamples dre given of how
actual input data were analyzed by the project staft, The results
of this application are presented along with a discussion of the feasibility
of obtaining the required input data, the reliability of the procedures
followed, and the problems encountered and their resolution,

In each instance when a specific analysis was attempted, the same ,
test-bed was employed. The effectiveness of four devices in meeting two 4
different training objectives was determined. The training devices con-
sisted of: (1) the 17-4 Burst-on-Target Trainer; (2) the 17-B4 Burst-
on-Target Trainer; (3) the M55 Conduct of Fire Trainer; and (4) SIMFIRE.
The tasks underlying the two training objectives were: (1) "fire the
main gun (M6OA! tank) using the M-32 sight”; and (2) “apply burst-on ]
target adjustment of fire using the M-32 sight." !

3.2 Task Communality Analysis (TCA)

As indicated above in Section 2.0, the first major analytic step
in applying the mode! ts to conduct & Task Communality analysis. The

14




basic purpose of this first step is to describe the overlap in training
content which exists between the operational situation and any designated
training device. The amount of this overlap is crucial since it is ag- .
sumed that the potential for transfer of training (see Figure 1) will P
ircrease as a direct function of the degree to which criterion task
relevant content is contained within the training device.

N = I

Specifically, overlap of content refers to the degree to which sub- L
tasks comprising the operational criterion situation (i.e., fire main gun f
using M-32 sight) are represented in the device. On this basis communality
s safd to exist when the trainee can perform and practice a subtask in
the training situation which is also performed in the operationa)
s{tuation,

3.2.1 Data Requirements. The first and most basic data raquire-
ment in conducting TCA, or any of the other analyses for that matter, is
4 detailed statement of the training objective., The importance of
satisfying this requirement cennot be emphasized strongly enough. As
implied fn Figure 1 above, it 1S the stated training objective which
serves to focus attention on a specific criterion situation including:
1) the precise nature of the task to be learned; 2) the conditions of
task performance during transfer; and 3) the performance standard(s) to
be met. Information on each of these aspects of the stated training
objective {s vital for application of different portions of the mode!.

The procedures for developing a detailed statement of the training
objective have been formalized and are presented in CON REG 350-100-)
(1972) and CON PAM 350-11 (1973). As will be discussed in a later section
of the report, however, this formal detailing is not typically done dur-
ing earliest stages of device development., Consequently, the statements
of training objectives which accompany Training Device Requirement (TDR)
documents are often fragmentary and of a very general nature. This lack
of detail impacts upon application of the model early in device develop-
ment .
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There is a second major data requirement for TCA, Detailed task-
analytic information is needed regarding the operational criterion task
which has been specified in the traintng objective; similar data are needed
regarding the training task itself. Tor TCA, {dentification and listing of
the subtasks comprising the operational criterion task and the training
task are essential,

In order to generate such data the general approach described in
CON PAM 350-11 (1973) and the specific guidelines provided by Folley
(1964) and Chenzoff and Folley (1965) may be used. To provide inputs
for TCA the approach is to break the operational criterion situation
down into successively finer units of description, stopping at what
constitutes the subtask level of detail., Based on Folley's (1964)
system of description, a subtask may be defined as an activity that is
performed by one person and bounded by two events. An example of a sub-
task might e, “.Jpon receipt of the alert element of a fire command,
sets turret power switch to the 'ON' position". An event may be defined
as 4 discrete and identifiable act or occurrence, Examples would be,
"receipt of alert element" and "switch in 'ON' position". An activity i
{s defined as_the behavior(s) comprising & subtask, such as “setting a f
switch®, A task is defined as a_set of two or more subtasks (e.g., “fire R
main gun using the M-32 sight") and, finally, a system block is defined ;
as a set of tasks occurring at about the same time in system operation,
all directed toward achieving the same sub-objective in the operation.

For the applications of the mode! described in the current report,
task descriptive data generated by the U.S.A. Armor School, Fort Knox,
Kentucky, by Powers and McCluskey (1076), and by the project team were subjected
to the detailing described above. From among the 65 general tasks as-
sociated with MOS 11E (Armor Crewman), one was chosen for study: “Fire
M6N/M6GA] Main Gun". This system block was comprised of 15 tasks, two
of which were selected for analysis. As previously indicated, these
consisted of: 1) "firing the main gun with the M-32 sight"; and 2) “ap-
plying the burst-on-target (BOT) method of adjusting fire using the M-32
sight". Each task was then analyzed in order to generate a 1isting of
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its component subtasks. The results of this analysis, shown in Table 1,
served as the primary input to TCA.

3.2.2 TCA Procedure. The first step in TCA is to construct a task-
communality matrix as shown in Table 2. Task and subtask information
about the operational situation is listed down the left margin. The
training devices to be assessed are listed across the top of the page.
Notice that the listing of devices is repeated 1n order to permit
separate andlyses to be performed with respect to potential and actual
communality, Potential communality addresses the overlap between sub-
tasks in the training and operational settings which could conceivably
exist, regardiess of how the device is currently used, As such it
represents 8 maximum estimate, When data are available describing how
the device is actually used (i.e., which subtasks are practiced) a
second estimate of communality is possible. This second estimate will
be the more accurate of the two, but will usually be available only in
cases where a prototype of the device is in use, (It is even conceivable
that the same device, evaluated at two different locations, could produce
different TCA estimates, due to differences in device utilization.) In
any event, comparison of the two analyses may prove useful. When a large
discrepancy exists between potential and actual communality, it may
indicate the desirability of revising current methods of utilization in

order to take better advantage of the device's potential for positive
transfer,

The second step in TCA consists of a listing of the subtasks conm-
prising the training task. This listing 1s accomplished separately for
each task and device under consideration. For accuracy and to insure
relfability it is suggested that this step be carried out formally.
Potentially valuable information may be overlooked {f one simply
considers each operational subtask and makes a guess about its inclusion
in the device.

Armed with 11sts of subtasks for the device and operational setting,
one can perform the third and crucfa) step in TCA. For each operational
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TABLE 1
SUBTASK LISTING FOR MAJOR TASKS IN THE OPERATIONAL SITUATION

: TASK: Fire main gun using primary sight (M-32).
Subtasks:
1. Upon receipt of the alert element of the fire command, places turret
; power switch in "on" position, (Alert)
|» 2. Upan receipt of the ammunition element of the fire command, places
4 main gun power switch in “on" position and coaxial machine gun
) switch to the appropriate position. (Select Gun)
3. Index appropriate ammunition {nto the computer, using the ammunition
selector control, (Index Computer)
4. Upon receipt of the target element of the fire conmand, monitors unity
window for target, and, when located announces, “ldentified." (Monitor)
5. Upon receiving control, operates controls to place cross hairs of
: sight on center of target vulnerability. (Initial Aim)
6. Tracks target. (Track)
7. Upon recelpt of execution element of fire command, checks final lay
of the gun and applies appropriate lead. (Final Aim)
8. Hears, "Up," announces, “On the way," pauses one second, and squeezes
trigger. (Fire)
TASK: Adjust fire using Burst on Target (M-32 Sight).
) Subtasks:
1. Upon firing, monitors sight for target and relays as necessary to
reacquire the original sight picture, (Relay)
2. Senses the roynd (observes burst in relation to target, and determines
new aiming point on reticle) and begins to relay. (Sense)
‘7 3. Operates controls to place new aiming point on center of target
vulnerability. (Apply BOT)
4, Tracks target. (Track)
5. Hears, "Up," announces, “On the way," pauses one second, and squeezes

trigger. (Fire)
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subtask listed along the left margin of the task-communality matrix, the
analyst scans his list of training subtasks. If, in fact, a device could
or does enable the trainee to practice the subtask in question, ¢ "1" is
entered in the appropriate cell under the device. Wowever, if that
particular subtask is not represented, a "0" is entered. This process

is continued until all operational subtasks have been evaluated.*

In making Judgments about communality 1t is important to remember
that the only consideration {s whether or not the essence of the opera-
tional task is represented; in general the judgment will be based on the
activity or behavior comprising the subtask, The issue of how well ov
how faithfully the subtask is represented is dealt with during Similarity
analysis,

3.2.3 Results. The results of the Task Communality analyses dre
presented in Table 2 for each of the devices under examination, The
task communality indices indicate that communality is quite high for all
of the devices examined, and highest for those devices (e.g., M55 and
SIMFIRE) which make use of the M60A] tank itself. The 17-4 and 17-B4
devices exhibit less communality, primarily due to the tact that they
do not simulate moving targets, making it impossible to train tracking
(subtasks 1-6, and 11-4). It will also be noted that potential comu-
nality 1s slightly better than dctual communality. This occurs for twe
reasons,

First, in this application it was assumed that the trainee does
not index ammynition (subtask I-3) in the two tank-based devices,
Second, in actual use none of the devices compels the trainee to reacquire
his original sight picture after firing the main gun (subtask 111},
The results of both TCA's are retained and carried forward for use in
compiling summary indices.

*In some cases there will be additional subtasks associated uniquely
with a device and not found in the operational setting. Thete sub-
tasks should be footnoted at the bottom of the task-communality
matrix, and retained for further analysis.

20




TTTomERTYTT T e T T e D T

N

[ PP SR T S

3.2.4 Evaluation. In general, TCA proved to be straightforward,
there being few problems in actually making the ratings. Kating ease
was undoubtedly facilitated by the dichotomous nature of the decision;
either the subtask was represented in the training device or it was
not,

It should be emphasized, however, that successful application of
the TCA procedure requires rather detailed task-descriptive statements
for both the device and the operational equipment. After careful review
uf a number of Training Device Requirements (TOR'S) provided by the Army,
the project staff was of the opinion that the level of detail currently
provided in these documents would be generally inadequate for a detailed
subtask communality analysis, This point is underscored by the fact
that the only difficulties encounterad in making the ratings on existing
devices were due to incomplete information about the device on the part
of the staff, Most of this difficulty was experienced by staff members
who had not actuslly seen the device in question, These difficulties
were readily cleared up by other staff members more familiar with the
device, Consequently, TCA is judged feasible given that the required
task-descriptive {nput data can be generated.

In Table 2 inter-judge aqreement data are shown within each major
task for the four devices. Communality Judgments were obtained inde-
pendently from four staff members who had advanced tratning and extensive
experience in the behavioral sciences., The reported cuefficients
represent the proportion of cases in which the judges were in complete
agreement, Thirty-two judgments were obtained for each device during the
analysis of Task I; during analysis of Task 11, 20 judgments were made,

In general, interjudge agreement was quite high, A high degree of
confidence can be placed in the relfability of the procedure for per-
forming TCA, Of the disagreements that did occur, the vast majority
again arose when a Jjudge had an erroneous impression of what a device
did or did not do.
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1.3 Physical Similarity Analyiis (PSA)
The second major analytic step in applying the model consists of
Physical Stmilarity analysis. This analysis is derived trom several

traditional fidelity-type measures, and deals in some detail with the
similarity between physical characteristics of the training device and
thuse of the operational situation. The assessment is based on the
physical similarity or fidelity of displays and controls in the training
dovice relative to those in the operational equipment,

3.2.1 Data Requirements, The detailed task descriptive data
developed during TCA for both the training device and the operational
equipment are used to generate 4 list of controls and displays relevant
to evach subtask. These lists constitute the basic input to PSA, A
display is defined as an_information source or transmitter, and a control

as an information receiver which must be physically operated on. [Infor-
mation 1s defined in the information theoretic sense used by Fitts and
Pusner (1967). A control or display is included in the list generated
tur esch subtask if it either transmits or receives the information in-

valved 1n pertormance of the subtask,

In Table 3, the two major tasks together with their subordinate
subtasks arc listed alonyg the left margin, Under each subtask the dis-
plays (D) and controls (C) involved directly in subtask performance are
also Jisted. In subtask I-1, for example, information {5 transmitted
by: 1) an earphone displaying the alert element of the fire command;
and 2) by the momentary on/off pusition of the turret power toggle
wwitih. The control in this subtask consists of the turret-power toggle
switch 1tself,

3.3.2 PSA Procedure. For each suotask, a rating is made on each
relevant contro) and display which describes how well it is represented
in the training device. While ratings of subtasks lacking in communality
are not uted directly, 1t is generally useful to make ratings for an
subtasks. The ratings of physical similarity are made alony the following

four-point scale:
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TABLE 3
SIMILARITY ANALYS!S

o e e ~—m———

Similarity
: TASK 1: Fire Main Gun (M-32 Sight) Physical Functional i
‘ﬂ Subtasks: VO 7°
g ' 1. Alert 17-4 B4 M55 SIM 17-4 B4 M55 SIM |
g 0, Earphones (gunner) 0 0 0 0 5 3 3 3 -
i§ 02 Onj/off pos of turret power -
& switch 2 2 3 3 3 3 3 3 ‘
- , Cy Turret power toggle switch 2 2 3 3 3 3 3 3 .
g 2. Select Bun
" 0y Carphones (dmno) 0 0 0 O 3 3 3 3 ‘
1 Dy On/off pos of Main Gun Toggle
g Switch 2 2 3 3 3 3 3 3
3 D4 On/off pos of coaxial machine
i , guh switch 2 2 1 3 3 3 3 3
§ Cy Main yun toggle switch 2 2 1 3 3 3 3 3
1 Co Coaxial machine gun switch 2 2 3 3 3 3 3 3
3 3. Index Computer
; Dy Farphones (ammo) 0 0 0 O 33 3 3
A D, Indexing Window ¢ 2 3 2 2 2 3 3
. D4 Indexing handle feedback 1Y 3 3 1303
] C) Indexing handle 11 3 3 T 1 3 3
4. Monitor
b 0y Farphones (target) o 0 0 0 3 3 3 3
. D2 Unity Window 2 ¢ 3 3 2 2 2 2
L, Microphone (identified) 0 0 0 3 3 3 3
5, Initial Aim
n] TadTTTag control feedback 0 0 3 3 0 0 3 3 ;
. Dy M-32 Sight (target) 2 2 2 2 2 2 2 2 3
k. N3 Reticle 2 3 3 3 3 3 3 3 i
3 Cy Cadillac elevating-traversing 3
‘ control 1 3 3 3 2 3 3
3 Co Palm switches 6 3 3 3 0 3 3 ‘
6. Track
. 0y M3 sight (dynamic target) 0 0 2 2 0o 0 2 2
3 D, Reticle 2 3 3 13 0 0 3 3
[ Cy Cad{llac elevating-traversing
control 1 3 3 3 0o 0 3 3
C2 Palm switches o0 3 3 3 0 3 3 3




TABLE 3 (Cont'd) =
SIMILARITY ANALYSIS

LT NI T LI TR DD SUTTITTIEAR T = IO AT <

Sim1|arity
E%;gjcal Functional

17-4 B4 M55 SIM 17-4 B4 M55 SIM

7. Final Aim
0, Earphones (fire) 00 0 0 i3 3 3 ]
D, Primary sight (target) P S S 2 2 1V 3
LY Retic e 23 3 3 3 33 3 3
Cy Cadillac elevating-traversing ;
control 13 3 3 2 3 3 3
U Palm switches o 3 3 3 0 3 3 3
¢ 3o Hire
0 Larphone {(up) oD 0 0 i3 3 4
Cy Microphone (on the wiy) 0 o0 o 0 30 3 3
Co Trigger switches 3y 3} o3 3 3
TASK 11: Adjust Fire Using BOT (M-32 Sight) E-
Subtashs |
1. Relay
0y Flre feedback {rock-bang) ) BV Y ¢ B ¢ 0 0 0
D, M-32 Sight {target) oo 2 2 0 ]
()3 Reticle S 3 3 3 3 3 3 3 .
€y Cadillac elevating-traversing
vontrol 1 33 3 2 1 3
Cr Palm switchos g3 1 3 0 3 3 3
Q. ohense
0 M3 50ght {burst) IR T B LI T R
Dp M-32 <ight (tarqet) 2 2 2 2 e 2 2 2
Dy M-32 sight (reticle) 2 3 3 3 i3 3 3
3. BoT
0) HLS?X<TdFI target) e 22 2 o2 2 2
Da Reticle 2 3 3 3 303 3 3
€] Cadfllac elevating-traversing
control 3 3 3 2 3 3 3
Gy Palm switches 0 3 3 0 3 3 3
: 4. Track
3 Dy NT37 sight (dynamic target) 0 0 2 2 0o 0 2 2
‘ D, Reticle 3 3 3 3 3 3 3
3 Cy Cadillac elevating-traversing
! control 1 3 3 3 2 3 3 3
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s TABLE 3 (Cont'd)
3 SIMILARITY ANALYSIS

e e

S TIT bevve

—— |

1 Simtlarity !

g Physica) Func tional i
4 - - i

g : 17-4 B4 M55 SIM 17-4 B4 M55 SIM L
3 C» Palm switches 0 3 3 3 0 3 3 3 !
b 5. Fire |
| 0 Farphones (up) 0 0 0 0 3 3 3 3 i
s Cy Microphone {on the way) 0 0 0 0 3 3 3 3 \
Cp Trigger switches 2 3 3 3 3 3 3 3 ¢

Initial interjudge agreement
{3 of 4 agree? .66 .76 .97 .86 .79 .86 ,7) .75
Consensual 1ntergudge agreement

(4 of 4 agree .93 .93 .93 .93 1,01.01.01.0
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Rat ing Definftion

d 3 ldentical., The trainee would not notice a difference E:

! betweer, the training device control or display and the

l operational control or display at the time of transter. Note

that they need not be absolutely identical, but there must be

iy no "jnd" (iust noticeable differcence) for the trainee. Include E

: for consideration the location, appearance, feel, and any other A

f physical characteristics. Ignore the amount and quality of 3

i information transmitted,

\ Similar, There would be o jnd for the trainee at the time of ]

transfer, but he would be able to perform the tesk, Thers %‘

might he a decrement in performance at transter, but sny such
decrement would be readily overcome,

1 Dissimilar, There would be a large noticeable difference,
quite apparent to the traipee, at transfer, and & larqe
pertormance decrement, given that the tratnee could perform

El at all, Specific instruction and practice would be reyuired

) on the operational equipment after transfoer to overcome the
{ decrement .,

>

0 The cantrol or display is not represented at all in the train-
ing device,
The ratings are then entered in the appropriate cell of the tashk
similarfly matrix (see Table 3),

3.3.3 Results, The ratings of physical similarity for the displays
and controls assoctfated with each subtask are shown in Table 3 for the
four training devices under consideration. Notice, 45 one might expect,
that the training devices which make use 0f the actual operational equip-
} ment (e.q., M55 and SIMFIRE) rate quite nighiy in terms of physical
similarity, The 17-4 and 17-B4 devices tend to have somewhat iower
ratings. This {s partfcularly true, for instance, in subtask [-1
- where earphones are not ysed, and in subtask -5 where cadillac control
: (jerk) feedback is simply not present.
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Once the ratings for edach subtask are completed it is possible to
generate a summary index of display-control similarity at the subtask )evel
within each device. First the mean rating for the subtask is obtained, by
summing the ratings and dividing by the number of displays and controls
rated for the subtask. For example, the average rating for subtask -5 as
represented in the 17-4 (see Table 3) is obtained by summing the 17-4 simi-
larity ratings for the [-5 displays and controls (0+2+¢2¢140 = 5), and dividing
by the number of displays and controls rated in subtask I1-5(s), providing
an average rating of 5/5 = 1, This average rating will always be a positive
number between 0 and 3; to provide a similarity index scale ranging from 0
to 1 the average rating 1s divided by 3. For subtask I-5, the 17-4 gets an
index value of (5/5)/3 « ,33, the same subtask recefves a higher physical
similarity score as represented in SIMFIRE, .e., (14/5)/3 » .9).

3.3.4 Evaluation. The feasibility of performing PSA was related to
the availability of detailed task-descriptive data on the one hand, and on
the other to the analyst's familiarity with the operational equipment and
training device, Conducting PSA on the basis of {nformation contained in &
TOR would be difficult untess data were available from other sources about
the displays and controls comprising the operational gear. These inputs
coupled with statements about the degree cf realism planned for a device
might permit PSA to be performed.

The same four judges who performed TCA also were involved in PSA, As
shawn §n Table 3 reasonably high interjudge agreement was obtained for the
four devices. In rating 29 different controls and displays, initial agree-
ment among at least three out of four judges was obtained between 66% and 97%
of the time, Following resolution of definitional problems the agreement
among al! four judges reached 931. Most disagreements resulted from one of 5
two sources. Analysts were occasionally misinformed about displays and con-
trols in either the operational or training context. Additionally, there
was some difficulty in distinguishing between scale values of "1" and “2%,
In the future it may be appropriate to collapse these two rating points.

3.4 Functional Similarity Analysis (FSA)
The next step in using the model 1s conducting a Functional Similarity
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analysis (FSA). As indicated above, traditional fidelity measures typically
concentrate on the representation of controls and displays, and ignore the
hehavior required of the nperator using the equipment, The activities of
the operator would seem to be at least as important for training as the

, physical characteristics of the controls and displays used to carry then

= out. The present analysis has been developed to assess the adequacy of
representation of those activities in the training device.

AT T TR T

.f

| The tunctional similarity analysis examines the opperator's buehavior
{ in terms of the information flow from each display to the operator, and
5 from the operator to each control. This examination is made {n terms of the !
anount of fnformation transmitted (Fitts and Posner, 1967) from each display
to each control {reqardless of the actual operational mode of transmission
ur reception), and the type of information-processing activity performed by
the aperator, Thus, reqgardless af the physical charanteristics of a control
or display, the 1ssue 1s whether the operator acts upon the same amount of
information {n the same way in both the operational and training situations,

-t P i iy R—

et

3.4.1 Data Requirements., This analysis makes use of the subtask
Joscriptions and o 1ist of the controls and displays in the operational
vituation, These Inputs are used to generate a flow didgram of each sub-

, tanh which indicates the type, amount, snd direction of information fiow
fur esch control and display. Fauh situation in which a display transmits
information to the operator (e.q., the operator reads the display) is de-
fined as a stimulus function, and each situation in which the operator
transmits information to a control (e.y., operates it) {s termed a response
function. Thus, the derived input for the Functional Similarity analvsis :
is the 1ist of (nformation-processing functions indicated by the controls
A angd displays of the operational situation.

e et e i me -

3.4.2 FSA Procedure. In each subtask, the number of bits of in- o
turmition ts determined for each stimulus and response situation, by
estimating the number of states which the display or control may assume. .
*: The amount of information in the operational setting (Nos) is equal to
1oq2 of the number of states in the stimulus or response functions under
consideration. The amount of information im the training setting (Hts)

e . B Pt s
—_——
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for each of the corresponding functions is estimated in the same way
for each training device. Each stimulus and response function is then
rated according to the following four-point scale:

Rating Definition

3 ldentical. Hts . Hos‘ g
2 Similar, Hts' Hos; they are within one 1092 unit of each

other.
| Dissimilar, Hy o 4 “os‘ they are more than one 1092 unit

apart, .
0 Missing, Hos -0, and Hts * 0, ]

In certain cases, ratings of 2 and | will be assigned to situations
that have been purposely made unequal by the device designer in order to
implement some training technique (e.g., augmented feedback or guidance).
Such cases should be noted for consideration in the Training Techniques
stage of the analysis, [n other cases ratings of 3 will be assigned
when the amount of information is the same or nearly su, but when the
form of the Information is radically different, For example, in the
operational task the operator might index ammunition by pulling and
turning the index handle, This handle could assume 6 positions;
therefore, indexing ammunition is a 1092 6-bit task. In a training
device, the same six alternatives might be present; however, ammunition
might instead be indexed by pressing one of six buttons, The trainee

' might process this different information in a completely different way,
or use a different strategy to deal with it. Such cases should also
be noted for later consideration,

3.4.3 Results. The ratings of stimulus and response functions
(denoted by the corresponding control or display) for each subtask for
esch of the four devices under consideration are also presented in
Table 3. Notice that in some cases where the physical similarity is
rated Jow, the functional similarity 1s high, while in other cases the
two kinds of similarity correspond to one another quite well. The fact
that there are differences suggests that this kind of analysis may be
a valuabie adjunct to the analysis of potential transfer.
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Once again the separate ratings for each subtask may be compiled into
dn index which sumrarizes functional similarity at the subtask level with-
in each device. This 1s done following the procedure already described
for PSA.

3.4,4 Evaluation. The functional similarity analysis was performed
independently by the same four members of the staff. Their experience
suggested that FSA may be a little more difficult than the PSA, but not
prohibitively so. It is crucial that the rater understand the forma)
cuncept of information transmission, and that he be able to describe
explicitly the information flow situation under scrutiny., 1t was
found that in most cases the formal step of drawing an information flow
diagram was not necessary, but that on occasion it would yreatly assist
raters who did not have extensive experience with information theory,
An understanding of types of information-processing activities (e.q.,
information reduction, {nformation conservation, etc.) also afded
analysts in retining their judgments.

Thus, tiven the {ist of control and display functions, the infor.
mation-flow diagrams, and the detailed task descriptions, the functional
sim{iar{ty ratings are judged to be feasible,

The praportion of interjudge ayreement is presented in Table 3 for
each training device. Oisagreements arose from three sources:
1) misunderstanding about the situation being rated. ?) misunderstanding
about appropriate application of information measurement to the
situation, and 3) an inability to discriminate between the values "2"
and "1" on the scale when the amount of information was relatively
large (e.g., in a real-world visual display). The four sets of ratings
were resolved by consensus, and the resolved ratings are those presented,

3.5 Learning Deficit Analysis (LDA)

In order to predict the effectiveness of training devices, 1t ws
demonstrated in the first report in this serfes (Wheaton et al.. 1976)
that the analyst must not only compare the content, and physical and
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functiondl characteristics of the operational situation and training
devices, but must also consider the student to be trained. It is
imperative that his capabilities be evaluated relative to the required
performance c¢riterion on the operational task. Learning Deficit
Analysis (LDA) 1s designed to provide this assessment.

The learning deficit analysis consists of three procedures to:
(1) assess the skills and knowledges in the student's repertory before
training, (2) determine the skills and knowledges which he must possess
at the time of transfer to the operational setting, and (3) estimate the
difficulty (in terms of training time) of training the necessary skills
and knowledges. The output of this stage of the analysis is a number
for each subtask indicating the deficit possessed by the typical
trainee, weighted by the relative difficulty (in terms of estimated
training time on the operational equipment) of surmounting that deficit.

3.5.1 Data Requirements. In order to perform LDA a 14st of skills
and knowledges necessary for the adequate performance of each subtask is
generated. Beginning with the task descriptive data which provides
information about actual performance of the subtask on the operational
equipment, a sentence is written which describes the activity making up
each subtask, From this statement, a 1ist of skills and knowledges is
developed for each subtask. The distinction between skillu and know-
ledges 1s not critical in this andlysis, and is made only for the
convenience of the analyst. Note that the information input into this
analysis (and correspondingly its output) {s referenced only to the
operational criterfon task and to the kind of trainee expected., It
is entirely independent of any particular training device, and, unlike
any other portion of the model, must be performed only once for each
subtask being considered, regardless of the number of devices being
compared,

3.5.2 Procedure. The Learning Deficit Amalysis begins with the
application of a rating scale to estimate the “amount" of each skill
or knowledge which the average trainee (of the type selected for course

3




enrol lment) could be expected to have upon his first exposure to the
training system or device, It is very important for the andalyst to

keep in mind when he makes his ratings that the trainee may have had

some classroom training before his exposure to a given training device,
If what the student learns in the classroom is ignored, LOA will indicate
a deficit larger than may actually be the case, and the mode) will be
making a prediction regarding the effectiveness of the training device
without supporting classroom instruction. While this use of the model

is permissible, the analyst will more likely be interested in the ef-
fectiveness of the device {n concert with classroom support, in which ‘
case deficit to be overcome by exposure to the device will be smaller, !
This tatter type of assessment is clearly fairer to the device, since
it is obvious that some things are more effectively trained in the
classroom, The following Repertory Scale (RS), adapted from Demaree
(1961), 1s used to describe the level of each skill and knowledge in
the student's repertory prior to the start of formal training:

Rating  Definition

0 No experience, training, famit{arity, etc. with this skill
or knowledge. Cannot perform a task requiring this skiil or )
know!edge.

1 Has only a limited knowledge of this subject or skill, Has

not actually used the {nformation or skill., Cannot be ex-
pected to perform, Has had "orientation” only,

2 Has received a complete briefing on the subject ur skill.
Can use the knowledge or skill only if assisted in every
step of the operation, Requires much more training and
experience. Has received "familiarization" training only.

k| Understands the subject or skill to be performed. Has
applied part of the knowledge or skill either on the actual
job or a trainer. Has done the job enough times to make sure
he can do it, althoujh perhaps only with close supervision.
Needs more practice under supervision. Has had “procedursl”
training.
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Rating

Definition
Has a complete understanding of the subject or skill, Can

do the task completely and accurately without supervision.
Has received "skill" training,

After the analyst has assessed the level of skills and knowledges
in the trainee's repertory, he proceeds to determine the required "amount"
of each skil) or knowledge which the trainee must possess at the close of
training and time of transfer. The following Criterion Scale (CS),
adapted from Demaree (1961) is used:

Rating
0

Definition

At the end of training, the trainee should have no experience
or training,

Should have a limited knowledge of the subject or skill, Has
not actually used the information, 1Is not expected to perform
the task, Has completed "orientation" training,

Should have received a complete briefing on the subject or
task, [Is able to use the knowledge or skill only if assisted
in every step of the operation. Requires much more training
and experience to be able to perform the task independently.
Has had “familiarization" training.

Should have an understanding of the subject or skill to be
performed. Has applied part of the knowledge or skill on

the actual job or a trainer. Has done the job enough times
to make sure he can do 1t, although perhaps only with close
supervision. Needs more practice under supervision. Has

had "procedural” training,
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Rating  Definition
4 Should have a complete understanding of the subject, or be
1 highly skilled. 1Is able to perform the task completeiy,
2 accurately, and {ndependently, Has had "skil1" training.

] After knowledge and skiils have been rated on both the repertory '

| and criterion scales, the analyst calculates the learning deficit by
subtracting the repertory rating (RS) from the criterion rating (CS) for .
the knowledge and skills underlying each subtask. Negative differences
dre set equal to zero, since they indicate that the trainee enters
tratning with more proficiency than is necessary, and so has no deficit,
The difference scores thus range from zero to four, the larger dif-
ferences representing larger deficits. The difference scores are
averaged within each subtask (collapsing across skills and know! edges

in each subtask) to obtain a mean subtask deficit.

The deficit score by itself ignores the fact that some skills and
knowledges are more difficult to acquire than others, and thus some sub-
tasks may be more important to train than others. Presumably, more
difficult subtasks are more critical for training, taking more time to
train, and requiring more effective training., Therefore, the next step
in the LDA procedure is to rank the subtasks in terms of estimated train-
ing time, assuming that only the operationa) equipment would be available
for training, The analyst begins by seeking out the subtask whose estimated
deficit would require the least training time on the operational equipment,
and assigns 1t a Difficulty/Criticality rank of *1". The subtask re-
quiring the next smallest amount of training time for surmounting its
associated deficit {5 assigned a rank of "2", and so on, until all sub-
tasks have been ranked, Next, the mean subtask deficits are multiplied
by their corresponding ranks, to obtain a weighted learning deficit score.
Finally, each such score is divided by 4 times the number of subtasks, to
provide an index between 0 and | which reflects the size and importance
of the deficit on each subtask relative to the other subtasks being
analyzed,
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3.5,3 Results. The list of skills and knowledges for each 1
subtask {s presented in Table 4 along the left margin., These are
A coded as "K1, K2,..." for the knowledges involved in subtask 1, "SI, $2,..."
: for the skills involved in subtask 1, and so on, Table 4 presents the
E difference between CS and RS ratings for each skill and knowledge, the |~
X : mean subtask difference scores, the subtask mean rank weights, and the
@ weighted learning deficit scores as described above,

- 3.5.4 Evaluation. The Learning Deficit Analysis was pertformed ‘
ﬁ independently by four senior members of the project staff, Performed :
r in the manner describrd above, it presented no significant difficulties, 'L
with the possible exception of the generation of skill-and-know)edqge

1ists, This would not seen to be a critical problem, since s)ightly

] different lists would be expected to lead to similar mean deficit scores.

: The same staff members performed the analysis in an alternative way,

rank ordering individual skills and knowledge, instead of subtasks, and

| weighting the CS5-RS difference scores before collapsing within each

: subtask, The scores obtained in this way were highly correlated with the

ﬂ welghted 1earning deficit scores presented in Table 4. The correlations
. between pairs uf judqes ranged from .90 to .99, so0 thet this more laborious

procedure was felt to be unnecessary,

Interjudge differences in CS and RS rating scores were quite small

) ond unsystomatic, so ratings were averaged across the four judges. Inter-

: judge agreement about subtask ranks was also quite high {correlations '

ﬁ ‘ ranged from .85 to .99), and so ranks were averayed across Jjudges in

Table 4, Since similar high correlaticns on rating scores and ranks are -
g expected in future applications, the averaqging procedure (as opposed to

) resolution by consensus) has been tentatively adopted for this analysis,

j : 3.6 Training Techniques Analysis (TTA)

The next step in predicting training device affectiveness s the
Training Techniques Analysis. Many current devices have fncorporated
special features which are presumed to facilitate training beyond the
level possible on the operational equipment, Given the high costs
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TABLE 4 3
; LEARNING DEFICIT ANALYSIS i
. Subtask Weighted )
, Difficulty Learning
{ Mean Mean Deflcit ,
: CS-RS  CS-RS Rank _ Score %
L Tash 1! Repertory Item List {to be 3§
} completed within & seconds for ;
/ stationary target, 15 sec. for ]
g moving) h
f A-1  Know procedure
| X-2  Know control and display
. Yocations
: X-3  Uperate M-32 sight ‘
t Subtask 1:  Alert 3.1/ 1.38 Y] - 1
. Kl: o X-) 3,50 L
| K: X-2 3.75 o
; Si1. Uperate control blindly 2.2%
k Subtask 2: Select Gun 3.3 2.75 .28 !
a Kl X-l 3.50 4
X K2 X2 3.78
) b3 Amo-to-index value trans-
] formation 3.75
: 51: Operate contral blindly 2.25
5 Subtask 3:  Index Computer 3.7% 3.H8 . 4%
] LA I B 1.74
K2: Xa2 4.00
L K3: Ammo-to-index value transg. '
} formation 3.75 !
S1. Operate control blindly 3.50 :
Subtesk 41 Monitor 3.00 4.88 .46
Kl Xl 2.75 b
_ K2: X-2 3.7% 1
) K3: Target descriptors-to-target 1
3 transformation 3.00 .
| 51 Recognize targets visually 2.50 i
i |
-' subtask 5: Inftial Afm 3,38 6,25 .66 !
K1 X-1 3.2% |
K2: X2 3.7% g
K3. "Center of vulnerability" 3.2% {
S1: X.3 3.50 {
52 Aiming 3.00 W
S3: Detect transfer of contro)l 3.50 i
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TABLE 4 (Cont'd)

; LEARNING DEFICIT ANALYSIS

Subtask Weighted
. Difficulty Learning
R Mean Mean Deficit

3 C5-R5  C3-R5 Rank = Score
L 4 Subtask 6: Track 3,50 7.50 .82 4
Kl: X%l 3.50 ;
K2: X-2 4,00 A
S1: X-3 3.75 iy
$2: Tracking 2.75 E
Subtask 7: Final Aim 3.42 7.25 a7 5
& Kl:  Xel 3.50 i
] Ke:  X=2 4.00 |
"3 K3: "Aim-off" 3.50 g
K4: “Lead" 3,00 '
Sy x-3 3.50
S Aiming 3.00
E subtask 8: Fire 2.67 2.12 18
, Kl: X~1 3.25
K2 Xe? 3,76
51: Lstimate one second 1.00

Tash I1: Repertory Item List (to be come
pleted within 15 seconds for both
moving and stationary targets)

X1 Know procedure 3

X-2 kKnow control and display 3

locations -

x-1 Operate M«32 sight

Subtask 1: Relay 3.81 2.50 A8 ]

- Kl: x-1 4.00 1
e K2: X-2 4.00 3
3 Sl 43 3,75 )
g §4: "Afming 3.50 k-
: »
A Subtask 2: Sense 3.46  3.00 52 i3
1 Kl: o Xel 3.75 rr
. K2: Xx-2 3.7% {4
1 K3: “Sensing" vs. "non-sensing" .25 14
3 K4: "Do not amnounce" 3.50 .
- §1: X-3 3.50 P
3 S2: Sensing 3.00 "
13
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LEARNING DEFICIT ANALYSIS

imate one second

8

CS-RS

——— 2

Mean
CS-«RS

3.56

Subtask
Difficulty
Mean

Rank

- ...

4.00

4,50
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associdated with many devices it is precisely these features which justify
using the devices instead of training on the operaticnal equipment. This
stage of the model attempts to assess the utility of such features, and
to determine which principles of acquisition and transfer are adhered to,
and which are viclated, in the design of the device. Thus, given common
content and good representation of the operational situation, the TTA
attempts to answer the question: what incremental training value does a
specific device possess over its real-world counterpart?

The Training Techniques Analysis relates the particular skills and
knowl edyes which must be tratned for each subtask to a set of principles
and techniques which describe how best to train varfous kinds of content.
The techniques have been assembled from a thorough review of the relevant
literature (sec Appendix A), and are organized into a taxonomic matrix,
After identifying the appropriate set of techniques, the analyst makes a
rating which describes the extent to which the device under examination

utilizes the relevant principles/techniques in order to train a given sub-
task,

3.6.1 Data Requirements, The task-descriptive data and the skills.
and-knowledges information from the Learning Deficit Analysis are required
for the first stage of the TTA, Subtask descriptions are then ussigned
one or more of the following task-taxonomic labels (after U.5. Naval
Training Device Center, 1972):

Recalling facts and principles

Revalling procedures

Non-verbal identification

Non-verbal detection

Using principles, interpreting, inferring
Making decisions

Continuous movement

verbal detection and identification
Positioning and serial movement

0. Repetitive movement

—_ D D N O B L N —
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11, Written verbalization

12. Oral verbalization

13. Other verbalization, including signs,

In toto, the required input data consist of the assigned taxonomic labels,
the descriptions of the training device, any available information on the
training system within which the device is embedded, and the set of
training techniques.

3.6.2 TTA Procedure. The set of training techniques {s organized
along two independent dimensions, First, they have been coded according
to the taxonomic category to which they apply., Second, within each
taxonomic category, they have been further organized into techniques
relevant to stimulus considerations, response considerations, or feedback
considerations, Thus, by referring to the taxonomic label(s) which he
has assigned to each subtask, the analyst can draw out those principles/
techniques which correspond to the set of relevant behavioral categories,
and sort them into three groups, stimulus, response, and feedback, With
the operational task information and the training device and system
information before him, he rates the training device for each relevant
principle in each of the three categories, While performing the rating
operation, he should pay special attention to any items from previous
portions of the analysis which werc "flagged" for attention at this
stage (e.g., see section 3.3.2). The ratings are made from the following
scale;

Rating Definition

k| Optimal implementation of this technique; in complete accord
with this principle,

2 Good implementation of this technique; in excellent accord
with this principle,

1 Fair implementation of this technique; good accord with this
principle.

0 This principle or technique was inapplicable or irrelevant.
OR

The device neither implemented this technique nor violated
this principle.

40
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Rating  Definition

- Mild viclation of this training principle; implementation of
a mildly opposing technique.

-2 Serious violation of this principle or technique.

-3 Complete violation of this principle; implementation of a

strongly contraindicated technique.

For each subtask, the lowest obtained rating for each of the
stimulus, response, and feedback considerations is selected, and these
three ratings are then averaged to obtain the training technigue score
for the subtask., This score is then added to the constant 3 (to delete
negative signs), and is divided by 6 to provide an index between O and !
ylelding the training technique score of the training device for each
subtask., Note that this index 1s very conservative since 1t {s quite
sensitive to violations of principles/techniques. This index was consid~
ered preferable to one based on all the ratings since the negative impact
ot viotations of principles was considered most critical in determining
overall device effectiveness.

3. 6.3 Results. The outcome of the TTA is shown in Table 5. The
table shows the taxonomic cateyories assigned to each subtask, ay well
as the lowest ratings of the stimulus, response, and fecdback components of
ecach subtask across devices, Also shown are the transformed and averaged
indices computed across devices for each subtask.

The patterns of averaged indices provide several kinds of {nforma-
tion. For example, the lowest index value (i.e., .00) is obtained on
subtasks 1-6 and 11-4 for the 17-4 and 17-B4 devices. The lack of a
provision for the training of tracking in these two devices accounts for
this rather low rating. On other subtasks, however, these devices rom-
pare favorably with the M55 or SIMFIRE devices (e.g.. subtask I-4).
Similarly, the SIMFIRE device receives a rating of .00 for subtask 1[-2
because 1ts design 1imits the training which can be provided for "sensing"
the round. In this case, violations of training principles were noted
for the stimulus, response, and feedback aspects of the subtask.
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3.6.4 Evaluation. The Training Techniques Analysis was performed
in two stages: the assignment of the taxonomic labels to the skill and
knowledge components of subtasks, and the rating of the relevant
principles/techniques. Four members of the project staff independently
performed the first stage, and found it to be relatively straightforward,
particularly {f they were not constrained to assign only one label to
each skill or knowledge. The assignment of taxonomic labels was reasonably
consistent, Most interjudge disagreements resulted from incomplete
understanding of the behavioral cateqories denoted by the taxonomic
labels, It was not necessary to resolve disagreements of this sort,
since the effect of disagreement here was only to increase the number of
relevant principles to be noted. Since the labeling process was designed
only to save the analyst's time, it is felt that use of multiple labels
iy satisfactory at the model's present stage of development,

The rating of the application of principles for each device was
conducted by two project staff mambers working together, so no direct
reliability data are avatlable. Their impression was that while the assign-
ment of ratings wes time-consuming and awkward, the consensual judgments
were fairly stable, A reasonable alternative to the present rating scale
1s to assign the zero point to a given training configuration (c.9., the
operational equipment) and assign Training Technique ratings to devices
relative to this standard,

This aspect of the procedures for application of the model is
currently under revision, The analysis itself is viewed as high in
patential for enhancing the predictive accuracy of the model.

3.7 Summary Indices

The analysis described above (e.g.. TCA, PSA, FSA, LDA, and TTA)
constitute a series of analytic procedures focused at the subtask level.
The Army, however, will rarely be interested in predictions of transfer
based on any one analysis, or for a single subtask. This section develops
the procedures for collapsing across subtasks to obtain the three indices
implied by the model: Transfer Potential, Learning Deficit, and Training
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Techniques., The obtained indices for these three components are presently
not used in calculating overall training device effectiveness, but may in
fact be diagnostic of a device's particular deficiencies or assets,

The problem of collapsing the indices across subtasks and analyses
is most easily viewed as a problem related to fuzzy set theory in logic
and mathematics, Any system including a training device. an operational
setting, and a training objective can be described in terms of a set of
attributes or properties (e.9., communality, similarity, etc.), which,
when taken together, contribute to transfer of training. The problem 1is
to determine how to collapse the measures of sach attribute so that they
reflect the global property, “transfer of training". The solution is
deri{ved conceptually in the following sections (see Allen, 1974, for a
more formal presentation of the mathematics involved).

3,7.1 Transfer Potential Index. Transfer potential is defined in
the model as a jJoint function of communality (C) and similarity (S).
This transfer potential function is characterized by the notfon that C
and $ V1imit each other: {.e., similarity of non-communal) subtasks does
not contribute to transfer potential, nor does communality without
similarity, but when a subtask is both in common with the operational
situation, and possesses some similarity, transfer potential exists. Such
an and relationship 1s described mathematically as a multiplicative
operation, Thus, for any subtask 1, the transfer potential nf that sub-
task is defined as C1 times Si' Note that this definition makes good
intuitive sense as well. When both ¢, and 51 are greater than pero,
transfer potential is also greater than zero, If efther is zero,
transfer potential for that subtask is zero.

The relationship betwseen subtasks is somewhat different. The
similarity in subtask | does not contribute to transfer potential in
subtask j, and the same holds for communality, Transfer potential for
the two tasks combined should increase as the transfer potential for
either subtask 1 or j increases. Or relationships are described
mathematically by addition. Thus, for any two subtasks combined,
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transfer potential could be defined as (ci X S‘) + (CJ X SJ). As O
described in Sections 3.2 and 3.3, Ci and S‘ vary between 0 and 1. In f ;
order to scale this combined index between 0 and 1, it is then appropriate '
to divide the sum by 2. In general, the overall transfer potential for a

set of subtasks may be defined as N §
L(c, xs,)
i) v where N is the number of P

N -
subtasks in the set being analyzed, .

3.7.¢ Ledarning Deficit Index. In section 3.5, an index for the
learning deficit of each subtask (D) was defined as the difference
between the Criterion Scale and Repertory Scale ratings, weighted by the
vrank difficylty of the subtask and divided by a constant to scale it
between 0 and 1, Learning deficit for a task should increase when two
subtasks | and j are combined, provided that 0i and DJ are greater than
2ero, suggesting that additfon across subtasks {s appropriate. Therefore,
the overall leudrning deficit index for a set of subtasks may he defined

as N '
Sﬂ

(0;)
"
3.2.3 Training Technique Index., In section 3.6, an index (T) for
the contributions of training techniques in each subtask was defined as
the mean of the lowest ratings for stimulus, response, and feedback
principles, transformed by constants to scale it between 0 and 1. As
argued above, 1 for subtasks | and J should be independent. Therefore,
the overall training technique index may be defined as N |
§ (Ti) K
=
N

Each of these indices is necessary in order to predict transfer;
but none by itself is sufficient, provided the others are available (see
Wheaton et al., 1974a, on the development of the structural model). What
remains, therefore, is to indicate how one combines these three indices
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to obtain a single index which is capable of predicting transfer. This
is the subject of Section 4,0,
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4.0 PREDICTION OF TRAINING DEVICE EFFECTIVENESS
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4.1 Introduction
The goal of the present project is to predict training device
, effectiveness. The criterion selected for effectiveness s transfer of
¢ training (Wheaton, et al., 1976), This section presents the development
- of an equation whose parameters are the outcomes of the analyses discussed
in Section 3.0, It predicts yvalues which are components of a traditional
transfer of training formyla (Gagné, Foster, and Crowley, 1948).

4.2 Empirical Transfer
The formulae used to describe experimentally obtained transfer
effects have been discussed in the two previous reports in this series,
30 only a brief review is necessary here. One of these formulae has
been tentatively adopted for use with the model. This formula (Gagné,
et al., 1048) expresses transfer (T) in terms of the savings in time,
trials, or errors achieved by an experimental group with pretraining,
relative to a control group with no praetraining, to reach a specified
criterion on the transfer task. This is formally expressed as
Te Qiﬂ. where C is the number of trials or errors, or the amount of time
: required by the control group to reach the criterion, and £ is the
' . trials, errors, or time required by the experimental group to reach that
same criterion, after some amount of pretraining., For example, suppose
a control group was trained in main tank gunnery on the M60A1 tank, and
required 25 hours of training to pass a gunnery proficiency test. An !
experimental group is pretrained on a gunnery simulator, and then is ! !
transferred to the MGOA] tank, where they require 10 hours of additional . ﬂ
training to pass the same gunnery proficiency test. In this experiment,
transfer would be calculated as follows: (=25; E«10; 7335%%9 - .60,
indicating a savings of 60% in practice time on the operational equipment,
Note that this formula does not consider the total amount of time that
the experimental group spent on training, but rather the time to criterfon
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after transfer, so that the transfer value is always specific to a
combination of the kind and amount of pretraining the experimental
group received.

4.3 Predicting T .
In order to predict T as defined by Gagné, et al, (1948), 1t is !

necessary to predict the two parameters, C and E: the time, trials, or I

g errors required by the control and experimental groups respectively to

‘ reach criterion on the transfer task. The control group 1s trained to !

¢criterion exclusively on the operational equipment, while the experimental

group is first trained on a training device, and then trained to criterion

on the operational equipment (1i.e., the transfer task).

. The contro)l group may be thought of as a group which 1s trained on

a training device haviny perfect communality and similarity with the

i transfer device, since they are, in fact, the same device, In the cur-

' rent form of the model, it is also assumed that the training techniques
for the control group are optimal, (The implications of this assumption
will be discussed later.) The level of proficiency (C) which the control
group will achieve after some arbitrary amount of time is based on three
components: 1) the content which is trained relative fo the content
which is to be tested; 2) the difficulty of acquiring the content re-

. quired by the criterion; and 3) the value of the techniques employed to
train the content, The content trained relative to the content to be
tested is estimated by the transfer potential portion of the present
model, and {5 expressed for any subtask 1 as C, X Si' The difficulty
{n mastering the content required in subtask 1 {s calculated by the

f' learning deficit portion of the model, and is expressed as D1. Finally,

training techniques employed are described by the training techniques
portion of the model, and their value is expressed as T‘. For any
particular subtask, then, the amount learned by or proportion of deficit
overcome by the yroup can be estimated by C, X 5, X 0, X Ty The time,
trials, or errors to a criterfon on subtask { {s assumed to be a lincar
function of C, X S1 X D1 X T1. Since 1t was assumed that C,, 51' and 11

D o ey —r—— o s - =
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would be 1 for all subtasks for the control group, the estimated time, g
trials, or errors for the total task will reduce to a linear function of

N

4 A Dy- Thus, the model's esttmate of C in the Gagné et al, formula fs .
,. {=] P ’T.

! some linear function of { K

. D,. o
b i 1 )
1 i} Y
; BN
° The experimental group's score, £, can be considered as resulting ﬁ_“
from two components: 1) the amount of deficit overcome on the operational j l
: equioment, and 2) the amount of operational deficit overcome by exposure i
g _ 10 the training device. The amount learned before transfer can be % 1

derived at was done above for the control group, except that C‘. 51. and %

T do not necessarily equal 1, since the training situation for the ,E

experiment.! group neec not be identical to the operacional setting, as .

was the case for the cont ol group. Therefore, the amount learned before ?
transfer (1.e,, on the training device) {s estimated by N ;

; C, X5, XD, XT,. -
i 7y i i i \

1=l

PR Y
s

The amount that renv ins to be learned after transfer for the experiment
group is then, “hat the total deficit was minus what was learned on the

training device: N N L
L0 = L€ XS X0, XT, The time, trials, or er- '

i
is] =]
. : rors to rriterion can be estimated by a linear function of this expression.
Thuu, the model's ostimate of £ 15 some linear function of

g 0y - ‘E"c1 XS, XD, XT,. Finally, the value of T can be estimated to
iul e} ‘
by substitution: let estimated T be written as 41 let estimated C = N :

. >“ D‘ 1
,' . {=] “;
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let estimated £ - N N
L0y = LGy XSy XDy ATy

jul i)
then N N N
A L0 S0y LC XS XD X T
T g=) i=] i=1

§£D1
1=

where Ci' Si' Ti' and D1 are calculated as prescribed in Section 3.0,
This formula reduces to A linear function of, N
LC XS XT XD

i 1 1 1
o

N
Y
]

This formula for ? has several interesting and desirable properties,
since derivatinns from it correspond to both empirical findings and
theoretical predictions, First, as the task communality (C) increases,
pradicted transfer (in terms of savings) increases. Second, as similarity
(S) increases, predicted transfer also increases, Third, as training
techniques (1) ‘mprove, predicted transfer increases. Further, all three
of these effects are moderated cr weighted by the difficulty or deficit
{D) of the relevary subtasks.

To illustrate this last property, consider a two-subtask case
where subtask 1 §s difficult, while subtask 2 Is easy, Further, suppose
there are two training devices designed to teach the whole task, One
device has high communality, similarity, and training techniques for
subtask 1, and low communality, similarity, and training techniques for
subtask 2. the other device is just the opposite. Hypothetical values
and caiculations are presented in Table 6 for 9ﬁ The estimated T5
clearly favor the device which i1s good at training the hard task, as wou ld
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intuitively be expected. This weighting effect operates as well in less
clear-cut cases,

One caveat needs to be sounded. It was assumed that the relation-
ship between the amount to be learned (or ramaining to be learned) and
time, trials, or errors to a criterion 1s a nesrly linear function, Such
relationships in fact are known not to ba, in general, linear. The
relationship between time and performance has generally been found to be
a manotonic increasing, negatively accelerated curve for acquisition
situations (e.¢., control group, or experimental group before or after
transfer, ¢.fF, Hull, 1951). Time before transfer and performance after
transfer may have an even more complex relationship (c.f. Mandler, 1962).
Nevertheless, it seems reasonable ot the present time to characterize these
relationships as approximately Vinear in situations of interest to Amy
trainers. Clearly, an important topic for further research is the
relationship between amount of practice and performance in transfer/
acquisition situations represented in the Army.

As mentioned earlier, there are also problems with assuming all
Tys = | for the contro) group. This suggests that the operational equip-
ment always assures the best training techniques, an assumption which
contradfcts the hopes of device designers who incorporate training
features in devices (such as “"problem freeze", augmented feedback, etc.),
It might just as well have been assumed thast a1l control Tys * Boa
neutral value, but this assumption would have been just as unfounded.
What is clearly required is a training technique analysis which references
the operational equipment, This does not seem too difficult to construct,
and s an area for early improvement of the model,

Predicted Ts have been generated for the devices considered in
Section 3.0 above, and these are presented in Table 7. (s are
presented for each device with respect to the two major tasks selected
for analysis, Further Ts have been estimated for eiach device with and
without supoorting classroom {nstruction for both potential and actual
subtask communality. The table also presents estimated T s for the
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TABLE 7

TRAINING DEVICE EFFECTIVENLSS PREDICTIONS:

Training Utilization

Task | - Fire Main Gun
Potential

Potential with supporting classroon
instruction

Actual

Actual with supporting classroom
fnstruction

Tase [I « Adjust Fire Using BOT
Potential

Potential with supporting ¢lassroom
fnstruction

Ac tual

Actual with supporting classroom
instruction

Combined {1 and 1)
Potenttal

Potential with supporting classroom
instructinn

Actual

Actual with supporting classroom
instruction
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17-4
1349

J178
1349

J175

.1285

J175
.1081

0981

J175
. 1240

077

ESTIMATED ~

Device
17-84 M5%
L2142 1A
. 2007 AR
2142 . 3427
,2007 . 3490
2333 . 3884
1962 Jd92
.1885% , 3362
BLE] 3417
.2220 ,3788
1984 L3812
2037 <3400
AN . 3453

SIMFIRE
21

YRR
3427

.3490

3219

3213
. 2697

2735

3516

3470
3129

JAm
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combined tasks. Note, however, that this combined value is not simply an
average of the 7T s for the two subtasks; it is weighted by the number of
subtasks, ttal learning deficit, and individual subtask T s. It is also
true that ~ - .. 10t directly comparable between tasks; primarily, this
is due to the ranking procedure of the Learning Deficit analysis. While
two subtasks (one in each task) might have the same "1" difficulty/
criticality rank, they might not be equally easy to learn. Thus, while

a higher value of T 'is interpreted as better transfer potential, this
estimate {5 relative to the other devices under consideration for a given
task,

Table 7 reveals some other interesting information as well, First,
there 1s a large and differential impact on predicted effectiveness for
the different utilizations, For example, there is no difference between
actual and potentia) transfer predicted for the 17-4 and 17-B4, while
there is a noticeable decrement for the M55 and SIMFIRE, Similarly, the
effectiveness of the 17-4 and 17-84 devices is reduced when supporting
classroom instruction is provided; the predirted effectiveness generally
improves with classroom support for the M55 and SIMFIRL., There are clear
differences between the two tasks studied: while the M55 and SIMFIRE are
equivalent for Task 1, the M55 {s clearly superior for Task II,

while it 1s important to explore the determinants of these results,
any such speculations would be without empirical justification. Clearly,
experimental evidence as to the relative efficacy of these cevices for
these hypothetical utilization situations is needed.
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& " 5.0 DISCUSSION

i 5.1 Composition of the Model

! As presently structured, the training-effectiveness model provides for
' relatively comprehensive treatment of factors directly related to a training
’ device which are known to impact upon transfer of training. There are other
3 - factors which should certainly be considered for inclusion in future

. versions of the mode). These typically involve features of the tratning
systom external to the device 1tself: two of the more important of these

. are the amount of training/practice given and instructor-student acceptance
of the device. Work on the potential impact of these kinds of training-
system variahbles will continue.

As far as device-related variables go, one additional construct might
be added inmediately to the present model: a third similarity analysis which
assesses the degree to which various adverse conditions, expected to {mpact
on task performance, are simulated in the device. The data required for such
an Environmental Fidelity Analysis (EFA) could be obtained by tnterviewing
3 ' exper{enced operators as to the special or adverse conditions which occur
‘ from time to time and affect task performance {e.q., extrame temperature,

%v reduced visibility, etc.). Building upon procedures suggested by Chenzoff

: and Folley (1965), 1t should be possible to estimate how severely each
condition degrades performance, how likely it is to occur, and what specific
subtasks are impacted upon, From descriptions of the training device, esti-
mates could then be made regarding its capability for simulating each
adverse condftion,

R QUL DT AEIr L S SN B R TECRP LR PSE St 3

Insofar as possible, an attempt has been made tc incorporate the rele-
vant thinking and constructs of other investigators into the model. To
‘ the extent that we have been successful in doing so, the mode! represents
; f a coalescing of {deas about the nature of transfer and the factors which |
_V influence 1t, :

5.2 Data Requirements !
The initial applications of the mode! described in earlicr sections of
the report were undertaken for two reasons. First, such exercises afforded §
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an opportunity to {dentify and resolve any procedural difficulties which
might arise. Second, and perhaps even more importantly, they provided E
for determination of the model's information requirements and for assessment :
of the feasibility of satistying those requirements. At fssue were the
kinds of data needed and the anticipated quality of that date as a function
of the type of device being evaluated and 1ts stage of development.

5.2.1 Kinds of Input. The basic data requirements, as fdentified
during conduct of the primary analyses (i.e., TCA, PSA, FSA, LDA, and TTA) o
: are threefold, First, a detailed statement of the training objective(s) {s 'Y
g mandatory for the device under {nvestigation, Second, detailed task-analytic
data of the operational task and the training situation are required. Third,
estimates are needed of the capabilities and existing knowledge of the
trainee population who will practice on the device,

The Army has developed detailed procedures for the specification of ,
training objectives, As discussed in CON Reg. 350-100-1 (1972) a training |3
objective is to contain; The action which the trainee must be able to per- '
forn, the conditions under which he is expected to perform, and the stan-

i dards of performance he nust reach. The action element determines which

' specific tasks are to be evaluated in TCA, PSA, and FSA, 1t also contributes
to LDA, The conditions element would contribute to an Envirommental Similarity '
Analysis and to LDA. Finally, the standards element is vital for accurate 3
determination of the LDA, 3

Provision has also been made for the gcneration of detailed task-

analytic information as described in CON Reg. 350-100-1 (1972) and CON

Pam, 35011 (1973). Particularly relevant are the data generated during

training analysis which, when cast into Job-Task-Data-Card format, indicates

the task, subtask, job task conditions, job task standards, skills and

knowledge, and attitudes. These categories of data are directly relevant

to most of the analyses required by the model. It should be noted, however, }
3 that these inputs are descriptive of the operational or transfer situstion.
: Analogous data are required for description of the training situation. At

present there appears to be no formal provision for the generation of such

information. This fact, as will be discussed below, hat implications for

- e = =
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the kinds of devices and stages of development which can be addressed by
the predictive model.

S PP S

The last kind of input required by the model is not available in
any formalized sense, but can be obtained fairly readily, In order to
specify parameter values during LDA, estimates are needed of the capabilities
of the tratnees who are to use a given device. It seems that the kind of
input which {s required can be obtained from a general consideration of
trainees' backgrounds (i.e., the kind and amount of prior miljtary training
which they have received).

5.2,2 Quality of Input. The key issue in practical applications of
the current model {s the feasibility of acquiring the input data which
are needed. As discussed above, several different kinds of input are
necessary at rather detailed levels of description, O0f concern, therefore,
is the assumption that the quality of this tnput (and, consequently, of
the cutput) may vary as a function of aother factors. Two of these, considered
during the applications reported above, are: 1) the system or nonsystem
orientation of the device under evaluation; and 2) the stage during design
and development when the evaluation {s attempted.

o i, B o S ARG e st e redle
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The Army defines a tratning device as any three-dimensional object )
developed, fabricated, or procured specifically for improving the lesrning :
process. These devices are classified as system or nonsystem, DSystem
: devices are those designed for use with one system or {tem of equipment
; (e.g., for the TOW missile, the M6OAl tank, the M6 rifle). NonsyStem
F devices are designed to support general military tratning and/or for use
, ' with more than one system or item of equipment (e.g., a burst-on-target

trainer, or a main gun trainer)., While this distinction may be valid for
other reasons, it 1s not important within the context of the current model
since 1t treats all devices as though they were system devices. This view
; stems naturally from the way in which the evaluation {s conducted, The
basic tnput always consists of the training objective, which efther indicates
directly, or certainly fmplies, the specific cperational coentext to be con- i
sidered. The model's concern with transfer of training as the measure
of effectiveness forces consideration of the specific operational system
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or equipment for which training is being given, For instance, when the
effectiveness of the 17-4 Burst-on-Target trainer is to be estimated, the
estimate must be made for some designatec system, This is in no way meant
to imply that the 17.4 would necessarily be judged equally effective when
applied to, for instance, the M60A] tank, the M6 rifle, or the 105mm
howitzer systems. While the type of device doas not influence the quality
of inputs to the model, the manner in which the device is represented cer- UNp
tainly does, Ha

The model provides an estimate of training effectivenass based upon
an analysts of both the operational context/equipment and the training
situation/device. The amount and quality of the information which {s
available to describe either of these settings is a function of their stage
of development, This point quickly becomes apparent when one considers
the operational equipment and the training device at both conteptual and
prototypic levels of development,

Four situations arise in which one might want to apply the model to
forecast device effectiveness. In the first instance, assume that both
the operational equipment and the device are at least at the prototype
staye of development. In this case the quality of the information which
could be generated would he at a maximum, However, the utility of the re-
sultant forecast would be diminished by the extent to which large costs
had already been incurred in producing the device prototype. In the :
second case, assume that the equipment was in prototype form and that the '
device was represented by a Training Device Requirement (TDR). Here,
clearly, a forecast of effectiveness would have great utility. Unfortunately,
however, the TOR's as currently writtan do not provide the {nformation
required for description of the davice (AR 71-7, 1973). The third and .
fourth cases, in which either the equipment or both the equipment and device R
were described in preliminary document form, would prove similarly unmanage-
able. No single document could be found which contained all of the information
required for analysis, nor would the available information be of sufficient
quality.
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This situation does not preciude early assessment of a device, It
does suggest, however, that current TDR's would need to be reformatted if
they were to serve as the single source for all necessary input data to
the model. While this may represent a significant problem, it is felt
that much of the needed {nformation may be available from different sources,
Aggregation of this data should be feasible.

5.3 Analytic Procedures

The procedures employed in the several analyses demanded by the mcdel
appear to be reasonably sound, Most of them represent a compromise over
choice of appropriate level of analysis. By working at what seems to be an
{ntermediate level of detafl it {s possible to introduce a reasonable
degree of rigor and precision while avoiding the extremely time-consuming
ef fort which has plagued other approaches,

The most difficult and lengthy processing involved occurs, in fact,
during the generation of input data, The need for task-analytic infor-
mation {s inescapable, and one must continue to go through this complicated
procedure, Within the model itself the Training Techniques analysis, as
indicated in Section 3.0, is rather laborious., In the future, attempts must
be made tu conduct this analysis at the subtask level rather than at the
level of individual knowledge and skills, Similarly, ratings should be made
relative to the operational equipment which the device is destgned to replace
for training purposes.

5.4 Validity of the Model

Development of the predictive model {s obviously intended to replace
the costly approach of empirical evaluation of proposed devices and to
permit evaluations earlier in the Vife-cycle of the device. Before reliance
can be placed on the model, however, 1ts own effectiveness must be
determined. This means that its predictions must be checked against
empirically obtained results. This process of verification represents
validation of the mode!.

As indicated in the Second Interim Report (Wheaton, et al., 1974),
"validation" of the model actually refers to two kinds of validity: a)
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predictive validity, and b) construct validity, Predictive validity
addresses the question of whether the model's output is useful in predicting
the relative effectiveness of different devices. Construct validity refers
to the degree to which the dimensions of the mode) hypothesized to influence
transfer actually measure or represent what they purport to measure, In
essence, construct validity addresses the theoretical structure of the model,
its internal aspects rather than its output. It is clear, therefore, that
predictive and construct validation serve two different purposes.

Predictive validity is assessed by the covariance between the model's
output and some concurrent criterion measure of transfer of training, In
perhaps the most basic case the model can make a prediction about the relative
transfer of training arising from two training programs--one which employs
one device and another in which instruction {s provided by exposure to a
different device. In this instance, the model would predict the relative
effectiveness of alternative devices.

Construct validity i{s demonstrated by determining the relationship
between specific predictor variables (e.g., various components of the model)
and transfer measures., In this kind of study interest lies in determining
the effects which parametric variations of independent predictor variables
have on the criterfa--in this case transfer-of-training measures. One can
develop confidence {n the value of any construct and in the construct
validity of a set of measures when 1t {s found that devices which result in
good training and devices which train poorly differ in some ways, and that
these differences are in accord with theoretical (model) predictions.

In the present project predictive validity {s of more immediate concern
than 1s construct validity. In essence, an attempt has already been made
to build construct validity into the model. Constructs were included only
after an extensive review of the 1iterature, and only where powerful effects
on transfer had already been demonstrated. The remaining construct validity
questions and experimental studies must await the results from the predictive
validation afforts. Consequently, the field validation effort which is
being planned will focus on whether or not the model's predictions can be
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corroborated by obtained data. If predictive validity is demonstrated then
attention can return to the construct validity of various dimensions com-
prising the model.
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APPENDIX A TRAINING TECHNIQUES AND PRINCIPLES

A ment loned in the Cirst report in this series, the literature
Jealing with transfer of training is voluminous. Despite the enormous
accunulation ot empirical information, the data are generally still in
G torm which is toth unayatomatic and difficule to use. Very few at-
tempts have been made to organize thia literture into a usable tody ot
knowledge, Major attempts are represented in the work of Willis and
Petergon ' arl Micheli! To be maximally offective, a training paychologist
muot to able to organize and synthesize the relevant literature in order
to extrapolate to a spevific training situation,

The approach employad by Willig and Peterson and modified by Micheli
wall to nurvey the literature in order to derive a set of common generali-
cationy or principlen about learning and transfer, A particular trainim
situation could then be evaluated against these principlen to egtimate
the efficacy of a cpecitic training contlguration. The basic organizational
tochniqie wan to create a trinciples-by-tanpk matrix and to gencrate trainim
guidelines tor each of the resultant celln, Thene writers awployed slightily
difforent categorical taxonomios for classification of taskn: despite thebe
ditterencen, both syostemt aerded primarily an afdn to oraanizing trainim
gulidelines,

Fur parposes ot the present model ovaluat ton exetcizes, this same
matrix approach wans employed for the Training Technigues arelynin,  tach
tow in the matrix representesd a subtask and each column represented a
e i UL traindng primciple/t~hnigue, ‘e manner in which a device
actually prawlded for trainimg of each subtask was then contranted with
the privciplesstechnigquen, M atd an thin process, cach axis of the matrax
was ayntematizes), With reapect to the subtask axia, tank categorizations
wore uhed, baned on Micheli'n -cateqory scheme,  PFor the principle/
techniguea axis, a rough digtinctioa among ntimalun, reaponie, and feedbark
principlen was unexd,

Table A~1 presenta the distribution of principles acrosn task cates
Gorief.  In the present evaluat ion, the analyats used this table primarily
at a gumidelineg in cages where o tank categorizat fon warn doubtful, the
principles for all conceivable categorizations wore ncanned,  Table A=
presentn the not of principles mployed in the preasesnt study,  These
prirciples wore developnd from three major sources: willis and Peterson,

! willin, M, P. & Petorson, R, O, Deriving training device implications
from theory principled, Volume 1@ Guidelines for trsining device
degign. development, and use, U,S5. Naval Training Device Center,

Port washington, New York, 1961, AD 264 1364,

In 11,8, Naval Training Device Center, Staff study on cost and training
cffoctivenens of proposed training systems, TAIG Report 1, U, S8, Haval
Training Device Center, Orlando, Florida, 1972,
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b Micheli, and the ongoing review of the empirical literature. Fach of 1
the principles adopted from either Willis arkd Peterson or Micheli was 1
N evaluated against the literatures empirical and theorotical support VY
3 for each principle/technique was then '‘rated.'’ i
: It should be re-emphasized that the behavioral taxonomy and principle
3 groupimgs served primarily to aid the analynis {n locating relevant i
) principles, Other organizational and reference systems are currently t
¥ being developed, as well as more precise statements of the principlen |
themselves, P
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TASK CATEGORY

Uncull - Facts b
Principles

Recall » Procedures

Son-Verba)
Tdent{fdcatiun

NonYerbal Detection

Using Principles,
Interpreting,

Infereing

Making Decisions

continuous Muyement

Verbal Oetection and
ldentitication |

Postitfontng & Serial
Moy ermend.

Repet{tive Sovement

B s TRV e PNy

Written Yerbhalization

ral Yerhalitatton

Nther Yoarbalization,
Including Signs

PV e

aror s ‘.....l s b b B

A

PRINC!IPLES

STIMULUS
1,2,3,4,5
2,4,5,6,7,8,9
19,11,12,3%

.

15,16,36

17,18,19,20,21,26
22,84,24,25,35,38

44,5,06

2N 08,38, 06

29,030,011

N

RESPONSE
1,2,3,26, 0
1.2,3,26,29. 0
4,5,26

]

1,17,18,19,29,30

FEEDBACK
1,2,27,29,30
1,2,2.9, 0
1,4,5,27,29,30

6,29,30

7,27,29,30

V,7,8,9,17,18,19,29,30; 8,29,10

10,11,17,20,22,23,4,

7.28,

1,12

L3 M0,
ro JER

18,20,28,24,028,71,8,
3

|
!

9.10,15,17,19,22, 23,24,
25,26,07,28,29, %

11,29,10

YA 5,16,17,1A,19,00,
21,22,2), 04,06, 87 .28,
29,30

g8, 10, 18,19,20,2

sd l?:?l
2),4,24,27,08,2

3
9,30,

1.9 13.29,30
14,1508, 8 14,2910
1,9,18 14,29,30
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Table A-,.
TRAINING PRINCIPLES/TECHNIQUES

stimulus Considerations

Organize trafning around intrinsic cue components (key words, formyl{, or key Vet..rs
within the fact or principle. Use these cue componenis as mediators to trigger recal
of complete facts or principles.

fopirical - good

Theoretical « ingifferent

Use l;mmonlcs (3ssociating recall of facts or principles with {magery, rhyme, rhythm,
.‘cn L}

Empirical - good

Theoretical - fair

Prevent decay of recall by increwsing the meanfngfulness of the material to be Yearned
by providing organfzation tn the related facts or principles.

tapirical -~ good

Theoretical - yood

Prevent decay of recall by overlearning the original material,
tmpirical - yood
Theoretical - moderate

Prevent decay of recall by providing perfodic refrasher training.
Empirical - fair
TheoretiLal - eacellent

Use sental rehearsal of sequential steps, {f readily codable 'n symbolic fomm
(medtators).

Empirical - (rdifferent

Theoretical - yood

Mawimize control of cues to ensure that the tréinee (s forming the proper associations,
f.e., responding appropriately to the correct cyes,

Empirical -~ good

Theoretical - ercellent

In tratning for recall of langthy or difficult procedures, develap redundant cue
response patterns (via primary and supplementary stimuli) to trigger the sequentially
neat correct response,

bapirical - fair

Theoretical - good

. Use prograsmed demonstration of procedures, up to bt mot beyond ability of student to

understand procedures,
Empirical - good
Theoretical - good

Stimult used in tratning should be nearly identical to job stimuld untess this
fideltty increases problem difficulty in the tnitial phase of training to an un.
acceptable level,

fapirica) - go0d

Theoretical - good
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Table A-o(cont'd)

R 11, Very ratio of relevant a.d frrelevant (transient) stimult according to requirements IR
.‘\ of varfous stages of trafning. Maximize relevant cues and minimize irrelevant cues 18
g in early stages of training; use & realistic mix of relevant and irrelevant cues in !
final stages of training, .

Empirice) - questionable 4

Theoretical - good g

12, Emphastze cues which elicit medfating responses, e.9., “self-instructions*, “popule-
i tion stereotypes” and "natural associations”,

3 r. Empirical - good ;

.3 t Theoretical - good 9

‘ 13. Transfer increaies 43 the difference between reference and generalization stimulus #.
decreases,

Empirical - excellent
Theoretical « excellent ]

14, Decrease signal-to-nofse ratio 4s student achieves success at & given difficulty level,
Empirica) - good

Thecretical - escellent

15, Emphasize the 1ogical relationships which exist between the general principle ard the
specific application. The unique or spectal features of each application should bo ‘
minimized while the common relationships to the general principle should be ouphasized. 2
Empirice! « moderste ;
Theoretical - good

16. Stimulus redundancy - apply principle in & Yarqe numher of practice sftustiony, while
varying the stirulus contexl of repetitions,
Empirical . fair
Theoretical - good

17, Trainees must Mve access to potentially relevant data. In final stage of training, _
data should be 'imited to that mxpected tn real world situations, 1
Empirical - fair EE:
. Theoretical - good gz

18, Guiding - early tn training present logical fmplications of alternative choices,
B . Empivical - fair
B Thoorotical - good

19. Mediators - acquisition and use of mediators such as stereotypes or self-instructions
facilitate the fdentification of response alternatives and the probability of succress {
of each alternative. 3
Empirical - fair )
Theoreticel - good 1

3

Stimylus Yoad - toward the end of training, present tratinee with i reslistic data
. . processing load (realistic number of significant signals plus realistic noise in
¥ ! res) tin?.

: Empiricel - fair

Theoratical - good

21, Stimulus generalization - vary the stimulus context of repetitions,
Empirical . fair
. Theoretical - moderate
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Table A~ (cont'd)

22, Insure that the appropriate stimulus cues are available to the trainee contimually
during the performance of the task.

Empirical -« good

o Theoretica) - moderste
g
2). tmphasts on prediction of future states (thinking ahead). ’ o
v Cmpirical - fatr . f
' Theoreticail - fair 1
%(‘ 24, Expose tratnee to & wide range of task difficulty. 3
s fmpirical . woderate 1
¥ Theoretical - good 1
25. In continuous control tasks, high fidelity {s often required in (1) stimulus presentd- \
. tion, (2) operator revponse charactertstics, and (3) dynamic system behavior, thw
! evalving display-control relationship.

fmpirtcal - moderate

Theoretical - good

: 26, Contiguity « the symbol and referent should be preseanted in close temporsl contiguity,
P tmpiricel - good
3 Theoretical - excellent

27, Cue development - emphasize the development and use of internal cues, such as
mediators or kinesthetic cues,
Empirical » mdjerate
Theoretical - quod

| 28. In tratning for lengthy serisl movements, provision shauld be made for programming
N desonstrat fons of the lengthy serisl or sequential performance «ccording to the amoynt
: of demonstration which can be understood by the trainee, Continuing s demonstration
beyond the “saturation patnt® will result in the association of responses with LB
correct (ues.
Empirical - fair
‘ Theoretical - qood

29. Larly training - use models Of correct performance as & basis for trifnee to perceive :

critical cues of gond fore, Use models of compsnent parts of task, ‘ :

Emgiricatl . moderate P

i Theoreticsl - good

30. Cue discrimination - parceive difference between correct and incorrect form. ,
tmpirical « good

kN i
E Theoretical - excellent 3
[

l._ 31, Later stages of training ~ the kinesthetic cues dominate (cues based on “muscle feel™). T
: fmpirica)l - moderate

g Theoretical - questionable i
i 32. Performance a1ds - especially (n esrly phase of tratning use & performance aid or :
i mode), such as instructions, checklists or standard examples/formats to aid in

i parcelving nead for and compoiing of messages. 1
: fmpirical - indifferent 1
A Theoretical - fair
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Table A-. (cont'd)

“In-the-head” medtators - in later stages of {nstruction rely on *in-the-head"®
{nstructions, models, etc., to aid in perceiving nead for and composing required
neI1aQgOs .

tmpirical . indifferent

Theoretical - fair

Static and dynamic models - in edrly phase of training ute models, such as still and
moving graphic displays (video tape recordings) to establish the characteristicy of
criterion performance.

Impirical « fair

Theoretical - fair

Pre-training methods need to take care not to make the § dependent upon the extrs cues
provided in the early stages of training and thus to hinder the changeover to more
direct relations between input and output ot a later stage. ‘
Etmpirical - gond

Theoraticeal « excallent

With very complex tasks, instruction in principles yields better resuits than laying
gm'a detatled drill, while with simplar tasks the drill s at least equally ef.
ective,

tmpirice) « good

Thaoratical - good
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Table A-U (cont'd)

Response Considerationy

. Make an overt response indicating the recall of facts and principles, enabling

measurement, (Add appropriate phrase for ssch behavioral category.)
Empirical - excellent
Theoretical - excellent

. Response Generalization - make job performince type responses (1.e., high fidelity

responses later in training),
Inpirical - questionable
Theoretical - questionable

Guide or prompt response, especially in the acquisition phase of trsining,
tmpirical . good
Theoretical - good

To~ba-1earned response should occur as soon as relevant cues are perceived (con-
tiguous occurrances of cues and response).

fmpirical - good

Theoretical « excellent

The strength of o ?tven responte typically increases a3 4 function of practice.
Empiricel - extellent
Theoretical - excellent

. To anddle reinforcmment of performance, the student, upon detecting a signal, shoyld

respond s0 that what 1y delected and time 07 detection can be recorded.
tmpiricel -« excellunt
Theorettcal - eacellent

Performance differerices which are due to Individual differences in ability tend to be
sagnified 2y & function of increasing tash difficulty, [dentical perfarmance among
given tralnees s not necessartly indicative of identical learning, hence the hewd
for & better measure uf the eatent to which tratnees are profiting from the training
situation,

Empirical « good

Theoretical - excellent

. Apply dacision making tn a larne number of practice situstfons while varying the

stimylys content of repetitions,
fapivical . fair
Theoretical - youd

Stross - when tratnee will be required to perform urnder stress, use overlearning of
skit) to mintmize effects of compating responses,

tmpirical - fatr

Theoretical - good

Repetition: highly ski{lled performance requires axtensive practice.
Empirical - axcellent
Thioretical - excellent

Make an objective messurement of the frequency and type of errors - changes in total
orvor pattern « throughout the course of training. Medsurement should be based on
specific behaviora! objectives.

Empirical - good

Theoretical - fair




Table A-0 {econt'd)

12, Symbol - referent assoclattons (pairings) are especially amenable to “{n-the-head"
practice,
Empirtcal « good
Theoretical - excellent

13, Emphasize extensive motor response repetition or practice {n order to (1) strengthen
individua) or component steps of the movement sertes, and (2) integrate these steps
o into 4 wooth sequence.
; Empirics) - excellent
o Theoretical - good

- 14, Emphastze overt respondings in & social) context. Practice to strangthen correct
. responses,

Empirical - indifferent

Theoretical « hunch

i 15, Record responses tn context. Since the response is typically complex {nvolving subtle
: reistiony among components, the technique of measurement should provide for recording
Lhe total complex in a manner that permits analyais of such subtle relationships,
tmpirical « indifforent
Theoretical - excellent

16. When skil) is not regularly used, prevent decay of recall by providing periodic
refresher training.
tmpiricel - fair
Theoretical « excellent

17. The usefulness {for "lateral® transfer) of any learned capability will be increased (f
ft 1y practicad in as wide & vartety of situations as possible,
tmpirical - good
Theoretical - excallent

18, Ensure that relevant subordinate capabilities have been thoroughly learned before
u\lln? on vertical (e.9., Inclution) transfer Lo ald the learning of “advanced"
capabiiftias, .
tmpirical - good E
Theoreticel - gquestionable v

1

19. Vertical transfer {is enhanced Ly the variety of previous knowledqe. :
Empirical - fair ¢
Theoretical - good i

' 20. Where the whole task is a closely cnordindted activity such as afming & rifle or
slmulated fiying of an afrcraft, it 13 better to tackle the task as ¢ whole. Any
attempt to divide 1t up tends to destroy the proper coordination of sction ind
subordination of individudl actions to the requiresents of the whole, and thus out-
weighs any advantige there might be in mastering different portions of the task
separately,

‘ impiricel - good
) Theoretical - fair

21. Where the task !avolves a teries of cosponent actions which have to be performed in the ]

corract order but each 1s largely indapendent of the others, there jeom to be i

advantages {n practicing the different components separately. !

Eapirical - fair {
) 3 Thaoretical - good
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Table A<:' {cont'd)

Continuous practice facilitates mastery of complex, meaningful materia) and the
establ i shment of coordinated rhytmic activity (within 1imits of fatigue),
Empirical - good

Theoretical - fair

Continuous practice seems to be preferred by older trainess.
Empirical - moderate
Thaoretical - indifferent

Smcod practice s more efficient than continuous (f only the actua) duration of
the sessions {s counted and the time between sessions s t?mrd. When the time
between sessions i3 included, continuous practice s usually more efficient,
Empiricsl - good

Theoretical « indifferent

Very brief pauses between practice sessions should be as effective as longer omes,
Empirical - fair
Theoreticel - good

“Mental practice® in which the $ performs a task in the imagination, can often be
substituted Tor ¢ substantial amount of practice {nvolving full performance with
titele 1f any 1033 of effectivenassy,

tmpirical - falr

Theoretical - goud

Relatively 1ittle learning occurs {f Sy are passive spectatars or even passive
performers, but that they must be involved in active decisions and choices sbout
whit they are doing, ami 1t {5 these that they will retain whether they are
right or wrong.

Cupirical - sxcellent

Theoretical - exceilent

If two or more tasks have to be learned, 1t i3 most beneficial to begin with the

one which elicits the greatest care and effort towsrds the attuinment of & high
standard of perfurmance., However, {f 5 was not allowed ¢0 continue to

?rlctiu the more difficult task until a point of reasonable mastery, he would ba
eft with an inadequate comprehension of the task, and transfer to 4 simpler task
might be confused and less satisfactory than if he had tackled the wasier task first,
tmpirical - good

Theoretical - moderate

The more sub-tasks there are in the overall task, and the more thay interact with one
another, the more opportunity there will be for improvement, and therefore the longer
faprovement will continue.

tmpirical « good

Theoretical - excellent

Transfer of skill from one task to another will depend not 0 much upon the extent
to which mathods possible for one are applied to the other, but the extent to which
methods which have been selected for the one are applied to the other.

Espirical - Ind(fferent

Theoretical - excellent
Effactiveness of spaci»? practice depends on what {s done during the times between
muu perfods: (e) 1f thay are spent in rehearsal of the material, learning will

fit, untess the task iy fatiguing In which case continued practice may depress
subsequent performance. (L) 1f time betwesn practice periods are spent on another
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l Table A-2 (cont'd)
task, learning or later recall of the first task may be impaired, the degree of
impairment depending on the degree of similarity between the two tasks.
Empirical - good
Theoretical - good
[
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Tablue A< (cont'd)

Feedback Considerations

. Schedule KOR (knowledae of ruu!tsz‘soon after response for maxinum reinforcement,

Error {uentification function of K
Empirical - excellent
Theoretical - excellent

1s significant.

. Especlally early in trun!ng. use KOR after the response to each step, for maximum

reinforcement. Crror {dentification function of KOR §s significant, In later
stages of training, s%ep feedback {s mot 50 critical,

Empirical - uce{lm {but mustly rats)

Theoretical « mxcellont

At training progrosses, gradually increase the delay {n pressnting KOR (preseat KOR
{n {ncrements of 2 steps, then J steps, etc.) until the schedules of XOR approximates
the operationdl setting,

Impirical - good

Theoretical - excellent

{mmediate reinforcement (0.5 second delay) for non-verbal ldertif{cation,
Empirical - no dats found
Theoretical -« hunch

KOR « automatic zystem perforwance feedback (e.g., 1f target i3 f{dentified from
partial cues, presmnt the target with a full set of cues after ldenti{¥ication;
automate if passitle),

tmpirical - indifferant

Thorztical « good

Feedback omission schedule programmed according to stage uf training: high feedback
during tnitial stages, decreased to equivalent to operatfonal setting or Yower,
Empirical - excellent

Theoretical - oxcellent

Schedule KOR soun after response for maximwm reinforcement. KOR should deal with
both process and solutinn,

Enpirical - indifferent

Theoretical - oxcellent

. Early in tratning, evaluate each alternative solutinn as it 15 identified, and when

é fim) choice among alternatives is made, evaluite tha overall choice,
Empirical - indifferent
Theoretical - hunch

Shaping - reinforcement should be contingant upon characteristics of traines's
Fesponse 30 that by & precess of ‘successive approximations', the final desired
proficiency s produced.
Empirtcal - excellunt
Theoretical - excellent

Continuous KOR - because of the dynamic nature of the problem, the trainer should st
times be presented with an on-going evaluation of his performance.

Fplrical - indifferont

Theoreticsl - good
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Table A= {cont'd)

11. Incorrect as well as correct symbol.veferent pafring can be strenythened by self-
inttiated "in-the-head" practice.
fmpirical - moderats
Theoretical - excellent

12, Extensive response repetition (overlearning) by the trainee to take advantage of the
built-in Teedback properties of these types of tasks, Simple repetitive movements may
be “automatically® reinforcing (Kinesthetic feedback).

Empirica) - excellent
Theoretical - good

13, Provide record of trainee's overt rasponse to enable evaluation of trainse performance
1.8., st know what 5s are doing tn order to provide KOR).
frical - excellent
Theoretical « excullent

14, Analyze oral verbalization recordings to evaluate trainer/team performance and
provide KOR.

Empirical - excellent
Theoretical - excellent

15, Performance improvement §n acquisition depends on krowledge of results (KOR), The

rlu)of improvement depends upon the precision of KOR  (within 1imits of weaningful.
ness),

Empirical - excellent
Theoretical - fair

16, Delay of XOR hasx littie or no effect on acquisition (for simple motor movements only),
Empirical - eacellent
Theorettcal - fair

17, Icreasing the post-KOR {nterval up to a point will improve performance lavel in
acquisition  (spacing during practice), The "point” {3 when recall of movement or
KOR i3 affected.
fmpirical - excellent
Theoretical - wesk

18. The type of activity in the KOR delay or post-KOR delay interval does not influence
acquisition (provided the intervening activity is not of the same type),
Empirical - exceilent
Thearetical - weat

19. Withdrawal of KOR produces deterioration of performance when lcvel of training iy
low or modorate.
Empirical - excellant
Theoretical - axcellent

20. When kOR i3 delayed in acquisition, and § engages {n deliberate verba! or motor
activity during the delay interval, the effect of KOR withdrsws) is poorer performance
than when § rests,

Empirical - excellent
Theoretical - fair

21, Mhen KOR 13 delayed In acquisftion, and § rests during the delay interval, the ef.
fect on performance when KOR {3 withdrawn (s no different than when inmediate KOR
Is used,

Empirical - good
Theoretica) - fair
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Table A« (eont'd)

CACtivity In the post-ROR delay interval durinyg acquisition worsens performance when

KOR 1§ withdrawn.
tapirical - extellent
Theoretical - good

After a relatively large amount of training, learning can continue when XKOR 1s with-
Jrawn,

kmplrical - gued

Thiworetics! - fatr

1f errars could be prevented in the first few trials (e.9., guidance), mastery of the
teuk Shuraid be wery mych guicher,

Empirfcal  « good

Theoretfcal « vacellent

CGatdanc e during traintng ts beneficta) when tracking movements have to be made with

an fncarpatidle control-display relationship.
impirtoal - tair
Theorati.al - fatr

Guidance does nat aly simple repetitive movements, but atds tearning complex courses,
topirtcal BERYIHITS
Theoretical « good

The ranner ¢ conveving K0R fs fmportant: (R} Effectiveness is greatest when the
tnformation (8 Slearly and dimply related to the action performed,  Any distortion
ar ey von e the isformatien fad back to the S wil) reduce ity effectiveness,
't'; Codudy fall or coeplec intormation ray be partiy {gnored or may confuse the 5,

zc the antarcation gleen Shoula tRgicate the discrepancy between what {4 requires
and wnat hry been achievad rathar than merely give a reninder of requirmcents or some
broad medasur» of Avhiovenent,

trepirical « peceilent

Theuretical - puellent

Performar. ¢ iy beat =aintained when the tonditiony are such 8% w0 emphasize the need
for § to olseeve tre fepl of his actions in arder to relate then tu their results,
fmpirical - qax

Theoretical - eagelient

A S must have seer ones o the resutts of Ris actinng {F he 15 to perfurm accurately
at all, and traintng procedures will be effective in so far as they help him to
obunrve and ute such Lues as are Inkorent in the task for which he s being trained,
They will fail in 5o far as they pro.ide him with extra curs on which he comes to
rely dut which are not available when he changes from trafning to the actual job.
Lapirical < excellent

Theoretical - exceilant

KOR acts as an incentive,
Eopiirical - excellent
Theoretfcal - good
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