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13 ABSTRACT

[N

i _J This report presents a technique for choosing cost-effective instructional . 4
delivery systems for proposed training programs. It is the Training Effectiveness, 1
Cost Effectiveness Prediction (TECEP) technique. It provides an orderly approach

%- ; for the skilled training system designer to use in making delivery system choices f
R during the conceptual design phase.
: R A three-step procedure is described in which training objectives are

classified and organized into groups, appropriate learning strategies are defined
for each group, media capable of supporting these strategies are identified, and

the costs of alternative forms of training are projected. With “nis information,
Lo optimum delivery system choices can be made.

, ' Reference materials are provided to aid the training system designer in

A carrying out this prccess. Included are a list of 12 types of learning algorithms
R and the class of learning objectives each supports, separate tables for choosing
instructional delivery systems for each algorithm, and a cost model for comparing

the value of resources required by alternative delivery systems. A Fortran IV y
. program listing of the cost model is included. ]

A series of reports describes the TECEP technigue. 1In addition to this
report, two others will be forthcoming. They are TAEG Report No. 23, Learning
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SECTIUN 1
INTRODUCTION

The selection of an instructirnal delivery system is an important
step in the training system design process. An instructional delivery
system is made up of the studet and all of the elements with which he
interacts to achie:e instructional gosls. The structure of this delivery
system determines in a major way how the information pertinent to training
is to be organized and presented to the student. The choice of the
delivery system affects not only training effectiveness but also the
costs of instruction. For example, in the systems engineering approach,
instructional delivery system choices are determined from trade-off
studies which consider the relevant alternatives for training and the
associated costs. Choo—ing the delivery system with an optimum mix of
instructional media is difficult to accomplish in an intuitive, informal
manner. A systematic approach to media and instructional delivery
system selection is required which is formalized in the training system
design process,

Recently, the Training Analysis and Evaluation Group (TAEG) examined
the available formal media selection techniques for possible use in Navy
training system design. From this grouping, the 10 mcst promising
published techniques were selected and critically examined. None of the
techniques was found adequ:ate for use in developing specifications for
Navy instructional delivery systemsll The results of this inventigation
are presented in TAEG Report No. 8.

The available formal media selection techniques suffer various
shortcomings. A1l tend tu be imprecise (vague, ambiguous terminology)
and too gross in categorizing the factors that influence the media
selection process. They also lack generality. The available techniques
are tailored to specific training environments and are inappropriate to
a range of training situations such as found in the Navy. To be workable,
they also require considerable intuitive judgments on the part of the
training system designer. The existing approaches are incomplete in
that they do not account for all the critical variables in the media
selection process. Prominent factors thrt must be considered include ;
the nature of the tasks and task structure, the learning strategies -
appropriate to these tasks, the media types available for instruction, ;
and the procurement, operatir - and updating costs of alternative media
mixes. Other prominent fac s are the state of development of proposed
media approaches, resources required for courseware development, and the
characteristics of the anticipated student population.

1 Richard Braby, An Evaluation of Ten Techniques for Choosing Instructional
Media, TAEG Report No. B, December 1973. Training Analysis and Evaluation
Group, Orlando, Florida.
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What ic needed are means for reducing the wealnesses inherent in o
exjsting media selection schemes and to consider ail elements of the
instructional delivery sysiem. The selection procedure presented in
this report, called the Training Effectiveness and Cost Effectiveness
Prediction (TECEP) technique, is an attemnt in this direction.

R i s - S KL i

This report presents an operational description of the TECEP tech-
nique. The ground work for the technique was laid in TAEG Report No. 1.
In its present form, the TECEP procedure has incorporated the design
requirements for ag optimum media selection technique articulated in
TAEG Report No. 8.7 A one-year field trial of the draft version of this
report resulted in additional refinements which have been incorporated
into this final report. However, the technique continues to possess
some of the worrisome limitations ascribed to the previously available ]
techniques. The choosing of an optimum instructional delivery system :
for various types of military training objectives remains a subtle and
complex decision-making task; something that cannot be fully procedural-
ized. Training systein designers who use the TECEP technique must possess
expert knowledge of media. The technique will serve as a performance
aid in caretully erploring the probable cost and effectiveness of various
alternatives, including innovations. ‘

PURPQSE

The purpose of this report is to make available to training special-
ists a procedure for chousing instructional delivery systems appropriate
t, various types of military training. The TECEP technique serves as a
rerformance aid for the training specialist to use in defining appropriate
training strategies for training objectives, choosing instructional
ucyivery systems capable of carrying out the training strategies, and .
identifying the relative cost of these alternatives. Through the use of :
this procedure, training specialists choose the cost-effective instruc-
tional delivery system over its competitors.

ORGANIZATION OF THE REPORT

Ir addition to section I, two other major sections are presented.
Section II provides an overview of the TECEP technique. The basic
concepts and terms empioyed are defined. Section III provides reference

2 staff Study on Cost and Training Effectiveness of Proposed Training
Systems, TAEG Report No. 1, 1972.” Training Analysis and Evaluation
Group, Orlando, Florida.

3 Richard Braby, An Evaluation of Ten Techniques for Choosing Instructional
Media, TAEG Report No. 8, De.ember 1973. Training Analysis and Evajuation
Group, Orlardo, Florida.
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materials used in choosing delivery systems. A formal three-step

selection rrocedure is described and illustrated through the use of a
sample problem.

. i Supporting information is presented in three apperdices. Appendix
; A provides an alternate method for step 2 in the TECEP procedure, the
e selection of candidate irstructional delivery systems. A wider range of
; solutions can be considered using the alternate procedure. Appendix B
' contains an anaiysis of the equations and economic theory in the cost

model, and appendix C provides a Fovtran IV program listing of the cost
mode’ .

R series of three reports contains the information needed to use
the TECEP tech21que In support of the material in this report are TAEG
Report No. 23,% which provides the Iearn1ug models used in selecting
delivery systems, and TAEG Report No. 24, which provides a detailed
sample application of this technique.

P S R Y

4 James A. Aagard and Richard Braby, Learning Guidelines and nlgorithms
for Twelve Types of Training Objectives, TAEC Report No. . 23. Training

Analysis and Ev- luation Group, Orlando, Florida (manuscript form, to ;,
be published mid-1975).

R1Lhard Braby, Choosing Instructicnal Delivery Systems with the TECEP
Technique - A Case Study, TAEG Report No. 24,  Training Analysis and

UL NN

tvaluation iroup, OrTando, Florida (manuscript form, to be published
mid-1975).
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SECTION I1

OVERVIEW OF THE TECEP TECHRIQUE
BACKGROUND

The TECEP is a technigue for selecting cost-effective instructional
delivery systems for prosored training programs. [t provides an orderly
approach to making delivery cystem chuices during the conceptual design
phase. A sequence of steps is provided for identifying generic types of
dolivery systems capable of accomplishing designated training objectives
aind for determining the costs of owning each of these types of training
systems.

As defined in section I, an instructional delivery system is made
up of the student and all of the elements with which he interacts to
achieve the instructional goals. Included are the instructional media,
both hardware and courseware, the instructor, other students in peer
instruction, and the direct supporting services for equipment maintenance
and courseware development. While media may be a prominent part of an
instructioral delivery system, the choice of a medium includes a package
of all of the elements in the instructional delivery system. Therefore,
the availability and effectiveness of each of the elements in the
delivery system must be considered in making a media choice.

The TECEP technique requires user expertise. It it not a mechanical
procedure. It requires the design team to make a series of key decisions
which infiuence significantly the resultant media mix alternatives. The
TECEP is best described as a job aid for an experienced training system
designer. What it provides is a pathway ard proced:ires for systematic-
ally coming to grips with critical issues in planning for cost-effective
instruction.

Figure 1 shows the general sequence of the instructional system
design process and identifiaes the chief function which can be performed
using the TECEP technique.

TECEP LOGIC

The process of selecting instructional delivery systems is formally
initiated when the training objectives for a proposed training system
have ‘:een received. A set of training objectives are an input to the
TECEP process. Starting with this set of objectives a sequence of steps
is accomplished for deriving appropriate learning strategies, identifying
instructional delivery systems capable of supporting these strategies,
and determining costs associated with these delivery systems. The
output of this effort is a description of an optimum instructional
delivery system for accomplishing the training objectives, Tha TECEP
process flow is shown in figure 2. Each of the elements in this process
is described in subsequent paray:raphs; the specific materials and guide-
lines for their use are provided in section III of this report.

Preceding page blank
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CHOOSE LEARNING ALGORITHMS FOR TRAINING OBJECTIVES. An algorithm is "a
precise, generally comprehensibie prescription for carrying out a defined
sequence of elementagy operations in order to solve any problem belonging
to a certain class."® Therefore, a learning algorithm is a step-by-step
prescription for a student to follow in learning any specific task in a
class of Tearning tasks, such as procedure following or decision making.
It is a general sequence for use with all similar training objectives.
Learning algorithms have been prepared for the more commonly experienced
types of military training tasks. Within the TECEP approach, each
training objective is matched with one of the learning algorithms.

IDENTIFY INSTRUCTIONAL DELIVERY SYSTEMS FOR EACH SET OF SIMILAR TRAINING
OBJECTIVES. A student must be able to carry out each of the steps in
the algorithm selected for a given set of objectives. An instructional
delivery system is to be selected that enables this sequence of events
to take place. The delivery system shall be capable of (1) displaying
the essential stimuius characteristics of the subject matter; i.e.,
color, motion, sound; (2) allow the student to respond appropriately;
i.e., choose an answer or manipulate a control; and (3) provide the
student with the required form of feedback and reinforcement; i.e., his
scores or a dynamic change in the performance of the system. All of
these events are specified within the algorithms. In part, the TECEP
technique serves as a performance aid for the training system designer
to use in identifying all those d~!ivery systems with the stimulus,
response, and feedback capabilities required to carry out the events in
the selected algorithn

ESTIMATE THE COST OF ALTERNATIVE SYSTEMS. The cost of using an instruc-
tional delivery system is the total value of all resources consumed in
that part of the training program supported by the instructional delivery
system. Included are the costs of the equipment, the curriculum materials,
the personnel (e.g., instructors and support personnel), the supplies
consumed, the faciiities supporting the use of the system, and the wages
and other costs of the student who learns from the system. These costs
can be estimated with the aid of a formal cost mndel. This cost model

is designed to display the cost implications of substituting one medium
for another in a delivery system or for comparing entirely different
instructional delivery systems.

CHOOSE COST-EFFECTIVE INSTRUCTIONAL DELIVERY SYSTEM OR MIX OF SYSTEMS.
To be cost effective a delivery system must (1) facilitate student
learning of the required behavior and (2) have a relatively low use cost
when compared with other systems also able to support the required
learning. Using the TECEP technique, a training system des‘gn team
chooses an instructional delivery system based on estimated training
effectiveness and cost. Solutions which minimize resource consumption
while meeting training objectives become prime candidates for incorpora-
tion into the proposed training systei.

5 N. Landa, Algorithmization in Learning and Instruction, Englewood
Cliffs, N.J.: Educational Technology Publications, 1974, p. 11.

14
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REQUIRED REFERENCE MATERIALS

Various types of reference materials pertinent to the TECEP process
flow are described next. They serve as printed job aids to be used in
carrying out each of the steps in the selection of a delivery system.
Figure 3 identifies these aids, and an introductory description of each
item is presented next. The actual refcrence materials and directions
for their use are presented in section III.

TWELVE TYPES OF LEARNING ALGORITHMS WITH THE CHARACTERISTICS OF TRAINING
OBJECTIVES THEY SUPPORT. Learning algorithms have been developed for
fundamentally different types of training objectives repressnting military
tasks. They are based, in part, on the Willis and Peterson’/ list of
conmon Navy tasks and are designed so that (1) a wide range of tasks can
be grouped into a small number of categories, (2) all the training
objectives in one category can be achieved by using a single learning
algorithm, and (3) each category of training objectives reguires a
different learning algorithm; i.e., fundamentally different from the
training strategies required by other classes of training objectives.

Only the names of the learning algorithms and the characteristics
of the training objectives they support are included in this volume.
The actual algorithms are presented in a companion volume, Learning

Guidelines and Algorithms for Twelve Types of Training Objectives, TAEG
Report 23, to be published mid-1975.

INSTRUCTIONAL DELIVERY SYSTEM SELECTION CHARTS. A table is presented
for each of the 12 Tearning algorithms. Across the top of each is a
comprehensive 1ist of instructional delivery systems that generally can
be used to carry out the steps in the algorithm. On the left side are
1isted special selection criteria. These criteria may include stimulus
requirements and other training setting and administrative criteria
unique to specific training programs. An "X" appears in those cells of
the ta?1e where the instructional delivery system meets the special
criteria.

By entering the table with those special criteria required by a
training program, useful alternative delivery system approaches can be
quickly identified.

7 M. Paul Willis and Richard 0. Peterson, Deriving Training Device
Implications from Learning Theory Principles, Vols, I, II, and IlI,
Technical Report: NKVTRK%E CEN 784-T, 5u1y 1961. U.S. Naval Training
Device Center, Port Washington, NY.
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TAEG Report No. 16

TEST OF PRACTICALITY. Eleven criteria required for practical training
system proposals are listed. Impractical solutions that do not meet
these criteria are screened out.

COST MODEL. This model is a series of mathematical equations representing
the cost of using instructional delivery agproaches in a training system.
It incorporates a 1ist of cost factors to be considered and a procedure
for combining these factors. The model includes the cost of acquiring and
operating facilities and equipment, the cost of supplies, the cost of the
design of instructional materials, the cost of support personrel, and
student costs associated with the use of each specific instructional
delivery system. By exercising the model for two or more alternatives, a
comparison can be made of the costs of using different types of instruc-
tional delivery systems. The cost advantages cr disadvantages of each
system become apparent from the output of the model. The model has been
designed to be responsive to the requirements for economic analysis as
specified in DoD Directive 7041.3 and SECNAVINST 7000.74A.

ADDITIONAL SUPPORTING DATA

Figure 3 also provides additional data to aid the user in the practical
application of the TECEP technique. Each type of data is described in
subsequent paragraphs. The actual materials are located in the appendixes
of this report and aiso in the companion reports mentioned earlier.

LEARNING GUIDELINES AND ALGORITHMS. The learning guidelines and algorithms
described below are presented in a separate volume (TAEG Report No. 23) so
that training system designers can more conveniently use these aids in a
variety of steps in the instructional system development process. The
separate volume can be used in choosing instructional events during the
planning ¢f a curriculum and in preparing storyboards and scripts during
media development, as well as in selecting delivery systems.

Learning Guidelines. These guidelines are statements which prescribe
specitic characteristics to be built into the design of a training
system. Guidelines are based in part on learning theory and in part on
practical experience. They are prepared in groups to describe the major
characteristics required in a training system to accompiish a given type
of training task. Groups of learning guidelines have been developed for
the 12 types of training abjectives.

Learning Algorithms. A learning algorithm has been prepared to repre..ent
each of the sets of Tearning guidelines. Each describes a sequence

or pattern of events called for by the learning guidelines. Presented
as flow diagrams, they indicate the data processing requirements for
carrying out the intent of the learning guidelines.
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Application of TECEP Technique. The guidelines and algorithms are
presented as tentative statements and may vary in usefulness with the
complexity of the training problems. While the sets of guidelines and
algorithms display less than proven solutions to classes of training
protlems, they are thought to represent the best information available
today for prescribing general solutions.

Accepting or rejecting an instructional delivery system is hased on
the criterion of whether it will support the use of the appropriate set
of learning guidelines and related algorithm. It must be feasible to
carry out all operations of the algorithm within the proposed delivery
system for the system to be identified as a useful alternative. While
the Instructional Delivery System Selection Charts contain alternatives
that meet this criterion, the designer may wish to perform his own
analysis, or to consider a media-mix not presented on a chart. The
guidelines and algorithms, therefore, are available to support this
function if he chooses to use them. Familiarity with these guidelines
and algorithms is essential to an understanding of the TECEP technique.

ALTERNATE METHOD FOR CHOOSING INSTRUCTYONAL DELIVERY SYSTEMS. A method

is provided for the designer to consider delivery systems not included

in the formal Instructional Delivery System Solution Charts. With this

method, generic media characteristics required to implement.the learning

?;go:jgbmz are stated, and media containing these characterists are
entified.

To support the designer in applying this method, two performance
aids are provided. The first is a 1ist of generic media characteristics.
This refers to fundamental or basic capabilities found in the structure
of many types of instructional media. Fifty-five generic media character~
istics have been identified. The list inciudes stimulus characteristics
such as "sound" and "color," trainee response modes including "multiple
choice" and "tracking," and performance feedback characteristics that
can be used as standard media descriptors in defining existing types of
instructional media. They can also be used in prescribing the general
characteristics required of a medium fo.. a proposed instructional delivery
system, thus aiding the designer in choosing types of media that contain
all the required characteristirs.

The second aid is called a media pool. It is a list of 89 general
types of instructional media that can be incorporated into instructional
delivery systems. Each is defined and described. Included are media of
various levels of development: operational forms of instructional
material such a programmed texts and motion pictures, forms under develop-
ment such as various types of computer-assisted instruction and computer
simulation games, and media concepts that have not yet reached the
prototype or pilot project stages such as video disc and microform with
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information mapping. The 1ist includes a broad range of medfa types,
from printed and recorded media such as motion pictures and broadcast
television to three-dimensional "hands-on" media such as mock-ups and
simulators.

COST MODEL: DISCUSSION, ASSUMPTIONS AND LIMITATIONS. Background data
on the cost model including economic concepts and equations that make up
the cost model are presented, and all terms are defined. An understand-
ing of these economic concepts and equations will aid the designer in
assigning values to the variables in the cost model and in interpreting
the output of the model. Limitations of the model ave described to aid
the analyst in avoiding certain pitfalls in interpreting the cost model
output data.

FORTRAN PT0GRAM OF COST MCDEL. Manual use of the cost model involving
hand calculation is a tedious undertaking. To aid training system
designers in the use of the cost model, a program listing of a FORTRAN
IV program of the cost model is provided, with a sampie of the input
data. Instructions for the use of the program are included.

POST NOTE

Potential users of the TECEP technique should be aware of limitations
of the technique. It deals with highly simplified descriptions of
proposed training systems. The TECEP technique is used as a performance
aid in conducting trade-off studies of alternatives prior to the detailed
development of any one of the .1ternatives. Only the major parameters
of these systems are considered,

In addition, certain terms used in the equations must be assigned
estimated vaiues due to the absence of available quantitative data.
Also, subjective interpretations are made at certain key points in the
process. Thus, user expertise is required.

The technique encourages the consideration of unorthodox training
solutions in that a wide range of alternative media are examined prior
to final solution. Therefore, the TECEP technique is not appropriate in
design situations where instructional delivery system choices are con-

strained or where operational practices or policies rule out many pertinent
forms of media.

The learning algorithms in the technique represent training approaches
for most of the important types of Navy training tasks. HNo claim is
made that all types of Navy training are included. There will be instances
where a new training requirement may fall outside the list of training
objective classes consjidered in this technique, or where it might be
represented only by a complex mix of these categories and, therefore, be
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difficult to align with a specific learning algorithm. The learning
guidelines and algorithms are less than final and in actual use must be
adjusted to accomndate specific situations. The media classes do not
discriminate between the extensive variations that exist within many of
the classes. In certain instances, { fure, following the detailed
TECEP procedures will not be productive, but the use of the media 1ist,
the cost model, and other parts of the procedura may still be useful.

The procedure and the guidelines presented in section III must be
used with these cautions in mind. The technique is not inviolate, and
the quality of the output will be dependent on the expertise of the
designers,
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SECTION III
THE TECEP TECHNIQUE

The TECEP technique for choosing cost-effective instructional
delivery systems can be used as a detailed step-by-step procedure or it
can be used generaily, in a less structured manner, as background informa-
tion in making delivery system choices.

The technique consists of three steps as shown in table 1. Each
step is described in detail with appropriate guidelines in this section.
For ease of usage, each step is presented on a separate page, followed
by an example of the step. Reference tables (2 through 14) required to
carry out these steps have been placed in the back of this section.

Tabs have been placed on each of the frequently used references to aid
the designers in the repeated use of thase materials.

TABLE 1. STEPS IN THE TECEP TECHNIQUE

GIVEN: Training Objectives for o

Course of Instruction

Step 1 Classify and group training
objectives according to the type
of learning algorithm required
to accomplish the objectives.
Step 2 For each group of objectives,
identify twn or more types of
instructional delivery systems
that will support the use of the
required algorithm.

Step 3 Estimate the cost of using each
alternative delivery system to
train the required number of
students to meet the objectives.

Then: Choose the cost-effective
instructional delivery system,
or mix nf systems.
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Step 1. (lassify and training objectives according to the type
algorithm re gred to accomplish the objectives. “The initial

of 1earn1ng

step 15 to match each training nbjective in the proposed training system
with the name of the learning algorithm appropriate for achievinyg the
objective. The names of 12 iearning algorithms and the characteristics

of training objectives that can be accomplished with these algorithms

are listed in table 2. A tentative classification of a training objective
is accomplished by merely matching the objective with the name of one of
the learning algorithms. This classification can be verified by comparing
the characteristics of the training objective with the action verbs,
behavioral attributes, and examples of objectives that can be achieved
with tiat type of algorithm, as listed in table 2. Use only the predomi-
nant or critical characteristics of the training cbjective in making

this detarminatiun. If two or more algorithins appear to be required for
a training objective, consider dividing the objective into two or more
simpler objectives which can each be accomplished with a single algorithm.
Group the training objectives into sets that are classified alike.

The reader may wish %0 review TAEG Report No. 238 for background
information on the learning algorithias and the learning guidelines upon
which they are based.

An example of this step demonstvates the procedure:

Training Objective. Given (1) an operational RF signal generator,
Hewlett Packard 614A. (2) the characteristics of the signal to be generated,
and (3) an operator's checklist, the trainee will operate the equipment;
i.c., he will describe and then perform each step in the equipment turn-
on and set-up procedure, proceeding through the checklist without error,

This training objective has been matched with learning algorithm
Number 9, Reca111ng Procedures, Positioning Movement. This match is
appropriate in that the characteristics of the training objective are
similar to two of the examples, all the behavioral attributes, and one
of the action verbs Tisted for this type of learning algorithm, as shown
by the checks in figure 4,

8 J. A. Aagard and R. Braby, Learning Guidelines and Algorithms for

Twe]ve es of Training Objectives, TAEG Report No. 23. Training
Analysis and Evaluation Group, Or.ando, Florida (manuscript form, to
be published mid-1975).
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CHARACTERISTICS OF TRAINING OBJECTIVES THAT CAN BE
ACHIEVED WITH SPECIFIC ALGORITHMS

NAMES OF
LEARNING
ALGORITHMS

9. NECALLING
PROCEDURES,
POSITIONING
MOVEMENT

Figure 4.

ACTION
VERES BEHAVIORAL ATTRIBUTES
Activate /1. Concerns the chaining 1.
Adjust or sequencing of events.
Align V2. Includes both the cog-
Assembtle nitive and motor 2.
Calibrgte aspects of equipment
Disassembie set-up and oprrating
nspect procedures.
Operate 3. Procedural chec’ 1lists
Service are fraquently uced w3,
as job aids.

EXAMPLES

Recalling equipment
assembly and dis-
assembly procedures.
Recalling the opera-
tion and check-out
procedures for a
piece of equipment

(cockpit check lists).

Felleuing equipment
turn-on procedures -
emphasis on motor
behavior.

Sample of Matching Training Objective Characteristics
with a Type of Learning Algorithm
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RECALLING PROCEDURES AND POSITIONING MOVEMENT

Dirsctionst Alternstive Inatructionsl Delivery Hyrtimy =
Yo choosa a dellvery Dalivery Appruaghes uelivary App . Ml
Aystent Permitring the aApplication Permitting Comy
| ot All Learnaing Cuidslines Application ef Learnin
. 1. Place a /" (light and Alquritha Guldelinue and A|||r|l|'.r
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! representing criterta
! {ro4n} that susl be ®e¢t. "
. o - c
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delivery syntame. : ol o ‘.; sl ™ [
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® pifflcule Motor Acts X - X
® smaoth Motor Patformance at
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o : Beimulun Criceria
® Visual Form
Alpha-Nomarlic J X X X |x[xj X X jxf X
Plctori.al, Flane X X X X X X -
Dbject. bolid ¥ x |x] x Jx X x| x
® Visual Movement
suill XIx{ X X |x1 x X
. Full Hovement X X XXX X X
f ® Audio
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H
\ Pull Sound Range X X X A X
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® Other
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'
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Instruction at Any Lo atlon x X
'
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F
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H
4
o

Figure 5. Sample of Delivery System Selection
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Step 2. For each group of nbjeciives, identify two or more types of
instructional delivery systems wiich will support the use of the required
algorithm. Use the Instructisnal Delivery Systein Selection Charts,
taETes 3 through 14, to perfora tie first part of this Step in the
procedure. First, locate the caart representing the algorithm selected
in Step 1. The chart for the algorithm, Recalling Procedures and Position-
ing Movement, required in the sample problem is provided as figure 5.
Note that the columns headed Alternative Instructional Delivery Systems
are divided into two sections; i1.e., those permitting the full use of

the algorithm and those not permitting full use. The latter group
includes some existing or troditional practices that are considered to

be 1ess powerful or efficient than those enabiing the full use of the
algorithm. The designei may wish to add additional approaches to either
side of the chart.

Along the left side of the chart special criteria are listed for
selecting from the delivery systems presented across the top of the
chart. While & large number of criteria had to be satisfied during the
development of the chart, only those unique to specific applications
need be considered by the designer. Those criteria presented generally
concern the stimulus demands of the subject matter, requirements of the
training setting, and certain administrative and budgetary constraints
unique to the specific instructional program.

A blank column, with the heading "Directions" appears on the chart
immediately to the right of the criteria list. To use the chart, place
a light check in pencil in those cells designating criteria that must be
satisfied by the delivery system. Then determine which delivery systems
meet all these special criteria.

This part of the procedure for Step 2 has becn carried out in
figure 5. Note the criteria that were checked as being essential to the
training program for this objective. Also note that onl ' the circled
delivery systems met all the special criteria., Two permit the full
algorithm to be used, and one does not support the full use of the
algorithm. The two tentatively recommended alternatives are:

1. Operational System in a Laboratory with Tutor

2. Microfiche with or without Photo or Operable Mock-up.

25
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Test of Practicality. Each candidate delivery system should be critically
evaluated in terms of the following criteria to insure that each is a

practical solution to the training problem. Reject those alternatives
that are impractical.

1. Marginal Technical Solutions -- The learning guidelines and
algorithm cannot be easily carried out with the system.

2. tate-of-the-Art -- The system is under development or test
and may not be available for practical application by the time it is
required.

3. Size of System -- Some approaches are useful within large
training programs. Others are suited only for small programs and,
therefore, may not be suited to the size program being considered.

4. Interface with Existing Program -- Many new courses must be
designed to fit into existing programs, which place constraints on the

new courses; e.g., equipment on hand, available classrooms, scheduling
practices.

5. Time to Produce System -- Approaches which regquire long lead
times for development may not be useful when scheduled ready-for-training
dates do not allow a long development cycle.

6. Budget Cycle Constraints -- While the appiication of some of
the powerful training approaches, such as CAI {Computer Assisted Instruc-
tiong, may result in low costs per student graduate, the initial investment
is substantial. Unless these resources appear in existing budgets, the

applications of these techniques to an immediate problem may not be
feasible.

7. Adoption of Innovations -- Instructors frequertly resist
innovations. It the proposed technique is significantly different from
existing techniques, either adequate resources must be focused upon
gaining acceptance for the innovation, or a more traditional approach
must be selected.

8. Courseware Development -- If the coursewara is to be locally
developed, skilled personnel, equipment, time, and dollars must be made
available.

9. High Cost Alternatives -- The projected 1ife cycle cost of a
media approach may be significantly higher than other equally useful
alternatives. Reject high cost alternatives when others arg available.

10. Leayning Style of Trainees -- If the trainee has a Tow reading
ability or would be Timited ir. his ability to use certain kinds of systems
then rejact these systems as inappropriate.
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(a,) 11. Other Constraints -- A variety of other practical factors
. should be considered; e.g., command policy and existing investment in
production facilities.

Qwﬁ) In the case of the sample problem, the approach requiring the use
: of operational equipment with a tutor is found to be a practical solution.
-~ S No problems were identified by considering each criterion in the practicality
i g \ ) test. During consideration of the microfiche-based approach, however, a
“3 - low degree of risk was identified for two items. The first low risk area
, concerned test item Number 2, the "state-of-the-art." Studies involving
K ) the use of color microfiche in procedure-following training have not
S been conducted within the Department of Defense. However, applications
in industry have been successful. Some risk, however, is associated
_ with the initial applications of colored microfiche in the military
(o envircnment. The second low risk area concerned test item Number 8,
"courseware development." It is assumed that the team developing the
, courseware will have no experience in developing microfiche-based courseware.
i This lack of experience is not considered to be a serious problem.
‘ Skills required would be similar to those used in writing programmed
texts and meking slide sets. The reproduction of the color microfiche
P would be accomplished by a commercial laboratory.

;s' Both instructional delivery systems survived the practicality test
1 K and are considered to be candidates for use in the proposed training
system.

An alteruwative approach to Step 2 is presented in appendix A. This
( approach allows the training system design team to consider solutions
< not contained in the Instructional Delivery System Selection Charts. It
is intended for use by those with an expert knowledge of media.
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Step 3. Estimate the cost of using each alternative delivery system

to train the requived number of students to meet the objectives. Use

the Cost Data Collection Form, included as Attachment 71 at the end of

this report, to record the data necessary to run the cost model for a
single alternative. Repeat this process for each of the alternative
instructional delivery systems. Figure 6 presents the cost data in the
two instructional delivery systems in the sample problem. The values
assigned to each of the input variables are dictated by the problem

under analysis. It is, therefore, the responsibility of the training
specialist to develop these values for his problem. Much of the necessary
data can be developed from historical information, manuals, and other
secnndary sources. Where no empirical data exists, it may be necessary

to make estimates for selected variables. These data must be in accordance
with the definitions shown in appendix B and coded in the format specified
in appendix C. The coded data along with the working computer program

in Fortran IV in appendix C can be delivered to almost any data processing
group for processirg. Although the computaticns can be performed on a
hand calculator, this is a time-consuming process. Most tasks require
numerous runs of the program which would require an unacceptable number
of man-hours for manual computation.

The output of this procedure is a numericail value for 31 factors
which describe various aspects of the cost of using a training system.
One output of the model is the "present cost" of each alternative instruc-
tional delivery system. The "present cost" represents the amount of
money that would be necessary at the beginning of the project to implement
and operate the project over the entire planned life of the system. The
amount of money held for use during the second and subsequent years is
credited with interest at a specified rate. The costs for each year in
the planning perijod are discounted to reflect this time value of money
and these discounted costs are summed to obtain the "present cost" of
the alternative. The justification for discounting evolves from the
concept that expenditures which are postponed to future years cost less
in terms of today's dollars than tomorrow's dollars. With this type of
cost information, alternative training systems can be compared and the
systems ranked in terms of their cost. The cost advantages or disadvantages
inherent in choosing one system over another become apparent.

Cost summary data for the sample problem generated through the use
of the cost model are contained in figure 7. Data for the two candidate
systems are presented next to each other so that comparisons can be
easily made. Intermediate output data on each of these alternatives are
presented in appendix C. Cost analysis ends when system costs have been
projected for each of the propused alternative training systems.
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Instructional Delivery System Operational System in a Laboratory With Tutor

Run ID Example 1

FORTRAN Symbol Variable Description VALUE Units
Facilities
FACOST Total facilities acquisition
and/or refurbishing costs [®) Dollars
LOFFA Expected years of life of
FACOST assets (in whole numbers) (@) Years
SQFTIN Total square feet required
for each instructor 64 Sq ft
SQFTST Total square feet required
per student position 75 Sq ft
SQFTAM Total square feet required
for administrative overhead
for all student positions [0 Sq ft
Equipment
EQCISP Equip. implementation costs
] independent of stud. pos, O Dollars
LOFEQT Expected years of 1ife of
~ EQCISP assets (in whole numbers) D Years
EQIMPC Equip, implementation costs
per_student position 3 ozo Dollars
LOFEQ Expected years of 1ife of
EQIMPC assets /O Years
TSPOSD Percent of operating time
student position down 0.0/ Percent

Figure 6. Sample Cost Data on Cost Data Collection Form
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FORTRAN Symbo1 Variable Description : Value Units
Instructional Material Euﬁ%
UIMD % of TLENGH (i.e., time spent
in training medium) for which
new instructional material
must be developed 7’ Percent
UPDATE % of original development cost
required each year to maintain
instructional material AL RO Percent
o EVIM ~% of original development cost
- remaining at end of planning
period ¢) Percent
CIMD Average cost of developing
one hour of instructional
material 50 | Dollars
Personnel
INTSPO Instructor to student Decimal
position ratio /. O Ratio
SALINR Annual salary and benefits of
one instructor Aé;.ﬂ;pﬂ9 Dollars
Suppiies
SUPPLY Cost of expendable supplies for
each student while enrolled in
course [4) Dollars
Students N
STUDSL Annual salary and benefits of
one student T2 Dollars
STCSTH Average student travel cost - -
to and from school H Dollars
STCST2 Average per student travel cost
.3 as_a part of course 4 Dollars
;3 iscellaneous
HaF N Number of vears in planning period Y72 Years
& ARATE Attrition rate OO 4 Percent
E DRATE Discount rate .10 Percent
¥ WSCHOP Weeks school operates each year &0 Weeks
S TLENGH Average time spent in training
b medium per student _
o ] (non-recycled students) o, Weeks
¥ TLEGTH Average hours per week student '
" _ spends_in medium 3 Hours
RCRATE Recycle rate ) Percent
ARCYTM Average time the recycled student
spends repeating material o Weeks
ESP Percentage of excess student
positions required to provide
: for fluctuations in input 0.05 Percent

NOTE: A1l percent values are entered as decimal equivaients.

Figure 6. Sample Cost Data on Cogg Data Collection Form (continued)
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i H /
g~ Instructional Delivery System Microfiche with Photo Mockup e
Run ID_ Example 2 oo
FORTRAN Symbol Variable Description Value Units i)
acilities ) . )
X FACOST Total facilities acquisition ~
= and/or refurbishing costs a Dollars
‘ LOFFA Expected years of life of ' N3
. FACOST assets (in whole numbers) o) Years i) g
= SQFTIN Total square feet required !
for each instructor . Sq ft '
: SQFTST Total square feet required . )
* per student position ) Sq ft N
i SQFTAM Total square feet required .
for administrative overhead i)
for all student positions Y, Sq ft >
Equipment
EQCisP Equip. implementation costs sy
¢ R , independent of stud. pos. &) Dollars DA
' LOFEQ1Y Expected years of Tife of T l
. - EQCISP assets [ Years “) i
EQIMPC Equip. implementation costs .t i
per student position 275 Dollars i
LOFEQ Expected years of 1ife of -
EQIMPC assets (in whole numbers) /D Years |
E TSPOSD Percent of operating time . o o
: student position down 6,0/ Percent .

Figure 6. Sample Cost Data on Cost Data Collection Form 5
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FORTRAN Symbol Variable Description Value Units |
nstructional Material (IM)
UIMD % of TLENGH (i.e., time spent
in training mediim) for which
new instructional material
must be developed LoD Percent
UPDATE % of origiral development cost
required each year to maintain
instructional material L. .20 Percent
EVIM % of original development cost
remaining at end of planning
period () Percent
CIMD Average cost of developing
one hour of instructional
material Yy Dollars
[Personnel
INTSPO Instructor to student Decimal
position ratio Q.7 Ratio
SALINR Annual salary and benefits of
one instructor 'MA/@ Dollars
Supplies
SUPPLY Cost of expendable supplies for
each student while enrolled in
course O Dollars
tudents
~ STUDSL Annual salary and benefits of
one student /14 Dollars
STCST1 Average student travel cost -
to and from school O Dollars
STCST2 Average per student travel cost
as a part of course O Dollar
[MiscelTaneous
N Number of years in planning period ) Years
ARATE “Attrition rate O, 04 Percent
DRATE Discount rate .40 Percent
WSCHOP Weeks school operates each year a5 Weeks
TLENGH ~ Average time spent in training
medium per student
- (non-recycled students) O,/ Weeks
TLEGTH Average hours per week student
spends in medium </ Hours
RCRATE Recycle rate w-rs Percent
ARCYTM Average time the recycled student
spends repeating material n./ Weeks
ESP Percentage of excess student
positions required to provide
for fluctuations in input O, 0.5 Percent

NOTE: ATT percent values are entered as decimal equivalents.

Figure 6.
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Sample Cost Data on Cost Data Collection Form (continued)
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Choose the Cost-Effective Instructional Delivery System or the Mix of
Systems. The selection of one or a mix of the alternative instructional
elivery systems and the justification of this choice {is based on data
organizec in all three previous steps of the TECEP process. This final

act of choosing a delivery system, howaver, cannot be proceduralized.
While the Tow cost solution should be considered a prime candidate, the
training system designer must still weigh the variations in cost among
the useful deiivery upproaches, along with the relevant administrative
factors that influence the selection of a delivery system irrespective
of technical solutions. '

Figure 8 provides a sample of this final act of the selection
process.
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\v,) Analysis of Delivery Systems for Operator Tvraining on the
Hevilett Packard 614A, RF Signal Generator

. kk.} TRAINING TASK: Given: (1) an operational RF signal generator,
5 4 Hewlett Packard 614A, (?) the characteristics of

i the signals to be generated, and (3) the operator's
o3 {Eg) checklist, the trainee will operate the equipment;

g : i.e., he will describe and then perform each step
© o] in the equipment turn-on and set-up procedure,

E ig;) nroceeding througl: the checklist without error.

TRAINING SETTING: Using an appropriate instructional module, the
- school must train an average of 1190 students per
{ ,j ' year for approximately 10 years. These students will
- use the RF signal generator in laboratory exercises
immeaiately following the completion of this module
) as well as at their duty station at the completion
\ A of the course. The school house wiil be open for
student use 8 hours per day, 5 days per week,
o 50 weeks per year. The school uses individualized
i) instruction, criterion performance measurement
. techniques, accepts students at any time, and allows
. students to leave the program as soon as they achieve
3 ¢ ) criterion performance. A fairly even flow of students
T has been programmed through the training.

e lIE L

: ALTERNATIVE System A: The student uses an operational
\\,n’ INSTRUCT IONAL unit of tne Hewlett Packard 614A RF Signal Generator
g DELIVERY SYSTEMS: with a tutor as an instructor and evaiuator. The
1 instruction is performed in a laboratory setting.

System B: The student uses a microfiche-based
i self-instruction system with a photo mock-up of the
LI Hewlett Packard 614A RF Signal Generator. This

' self-instruction is performed in a carrel. An
instructor serves as an evaluator.

Rt P
o

ANALYSIS: The training objective can be achieved using either
system. Both are individualized approaches to
instruction and therefore will fit into the individual- :
jzed structure of the school. The significant i
differences between the two approaches are summarized )
in the following chart: '

Figure 8. Sample Report on the Analysis of Proposed
Instructional Delivery Systems
37
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Acquisition
Cost fur
Facilities,

Average Equipment and
Discounted Uniform Instructional
Present Cost Per Annual Material
) Cost Graduate Cost Development
System A
Operatiunal $4A0K $39 $71K $7.7K
System with
Tutor
System B
Microfiche $216K $18 $34K $1.2K
with FPhoto
Mock--up
No. of Non-
Instructors Disnounted No. of
(in man- Annual Student Average Hours
years per Instructor Positions Per Graduate
year) Cust Requirea In Module
System A
Operational 2.6 $42K 2.5 3
System with
Tutor
System B
Microfiche .3 $4K 2.6 4
with Photo
Mock-up

NOTE: The summary data in this figure appears also in figure 7,

Figure 8.

Sample Report on the Analysis of Proposed

Instructional Delivery Systems (continued)

38
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} A1l economiz indicators point to System A being
significantly more expensive than System B. The

three overall cost indicators, the present cost,

! X average discounted cost per graduate, and the

o) uniform annual cost, all indicate that Systam A

' will be more than twice the cost of System B. Also,

the initial acquisition cost of System A s over

seven times the acquisition cost of System B.

Tnstructor support is about 10 times more costly for

System A than for System Y.

The number of student positions required is
essentially the same even though System B may
require one-third more student man-hours than
System A. Tne apparent increase in efficiency of
System A is lost in that only two students a day
would normally be scheduled into each student
position. Tutoving requires almost 10 times more
instructoy man-hours than using an instructor only
for evaluation.

O R e e 4 v W n

The use of System B, the microfiche-based approach,
involves a higher level of risk than does the use of
Svstem A, Tutoring is the traditional solution,

and a microtiche-based self-study approach is an
innovative approuach with a limited pumber of
inctances of actual use. However, the significance
, of the risk with System B is Tow in that the cost

‘ of trying the microfiche approach with this module
is low, both in dollars and man-houvrs. While micro-
fiche are not presently being used to leirn the
operating procedures fcr signal generators, the
technique is being successfully employed in learning
the chackout and operating procedures for other
electromechanical devices,

RECOMMENDAT ION: Use System B, the microfiche-based system with a
phnto mock-up. The potential dollar savings
inherent in this approach, when compared with the
other alternative, provides an adequate basis for
accepting the lTow level risk involved in attempting
to use the innovative microfiche appruach.

b

Figure 8. Sample Report on the Analysis of Proposed
Instructional Delivery Systems (continued)
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TABLE 2, TW:ILVE TYPES OF LEARNINC ALGORITHME WITH THE
CHARACTERISTICS OF TRALNING O3JECTIVES THEY SUPPORT
E (8es TARO Report 23 for actusl algorithma)
« B ‘\“__
3 CHARACTERIST™C', OF TRAINING OBJECTIVES THAT CAN BE ACHIEVED WITH
3 ) NAMES OF SPECIFIC ALGORITHMSY
1 T LEARNING ACTION .
- ( J ALGORITHME | vEaug BEHAVIORAL ATTRLBUTES EXAMPLES
BV DRA
1, RECALLING Ansver 1. Concerns verbal or 1. Recalling equipment noman~
BODILE OF Define symbolic learning. clature or functions.
. KNOWLEDGE Exprean 2, Concernn acquisition and [2. Recalling system fuactions,
Inform long~term maintensnce of auch as the complex rolu-
\ ) Select knowledge sc that it can tions between system input
N be recunlled. and output.
3, Recalliung physicsl laws,
such as Ohn's law,
- 4, Recalling epecific vadio
frequencies and other
\ discrete facte.
2, USING Apply 1. Concerne the practical 1. Based on academic knowledgu,
VERBAL Arrange application of determine which equipment to
i\ ) INPORMA~ Choose Information. uee for a epecific rear
N TION Conpare 2. Generally follove thae world task.
Datarmine inicial learning of 2, Based on an acadewic knowl-
inforsation through the edge of the system, compare
E use of the guldelines alternative modes of opera-
N l’ i for Recalling Yodius tion of & plece of equipment
S - ! of Knowledge. and ¢ termina the uppropri-
. 3. liwited uncertaincy of ate mode for a specific real
’ outcone., world situation.
" 4, Usually little thought 3. Buged on memorized knowledge
" of otlier alterratives. of radio frequencies, choose
! t ( tha correct [requency 1n a .
. ! specific real wecrld situa-
ttom,
N 3. RULE Choose 1. Choosiug a courer of 1. Apply the "rules of the
k } LEARNING Conclude action basmed on apply- road,"
g AND USING Deduce ing known rules. 2. Solve mathematical equaticas
Predict 2. Frequently involves {hoth choosing correct
Propose "If...Then" aituaticna. equation and the mechanics
Salect 3. The rules sre not nf solving the aquation).
) ) t Specify quesrioned, the decision |s. Carrying out silitavy
¥ k focuses on wherher the protocol.
correct ruls 1s being 4. Selection of proper fire
3 applied, excipguisher for different
/ type fires
1 B 5. Using correct grammar in
E; ) . novel situations, covered
5 N ! by rules.
3 4. HAKING Choose 1. Choosing a course of 1. Choosing fraquancles to
R DECISTONS Deaign sction when alternatives dearch fn au ECM search plan
t i Diagnowe are unspecified or 2. Choosing torpodo settings
' Develop unknown . during n torpedo actack.
Evaluate 2, A successful :ourse of 3, Threit evaluacion and weapon
' Forecasst action 1is not readily asaignment.
! Forwulate apparent. 4, Choice of tacti:es {a com-
' Organire 3, The peunalties for unsuc- bac - wide rangs of opticas.
Selectl casuful courscs of 5. Chooaing & diognaric
action are not readily sorategy in doaling with s
apparent. malfusction in a covplex
4. The relative value of plece of equipeent.
= pocdidie decisions must |u. Chesaing to mbort or cromit
: be considerad - i{nclud~ onawelf to land upnn resch-
B . fng possible trada-uoffs. ing ths critical soint ta
9 5. Frequently involves the glidepach.
3 forced declstons mwade in
+ a short period of time
victh soft information.

Preceding page blank
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TAME 2, TWELVE TYPES OF LEARMING ALCORITHMS WITH THE CHARACTERISTICS
OF TRAINING OBJACTIVER THEY SUPPORT (covtinuad)
(Bee TANMG Report 27 tor actusl algorithus)

B CMARACTERIATICS OF TRAINING ORJECTIVES TEAT CAN BE ACHRIEVED WITH
NAMES QF SPECIFIC ALGORITHME
LIARNING ACETOM

| ALGORITINS | ViERSS _BEIAVIURAL ATTRIBUTLS - EXANPLES

5. DEXECTING Detect 1. Viyilance - detect a faw [1. Early sona: detaction of a

Distinguieh cuas embadded in & )arge submarine targe:.
Moniter block of time. . Visually datacting the
2, Low threshold cues; pariscope of a anorkeling
signal to noise vatle submarina during daytise
way be very low; early operstions in a sea statg
avareness of smsll cues, of thraa.
3. Bcen for & wide range of |3 Detect, through a slighe
cuss for & given "target" chauge in sound, a bearing
and for different types starting to burn out i a
of "targets.' Pow2r gensratoc.

6, CLABSIFY-~ ldsneify 1, Pattorn recognition np- |1, Clasaify » sonar target se

NG Recognize proach of identifica- "aub" or "non-sub."
DifFer- tion ~ wot _praoblem 2, Visual classificaiion of
antiate aclving. flying eitzraft as "friend"
Clawrify 2. Classification by non- or "eremy" or as an ' /-4,
verbal characteristics. |3, Cetermining that an identi-
3. Statuam determination - fied noiee is a wheel bear-
ready to etart. ing failure, not a water
4. Object to he classified pump failure by racing the
can be viewed from many quality of the nolee - not
perspectives or in many by the problem solving
forma, approach.

7. IDENTIFY- Identify 1. Involvea the recognition |1. Readlng el¢c¢tronic symhols
ING Read of sywbola. ou a echewacic draving.
BYNBOLS Transcribe | 2. Symbols to be identified (2. Identifyiug mar symbols.

typically are of low 3. Reading ané tranecribing
weaningfulness to symbols on a tnctical
untrained peraone. status board.

3. ldentification, not 4. ldentifying ss/mbols on &
intorpretation, is wveatlier map.
(mphasized.

4. involves wtoring queues
of symbolic iuformation
and related meanings.

8. VOICE Adviee 1, Cpedaking end listening 1. Officer giving oral orders
COMMUNI~ Jnsvet in apecializeld and recelving reportse.
CATING Communicate languages, 2. Sonar opetrator passirg oral

Converse 2. Oftun irvolves the use information over communi-
biract of a specitic message cation nec,
Expreas wodel. Standurd 3, Instructions by GCA
Ipstruct vocabulary and formak. operator to pilot in
Incerview 3. Alao concerns clavity of landing aircraft.
Listed voice, enunciation,
Ordar speed.
Report 4, Timing of varbalization
Speak is usually ceftical -
when o pass {nforma-
tion,
5, Typically characterized
| by redundancy in rerss
| of information content.
6. Involves extensive use
| of previously overlearned
\ verbal skills, or nver-
i coming overlesrnad inte:-
fericg pattains,
| 7. Tosk aay Sa difficelr dey

to pressace of beckgroum!

noksu,
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\ ’ TANLR 2, TWELVE TYPES OF LEARNING ALGORITEMS WITM TME CUARACTERISTICS
) OF TRAINING ORJECTIVES TREY SURPORT (continuad)
(Sea TARG Report 2) for actual algorithas) 2
CHARACTERYSTICS OF TRAIRING OBJECTIVES THAT CAN NR ACHIEVED WITH
NAHES OF SPECIFIC ALGORITUMS
{ LEARNING ACTION
. ALGORITHMS . ERRS BEHAVIORAL ATTRIBUTES EXAMPLES
9. RECALLING Activate 1. Conceras the chaining or 1. Recalling equipment
. PROCEDURES, | Adjust sequancing of avents. assenbly and disassembly
' POSITIONING | Align 2. Includes both the cogni- proceduras.
k ) HOVEMEN) Ausexdle tive and motor sapacts 2. Racalling cthe operation
- Calibrate of squipwent set-up and and chack out proceduras
Disasnemble oparatiag procedures. for a piece of aquipmant .
Inspact 3. Procedural chach: liste {cockpit check lists). | -
Opexate are frequently Loed as 3. Following equipmant turu-on 2
Service job aidse. proceduras - empharis on )
‘\‘ motor behavior. :
o . 10. STEERING Contxol 1. Tracking, dynasnic con~ 1. Submarine bow and stern
5- AND Guide crolt a perceptusl-motor plane oparators maintaining ]
] k ) GUIDING - Masuver skill involving contin- a4 constant course, or :
g‘, N CORTINUOUS | Regulate uous purauli of a targac uaking changep in course ¢r 1
s MOvEMENT Staar or keeping disis at a depth, -
v Track certain resding such as [Z. Tank driver following a .
[ maintsining consrant road,
* thm rates, etc. 3. Sonar operator keeping the d
g ( / 2, Compensatoxy movements CUrsor on & souar target, -
' baned on fasdback from 4, Alr-to-air gunsery - target |
displays. tracking, V5
3. 8kill in trncking 5. Alrcraft piloting such as: [ >
requireas swooth wmuscle visually following a g
! . : coordination patterns - ground path, . »
lack of overcontrol, b. Helmsman holding a course ! .
- 4. Involves estimating vith gyro or maguetic d
changea in positions, compass,
velocities, accelera- .
tions, etc.
( 5. Involves knowledge of
display-control
relationships.
H 11.PERPORMING | Cut 1. Perceptusl-motor 1. Use of hand toole such as
\ GROSS MOTOR { Dratt behavior-eaphasis on hagmer, suw, wrench, or
3 SKILLS Draw motor. Premium on power tools such as lathes
'3': March manual dexterity, occa= or grinders. N
s H Mix sionally atreryth and 2. Running a driil prees in an !
.4 ¥ Run endurance. assembly line.
¥ ¥ v Sew 2. Repetitive mechanical 3. Loading ammurnition into
g Sharper skill. artillecvy pleces or 5"
© Splice 3. Standardirzed behavior, guns.
1 Swim little room for varia- 4, Drafring ~ use of drafting
: deld tion or innovation. Instrusents,
! f Write 4. Automatic behevior - 5, Pailnting - house palnting :
i \ lov level of attention or preserving ship hull, o
A te required in skilled etc. -
3 operator. Kinesthetic &, Marching - close order . 3
N cues dominate control of drill. | 4
behavior,
. 5. Fatigue or boredom may .
’ become a factor vhen !
skill is pexformed over | .
an extended period of ¥
time or at & rapid 1ate. " ded
S, Pine tolerances. ' 3
7. Often a component of a |
larger task. '
I
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TVELVE TYPRS OF LEARNING ALGORITHMS WITH THE CHARACTERISTICS

OF TRAINTMG ORIRCTIVES THEY SUFPORT (continued)
(Sea TARG Report 23 for actual algorichws)

RAMES OF
I LEARNTNG
¥ | avconrrims |
; 12, ATTITUDE

LEANNING

ACTION
VERDS

Abids
Accept
Approve
Comply
Tastify

1.

__MEHAVIORAL ATYRIMITES

SPECIVIC ALCORITMMS

CHARACTRAISTICS OF TRAINING ORJECTIVAS TMAT CAN BE ACHIEVED WiTH

EXANPLES

fvacerns sxhibiting a
pattern of bshavior
consistent with an
attitude or value.
Concerne willinguose to
pexform sccording to a
atandard as oppossd to
ekill to parform accord-
ing to that standard.
(Hote: A pexscn can
have a high level of skill
but chooss not to parform
in a skillf. 1 wannar.)
Concarna integrating or
organiaing a valua or
attitude into a pattern
of behavior,

2

Complying with knowm asafaty
standards wvhile pevforming
a saintenance procedura om
a high voltsge supply in a
Tadar set.

Conforwing to the standaxd
o! keaping ona's buok area
neat and clean vhen the
opportunity existe to de
otherwise.

Abiding by security regu-
lations when handling
clasaified information.
Accepting tha need to take
riskes whan nec ry to
protect the lives of
teasmates.

Complying with s request
to repalr a malfunctioning
radio circuit with greater
than normal spesd vhen a
quick respousa is required.
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TABLE 3. INSTRUCTIOMAL DELIVERY SYSTEM CHART FOR THE ALGORITHM
\ ) ., ) f
p— (S : RECALLING BNDIES OF KNOWLEDGE
Directions: I Alternative instructional Delivery Systams
'\ ’ To choasa a delivary Dslivery Approaches Delivery Approaches NOT
aystamg Permitting the Application Permitting Complete
of Al) Learning Guidelinens Application of Leurning
. l. Place a "J/* (light and Algorithm Guidelines and Algorithm
c pencil) in boxes
representing coriteria ' -
{rows) that must bs met. " ,
L v
“2. B8elect the dellvery we i
systems {(aolumns) that 3"
i - have an “X* in each row so o .
. designated by a /. " b Mo " u *
R { h are the candidate SA 3RS o8 HH v !
- N delivary aystoma. B e £ nE " .
- ] 9w oV T ') A A i
- - E v [ o x >R o
' - e [ ] o 3 ] .
. “ Ve 2 na > & - tw 1
v : - L] 0 PN WOk a0 2 1’
2 £ 4@ o o £ 4 U U 10 o ow Pl 4
£ k ) - o ® [T - e oQ - [V Ky o I 3
< A v ou w voas o - om ¢ oon .
3 [7] yuw oA —- ¥ 0 a -3 LB [T g
g - ] v v’z 30 D ww v.3 3"" 11:'- -
Criteria for =:- £ . @ o F- G086 Snld TS g i
Selecting galss | gfosanf g | Bk | sagans i
Inatructional FER R EEEE T N B I e . 3
( Delivery " us :: XY Gg"u g:u pren) gD 3-5: X
Hystems - MR K 2:3 2w tas Tl 283 J 1
. U]l {xn | aoun <0 oA [ -k R DR .
1
Stimulus Criteria ! )
( ) ® Visuzl Moveannt | k.
) Limitad x| x " :
Pull X X
( ' ® Visual Spectrum ’| :7
' 3
ruil Color X X X X X X X '
E, ® Audio ‘Y
E ‘ ' voice Sound Range X X X X X
) , * Full Sound Ranqe X '
. Training Setting Cricecia : o
‘ ® Individual Traineus at Pixed Location X b’ X H X X X b'e E
- ® Irdividual Trainees with fimultaneous !
v Ingtructinn 4t MIRY Locationa X - g
) @ Individual - ~ainees with Independent 3
{ ) Instruation at Any Locatlon X X X X
® Swall Group X X :
., ® Large Group at a Singie Location X X .
. \ } ® Team sSetting
' Auministrativa Criteria a
" H ® S5lte of Coursewvare and Special Hard- ‘
g N ' wate Devalopment i
¢ Local b4 X X X X !
Central xfx | x X X X X X !
® KMagnitude of Acquisition Cowt ] l
|
L] .
Law X X X X b3 i
High X X X l X 1 3
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USING VERBAL (NCORMATION

INSTRUCTIONAL DELIVERY SYSTEM CHART FOR THE ALGORITHM

Directions: Altesnative Instructional Palivery Sydtess
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syatems (colusna) tha: a =
have an “X" In each rov Q9 r
designated by a /", e g alss
Ll the candidare § 55 |3 H
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TABLE 5. IKSTRUCTIONAL DELIYERY SYSTEM CHART FOR THE ALGORITHM
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Pireucions: Altarnative Inattuctional Dellvery Nystems
Yo ahansa a dalivery Rellvary Approachas Delivury Approschas NOT
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.
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Local XixXjixix
Central X X X X]IXIX X X
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b x |x X
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INSTRUCTIONAL DELIVERY SYSTEM CHART FOR THE ALGORITHM
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ac rec IS, 2|5 vom w "o o
wa | iwa tl ]| waw x U
o ey [o5) 3 'R - 3 €3
Critarls for - RS R B I - 2o e
Balactlng 23 nas lco el 4« a an 2
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TABLE 7. INSTRUCTIONAL DELIVERY SYSTEM CHART FCR THE ALGORITHM
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TABLE 8. INSTRUCTIOMAL DELIVERY SYSTEM CHART FOR THE ALGORITHM .
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TABLE 3. INSTRUCTIGNAL DELIVERY SYSTEM CHART FOR THE ALGORITHM
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TABLE 10. INSTRUCTIONAL DELIVERY SYSTEM CHART FOR THr. ALGORITHM i
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TABLE 11.

ROLALLING PROCEDURES AND POHTIONING MCVEMENY

INSTRUCTIONAL DELIVERY SYSTEM CHART FOR THE ALGORITHM
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: TABLE 12. INSTRUCTIONAL DELIVCRY SYSTEK CHART FOR THE: ALGCRITHM o
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INSTRUCTIONAL DEL1VERY SYSTEM CHART FOR THE ALGORITHM
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TABLE 14. INSTRUCTIONAL DELIVERY SYSTEM CHART FOR THE ALGORITHM
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APPENDIX A
ALTERNATE APPROACH FOR STEP TWO

Step 2, as presented in section IIL, is a "by-the-numbers" procedure.
It 1s a simple sequence of events for selecting delivery systems, but in
its simplicity it eliminates the chance for innovation or for a sensitive
response to special conditions. An alternative approach restore: the
possibility of responding to special conditions. The alternate approach
contains the following steps:

First, study ghe appropriate set of learning guidelines and algorithms
in TAEG Repert 23.° Modify the algorithms, as required, to accommodate
the required training tasks.

Second, 1ist those media characteristics from table 15, Generic
Characteristics of Training Media, required to carry out the intent of
the algorithm with the training objectives. As an example, a specific
training objective matched with an algorithm may require an instructional
delivery system with the following set of basic characteristics.

Visual form:

Visual alphanumeric
Visual pictorial plane

Visual Movenent:

Visual still
Visual Spectrum:

Color
Audio:

Voice sound range
Trainee Response Modes:

Multiple choice

9 James A. Aagard and Richard Braby, Learning Guidelinec and Algorithms
for Twelve Types of Training Oblectives. ~AEG Report No 2%, Traiuing
Analysis and Evaluation Group, Oriando. Florida (manuscript form, to
be published mid-1975).
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TABLE 15, GEWERIC CHARACTEMIETICS OF TRAINING MEDIA

Audio

STIMULUS CAPABILITIRS
y

Visusl Yorm |

Ay Yiaual glmqgrlc - words, oushern and other
ymbela prascated graphically,

2. _u‘m_[}.\gn!lu. Flane - & twvo-dimeneicnal
inage, alrwpresentacion iu the form ok a
photogra h oy draving.

). VNisusl Lijye Condteyct
dl-ulonhl igure -Mu nf
a mathewatical curve or |nph.

ll’ 4= 8 kW=
, such ay

»

» Visual Ubjhict, Solid - a three-dimensional image
or vaality! that {s viewed from exterior
perspsctiv ‘s,

S, Visual Envilconment - A three-dimensionsl fmage
or reality ‘that ia viewed from ineida.
1

Visua) Movemant

6. Vinua)] 8till' - a atatic visual field, aw with @
atill photog\--ph. draving, or printed page.

7. Visual Limiced Movement - & basically meatic
Vieual fleld ‘drh elements that can be sade to
scve, as with' an aniwated transparency or eimple
panel with ewitches tnat wmove.

8, Visual Full Mo nt ~ & viaual £1eld in wvhich
all elements citn move, a8 with a mmtion picturae,
flight simulaggr, or operatfonal aircraft,

9., Vieusl Cyclic Movement - a visual i{eid vhich
woves through ey fixed saquanca and then rapeats
tha ssquence tn\l rvapatitive wannar, as vith
a flla loop. \

Visual Spactrum

10, Black snd White j a visual fleld <orposed of
either black or Wwilte elemants, ao with Lhe
printad page or llne dravinge.

il. Gray Scale - a virusl field cowpumed of blsack,
vhite snd continudus gradations of gray, as
with a black and vhite photograph or
televlainn plctum\

12. Color - a visual flald composed of various
segmants of the visual spectrum, re wich
color television or motion pictutes,

Scale

13, Exact gcale - actualivisual field or a one~to-
one replication of chst fleld as with a full-
eized mock-up, eisulator, or operstional
aystem,

&, Propos:lional Scale -
realicy in other than {
scaled model map or phytograph.

ragresentation ol

15,  Voica Souad Range - a ilmited qualicy of
#ound which enables spolen words to be
usad ay the medium of c jcationa, but
not suited to wore demaniiing taske, suct,
a8 music or sound recoanliion exarcises.

16, Full Sound Range - a quality of ecund reproduction
that containe all the signifinant slements of the
#ound amd is suited te tha demsnding tmek of
sound recognition exercisas.

17.  Ambiept Sounds - a cowplex sound eanvironment with
soundd amanating froa various sources and Crom
various directions, including bsrkground noles
and task significant sounds,

Other
18, iaeciile Cues ~ signals received through the ranes

of truch, including sensations related to temwsre,
slze or shape.

19. Intarnal Stiwulus Motion ‘uas - the oensatiuvne
Talt By a person when ha moves hia arm, leg,
fingers, atc.

20. External Stimuius Motion Cues - the sensations felt
by a persun when he im moved by sood outside force
in such & way that his budy expsriences roll,
pitch, yaw, heave, evay and/or murge,

TRAINEE RESPONSE WODES

21.  Covert Response - a vesponse which the trainee
creatas in his wind but dc nor express in an
observable mannar,

22, Muitiple Choice - a response mode in which a
craine lscts a response from a limited met of
respons

2},  Pxe-programmed Verbsl Purformance - a rasponse
mode in which a tralnes creates a short anawer
to & question having a limited set of correct
anavars,

24, Frae-Style Written Performsnce - s response mode
in which a trainee writes a response in his own

worde,
25. Daciwion_Indicator - a verbal or perceprual

motor v:aponse in which the trainee indicates
that ho has made s divergent type decision.

26, voice Performance - a response moda in which a
trainee speaks, including conversacion.

21. Fine Movenent Manipulative Acts - a remponse
mode in which 8 traines makes diecrete and

amsll wovements of diala, switches, keys ov
makes Sensitive adjustwents to {nstrusents.
Act suy involve use of small fnatruments.

26,  Brosd Movement Manipulative Acts ~ a rasponse
node in wrich & trainee makes large wo.ementw
of levers or wheels on large pieces of equip-
ment or by the use of hand held tools.

2y, Teacking - a reaponse mode in which & trainee
continuougly e¢ontrols a congtantly changing
aystew, duch am ving an automcbile or
holding « compass bearing in steering a ship.

30. Procedural Manipulacive Acts - a response mode
in which a trainee parforms the sequence of
ateps in a procedurs, such ss in the carrying
out of tha items on the checklist for pre-
flighting an sitcraft or turning on & radar
aystem.

IV PR
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TARLE 15, OXNERIC CMARACTERISTICS OF TRAINING MEDIA (continund)

INFORMATION PERDAACK LOGIC
Yorm of Fnedback

. lptrinsic Feedback - informatios the crained
treceivas from his own iausrnal movemuntrs or
frou proprivceptive stimulatien,

32, Actiom Feedback - eataraslly displayed cuss
inharent in the task, including euch forws
an instrumant indicpiions and tha display
of anevara to questiena as in linear
prograimed inekruction.

31. Augwented Tesdback - lmmsdiscs pressntatiom
of information to the traines on how the
vonults of his performnce conform to soma
criterion or an objective raference,

34, Reronstruction Feedback - critical analysis
or avaluation of traimea performance,
usually ar tha completion of an exsrcise
or a significant block of inetruction.

Content of Feedback

38, Correct Responss Data ~ an indication of
correcl retponsa 18 provided tha traiiies
either iwmsdiataly aftur he responds or
automatically in the event he does not
respord vithin a spacified tiwe.

36, Score Datu - the traines recsives
quantitscive information sbout his
perfornance (such as amourt, percent
snd rate data).

37, Disgnoskic Data - the traines ie¢ informed
of inadequate pexformance, its cause,
and prescribed remadial actions.

38, gSystem Parformance Dats - the iraines
observas changes in the stacu of a
syates as a consaquence of his actioms
ia the system.

Time Schodule for Yeedback

38, lsmediate - Feedback  rovided ia
continuity with & traines's action,
aither continurusly sa accrusd or at
the conclusion of each atuduat
response.

0, ¥Fixzed ~ fesdback provided to the
treines at prescribed times, such as
at the end of an exarcise or st tised
intervals.

4l. Variable - fesdback provided to &
trainee accarding to & variabla
schadule vhich say changa as a
function of stags of training or
lavel of performsnce, This imcludes
the provision f.r intermittent
presantations to permit probabilistic
schedulas of reinforcesent.

EVENT SEQUENCE LOGIC

42, Linmsr - s fixed se
inetructicnal events, a8 in linear
programmed instruction and wotion
pictucaa,

43,

A,

46.

4.

48.

49,

3.

52,

33

54,

59.

43

Cyclic ~ & spacia)l case of linear sequente in
\ml.ch & lmitad upnnl: of . linear progras is

d coritd 1y s predod of
:l-. ae with a film loop,

%gnreh% - & ssquancing of instructionsl events
vith the *rainse routed to approprisie advancad
or remadial watarial based upon his ansvers to
disgnostic questioas imbedded at intervals (n
the mater’sl.

Autowsted Machine) Adaptive - sn automatic
ssquencing and pacing of avents designed to
kasp a traines at the threshold laval of his
ability to laarm at all timau.

Instructor Selacted Sequence - the ordering of
evencs by tha fnatructor, such am in & lecture-

rucitation pexiod in the tradicional classroom
or in tutering.

Irainee-Initiated Inquiry - the selectlon,
sequencing and pacing of learning evants by the
trainwe.

Dynamic Modeling - system prog amaing in the
form of a simulation model which ersbles the
traines to exarcisn the wodel and obsarve the
carresponding effects,

IHSTRUCTIONAL SETTING

lrgividusl Traines at Fixad location - s fixed
study popition for iudividvaliced instruction,
such as in & achool with carrels or CAL
tetminale.

Individual T"mﬂsul_-n_"zn_-eu-ﬂnt_ryc_tﬂ
at lunx Locations = any eite that can be used
vith s telecowsunication moda of inarruction, ss
vith e.liduled redio or broadcast television.

Individus) Tratuve with Independent Instruction
at_Any location - sny site that can ba used by
a student fur indepsudent study ae vith books
ot prograsrsd fnetruction texte.

8wall Cryup ~ 2 moeting sile accomandating up
to 15 pacple, snabliing swall group dynamics co
function; borh leudeclies snd leader-directed
groups; a sssll classtoom.

Large Group st Single Location - & westing aite
for more then 15 people, such an a large clesarcom
or suditoriwm.

Lirge Groups at Dispersed Lo¢~".ions - (wo or more
group weeting sitas that can bs linked with
comsunication squipment for # common training
program, as with two-way closad circuit TV
batween classrvora at two differant achools.

Tass Setting ~ o single wite that is equipped to
enabla a group of individuals to perform as s
team, as in a waipon syatem simulator or
oparstional syetes.
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Form of Feedback:
Action feedhack
Content of Feedback:

Correct response data
Score data

Time Schedvie of Feedback:

Immediate
Variable

Event Sequence Logic:
Branching
Instructional setting:

Individual trainee at fixed location.

Third, review the contents of table 16, Media Pool, and consider
instructor roles required for the use of these media. Devise combinations
of media and instructor resources {hat can carry out the intent of the
algorithm with the training objectives. List and describe these different
combinations as alternative instructional delfvery systems.

The Media Pool is a list of 89 types of instructonal media. The
list contains a broad range of types of media, including media in various
stages of development, from operational forms to those under development,
and some that have yet to reach the prototype or pilot program stage.

It is organized into seven categories. The categories are printed
material, audio-only systems, visual-only systems, audio-visual systems,
CAI/CMI, simulated and operational systems, and special or nonstandard
ftems. Within each category, the media are 1isted alphabetically.

While this is not an exhaustive 1ist of types of instructional media, it
contains the major forms being used or being considered for use in
military training systems.

Fourth, reject those that fail the practicality test, described in
Step 2 of the primary procedure. '

Conceiving instructional delivery systems using this alternative
approach is a highly creative task requiring expert knowledge of the
subject matter, the guidelines, algorithms, and potential delivery
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systems, as well as an awareness of tha jocal conditions at the training
- site. It requires 2 high level of professionalism on the part of the
" ,) training systems design team.
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TRBLE 16. MEDIA POCL

PRINT MATERIALS

CASE STUDY FOLDER - A folder of detailed background information on a
problem requiring a decision or plan of action; to be read by the
trainee prior to his (1) making a decision on how to resolve the
issue and (2) participating in a critique on various solutions.
Various forms of folders are used in support of such methods of
instruction as the Case Study, Incident and In-Basket methods of
management and leadership training.

FLASH CARDS - A set of cards designed to be used by an instructor in
front of a group of trainees to drill the group in the recall of
memory type information.

PRINTED MATERIALS - HANDOUTS - Handouts are a class of printed materials
issued to a student for his use and retention to augment regular
instructional materials. They are usually instructor prepared,
machine copied materials of one or two pages highlighting specific
topics or updating existing materials.

PRINTED MATERIALS - PERFORMANCE AIDS - Performance aids are a class of
printed materials that aid in job performance by providing data
that should not be coonmitted to memory. They include checklist
rﬁut:?ﬁs, conversion tables, equipment test tolerance matrices and
the e.

PRINTED MATERIALS - REFERENCE BOOKS - Reference books are a class of
printed materials used to identify certain facts or for background
information such as dictionaries, encyclopedias or technical
publications,

PRINTED MATERIALS - REFERENCE CHAKYS - Reference charts are a class of
printed material pictorially displaying data used to identify
certain facts or for background information. Included are data
charts, schematic diagrams, topographical maps and the like.

PRINTED MATERIALS - SELF-SCORING EXERCISES - Self-scori- - materials
include exercises and quizzes used in conjunction wi.h standard
curriculum, or programmed instruction. The class includes electro-
graphic or mark sense materials scoved by keys or computer, punch
mark and other mechanical score indicating equipments, chemicaily
scored materials, etc., that have the capabiiity of providing near
immediate student feedback withcut the use of prolonged scoring
procedures.
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TABLE 16. MEDIA POOL (continued)

DIAL ACCESS INFORMATION KETRIEVAL SYCTEM - RANDOM AUDIO - Dial access
infcrmation retrieval is an electronic system for distributing
audio (and/or visual) materials and programs which are stored in a
location ramot2 from where thev are dialed and received. Random
audio means that audic materials are retrievable at any time by
electronically triggering a tape duplicating machine that makes a
student copy from a master tape within the library. "

DIAL ACCESS INFORMATION RETRIEVAL SYSTEM - SCHEDULED AUDIO -~ Scheduled
audio means that audio materials may be dialed at any time, but
once a program has begun, subsequent users must join the program in

o

progress.
"‘LANGUAGE LABORATORY - AUDIO, ACTIVE - COMPARE MODE - An auvdio presenta- R
tional device that distributes audio information via a control LY

console to student stations equipped with headsets, microphone for
console/instructor-student inter-communication, and a tape recorder.
Student may interact with taped instructiona? material, rewind and
play back or store responses. Student responses may be wmonitored
or recorded at consoie.

LANGUAGE LABORATORY -~ AUDIO PASSIVE MODE - An audio presentational
device that disiributes audio information from a control console to
student stations equipped with headsets. Audio source may be a
phonzgraph record, a taped recording, or a motion picture sound
track. .

. ey -

PHYSIOLOGICAL TRAINER (HOSTILE ENVIRONMENT) AUDITORY - A training device
designed to place controlled stress on the human hedring cystem
through use of a physiologically and/or psychologically adverse
sound environment, to énable a trainee to learn to function in this
adverse environment.

RADIO SYSTEM - AM/FM - A passive audio system consisting of a broadcast f
studio, transmitting station, and student radio receivers.
The system uses designated AM/FM frequency bands for information :
transmission. o

RADIO SYSTEM WITH RESPONDERS - A multi-channel two-way radio communication
system that operates within UHF or YHF-FM frequency bands limiting
broadcast ranges. Network may be open or use encoding/decoding
techniques or responders for individual channel privacy.
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TABLE 15. NMEDIA POOL (continued)

TELEPHONE CONFERENCE SYSTEM - A telephone system with switching matrix
capability that allows multiple station two-way audio communication
at two or nore remote locations.

VISUAL ONLY SYSTEMS

FILMSTRIP PROJECTION 3YSTEM -~ A single frame projector or attachment
thereto that will accept a filmstrip format and project the film
images upon a viewing screen. See: Sound Fiimstrip Projection
System.

MICROFORM WITi{ IMFORMATION MAPPING - Microimagery, such as wmicrofiim,

used as a medium of instruction with the additional requirement

that eacn block of information be clearly identified as introduction,
overview, test, review questions, index and other discrete titles,
and that each type of information be positioned in a standard
location within the medium format.

MICROFORM WITH IRFORMATION MAPPING AND ADJUNCT EQUIPMENT - The theoretical
configuration of a training system to support individualized
instruction composed of microimagery in an information map format,

a microform reader, and a piece of auxiliary equipment, such as a
mock-up, which is the subject of the instruction.

MOCK-UPS, PANELS, AND DEMONSTRATORS - DYNAMIC - A visual training aid
that allows an instructor to demonstrate manipulative principle,
movement in time or space, steps of a procedure, linear effect
within systems or changes in caondition of eouipment or systems
through one o2v more operating phases.

MODELS AND STATIC MOCK-UPS - SMALL SCALE - A three-dimensional training
aid built to scale and representing operational equipment. It may
be a solid or cutaway model capable of disassembly by which spatial
and/or sequential relationships are represented. Also ircluded are
laﬁo?t models, recognition model sets, and terrain or topographical
models.

MOCK-UPS, PANELS AND DEMONSTRATORS - STATIC - A training aid used to
denonstrate relative shape, size, composition or function of an
object or system by a visual-cognitive process performed by the
trainee. Such non-moving, real or "scaled" aids include cutaway
models, diagrams, blow-apart hardware displays, etc.

SLIDE PROJECTOR SYSTEM - 2" X 2" - A class of siugle frame picture pro-
Jjectors that will accept a standard 2" X 2" slide and project the
contained image upon a viewing screen.
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TABLE 16. MEDIA POOL (continued)

PRINTED MATERIAL - WORKBOOK - Workbooks are a class of printed material
used to augment or replace instructional texts by providing a mix

of text information and practice exercises within a single bock or
manual.

PRINTED MATERIAL - TEXTBOOK - Textbooks are a class of printed material
dealing with a subject of study, intended for use at a specified

level of instruction and used as a principal source of organized
information.

PROGRAMMED TEXT ~ BRANCHING - A printed text containing frames c¢f in€ar-
mation and multiple choice questions concerning the information.
organized in such a way that the trainee's choice of response
directs him to remedial frames or advanced material, as appropriate,
T material is carefully sequenced, tested and revised to ensure
that a snecific student population will acnieve stated behavioral
objectives with a predetermined lever of success.

PROGKAMMED TEXT - BRANCHING WITH ADJUNCT MATERIAL/EQUIPMENT - A form of
program in which additional materials such as drawings, catalogues, or
equipment are used with the regular brunching programmed text.

PROGRAMMED TEXT - LINEAR - A printed text containing a fixed sequence of
small frames of information usually in the form of questions requiring
the trainee to construct a simple written response, which is irmedi-
atecly evaluated. The material is carefully sequanced, tested, and
revised to ensure that a specific student population will achieve
stated behavioral objectives with a predetermined level of success.

PROGRAMMED TFAT ~ LINEAR WITH ADJUNCT MATER}AL/EQUIPMENT - A form of
program in which additional material such as drawings, catalogues,
or equipment are used with the regular ‘incar programmed text.

STUDY CARD SETS - A deck or decks of cards desiyned to present training
information td an irdividual student.

AUDIO ONLY SYSTEMS

AUDIO DISC PLAYBAGK SYSTEM -~ An audio system %hat uses a record player
and sound recorded on a disc (record) that may be played back by a
listener.

AUDIO TAPE SYSTEM - An audio system that uses a tape recorder/reproducer

to record sound on magnetic tape that inay be played back upon request
by a listener.
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TABLE 16. MEDIA POOL (continued)

SIMULATION - PAPER - The representation of selected dynamic character-
istics of a system through the use of charts, tables, static photo-
graphs, drawings, and 1ists of performance characteristics under
specified conditions. This information is presented in such a way
that the trainee can study the initial performance of the system,
change inputs to or elements within the system and note changes in
the performance of the system.

TEACHING MACHINE - LINEAR, STILL VISUAL - An individualized instruction
system composed of a fixed linear sequence of small step programmed
instruction fTrames (still) and a manually controlled device to
display the information.

TEACHING MACHINE - BRANCHING. STILL VISUAL -~ Am individualized instruc-
tion system composed of large step multiple choice programmed
instruciion frames (still) and a manually controlled device to
select, sequence and display program frames in an order dupendent
upon the trainee's iast response.

AUDIQ-VISUAL SYSTEMS

AUDIO TAPE WITH PRINTED MATEKIAL - An audio system that uses a tape

: recorder/reproducer to record sound on magnetic tape that may be
played back upon recuest. Printed materials such as texts, work-
sheets, Pi, schematics, test materials, etc., used with audio tapes
offer a variety of training applications.

CARREL - AV EQUIM"=D - A small enclosure or alcove incorporating a desk
used for individua’ studies, supplied with zudio and visual materials
and supporting equipment.

CARREL - LABORATORY - A smail enclosure or alcove incorporating a desk,
to be used by one or two trainees and equipped with a 32t of special
tools and material for carrying out a hands-on learning event. It
may include audio-visual systems.

DIAL ACCESS INFORMATION RETRIEVAL SYSTEM - SCHEDULED AUDIQ/VIDEQ - Dial
a2ccess information retrieval is an electronic system for distributing
audic and visual materials and programs which are stored in a luca-
tion remote from where they are dialed and received. >cheduled
audia/video means that oresentations are retrievable at any time
except that once a program has begun, subsequent users must join
the program in progress.
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TABLE 16. MEDIA POOL (continued)

FILMSTRIP PPOJECTION SYSTEM WITH AUDIO - A sound filmstrip projector
represents a family of audio-visual devices using single frame
vicual filmstrips with sound on magnetic tape or records. Visuals
and sound may be manually or automatically syrichronized. Commercial
equipment options include front or rear screen projection, remote
and stop action capability, and cartridge loading models,

FILMSTRIP PROJECTION SYSTEM WITH AUDIO AND ADJUNCT EQUIPMENT - A system
for presenting information via a filmstrip projector and synchronized
audio tape and special equipment that is the subject of study. The
use of adjunct equipment with the AV media provides the capability
for a variety of "hands-on" training tasks to be performed.

INSTRUCTIONAL KIT WITH INSTRUCTOR - A teaching kit designed for specific
subject area instructional support. Kit allows “he instructor to
use a varied or multi-level teaching approach to instruction by
including appropriate visual aids, audio tapes, models, charts,
demonstrators, reference and test materiais.

INSTRUCTIONAL KITS FOR TRAINEES - A modular package of materials
for students that contains all materials required for a segment of
instruction. Kit may contain programmed instruction, audio-visual
materials, tools, materials, typical samples, reference materials
and testing materials as appropriate.

MOTION PICTURE PROJECTION SYSTEM - COMMERCIAL, i6MM AND SUPER 8MM FILMS -
A motion picture prejection system implying the use of professionally
prepared 16mm or S-Bmm sound motion picture films for training.
Appropriate 16mm or S-8mm projector and projection screen are
included.

MOTION PICYURE PROJECTION SYSTEM - LOW BUDGET 16MM AND SUPER 8MM FILMS -
A motion picture projection system implying the use of locally
produced sound motion pictur2 films for training. Such films are
azceptable fcr training, but often lack the professional quality of
commercial films. Appropriate 16mm or $-8mm projector and pro-
jection screen are included.

MICROFORM WITH INFORMATION MAPPING, AND AUDIO - The theoretical configu-
ration of a training system te¢ support individualized instruction
composed of microimagery in ar information map format, a microform
reader, an audio tape in a causette and an audio cassette playback
unit.
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TABLE 1A, MEDIA POOL (continued)

OVERHEAD PROJECTION SYSTEM WITH INSTRUCTOR - A system consisting of a
horizontal stage projector designed io use a vertical throw for
focusing an enlarged transparency image upon a projection screen.
An operator is normally required to change the transparency and
furnish verbal commentary.

SOUND SLIDE PROJECTION SYSTEM - A system for presenting information by
means of an audio tape and a sevies of synchronized projected
visval slides.

STUDENT RESPONGE SYSTEM - AV SUPFORTED - A student feedback response
system using programmed audio and/or visual presentations. It
consists of four major components: cortrol console with respeonse
readouts, student responders, audio visual devices, and a prograrmes.
Options include paper tape readouts and computer interface terminais.

TEACHING MACHINE - BRANCHING, STILL VISUAL WITH AUDIO - An individualized
instructicn system composed of iarge step multiple choice programmed
instruction frames (still) with synchronized sound and a manually
controlled device to select, sequence and display program frames ir
an order dependent upon the trainee's last response.

TEACHING MACHINE - BRANCHING, STILL AND MOTION VISUAL WITH AUDIO - An
individualized instruction system composed of large step multinle
choice programmed instvuction frames (still and motion) with synchro
nized sound and a manually controlled device to select, sequence
and display program frames in an order dependent upon the trainee's
last response.

TEACHING MACHINE - BRANCHING, WITH ADJUNCT EQUIPMENT - An individuaiized
instruction system composed of large step multiple choice programmed
instruction frames (still or motion with or without audio) with a
manually controlled device to select sequence and display program
frames in an order dependent upon the trainee's last response.
Assaciated with this equipment is a second piece of equipment, such
as a mock-up, which is the subject of instruction and is operated
according to instructions from the basic teaching machine.

TEACHING MACHINE - LINEAR, STILL VISUAL WITH AUDIO - An individualized
instruction system composed of a fixed linear sequence of small
step programmed instruction frames (still and motion) with synchro-
nized audio, and a manually controlled device to display the audio
and visual information.
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TABLE 16, MEDIA POOL (continuad)

TELECONFERENCE SYSTEM - A telecommunication system that allows audfo and '

visual two-way cuimunication batwean two or more remote locations.

TELEVISION - CABLE (CATV) - A hybrid CCTV system offering selective,

multiple channel, encoded programming to cabie network patrons. A
typical system consists of a signal receiving antenna system for

the master station and relay of amplified signal channels via area
substations to system subscribers. Programming may also be generated
and transmitted between substations offering smultiple options for
conferance or training. Programs are encoded for privacy and control
of viewing audience.

TELEVISION - CARTRIDGE (CTV) - A cartridge television system (CTV)

consists of packaged video tape programs, video recorder, playbazk
and display units, and control equipmen* offering high selectivity
and availability for individualized programming. Program cartridges
may be prerecorded, locally produced, or recorded off-the-air.

TELEVISION - CLOSED CIRCUIT (CCTV) WITHOUT FEEDBACK - CCTV without

feedback is an electronic transmission system for images and sound
using a coaxial cable distribution system. System design includes
one or more studios or control rooms, a signal distribution center,
and signal distribution cables terminating in reception areas
equipped with receiver/monitors. Off air, live or video taped
programs may be used.

TELEVISION - CCTV WITH FEEDBACK - CCIV with feedback is the transmission

of a live presentation with audio feedback via microphone or tele-
phone in each receiving classroom. Live instructor is required in
student-instructor-CCTV loop to activate che feedback mode.

TELEVISION - NON-MAGNETIC VIDEQ DISC SYSTEM - An experimentai form ¢f

television, similar in function to cartridge television, in which
the program is encaded on a thin plastic disc, distributed to users
where it is rotated at high revolutions per minute on 4 player which
reads the data and sends program signals into the antgnna terminals
of a standard color television receiver. Random acress capability.

TELEVISION - OPEN BKOADCAST - Open broadcast teievision is the elect -nic

transmission of images with accompanying scurd from a single chann21
VHF and UHF station and shorter range muitiple chaunel 2500 MHZ
systems.
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TABLE 16. MEDIA POOL (continued)

TELEVISION - PORTABLE VIDEO TAPE SYSTEM - A low cost video tape recording
and playback system which is self-contained and portable. Typical
systems consist of one or two mobile vidicon cameras, a small scan
video tape recorder and a monitor receiver. Immediate area
programming and open broadcast reception and recording is standard.

TELEVISION -~ VIDEO DISC WITH ADJUNCT EQUIPMENT - A theorecical con-
figuration of a video disc system in which random access capabilities
are used by a trainee in retrieving step-by~step procedures and
diagnostic routines as an aid in performing these operations on a
piece of equipment.

CAI/CMI

COMPUTER ASSISTED INSTRUCTION (CAI) - A form of individualized instruction
that employs digital computer technology to manige and display
information to a student, accept student responses, provide knowl-
edge of results, and salect subsequent learning event.

COMPUTER ASSISTED INSTRUCTION - PLATO IV BASIC CONFIGURATION - An
individualized computer based teaching system being developed by
the University of I1linuis at Urbana-Champaign, and includes up to
4096 terminals, a communication network, a central computer and tne
author language TUTOR.

COMPUTER ASSISTED INSTRUCTION - PLATO IV, BASIC CONFIGURATION AND AUDIQ -
System includes basic c¢onfiguration of PLATO IV plus a random access
audio playback system.

COMPUTER ASSISTED INSTRUCTION - PLATO IV, BASIC CONFIGURATION WITH ADJUNCT
EQUIPMENT ~ Includes the basic terminal with externally connected
auxiliary equipinent.

COMPUTER ASSISTED INSTRUCTION - PLATO IV BASIC CONFIGURATION WITH ADJUNCT
EQUIPMENT AND AUDIO - The basic terminal with externally connected
auxiliary equipment including a random access audio playback system.

COMPUTER ASSISTEC INSTRUCTION (CAI/CMI) TICCIT - A CAI system designed
by Mitre Corporation which allows the student to manage his own
instruction.

COMPUTER MANAGED INSTRUCTION (CMI) - A student management system in
which a computer receives information about student achiavement
from terminals on- or off-line and directs the student to a sequence
of off-1ine learning modules suited to the student's style of
learning and level of achievement.
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TABLE 16. MEDIA POOL (continued)

SIMJLATED AND OPERATIONAL SYSTEMS

COMPUTER SIMULATION - ON-LINE - A trainee station equipped with a
computer terminal in which the trainee operates in direct interface
with the computer as part of the program loop. By his inputs, the
trainee determines his allowable performance parameters and discerns
the effect of his inputs upon the system being simulated.

COMPUTER SIMULATION =~ OFF-LINE - A trainee station equipved with a
computer terminal enabling a trainee to seiect & computer simulation
program, enter his own variables (batch processing) ond run the
simuiation to determine the performance of the simulated system
under a variety of conditions.

GAME -~ COMPUTER SUPPORTED SIMULATION - Any contest, governcd by rules,
between teams or individuals, whera the contest is a dynamic model
of some real system, and a computer is used in perforwing some of
the calculations necessary for the cperation of the model as in
computer supported war gaming.

GAME - MANUAL SIMULATION - Any contest between teams or individual
players, governed by rules, where the contest is a dynamic model of
some real system, and is played without the aid of a computer.

LOGIC TRAIMERS - A class of trainers that synthatically allow electronic,
mechanical, fluid cr gaseous conceptual system logic training
without the use of actual hardware.

GAME - COMPUTER SIMULATION, SOLITAIRE, WITH VISUAL DISPLAY - Any contest,
governed by rules, between a single player and a computer with
visual attachments where the contest ic a dynamic model of some
real world system or event.

OPERATIONAL EQUIPMENT WITH MANUALS - A unit of operational equipment
being used for instructional or training purposes with its supporting
technical documentation such as operator's guides, maintenance
manuals and parts lists. May be an electronic black box, rifle, or
truck.

OPERATIONAL SYSTEM ~ REAL ENVIRONMENT - An operational system used for
training such as an aircraft, ship or track vehicle. Part task,
full task, sub-team, team or multi-team training may be conducted
in conjunction with or independent of normal operations.

N
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TABLE 16. MEDIA POOL (continued) Lo

\
OPERATIONAL SYSTEM - SYNTHESICALLY STIMULATED - An operational system ;
thet 1s used for training by interfacing input equipments in the o/ E
form of tapes, black bokes, or computers. Such input equipments -
present programmed data\to the operational system allowing it to
be used for training or\evaluative purposes. May be used for part o
task, full task, sub-team, multi-team training or combinations .
thereof. \\ S
PHYSIOLOGICAL TRAINER (HOSTILE\ENVIRONMENT) VISUAL - A training device ~ o
designed to place ccntrolled stress on the human visual system, ‘
through the use ¢f physiologically and/or psychologically adverse ) ;
or low threshuld visual signals, to enable a trainee to learn to ROV

function in this adverse environment. ?-

A broad categury of training devices designed to provide the
cutaneous, kinesthetic and ol factory sensors with physiologically ,
and/or psychologically adverﬁe signals, to enable a trainee to o
function in adverse pressure, temperature, pain or disorientating o
motion enviro ments.

PHYSIOLOGICAL TRAINER (HOSTILE EXTIRONMENT) SURFACE AND INTERNAL SENSES - :\ b

PROCEDURE TRAINER - Training hardware designed for basic training,
familiarization or transition type procedure training for normal, iy
alternate and emergency operation of operational hardware. Trainer P
systems respoid with a lesser degree of fidelity of performance )
than is requied for simulators\ May be used for various combinations b
of part task, full task, sub-team, team or multi-team training.

PROCEDURE TRAINER - ADJUNCT DISPLAYS LND LOGIC - Training hardware
designed for basic training, familliarization or transition type
procedure training for normal, al{ernate and emergency operation
of operational hardware. Trainer\systems respond appropriately
to trainee inputs but to a lesser degree of fidelity of performance
than is required for simulators. May be used for various combinations
of part task, full task, sub-team,‘ieam or multi-team training. !

Adjunct displays and logics may incjude scoring attachments,
adaptive contro!, automatic demonstrations, enhanced displays,

" automated briefing and debriefing capability. automatic coaching,
{ remedial exercise prescriptions or follow-cn assignments.

- SIMULATOR - Training hardware that is designed specifically for trainina
; purposes to simulate operational equippent/systems or portions
- thereof, and which sinulates the operational environment in a

' training situation. When operated, it becomes a dynamic model of
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TABLE 16, MEDIA POOL (continued)

the appearance and performance of selected aspects of the opera-
tional equipment/system. May be designed for part task, full task,
sub-team, team, multi-team training or combinations thereof.

SIMULATOR -~ ADJUNCT DISPLAYS AND LOGIC - Training hardware that is
designed specifically for training purposes to simulate operational
equipment/systems or portions thereof, and which simulates the
operational environment in a training situation. When operated,
it becomes a dynamic model of the appearance and performance of
selected aspects of the operational equipment/system. May be
designed for part task, full task, sub-team, team, multi-team
training or combinations thereof. Adjunct displays and logics
may include scoring attachments, adaptive control, avtomatic
demonstrations, enhanced displays, automated briefing and debriefing
capability, automatic coaching, remedial exercise prescriptions
or foliow-on assignments.

SPECIAL AND NON-STANDARD ITEMS

AUTGMATIC RATERS - INFORMAL TRAINING - A class of electromechanical
response rating devices used primarily for informal refresher
type training. Typically, a gaming approach is used to offer
multiple choice type questions to the trainee. Immediate feedback
upon answer choice selection is given in the form of right, wrong,
or item score as well as cumulative score.

CARREL - DRY - A small enclosure or alcove incorporating a desk, used
for individual studies, without audio-visual or laboratory equipment.

CLASSROOM - TRADITIONAL - A classroom designed and equipped for an
instructor to lecture, lead group discussions, conduct paper and
pencil fests and use instructor contrclled audio-visual aids.

DO-IT-YOURSELF KITS - A type of instructional kit containing instructions
and materials for fabricating a usable product. Such a kit offers
practical "hands-on" training following theoretical training.

GAME - MANUAL NON-SIMULATION - Any contest between teams of individual
players, governed by rules, where the contest is not a dynamic model
of some real system, and is played without the aid of a computer.

SPECIMEN SETS - An instructional kit containing samples of similar items,
Tiquids or materials that may be tested or evaluated for identifi-
cation, quality or type.
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APPENDIX B
COST MODEL: DISCUSSION, ASSUMPTIONS AND LIMITATIONS

An economic analysis is a critical step in the design of training
systems. A rational choice of an instructional delivery system cannot
be based upon training effectiveness without regard to cost and vice
versa. In order to facilita.e the economic analysis of instructional
systems, a cost model has been constructed. The model is simply a
computational algorithm for determiniig both the cost of the components
and the total instructional delivery system.

An economic analysis requires that alternatives be identified ana
associated resources specified. These determinations must be made prior
to the use of the cost model and constitute the input data for the
model. The TCCEP approach outlined abnve provides a systematic procedure
for the identification of feasible training systems and associated
resource requirements. After alternatives have been identified and
their resource requirements specified they must be "costed" and time
phased. The most common method of costing is to place dollar values un
the resources. These values can be time phased, discounted and summed
to represent the present cost of each alternative.

The assumptions and objectives underlying the comparative costing
of proposed media sets determines which resources are relevant and how
these resources are valued. The interpretation of the output of the
cost model is dependent upon these assumptions and objectives. For
certain objectives the outputs have only relative meaning while for
other applications the outputs could have absolute meaning.

Wher the objective of the analysis is to select the most efficient
alternative from among a specified set, all of which are capable of
meeting the training objectives, then the resources common to all alterna-
tives can be factored out and ignored in the analysis. When the objective
is to determine the total absolute long-run cost ¢f training, then all
resources used for training must be included and evaluated at their
opportunity cost. When the objective is to determine the budget require-
ments to implement and operate a system, then the cost of resources
which must be acquired plus the current costs of operation are the
relevant costs.

in the use of the following cost model, the objectives of the
analysis must be clearly specified and resources identified and priced
accordingly. A meaningful economic analysis requires that alternatives
be available, one of which may be the status quo. By making explicit
31l of the alternatives and their resource requirements, the analysis
can often be greatly simplified. PResources which are common to all
alt$rn?tives and difficult to evaluate can be factored out nf the
analysis.
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Resources which are factored out are, nevertheless, a part of the
total long~-run cost of training. If the decision to undertake training
is contingent upon the benefits to be acquired versus total training
costs, then these resources must be evaluated and the total cost weighed
against the benefits accruing from the training.

Most military tasks have become so sophisticated that the need for
training is axiomatic. Often the pertinent question is how best to do
the training and not whether or not to do the training. When the
decision is already made to undertake the training to achieve a particular
proficiency levei then the benefits of any particular alternative over
another can be measured with respect to the next most efficient alter-
native. Relative or incremental costing of alternatives provides
sufficient information for selection of the more efficient aliernatives.

It is anticipated that many users of the TECEP approach and the
cost model will be administrators at the operational ilevel. These -
individuals most often encounter problems of how best to provide a given
level and quantity of training. They seldom have an opportunity to
control these variabies. Administrators at this level are most often
faced with cost minimization problems and are primarily interested in
planning their training system to most efficieatly accomplish their
training goals. They often have 1ittle need to determine the value or
wur%h of training and, hence, have 1ittle need to compute a benefit-cost
ratio. o

While the emphasis of the TECEP approach is on cost minimization
(fixed output levels) there will be requirements for analysis in which
benefits fluctuate in response to training approaches. The evaluation
of differential benefits accruing from different training approaches is
a complex problem and one which has been beyond the objectives of this
model. While the cost model can be used to evaluate the resources
required for various training approaches, it does not, nor was it intended
to, provide a method of assessing differential benefits or effects of
alternative training approaches.

The basic output of the cost model ic the present value (cost) of
each aiternative. Additiona! arithmetical computations are presented.
The latter include the total and average annual cost per student position,
the average cost per graduate and a distribution of the incidence of
costs over the life ¢f the alternative being evaluated.

For most applications of the model, the analysts will be required
to access multiple data sources. Past records of operationai units
provide one valuable data source. Personnel data published by NAVPERS,
and other similar types of data can be used for estimates of personnel
costs. While the model requires rather detailed bieakdown of certain
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data, the model can be used to advantage even when many of these data
are not highly reliable. However, data reliabiility must be recognized
in the interpretation of results.

There ara nemerous 1imitations in the use of the model. First, and
perhaps most significant, the model is not capable of identifying or
selecting (from among the feasible set) the most efficient media. The
model does not utilize any optimization criteria for ascertaining
effectiveness or efficiency. Its use is limited to a cost determination
of proposed alternatives (media sets) and only through an iterative use
of the model could cne hope to move toward more efficient solutions.
Furthermore, the model is not designed to predict or forecast the total
cost of a system for which a planner must budget resources. Its primary
purpose is to aid in selecting the most efficient instructional medium.

Second, the model is constructed upon the assumption that for any
specified planning period there will be some resources which must be
used as they exist and others which can be varied to accommodate various
training numbers and levels. However, there is both an absolute limit
and an efficient Timit to the amount of variable resources which can be
expanded against a fixed set of resources and one must be cognizant of
these limitations in the use of the model. '

A basic computational unit for which many ?f the variable .costs are
entered in the model is the "student position.*'0 The nuuber of student
positions required, and hence the variable resources, are ccmputed as a
function of the training requirements. The training requirements are
exogenously determined and reflect both numbers trained and course
characteristics.

Changes in educational technology which have the effect of reducing
the time required in the nedia may result in the need for fewer studeiit
positions and lower numbers of students in training to fulfill training
requirements. These cost savings would be reflected in the model. The
impact of introducing educational technology which has no effect on the
resource requirements or time spent in training cannot be evaluated with
this cost model. The model is not designed to evaluate the effects of
ipgroducing technology in which the impact occurs entirely on the benefit
side.

10 4 student position may be a carrel and related instructional material,
a classroom position and related equipment, & fiight simulator, or it
might be uniquely defined in terms of the system being analyzed.

77

— <
e Moty




TAEG Report No. 16

Third, the model assumes all variable cost functions are linear--an
assumption that may not be tenahle for specific training situations.

Fourth, the model does not provide any means for evaluation of 1
secondary, or spillover, effects of alternative training approaches.
These effects are implicitly assumed to be constant (or equal) for
alternatives considered. If such effects do in fact exist, they must be
evaluated outside the model. A general model cannot be defined in
sufficient detail to cover all possible contingencies. Thése contingencies
may require the user to exercise judgment in his interpretation of input
variables. The important consideration is that all relevant costs be
included and that data are entered in the input variables in a manner
which aveoids double counting.

The user may often find it convenient to redefine certain variables
in order to reduce the complexity of the input data for specific applica-
tions. Such changes can be made by identifying the relevant functional
relationships in the FORTRAN program and making changes in these relation-
ships where necessary.

If the analyst is willing to make certain assumptions about the
structure of the cost data at various points throughout the model, then
a number of the input variables are not relevant and can be entered as
zero. For example, if the instruc’ional material is developed prior to
implementation and no further deveiopment is undertaken during the
planning period then the variable concerning the dollars required for
instructional material development is zero for all years in the planning
period. Similarly, if it can be assumed that the instructional material
has no remaining value at the end of the planning pericd, then the
variable concerning the remaining value of instructional materials is
equal to zero. A willingness to eliminate many of these factors by

assumption would enable the analysts to reduce the complexity of the
input data.

An effort was made in constructing the model to gain as much flexi-
bility as possible, yet not at the expense of eliminating the mode)
usefulness for analysis of less complex problems.

N Secondary effects are those effects which occur outside the influence
of the decision-making unit. Therefore, the decision maker does not
normally consider the impact of secondary effects when waking his
decision. However, from a societal viewpoint these effects may be
extremely important. An example of a secondary effect, and one not
normally considered in evaluating military training, is the worth of
the training to the individual in preparing him for a civiiian
occupation.
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The input variables are classified into seven classes as follows:
slg facilities, (2) equipment, (3) instructional material development,
4) personnel, (5) students, (6) supplies, and (7) miscellaneous. A
definition of each variabie follows:

1. Facilities

FACOST Total costs of facilities acquisition
and refurbishing which are necessary
fcr wmplementation.

L.OFFA txpected years of life of FACOST assets.

g\ j CPSQFT(I) The annual cost of operation and maintenance
- of facilities per square foot (includes

operation, maintenance, janitorial service, |

utilities, etc.). Include the annual

= e R g A St R T T o S R ST
v ! it :
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1.,’ oppovtunity costs of facilities where applicable.
- } SQFTIN Total square feet required for each instructor.
-8 \ g SQFTST Total square feet required per student position.
EooR .
Cu 1 SQFTAM Total square feet required for administrative:,
4 é " overhead. \
L | {-’) 2. Equipment \
' g o EQCISP The cost of equipment necessary for implementa- )
B tion (that which is not dependent on the number
§ { of student positions). Do not include equipment
8 - which is uniquely associated with student
4 positions (i.e., costs included in variable
i i EQIMPC).
3 LOFEQ1 The expected years of life of equipment included
in EQCISP, ;
i
: CAQSP(T) Total cost of equipment to be acquired in each L ,
] year of planning period following implementation. !
3 Include cost of equipment which represents ;
_ expansion or addition to the program plus
. replacement costs for that equipment included ;
: in EQCISP. |
LOFEQ(:) The expected years of 1ife of equipment which f

has been included in CAQSP(1).
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Total annual operation and maintenance cost of
fixed equipment; i.e., tt» operation and mainte-
nance cost of equipment not uniquely related to
student positions. O0&M costs of equivment
included in variable EQCISP and CAQSP(1).

The cusi of equipment (per student position)
which must be acquired for implementation. Do
not include equipment which is not uniquely
related to student positions (i.e., do not
include equipment costs included in variable
EQCISP).

The expected years of 1ife of student position
aquipment; i.e., equipment included in EQIMPC.

Annual operation, maintenance, and replacement
costs of equipmer . associated with each student
position in each year of the planning period;
i.2., the O&M costs of equipment included in
variable EQIMPC and the replacement costs of
any student position related equipment.

The percentage of planned operating time the
student position equipment i1s nonfunctional
because of unplanned contingencies; i.e.,
equipment failure, weather, etc. (percentage of
down time equals one minus the percentage
availability).

Instructional Material Development

UIMD

UIMDYR(1)

The percentage of time spant in the training
medium (for the nonrecycled student) for which
urique hours of instructional material must be
developed.

The rumber of unigque hours of new instructional
material to be developed in each year of the
planning period. (The model assumes that any
materiel developed and reflected in this variable
is unique to the course énu will be fully
depreciated at the end of the planning neriod.)
This variable does not include any updating of
origiral course meterial.
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UPDATE

EVIM

CiMp

Fersonnel
INTSPO
SALINR

Supplies
SUPPLY

Students
GRAD(T)

STUDSL

STCST1

STCST2

Misceilaneous

N
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Update factor for instructional material,
Percentage of the original development of
instructional material expended each year to
maintain the courseware,

The percentage of the original development cost
of the instructional material which remains at
the end of the planning period,

Average cost of developing the master copy for

one hour of instruction (i.e., the per unit
instructional material development costs).

Instructor-tc-student position ratio.

Average annual salary and benefits
for one instructor,

Average cost of expendable supplies per student
while in the training medium.

The number of students who must be trained for
each year of the planning period; i.e., the

number who must complete the program and graduate.

Average annual salary and benafits for one
student.

Average student travel costs to and from school.
Do not include any travel done as part of the
course.

Average student travel costs wihiich a 2 incurred
as part of the course., Do not include any
costs to and from school.

The numbev of years in the planning period.
(In setting the planning period, quidance can
be found in SECNAVINST 7000.14A, pages 7 & 8.)
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l ARATE

DRATE

WSCHOP

TLENGH

TLEGTH

RCRATE

= - -3

' ARCYTM

ESP

input data:

TSQFT

FCOST(I)

i 2. Equipment
i NSPR(I)

1. Facilities

TAEG Report No. 16

Tne attrition rate. The percentage of
students who enroll in the program but never
complete the training.

The discount rate (10 percent according to
DoD Instructinn 704].3?.

The time in weeks the student position is
available per year,

The average time in weeks spent in the training
medium for the nonrecycled student.

The average hours per week the student spends
in the medium.

Recycle rate equals the percentage of students
enrolling in the training who will repeat some
part of the program.

Average recycle time in weeks equals the
average amount of time a student spends 1in
repeating any and all parts of the course.

The percentage of student pesitions abnve the
computed number which are to be acquired to
provide for fluctuations in student inputs
through the system.

The following variables are computed by the model from the above

Total square feet of facilities required:
TSQFT=(SQFTST) (PSP )+(INTSPO) (PSP) (SQFTIN)+SQFTAM.

Total cost of facilities for each year of
the planning period:

FCOST(I)=(TSQFT) (CPSQFT(1)).

Number. of student positions required for the
system:
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NSFR(I)=((SMWRRC(I)+STUDMW(I))/(WSCHOP)/(1-TSOPSD).

Mean number of student positions for plarning
period:

N
MNSP= fz:iﬂsma(r)/n.

Pianned number of student positions:
PSP=MNSP+(ESP) (MNSP).

Equipment acquisition costs necessary for
implementation:

EAQCI=(EQIMPC) (PSP )+(EQCISP).

Total annual operation, maintenance and equipment
acquisition costs for each year of the planning
period:

TAEQC(I)=(CAQSP (1)+{COPMT(I))(PSP)+OMF£Q(I).

Annual depreciation of student position equip-
ment:

Ey = (EQIMPC) (PSP)/LOFEQ.

Internal computed variable indicating the years
of Tife remaining in equipment at end of plan-
ning peried.

Remaining value of student position equipment
at end of planning period:

RVEQ=(R) (E3).

Remaining value of equipment purchased in each
year of planning period (- for all
(LOFEQ(I) -N)20):

N
RVE02=IZi(L0FEQ(I)-N) * (CAQSP(I)/LOFEQ(X)).
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RVEQ3 Remaining value of equipment purchased for [
implementation (-for all (LOFEQ1-N)Z 0): :
RVEQ3 = (LOFEQ1-N) * EQCISP/LOFEQI. ’ )
J. Instructional Material
ACIND Instructional wmaterial development costs for 2
implementation:

ACIMD=(CIMD) (UIMD) (TLEGTH) (TLENGH).

CUIMD(I) Total cost of developing instructional material
in each year of planning period:

CUIMD(I)=(CIMD) (UIMDYR(I)).

AIMMC(I) Maintenance costs of instructional material for <)
each year of planning period:
AIMMC(I)=CUIMD(I)+(ACIMD)(UPDATE). 4
RVIM Remaining value of instructional material at
end of planning period:
RVIM=(ACIMD)(EVIM).
4.  Personnel i
RINSTR Number of instructors required: _
RINSTR=( INTSPO) (PSP) . /
CINSTR(I)- Total costs of salary and benefits for all

instructors for each year of planning period:
CINSTR(I)=(SALINR) (RINSTR).
5.  Students

STUD(I) Student inputs necessary in each year to provide
the required number of graduates:

STUD(I)=GRAD(1)/(1-ARATE).
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Average annual student inputs required to provide
the number of graduates specified in each year:

N
AASIN=§E?TUD(I)/N.

Total time required in training for all students
in each year of planning period to train the
required number of students (to specified
objectives) utilizing the media set under
consideration (exclude recycle time):

STUDMW(I)=(TLENGH) (STUD(I))(1-.5(ARATE)).

Total time required for recycling for all
students in each year of planning period:

SMWRRC(I)=(RCRATE) (STUD(I)) (ARCYTM).

Average number of students on board for each
year:

AOB(I)=(SMNRRC(I)+STUDMW(I))/WSCHOP.
Mean number of students on board for entire
planning period:
N
AAOB=}% ACB(I)/N.
I:

Total annual travel costs for all students:

TRAVEL=(AASIN) (STCST1)+(STCST2) (AASIN)
(1-0.5 ARATE).

Total costs of student, salary and benefits for
all students for each year of planning period:

SSALRY(I )= ( (SMWRRC(T)+STUDMW(I)}/52)(STUDSL).

Total cost of student supplies for each year
in plaaning period:

SUPPY (1)=(STLD(1))(SUPPLY).

85

kol

[N VP SR T




Miscellancous

UDACST(I)

RVAS

PVALUE

CINT

ANCSP

ADCSP?

TAEG Report No. 16

\

A

Total nondiscounted costégfor each year
in planning period: : '

UDACST(I)=FCOST(I )}+TAEQC(I)+AIMMC(I)
+CINSTR(I)+SUPPY(I) )
+SSALRY (I )+TRAVEL . :

Total nondiscounted cost of é1ternat1ve{

H4— % UDACST (1)+FACOST+EAQCI+ACIMD
- RVAS/(HDRATF)N

Remaining value of equipment and instructional
material at end of planning period:

RVAS=RVEQ+RVIM+RVFA

Present value (cost) of alternative:

PVALUE= z ((UCACST( 1) (2+4DRATE) )/

! (2(1+0RATE) 1)+ [EAC STeEAGCIHACINS
-[RvAs/ (1. G+DR£( 9 ]

Average discounted costs per student position:
C3=PVALUE/PSP

Initial system acquisition costs for
facilities, equipment, and instructional
material development:

CINT=FACOST+EQACI+ACIMD.

Average annual nondiscounted costs
per student position.

ANCSP=H4/(N)(PSP)

Average annual discounted costs per
student position:

ADCSP=PVALUE/(N) (PSP)
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%? ACSP Initial system acquisition cosis for
facilities, equipment, and instructional
{-} material development per student position®
ACSP=CINT/PSP.
i*j UAC Uniform annual costs:
N
7 UAC=PVALUE/IZ] [(2+oraTe)/ (2(140RATE) ).
i.J
)
o !
é q‘\ j
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b
|
: 87



T L RS TN G T

TAEG Report No. 16

APPENDIX C
FORTRAN PROGRAM OF COST MODEL

The purpose of this appendix is to supply the necessary information
for the use of the FORTRAN IV Cost Model program. This information
includes a FORTRAN IV Program Listing, a sample data set and a sample
run. The data collection sheets which define the program's input variables
are presented as attachment 1 following this appendix.

The data are entered into the computer using an "F" format. A1l
fields are eight colums wide. This format allows the data to be easily
keypunched directly from the data collection sheets. A sample set of
data cards s shown in the data deck 1isting following the program
listing. Table 17 defines the fields on the first group of data cards.
Each numeric field must contain a decimal point or else it will be
interpreted as having two digits to the right of the decimal point.

Several output options ai-e available to the user of the cost model
program. The user may select all of the printouts shown in figures 7, 9,
and 10, or he mey choose any combination thereof, A "1" punched in the
appropriate column of card one selects the desired printout. If the
user desires these tables, he must supply the appropriate cards to
define the variable portions of the tables. F