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A REVIEW OF MODELS FOR COST AND TRAINING EFFECTIVENESS ANALYSIS (CTEA)

EXECUTIVE SUMMARY

Requirement:
No methodology currently exists for Cost and Training Effectiveness
Analysis (CTEA) that:
.~ 1Is generalizable to all Army systems and nonsystems)' amd
, = Goes beyond the acquisition phase of systems to include the analysis
of fielded systems.
This project was to identify how these needs would be met through exten-

’
sion, development, or refinement of current methods, S )Y

/) A v

A previous Litton literature search was refined and extended--especially

Procedure:

to include studies conducted to determine cost and effectiveness of Training
Extension Course (TEC). Since it was determined that there existed no model
that could be modified to meet the research objectives, a systematic approach
to Training Effectiveness Analysis (TEA) for multiple purposes was developed,
based on TRADOC Regulation 350-4., This approach considers application of the
following submodels:

- CTEA for Developing Systems. This submodel was developed by Litton in

previous research for the Army Research Institute (ARI) Field Unit at
Fort Bliss, Texas (Matlick et al., 1980a).

- Instructional System Development (ISD). This submodel is covered

fully in TRADOC Pamphlet 350-30.

- Training Evaluation for Nonsystem Training. This submodel was deve-

loped in the current research effort.
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- 1Initial Screening Training Effectiveness Analysis (ISTEA) for Fielded

| Systems. This submodel was developed in the current effort based on
TRADOC Regulation 350-4.

- Training Subsystem Effectiveness Analysis (TSEA) ‘or Fielded Systems.

This submodel was developed in the current effort based on TRADOC
Regulation 350-4.

- Training Developments Study (TDS). This submodel was developed in the

current effort based on TRADOC Regulation 350-4.

Findings:

> No current model or methodology lends itself to CTEA for developing and
fielded systems, and to systems and nonsystems training. Therefore, a sys-
tematic approach to TEA was developed based on a family of submodels. Methods
are availahble for accomplishing the processes embedded in some of these
submodels,(e.g., see Matlick et al., 1980a, for methods recommended for
CTEA for deveioping system;;: For other submodels, the required processes
have been identified, but the development required of the specific methods was

not within the scope of the current project.

Utilization of findings:

These findings, especially the systematic approach to identifying the
appropriate CTEA model for a given problem, will be useful to training
developers and researchers in this area. Detalled methods for performing some

of the new submodels developed in this effort await theilr application, and

subsequent codification by analysts and researchers.
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SECTION 1

INTRODUCTLON

At least fifteen years ago*, the Army recognized that the fielding of
Army systems without due consideration to the impact of the cost and effec-
tiveness of training subsystems was neither economical nor efficient., The
Arny’s Life Cycle System Management Model (LCSMM) (DA Pamphlet 11-25) defines
the process by which Army materiel systems are acquired. Although it was
designed to ensure consideration of all aspects of the system (training
subsystem, personnel subsystem, logistics subsystem), the emphasis has remained
on the hardware subsystem. Nevertheless, there continues to be a need for
data on the cost and training effectiveness of both developing systems and
fielded systems so that decision-makers can make rational decisions concerning
competing developing systems, or on how to ameliorate excessive cost of or
ineffective training on fielded systems.

The Army Rescarch Institute (ARI) Field Unit at Fort Benning, Georgia
sought to develop a CTEA methodology that:

- Could be generalized to all training for Army systems and nonsystems,

- Would extend and refine previous research in the CTEA area, and

= Go beyond the acquisition phase of systems to include the analysis

of fielded systems,

This research effort builds on previous research for the ARI Fieli Unit

at Fort Bliss, Texas. The former objective was to provide Army analysts with

a performance gulde for CTEA at each stagc of the acquicition process (LCSMM)

*The first version of DA Pamphlet 11-25, Life Cycle System Management Model
for Army Systems was published in October 1968, but the problem was being

considered for several years prior to this.
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of a developing system (Matlick et al., 1980a, 1980b). For example, four Cost
and Operational Effectiveness Analyses (COEA) are conducted during the LCSMM.
CTEA support éOEA by providing assessments of alternative ways to trailn and
achieve the desired operational effectiveness of the system as well as pro-
viding relevant cost data. Thus, at least four CTEA are required to support
these COEA. Additional CTEA are neceded to support tralning development
decisions. Dependin; upon the data situation, the analyst nceds a different
strategy to perform each CTEA.

To define some terms, system training and system device indicate that the

training or device is to be used exclusively for one hardware-oriented system,.
If the device or training is to be used in conjunction with two or more
systens or for general military training, then, it i{s called nonsystem (ATSC,
Training Device Requirements Document Guide, 1979). Thus, training in military
courtesy is nonsystem training. The Beseler CUE/SEE to be used with Training
Extension Course (TEC) tapes is an audio/visual medium which constitutes a
nonsystem training device.

Although CTEA has been used most commonly in a generic sense to encom-
pass all such analyses done for developing or fielded systems, and for system
or no: system training, TRADOC Regulation 350-4 (1979), sets forth narrower
definitions. In the TRALOC Regulation 350-4, Training Effectiveness Analyses
(TEA) system schema, the following terms are used as indicated:

- Training Effectiveness Analysis (TEA) - overall rubric.

- Cost and Training Effectiveness Analysis (CTEA) - conducted for

developing systems in the acquisition phase.

- Initial Screening Training Effectiveness Analysis (ISTEA) - conducted for

fielded systems to determine if there is a performance gap. The

1-2




ISTEA May have a secondary function of providing support/input to a
CTEA (on a developing system).

= Train;ng Subsystem Effectiveness Analysis (TSEA) - conducted for
fielded systems to determine if an existing performance gap is due in
whole or in part to the training subsystem.

- Training Developments Study (TDS) - conducted to develop a fix for a
training subsystem deficiency or develop a more cost-effective way to
train.

- Total System Evaluation (TSE) - conducted to arrive at cost-effective
ways to eliminate performance gaps not caused by the training sub-
system. Since the training subsystem 1s our primary concern herc,
and since it has been eliminated as a cause for system deficiency, we
will not concern ourselves further with the TSE. Suffice it to say
that the TSE goes on to look in detail at the personnel subsystem, the
hardware subsystem, and the logistics support subsystem.

Thus, to place these terms in perspective, we might say that: A CTEA
(generic) may be a CTEA (TRADOC Regulation 350-4), an ISTEA, a TSEA, or a TDS,
or a combination of ISTEA, TSEA, and TDS.

Within the research and training development communities, the term

Weapon System Training Effectiveness Analysis (WSTEA) also has been in general

use with respect to fielded systems. In the context of TRADOC Regulation
350-4, the WSTEA was generally a combination of ISTEA, TSEA, and TDS.

with respect to systems, most CTEA (generic) includes CTEA (TRADOC
Regulation 350-4), ISTEA, TSEA, and TDS. The previous research developed the
model for CTEA (TRADOC Regulation 350-4). Our objective in this research was

to obtain or develop a generlc CTEA model for systems and honsystems, and

1-3
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developing and fielded systems. Once the general model was developed. the
approjriate submodels had to be developed. These developments and the
resulting models are described in the final section of this report. The
second section summarizes the literature on cost and training effectiveness
analysis. Appendix A is a 31-{tem bibliography with abstracts of selected
related literature, Appendix B is a full 124-item bibJiography of CTEA-related

literature, and Appendix C is a listing of abbreviations and acronyms found in

the CTEA literature.

1-4
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SECTION 2

LITERATURE REVIEW

2,1 Purpose

This review of current literature on Cost and Training Effectiveness
(CTEA) methods was undertaken to determine the state of the art of such
methods. The review was then to form the basis for deriving or developing
a generlc method or set of methods for CTEA to apply to a broader set of
training programs, systems or deviczes - including development efforts for both

developing and fielded, systems and nonsystems-related, training systems.

2.2 Types of Literature Reviewed

Three areas of literature were identified as a particular concern.

These were generic CTEA, CTEA TDS for major training devices, and the original
focus=-CTEA for TEC lessons. Therefore, we examined four general categories
of relevant literature:

- Department of Defense/Department of Army directives and regulations,

— CTEA methods/methodologies, and

— Reports documenting CTEA.

The review builds on the literature reviews of Matlick et al. (1980a) and
Sassone (1978). The Life Cycle System Management Model, and some of the pre-
scriptive, predictive, and cost models reviewed in the former are rveviewed also
herein. These documents have been re-examined to discover their treatment

of training media in general and devices and the Training Extension Courses

2-1
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(TEC) 1in particular. This reexamination, however, constitutes only a small
portion of the following literature analysis since the focus of Matlick et al,
(1980a) was s;ecifically on CTEA methods for developing systems. Most of the
Sassone (1978) review focused on literature germane to construction of a
cost-effectiveness model for the training program component (e.g., TEC). This
present review has encompassed all literature available on TEC.

Applicable literature identified in computerized searches of National
Technical Information Services (NTIS), Defense Technical Information Center
(DTIC), Educational Research Information Center (ERIC), and other library

holdings have been examined. A summary of the findings in the four areas

follows.

2.3 Army Regulations and Guidance

2.3.1 Introduction. In order to understand the context in which

CTEA takes place, an understanding of basic Army and Department of Defense
directives, regulations, and guidance is required. It is from this literature
that the requirement for formal CTEA and other effectiveness assessments are
identified. This literature also provides a set of basic definitions of

terms without which a study of the plethora of CTEA documents would be

unintelligible.

2.3.2 The Life Cycle System Management Model. Evaluation of the cost

and effectiveness of a training system is required at several points in the
LCSMM of a major developing operational system. Additionally, a training
device requ res evaluation at additional points in {ts own developmental

Cycle; in some cases a device i5 evaluated at the same time as the operational

8ystem,

S}
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The process through which Army materiel systems are acquired and main-

tained 1s described in DA Pamphlet 11-25, Life Cycle System Management Model

(LCSMM), expressed in a 119-event flow chart (Department of the Army, 1975).
LCSMM outlines procedures for the development, acquisition, and management of
Army systems from concept investigation through ultimate disposal of obsolete
systems. It covers coordination of combat development, research and develop-
rent, production and logistic support, training and personnel requirements,
and actions required to develop and maintain the system.

Training considerations are integrated into the LCSMM through the Inte-
grated Personnel Support (IPS) system (Department of the Army, 1978). The
goal of IPS is to ensure that personnel-related issues are planned, developed,
acquired, tested, and deplc’ed in conjunction with the materiel acquisition
process. Such issues inciude the number and characteristics of personnel
required to operate, support, and maintain the system, their training, inter-
face with hardware, human resources development, and other personnel factors.

Matlick et al. (1980a) have identified the locations for CTEA and CTEA
updates in the system acquisition process (Figure 2-1). The conduct of
CTEA-type analyses after a system becomes operational is defined less clearly.
The LCSMM events rel:ted to CTEA and the issues they must resolve are shown in
Table 2-1%,

The process 18 relevant to training devices from two etandpoints.

First, all major devices and simulators arc subject tc the same regulations
and directives as any other Army hardware system in regard to procedures for

development, acquisition, and management. Therefore, they follow as much of

*For a detalled description of all LCSMM events and their implications for
CTEA, see Matlick et al., Cost and Training Effectiveness in the Army Life
Cycle Systems Management Model, pp. 1I-1 - TI-15.
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Figure 2-1 CTEA in the Systen Acquisition Process
SOURCE: Matlick et al., 1980, p, I1-2
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PRIMARY LCSMM EVENTS ISSUES REQUIRING
LCSMM YIELDING DATA TO RESOLUTYON
PHASE CTEA CTEA
e MENS TRAINABILITY OF
e INITIATION OF TRAIN- BASIC CONCEPT
I ING PLANNING COST OF TRAINING
e INITIATION OF LOGISTICS TRAINING PROGRAM
SUPPORT PLANNING ELEMENTS TO BE IN-
CLUDED OR STUDIED
CONCEPTUAL _
e LOA TRAINABILITY OF
o ORGANIZATIONAL AND ALTERNATIVE CONCEPTS
IA OPERATIONAL CONCEPTS RELATIVE COST
(update) EFFECTIVENESS OF
TRAINING PROGRAMS
OF ALTERNATIVE
CONCEPTS
o OAP TRAINABILITY |
e DT/OT I NECESSARY REVISIONS
II OF TRAINING PROGRAMS
DEMONSTRATION RELATIVE COST
AND EFFECTIVENESS
VALIDATION
e PQQPRI TRAINABILITY
e DCP(IPS) TDR
RELATIVE COST
I1 A EFFECTIVENESS OF
(update) REVISED TRAINING
PROGRAMS
' e NET PLAN PERFORMANCE VERSUS
FULL-SCALE e AP STANDARDS
ENGINEERING ITI e DT/OT II PERFORMANCE VERSUS
DEVELOPMENT HARDWARE AND TRAINING
PROGRAM DESIGN,
PERSONNEL SELECTiON,
ETC.
PRODUCTION e TRAINING PLAN UPDATE COST EFFECTIVESS OF
AND Iv o DRAFT TRAINING REVISED TRAINING
DEPLOYMENT (update) PROGRAM PROGRAM
e AP
e DT/OT III

T R T MR N AR AT R TR WL MR R C R W™ o Ph? TR P o AT mRa LW

Table 2-1 CTEA in the LCSMM

SOURCE:
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the LCSMM (DA Pam. No. 11-25) as each set of unique conditions allows.

Second, the LESSM for a major system controls and influences the subordinate
development, acquisition, testing, and operation of all the devices related to
its trainirg systems. The scheduling and milestones of the major end-item
determine those required for the training devices, sometimes creating serious

compression of their design and development,

2.3.3 The Instructional System Development (ISD) Methodology. The Army

and all the other services prescribe a similar sequence of procedures for
the development of training--the Instructional System Development (ISD) Model.

The procedures are described in Interservice Procedures for Instructional

Systems Development, TRADOC Pamphlet 350-30 (1975). Training media (devices,

sim.lators, and TEC Lessons) are only a part, albeit an important and expen-
sive part, of a complete system designed to train a larger set of related
tasks required by an operational systems, a MOS, or a team,

The ISD procedures constitute a systems approach to training development
and as such offer a repetitive process of analysis, design, verification and
revision. Fundamental to ISD are rigorous derivations of training require-
ments for job requirements, selection of instructional strategies ts maximize
training cost effectiveness, and continual testing and revision of the train-
ing during development until training objectives are met. Like the LCSMM, the
complete, rigorous application of ISD presents problems when its use is
attempted in a real world environment. The ISD process takes place in five
phases: (1) Analyze, (2) Design, (2) Develop, (4) Implement, and (5) Control,

Training media should be dealt with in the general 1SD context. A brief

description of the five 1SD phases follows.

2=b
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2.3.3.1 Phase I - Analyze. During Phase I, emphasis is on the job to

be performed.” The job performance is analyzed in as a great detail as
possible; a complete task list is compiled; tasks that require instruction are
selected; a job performance measure is specified for each task selected for
instruction; existing analogous training is analyzed; and the most suitable
instructional setting 1is proposed for each task selected for instruction.
Good research at this stage 1is vital to device specification and development
because device design depends on complete task description. Existence of job
performance measures makes possible assessment of training system and device
effectiveness.

It is in the analysis of existing courses and prediction of settings that

use of devices for certain tasks or groups of tasks may first be recognized.

2.3.3.2 Phase II - Design. Phase II is concerned with designing in-

struction based on the tasks, sub~tasks, performance measures, setting selec-
tion and other data acquired during the analysis phase. The first step is to
convert each task selected for training into a terminal learning objective.
Second, test items are designed to measure degree of mastery of the learning
objective., Third, research is conducted to determine the degree nf skill or
knowledge that may be expected before training. Finally, the tasks are
sequenced into a logical, cchaerent, structured instructional program.

If thie step in ISD has been carried out, it is of great value in device
development since it provides empirical criteria that can be used to measure

trainees who are trained to tasks on a simulator or device.

2.3.3.3 Phase III - Develop. There are five steps in the ISD develop-

ment phase. First, the training developers classify the learning objectives

2-7
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by learning category. This enables them to identify apropriate learning
guidelines, WNext, they apply a media selection process to determine the
instructional package and presentation. The media selection process should
take into consideration such factors as learning category and guidelines,
media characteristics, training setting criteria and costs. Other steps
include analysis of existing analogous training packages, development of new
materials and media as required, and field testing and revision of instruc-
tional material. The TEC prototypes are developed as part of this package.
It is in ISD Phase III that a need for a device may be identified or
verified. In the media selection process, analysts consider devices and
simulators and, if found appropriate, effective training media for the tasks
under consideration will include them in alternative programs subject to cost

and training effectiveness analysis.

2.3.3,4 Phase IV - Implement. In the implementation phase, the training

delivery personnel take over the newly-designed program and put it into

use, Classes are scheduled, space made available, staff trained, materials

and media acquired, and students assigned. The appropriate agency conducts
instruction and documents need for improvement for each succeeding training
media, and the trainers make an assessment of strengths and weaknesses along with
the other components of the instructional package. TEC prototype packager are

validated.

2.3.3.5 Phase V - Control. Phase V is the ongoing, continued evaluation

and revision of the training program. It is the bridge that closes the loop
back to other phases of the system. Throughout the life of a training systenm,
data on instructional effectiveness and costs, and on-the-job performance in

2-8
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the field may be collected and analyzed. When possible, outside evaluation
teams will make such assessments. These analyses serve as a quality coatrol
of 1nstructio; and generate empirical data required to justify system revi-
sions.

As in Phase 1V, the devices in use are subject to the same scrutiny as
the program. The continuous data gathering on and evaluation of the device
serves as a basis to refine and improve it, cost it accurately, phase it out,

and provides a data base for design and development of new devices.

2.3.3.6 The LCSMM and the ISD. The ISD process defines training acquisi-

tion events and activities. However, these events and activities occur and
re dealt with within the context of the overall system acquisition

process governed in the Army by the LCSMM. The LCSMM 1s applicable to

acquisition initiatives directed toward improving fielded, operational sys-

tems, processing developmental systems, and procuring new systems. A system

may be a new or existing training system. It may be, and is usually thought
of as being, a major weapon or hardware system. For such systems, a complete
instructional system must be developed.

Analysis by CORADCOM (1978) has structured training events and activities
in the context of the LCSMM as has TRADOC in TRADOC Regulation 600-4 (1978).
The two processes, LCSMM and ISD, are compatible although not congruent. ISD
relies on accurate task analysis and a great deal of empirical data to achieve
maximum utility. Therefore, it is better suited to design and revision of
training for jobs that already exist. When IDS is used within the context of
the LCSMM of a new hardware system, real-world data such as well-defined
task lists and performance measures do not exist to guide the ISD. However,
the general sequence of events of both models applies to training systenms

acquisition. This special acquisition process is next discussed.

2-9

L AN I A S R Ieny G D00, § 40 1. 0 . B D Ca T G B UGS . Ave K Relt o A Po oP o UTa B1 TV, RE “EFe FCRUSAVE R "RECRVE JUP JIE RVE VS DUr TV JOF TN € = e S .



2.3.4 Training Acquisition Handbook. DARCOM and TRADOC have provided a

consolidated set of information and guidelines covering training requirements

within the acquisition process in a jointly prepared Training Acquisition

Handbook (CORADCOM, 1980). This handbook reviews the ISD process, the
LCSMM, and training acquisition in the LCSMM context. TEC lesson* as well as
training devices are identified as part of the media selection process. The
development of TEC, part of the extension training material, is keyed to the
technical manuals. This is a subordinate step in the Skill Performance Aids
development process (formerly termed Integrated Technical Documentation and
Tralning or ITDT). The handbook advises that a set of material will be
developed for each duty position. Table 2-2 shows the contents of a typlcal
package. The handbook also states that the lesson formats are modeled on the
TEC format that provides for three instructional media formats: (1) audio/
visual, (2) written, and (3) audio. Use of formats other than written must be
Justified by a media analysis. A general model of the Skill Performance Aids
package development is shown in Figure 2-2,.

Training device acquisition is considered of major importance. The
handbook treats it in a separate major section, Chapter Six, Training Device
Acquisition. A review of regulations and guidelines related to devices will

be discussed leter in this report.

*Unless otherwise identified, TEC lesson will be applied to those audio/visual
extension course lessons provided on 8mm film and viewed on the Beseler
CUE/SEE.
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Table 2-2 Typical Skill Performance Aids Package Contents

Documentation (TMs)

-~ Maintenance Manuals (New Look format)®
TM 9~xxx-xxx-20: Organizational Maintenance
T™ 9-xxx-xxx-30: Direct Support Maintenance
TM 9-xxx~-xxx-40: General Support Maintenance

- Operator Manual (New Look format)#*

T 9-xxx-xxx-10: Operator’s Manual

Training (ETM)

- Training Manager’s Guide (TMG)
- Student Guide (SG)
-~ Lesson Administrative Instructions (LAI)
- Student Lesson Sheet (SLS)
- Lesson Content Materiel (Media Options)
Audio/Visual
Written
Audio

Computer Mediated (CAI, CMI, etc.)
Training Devices and Simulators

*Characterized by highly i{llustrated, simple to read, step—by-step task per-
formance instructions organized for use by both entry-level and experienced
personnel. (Source: CORADCOM, 1978, p. 4-3)
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2.3.5 TRADOC Guidance for Training Effectiveness Assessment

2.3.5.1 TRADOC Regulation 350-4. TRADOC provides guidance for several

types of training effectiveness assessment in two recent publications. The

first, TRADOC Regulation 350-4, Training: The TRADOC Training Effectiveness

Analysis (TEA) System (May 1979) prescribes policies, procedures, and respon—

sibilities governing the operation of the TRADOC TEA System. This regulation
identifies and describes five types of [EA as shown in Table 2-3. The authors
state that it valid evidence of a significant performance gap exists, a TSEA
should be conducted in lieu of an ISTEA. They note the similarity between a
CTEA and a TDS, remarking that they are procedurally similar and heavily cost
(economic) analysis oriented. The TEA system flow chart, depicting the
relation of TEA to system life cycle, is shown in Figure 2-3.

The regulation delegates TEA authority and defines their roles and
responsibilities among several agencies. The pertinent information unique to
CTEA is shown in Table 2-4,

Special mention is made of TRASANA’s role in developing a TEA handbook.
This 1is envisioned as an evolutionary document, initially concentrating on

concept and methodology with the ultimate goal of providing a how to guidebook.

2.3.5.2 TRASANA’s TEA Handbook. The guidebook referred to in the

preceding paragraph is now available in draft form--TRADOC Training Effective-

ness Analysis Handbook, TRASANA (1980). This handbook is a procedural guide

for persons charged with conduct of TEA. The methodology for conduct of CTEA
(from preliminary to update to final) is shown in Figure 2-4., The text
describes the method step-by-step telling the analyst what to do and in some

cases, how to do 1t, and suggesting data sources.
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Table 2-3 Types of TEA Described in TRADOC Regulation 350-4

Ty pe Description

1. Cost and Training Effective- Conducted during the acquisition
ness Analysis (CTEA) process in order to:

Insure that Training Development (TD)
processes (ISD Phases I, II, and III) are
initiated early in the life cycle of
hardware systems and are accomplished both
in parallel and coordination with Combat
Development (CD) processes during the
acquisition cycle.

Optimize soldier hardware subsystem
interface.

Insure that the appropriate level of
sclentific methods are used in the develop-
ment of the training subsystem.

Insure that all feasible training sub-
system alternatives are considered.

Optimize soldier training subsystem inter-
face.

Recommend the preferred training alterna-
tive for the preferred hardware system
based on cost and training effectiveness.

Provide decision-makers with more precise
information at critical points in the
acquisition process concerning the Total
System comprised of the training, hardware,
and other subsystems (TRADOC Pamphlet

71-8) .
2. Initial Screening Training Conducted after a system has been fielded
Effectiveness Analysis in order to:

(ISTEA)
Determine if actual effectiveness (E,)
and design effectiveness (E_) are
essentially equal or if a sggnificant
performance gap exists.

2-14
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Table 2-3 Types of TEA Described in TRADOC Regulation 350-4

Determine if a cause and effect relation-
ship exists between demonstrated soldier
proficlency and attitudes and trainer
proficiency and attitudes.

Examine aspects of the training environ-
ment which are most likely related to the
EA/ED relationship.

3. Training Subsystem Conducted after a system has been fielded
Effectiveness in order to:

Determine 1if existing significant perform-
ance gap 1s caused, all or in part, by the
training subsystemn.

Examine the training subsystem in detail.

Relate soldier, trainer, training environ-
ment, training subsystem and hardware
subsystem factors/variables to obtain high
resolution of problem areas.

Examine, by excursion, related subsystems
(personnel and logistical support sub-
systems) that may be contributing agents
to a performance gap.

Identify potential solutions to training
subgystem problems.

4, Training Developments Usually conducted after a system has been
Study (TDS) fielded but also is used preliminary to
the conduct of CTEA for developing system
training devices and nonsystem training
devices which are under separate Training
Device Letter Requirement (TDLR). The TDS
is designed to:

Find the most cost-effective way to
fix training subsystems found deficient
during the conduct of a TSEA.

Find the most cost-effective way to change
training subsystems which are not deficient

but considered too costly or in need of
revision.
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Table 2-3 Types of TEA Described in TRADOC Regulation 350-4

5. Total System Evaluation
(TSE)

MR o TP Y FAS AT Lt A Ry e e W e WL A AT A L A R AP R Bl N 5 S B P WS et 5. S 5 e . o o —l

TSE, as it applies herein, is derived from
TRADOC Pamphlet 71-8. It includes the
training subsystem, hardware subsystem,
personnel support subsystems and logical
support subsystem. TSE are conducted on
fielded systems when it is determined that
an existing performance gap is not caused
entirely by the training subsystem. A TSE
is performed to identify the problem
area(s) causing such gaps. The emphasis
of a TSE includes, but is not necessarily
limited to, the personnel and logistical
support subsystem.
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Figure 2-3. TRADOC TEA System Flow Chart
Source:  TRADOC Regulation 350-4, p. 7.
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Table 2-4 CTEA Roles

and Responsibilities as Assigned by TRADOC

Agency Responsibility
HQ TRADOC Provides policy, direction, program
review, and study approval.
Deputy Chief of Staff for Directs the TRADOC TEA System.
Training (DCST)
Deputy Chief of Staff for In coordination with the TRADOC DCST,
Combat Developments (DCSCD) insures OMA and RDT&E funds for the CTEA

portion of the COEA are included in the
programming of funds (DD Form 1498) for
COEA and other related combat development
studies (TRADOC Regulation 11-8).

Functions as HQ TRADOC point of contact
fcr TRASANA in CTEA matters as they
pertain to the overall COEA effort.

In support of the CTEA effort, provides a
coordination link which facilitates
TRASANA’s entry into the TSM, HQ DARCOM

and PM loop.

U.S. Army Training Support Serves as the TRADOC DCST point of contact

Center (ATSC) (POC) for proponents in matters relating
to CTEA study directives for developing
systems and nonsystem training devices.

TRADOC Systems Analysis Responsible for the TRADOC TEA Handbook
Agency (TRASANA) which explains the how to procedure and

methodologies for each type TEA.

Conducts independent TEA efforts as

directed by HQ TRADOC.

Proponent Service Schools Serve as TEA study proponent.
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2.3.6 The Training Device Acquisition Process. The Training Acquisition

Handbook (U.S. Department of Army, CORADOM, 1980) defines training devices as
panel displays, simulators, part-task trainers and full crew trainers., They
are distinguished from training aids (descriptive charts, graphics, and
audio/visual material) and training equipment (operational equipment dedicated
to training). Major training devices and simulators are recommended for use
primarily when critical subject matter is too complex for verbal, symbolic, or
simple pictorial presentation or when it requires extensive hands-on practice
to develop the requisite level of skill, Categories of devices include
teaching machines, models and mockups, hardware simulator-trainers, and actual
objects (component, assembly, unit or system). Training devices that use the
actual equipment induced to act and react as it would in an operatinnal
environment are called simulators (Montemerlo, 1977).

PM TRADE (1979) classifies training devices by their intended use., If
the device 1s to be used exclusively for one system, it is called a "system"
device. If it is designed for use in two or more systems or for general
rilitary training, it is called a "nonsystem" device. A further classifi-
cation results when the system itself {s evaluated -- is it fielded or

developmental? The four categories are shown in Table 2-5.

Table 2-5. Categories of Training Devices and Weapon/Operational Systems

WEAPON/OPERATIONAL SYSTEM

| | | FIELDED | DEVELOPMENTAL |
I | | I
| T | NONSYSTEM | NONSYSTEM |
| RD | NONSYSTEM | FIELDED | DEVELOPMENT

| AE | L

1V | [ I
| NE | 5 SYSTEM | SYSTEM |
| TC | SYSTEM | FIELDED | DEVELOPMENT

| ME | I I

|_G | | | |

SOURCE: PM TRADE, 1979, p. 42.
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Futhermore, & complex simulation trainer may have several identical modules

for group training or several different modules for simultaneous team train-
ing.

The unique training device acquisition process begins after the develop-
ment of initial training system concepts (if the device is part of a develop-
ing system) or after a need is identified for a new type device or simulator
and validated by PM TRADE or TRADOC. This process has been modeled by
CORADCOM (1980) in relation to the Life Cycle System Mangement Model (LCSMM)
of the operational equipment for which its training is designed; (Figure 2-5)
and PM TRADE (1979) in greater detail and applicable to all types of devices.

First, the device enters a period of concept formulation. Developers will
consider: (1) tasks to be trained, (2) trainee characteristics, (3) alterna-
tive hardware configurations, (4) analogous and new simulation technology, (5)
degree of fidelity required, and (6) costs. Usually several alternative
device concepts will be developed. As work in this concept formulation period
progresses, the designated developers assisted by manufacturers, trainers,
users, behavioral scientists and other subject matter experts will produce one
or more concepts for cost-effective devices. The proposed devices may be
theoretical designs or existing devices. They will be assessed by a prelimin-
ary type of cost and training effectiveness analysis (CTEA). U.S. Army

Training Support Center’s (ATSC) Guide to Training Effectiveness Analysis

for Training Devices (1980) defines this CTEA-type study as a Training Deve-

lopment Study (TDS) and requires that a formal study be made and a report
written for all devices with medium/high development risk during the concept
phase. Based on the TDS, the designated developers, ATSC and PM TRADE, will
decide whether to proceed with developme.it of a new device or purchase of
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commercially available equipment. If an existing, inexpensive, low risk
device exists, the decision probably will be to procure it by issuing a
Commercially Available/Fabricated 1raining Device Requirement (CAFTIDR) docu-
ment. This initiates procurement along the desired time schedule for use. No
further development processes are required.

If there is clear-cut evidence to support device specifications and cost
and developmental risks are relatively low, a training device acquisition may
proceed following preparation of a Training Device Requirement Document (TDR)
or Training Device Letter Requirement (TDLR). A preliminary TDS with cost
estimates and potential effectiveness assessment accompanies the TDR/TDLR.
Following Department of Army approval, DARCOM will fund the device acquisition.

If the preliminary TDS indicates medium to high developmental risk, high
cost, unclear choice among alternatives or other substantial unresolved
issues, the conceptual phase closes with the preparation of a Training Device
Letter of Agreement (TDLOA). A working document, the TDLOA states the issues
to be considered in order to validate the device concept before development
can take place,

An update TDS is undertaken during the validation phase. It will compare
the alternative device concepts or if there is only one concept, it will be
compared to a baseline of training without the device. The working group
conducting the TDS will evaluate (1) how well critical tasks are taught, (2)
the potential for transfer of training to the actual equipment, (3) occurrence
of negative training or difficulties in use, and (4) any evidence of poor
design of equipment, training program or device. With update of costs includ-
ed, this update TDS will be annexed to a formal TDR. If the TDR is approved,

the device enters the Full Scale Engineering Development (FSED) phase.
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During the FSED of the device, the TDR is converted to design specifi-
cations and precurement documents, a contractor is selected, and a prototype
device is produced. If the device is developed in conjunction with a major
system, its design freezes with that of the prime system. Additionally, the
prototype must be ready for testing at the time of the prime system OT II (AR
1000-1978). During this phase, the final TDS is made. It includes data from
the OT II and addresses the same issues as the previous TDS. At this time,
the analysts are able to make the assessment based on empirical measures of
effectiveness rather than predictive analytical measures. They are able now
to make reliable cost effectiveness determinations. If no adverse or un-
resolved issues remain, a training device development acceptance in-process
review (DEVA IPR) is held. This 1is the final in-process review; it determines
whether full-scale production should take place. If the DEVA IPR is favor-
able, the device advances to the next phase. This nhase is production and
deployment. The device is now part of the Army inventory.

Major generic or nonsystem devices and simulators (those at high develop-
mental risk, costing over $3 million and initiated by a TDLOA) follow the
general Army LCSMM. CTEA may be necessary only if a training system must be
designed to manage the simulator or device and/or a unique training system set
up to train personnel to teach, operate, and maintain it. The required COEA
of the LCSMM, since they measure cost and effectiveness (in this case training
effectiveness), serve both as COEA and CTFA.

When the training device or simulator does not undergo the formal CTEA
or COEA process, the training developers usually conduct training develop-
mental studies (TDS) as input to requirements documents for low risk, less

expensive devices or as input to training system CTEA and operational system
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COEA. A TDS is required (ATSC, 1980; TRADOC Circular 350-4, 1979) before each

device development decision point. Each of these TDS requires an assessment

of potential device training effectiveness as well as a determination of
non-quantifiable benefits and costs. The ATSC Guide (TRADOC, 1980) requires
that most TDS predict effectiveness of proposed devices by comparing them with
the present methods of training similar tasks. Table 2-6 displays the require-

ments for conduct of TDS.

Table 2-6 Decision Points Requiring TDS Time-Phased

I | | |

| | | Decision/Document |

[TDS Type | Life Cycle Phase | Requiring TDS Input|

[ l | |

| I |

| | Conceptual TDLOA (full LCSMM) |

|Preliminary | |

I | i

| | Validation TDR/TDLR (partial |

| | LCSMM)

| |

| I

|Update of Preliminary| Validation | TDR/TDLR (full

|(follows DT 1/0T 1) | | LCSMM)

I |

[ l

|Final (follows DT 11/| Full Scale | DEVA IPR

|OT II) | Development | |
|

2.4 Current CTEA Methods and Methodologies*

The major guidance for evaluating training effectiveness is contained in
the literature discussed in the preceeding section and such documents as

TRADOC Circular 70-1, Training Device Development (1979); TRADOC Regulation

11-8, Cost and Operational Effectiveness Analysis in Materiel Acquistion

*For a complete revicew of these methods, see Matlick et al., 1980a. Example
of their application may be found in iatlick et al., 1980b.
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Process; and TRADOC Pamphlet 71-10, Cost and Training Effectiveness Analysis.,

In addition, a number of CTEA methodologies currently exist, the result of a
great deal of ;esearch in all the services. They may be categorized as
primarily prescriptive--they prescribe suitable training programs analytically
where none exist; predictive~—-they predict the effectiveness of training
programs or training program elements analytically; or empirical--they
evaluate training programs or program elements using real-world performance
data. Usually these methods treat effectiveness and cost as ceparate modules,

combining them in C/E ratios as a final step. Representative models and

methods will be discussed in the following paragraphs of this section.

2.4.1 Prescriptive Methods. The first set of methods might be termed

prescriptive. They prescribe a training program (or program elements such as
media, context, devices) based on task characteristics, earlier analogous

systems or other means.

2,4,1.1 Training Effectiveness, Cost Effectiveness Prediction (TECEP).

One of the most widely used analytical methods is TECEP, a manual method

developed by Braby and his associates and reported in A Technique for Choosing

Cost-Effective Instructional Delivery Systems, TAEG Report No. 16 (1975). The

Army and Navy ISD use TECEP, and it is also the recommended method in the
manual sponsored by PM TRADE (1979). TECEP is designed for use during the
conceptual phase for training program development.

The TECEP technique begins with a list of training objectives, classifies
those objectives according to the type of learning algorithm required, selects
alternative media systems to support those algorithms, estimates the cost of
each alternative delivery system, and identifies a cost-effective instruc-

tional delivery system. The technique is simple though its developers caution
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that it 1is intended for use by experienced training system designers.

TECEP 1is applied to select instructional delivery systems from train-
ing objectives within ISD. Each training objective is matched with one of
twelve learning algorithms, accomplished by comparing a task to then various
algorithms in terms of action verbs, behavioral attributes, and examples of
objectives (Figure 2-6). Once tasks and objectives have been classified and
grouped according to the learning algorithms, a table 1is used to select
delivery systems for each group of tasks and objectives. Alternative systems

then are analyzed for cost-effectiveness comparisons.

2.4.1.2 Training Efficiency Estimation Model. An Army model based in

part on TECEP is the Training Efficiency Estimation Model (TEEM) of Jorgenscn
and Hoffer (1978), a major portion of which concerns selection of media. This
is a potentially highly useful model, since it is also a predictive model of
effectiveness, efficiency, and cost-effectiveness.

The measure, the efficiency ratio, represents a value composed of the
efficiency score of an estimated program with real world constraints divided
by the efficlency score of an idealized program with no constraints. Outputs
of this method include a cost-analyzed training program. Input requirements
are task list plus sufficient knowledge of the weapon system to permit in-
ferences about the nature of stimuli, responses, and feedback.

The sclection or media (training devices and materials) is accomplished
by the TEEM computer program in which training devices and materials have been
described using the same variables used to describe the tasks. Media with the
highest number of matc..cs with tasks become candidates for selection.

The media selection procedure results in stimulus, response, and feedback

media for each task. Since an array of media is not supportable in the real
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world, the media set for each functional group of tasks is reduced to a
supportable number derived from the matches between task descriptions and
media descFiptions. The ideal, unconstrained training program establishes the
base case against which reduced media sets are compared. By definition, the ]
efficiency of the unconstrained media set is 1.0. All reduced media sets have §
an efficiency of less than 1.0.
The TEEM computer program eliminates the medium with the lowest number g

of matches across all tasks from the media set in each matrix (that 1is, the [

medium least useful for stimulus presentation, receiving responses, and
providing feedback). Iteration of the procedure measures the fit of all tasks
with all functions and this measure divided by the measure of the ideal,
unconstrained case expresses the efficiency of the reduced media set. The
medium in each matrix with the lowest number of matches across all tasks is
removed from consideration, and the efficiency of the further reduced media
set is calculated, Iterations of the procedure continue until all media have
been removed.

Efficiency ratios are plotted against the number of the iteration. This
plot shows the iteration where the efficiency begins to drop off steeply and
the analyst uses it to select a media set that provides the lowest acceptable
efficiency.

Cost are determined by describing media and methods in terms of 37 cost
variables, and the cost data are analyzed by the computer program (a variation
of the TECEP cost model). Outputs are program costs.

Once costs have been obtained, a decision metric, a cost-effeciency
ratio i1s obtained by dividing the cost by the efficiency value. The analyst
chooses alternative methods, calculates their efficilency values and costs, and
cbtains their cost-effeciency ratios. The analyst could recommend the
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method with the lowest cost-efficiency ratio (the lowest cost for at least
an acceptable efficiency), or might recommend a method with a slightly higher
cost-effiriency ratio to obtain a large increase in efficiency at a higher

cost.

2.4.1.3 Training Consonance Analysis (TCA). TCA, a modification of

TEEM, is another method for estimation of effectiveness. Developed by Hawley
and Thomason (1978), the TCA technique compares training alternatives on the
basis of task descriptions and the methods and media employed to train the
tasks. Unlike TEEM, TCA uses the descriptions to indicate how close the
media/method combinations come to the task description; that is, TCA yields
an indication of the consonance of the task requirements and the proposed
training programs. Hawley and Thomason further modified TEEM by adding the

diagnostic concepts training deficiency, training excess, and training

redundancy. The definitions of these diagnostics are:
- Training deficiency: A variable in the task description does not
occur in the training description,
- Training excess: A variable in the training description does not
occur in the task description.
= Training redundancy: A variable in the training description is
redundant, This occurs only if two or more training media and/or
methodologies are combined in the training description. The variables
common to two or more media/methodologies are redundant.
These factors explain the differences in the efficiencies of alternative
training programs. The smaller the number of excesses and redundancies, the

more efficient a training program is in media and methods.
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Training consonance ratios and diagnostics provide a basis for recommen-
dation of a training program and for improving the program. TCA is applicable
to estimating alternative devices effectiveness or comparing a training system
with a device to a baseline without it. TCA is a computerized model and

accommodates a large number of tasks.

2.4,1.4 Training Developers Decision Aid (TDDA). Pieper et al.’s

Training Developers Decision Aid, based on TECEP and TEEM, has both manual and
computerized forms. It has not been applied widely.

The four functional elements of TDDA are: (1) task description, (2)
training prescription, (3) training hierarchy and sequence, and (4) training
cost, Tasks are described using specific action verbs and the piece of
equipment used. Training is prescribed as to: learning algorithms, stimulus
media, response acceptance mechanisms, method of instruction, and learning
setting. Training hierarchy is the result of assigning tasks to resident
training, on-the-job training or no training, while sequence is the specifi-
cation of the order in which tasks are to be trained. Relative costs of

feasible training alternatives are established through a cost-rating technique.

2.4.1.5 Systems Approach to Training. One of the most rigorous models

was developed by Sugarman et al. (1975)--the B-1 Systems Approach to Training
(SAT) developed a training program for the air crew of the B-1 strategic
bomber. It applied the techniques of systems analysis to instruccional system
development to assure that the entire training system would be considered
within an orderly and complete process. ISD application is rarely as rigorous

as in the B-1 SAT study.

2-31

L AT A N M YE"™ A" ol il oW o Ny N AN AP WY AT e T a T T R T @ iR s o e & . W T —




-1 SAT identified training device requirements as part of method and

media selectioh. Guidance for the program prediction and identification of

training device requirements was taken from the Navy’s Training Effectiveness,

Cost Effectiveness Prediction Technique (TECEP) (Braby, Henry, and Morris,

1975), modified to reflect the special requirements of the B-1 SAT.
Media/method selection is an aspect of the structuring and scheduling

of courses, tracks, and instructional blocks. The tool employed to this end

is the Training Resources Analytic Model, a set of computer programs that

examine proposed training system of resources, schedules, and costs.

2.4,1.6 Coordinated Human Resources Technology. In another computerized

model, the Advanced Systems Division of the Air Force Human Resources Labora-
tory (Goclowski et al., 1978a, b, c) combined five technologies in the weapon
system acquisition process: (1) Maintenance Manpower Modeling (MMM), (2) ISD,
(3) Job Guide Development, (4) System Ownership Costing, and (5) Human
Resources in design trade-offs. All five are applied individually during the
material acquisition process and have data requirements in common. Therefore,
one objective was to integrate and apply the technologies to form a Coordi-
nated Human Resources Technology (CHRT).

Instructional Systems Development (ISD) within CHRT differs from ISD in
other contexts; it is coordinated with other human resourc: technologies
and draws its data from a base common to these technologies. It results in
training concepts during the concept phase of system acquisition, a training
plan during the validation phase, and a fully developed training program
during the full scale development phase,

Job Guide Development (JGD) results in products that may substitute for
or reduce the need for training. JGD at present appears to be concerned with
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maintenance tasks, although guides for operational tasks are consistent with
the JGD concept.

Impact analysis, the final CHRT activity, is the investigation of the
impacts on human resource costs of a variety of system alternatives. CHRT
assigns human resources and other systems ownership costs to system design,
maintenance, operations, and support alternatives, ao that these costs may be

considered fully during the early and critical acquisition decisions.

2.4,1.7 Training Requirements Analysis Model. A third computerized Air

Force method is the Digital Avionics Information System: Training Require-
ments Analysis (Czychry et al., 1978). The Training Requirements Analysis
Model (TRAMOD) is one of a group of computerized analytical models that make
up a life cycle cost model. It is a computerized means for training design,
and makes design decisions rather than simply revealing the impacts of de-
cisions already made. TRAMOD selects from an input list the tasks to be
trained. It generates a training plan consisting of: a place of training
(school or 0JT), methods of instruction (simulation, performance, lecture,
etc.,), and media (simulator, mockup, etc.) Finally, it determines possible
schedules. Task input includes values for a number of parameters: (1)
criticality, (2) learning difficulty, (3) frequency, (4) psychomotor level,
(5) cognitive level, and (6) estimated time required to accomplish training.
In the early stages of design of new equipment, data valueg are obtained from
comparable operational equipment.

TRAMOD considers cost but not effectiveness. Given adequate task data,
it would appear to be a valuable CTEA method for comparing training alterna-
tives resulting from various constraints (limits on training time, equipment

shortages, etc.)
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The device-relevant portion of this model is in the module that assigns
methods and media, TRAMOD generates a method and medium for each task using
standard Air Force ISD media selection. A sample is shown in Figure 2-7.

Methods and media are generated for technical training school or on-the-job

training contexts.

Figure 2-7 Sample of Air Force ISD Media Selection Matrix

Taxonomic
Description Learning Training Objective Method/Media
Psychiomotor 1 TTS: Discussion/Transparencies
(Imitation)
Identifications 0JT: 1Informal Lecture/
Cognitive 1 Transparencies
(Comprehensive)
Psychomotor 2 TTS: Simulation/Training
(Manipulation) | Learning Perceptual Film
Discrimination 0JT: Demonstration/Training
Psychomoter 3 Film
(Precision)
Psychonotor 4 TTS: Simulation/Simulator
(Articulation)
Understanding Principles 0JT: Performance/Mockups
Cognitive 2
(Application)
Cognitive 3 TTS: Performance/Simulator
(Analysis) Learning Procedural
Sequence 0JT: Performance/Training
Cognitive 4 Film
(Synthesis)
TTS: Simulation/Simulator
Cognitive 5 0JT: Performance/Training
(Evaluation) Making Decislions Film
Psychomotor 5 TTS: Peformance/Simulator
(Naturaliza- Performing Skilled 0JT: Performance/On-Equip-
tion) ment

Source: Parker and Downs, 1961, p. 35.
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2.4.1.8 Summary of Prescriptive Models. Models such as TECEP, TEEM,

etc. are typical of the models that prescribe clements of a training system to
train a set of well-defined tasks. ISD appears to be the most frequently
employed, perhaps because it i1s so general. TECEP is more specific to the
problem of training prescription and also is used widely. TECEP 18 used as
originally designed and as a part of other models such as TEEM and the many
spin-offs from TEEM. The refinements of TEEM (TCA, TDDA, ATM) are too new to
have been applied. The remaining models, such as the B-1 SAT, have been
applied to one or more systems or subsystems in the Navy or Air Force. A
recent review of ISD methodologies by Vineberg and Joyner (1979) states that
current procedures for selecting media appear adequate if instructional
activities have been specified in sufficient detail. Conversely, Fink and
Carswell (1980) identified technological gaps in personnel and training and
they conclude that media selection techniques in general need considerable
improvement. Addressing training devices in particular, they find that
methods are lacking that could help decide whether devices are needed at all
and for deciling the strategy for using them. Fink and Carswell also state
that, "the relationship between stages of learning and training devices
requirements has not been fully explored." A review of media selection

methods as they pertain to device is yet to be undertaken.

2.4.2 Predictive Models. When a training program or alternative programs

have been designed, the concepts must be evaluated to predict their training
effectiveness for use in a CTEA. Of the models/methods discussed above, TEEM
and TCA predict effectiveness as well as prescribe an effective system. Some
other methods are more specific, especially those designed to predict device

ef fectiveness.
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2.4,2,1 TRAINVICE I*, Wheaton and his associates have produced the

most substantive original body of work in development of a systematic approach
to analysis amd evaluation of alternative device concepts. Thelr procedure

for this is the TRAINVICE I model. TRAINVICE I can evaluate elther existing

or theoretical devices and allow comparison of either type or a mixture. The
model compares the alternatives by relative training effectiveness and cost
effectiveness. The result 1is a device effectiveness score for each alternative.
Five separate analyses are required. These are:

- Task commonality analysis,

Physical similarity analysis,

Functional similarity analysis,

Learning deficit analysis, and

Training technique assessment.
The basic model i1s shown in Figure 2-8. This model has been used widely. PM

TRADE (1979) includes it in their Training Device Requirements Documents

Guide.
Wheaton et al. validated the model in two field studies (August 1976a,
b). As further application and use occurred, modifications to TRAINVICE have

been proposed.

2.4.2,2 TRAINVICE II. NMNarva (1979) developed a rationale for a revised

TRAINVICE based on experience gained through utilization of the original. The
revised TRAINVICE is shown in Figure 2-9. The analyst first assesses the
ski:ls trained on the device, whether all requisite coverage occurs, how well
they fit the training objectives, and why they are included. Next, the

physical and functional chkiracteristics are considered.

*Originally TRAINVICE, known as TRAINVICE I since the development of Narva’s
TRAINVICE II (1979).
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These characteristics are used to rate the adequacy of devices to meet
1SD/Braby et al. requirements and guidelines. Each skill under consideration
is placed into an appropriate behavioral category, and the ISD/Braby matrices
discussed earlier are applied. When the entire model has been applied,
the result is the derivation of an index of predicted training device effec-
tiveness. The formula for calculating the index follows a procedure discussed
by Gagne et al. (1948). The index of the original TRAINVICE was based also on
this work. Both indices rate devices overall between 0 and 1, with 1 attained
if the device were to follow all guidelines perfectly.,

Josefowitz and Kochevar (1980) have extended TRAINVICE to generic trainers.
Their effectiveness index is a function of difficulty and criticality score
and requires at least two devices since maximum attainable score rather than

perfect fit is the yardstick.

2.4.2.,3 Analogous Task Method. Two recent methods prescrib2 training

media and predict or estimate their effectiveness by comparing them to similar
existing systems. These are the Litton Mellonics’ Analogous Task Method (ATM)
and the Training Requirements Analysis (TRA) methodology of the Navy’s Mili-
tary Manpower versus Hardware Procurement (HARDMAN) methodology.

The Litton Mellonics ATM (Matlick et al., 1980a, b) begins with a propos-
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