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FOREWORD 

This is the final report for Task 5, "Training and Cos t Effectiveness Research in Support of 
Simulation and Training Technology· (contract N6 1339-88-G-0002 between the Army Project 
Manager for Training Devices and the InstitUie for Simulation and Training (1ST) of the 
Universi ty of Ce ntral Florida- UCF). While the original inteAI of the project was to survey 
va rious cost and training effectiveness tools for training system design, the government redirected 
the effort to analyze two compute r-based training system design tools . These are: (1) 
Optimization of Simula tion-Based Training Sys tems (OSBATS). and (2) Automated Simulator Test 
and Assessment Routine (ASTAR). 

The two major sec tions of the report were separately authored . Dr. James M. Ragusa of UCF's 
College of Business and Ann E. Barron of UCF's College of Education coauthored Section I. 
Steven Gibbons of 1ST wrote Section II. Dr . Lucy C. Morse of UCF's College of Engineering 
authored the final appendix. Dr. J . Peter Kincaid of 1ST se rved as Principal Investigator and 
Ernie Smart of 1ST se rved as Prog ram Manager. 

Special app rec iat ion is extended to Dr. Michael Singer of the Army Research Institute, Orlando 
Field Unit who provided invaluable insights and assistance related to OSBATS. James Bliss of 1ST 
provided conside rable assistance in de veloping the task lists for the VIGS and TopGun devices 
used for the OSBATS and ASTAR analyses desc ribed in Section II . 

" 
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EXECUTIVE SUMMARY 

OBJECTIVE 

Training device designers require assistance in making cJ.ecisions regarding how much fidelity is 
enough. Decision aids which standard ize the design tradeoff process can control design 
vari abil ity and th e cost of training systems while still producing effective transfer of training 
re sults. Such decision aids are not routinely applied to the training system design process 
although several have shown promise. The study reported in this volume provides an analysis of 
twO training system design aids: OSBA TS (Optimization of Simulation Based Training Systems), 
which is in prototype development, and ASTAR (Automated Simulator Test and Assessment 
Routine), which is read y for fielding. The objective of this project was to analyze OSBA TS and 
ASTAR from two standpoints. 

PROCEDURE 

The first section describes an evaluation of OSBA TS from the prospective of evaluators familiar 
with e)tpert systems and government costing procedures. It is more a top level analysis than that 
contained in Section n, focusing on such aspects as the expert system contained in OSBA TS and 
computer-user interface issues . The second section describes the two design aids. OSBA TS and 
ASTAR. Evaluations and analyses are presented in some detail from the perspective of a training 
anal yst. The application of each of the two design aids to the domain of tank gunnery is 
discussed. Finally, recommendations for further development of tools appropri8(e for training . 
system cost and training effec tiveness standardization are made. These recommendations for the 
OSBATS model relate to documentation, ease of use, and data requirements. 

FINDINGS 

OSBA TS and AST AR differ in both in their intended purpose and the way they operate. 
OSBA TS is a much more complex decision aid than ASTAR, containing an expert system which 
relates instructional features to individual tasks. OSBA TS also requires a large data base 
(differing by type of training device) including cost information. These data bases do not exist, 
e)tce pt for rotary wing aircraft. OSBATS provides detailed guidance to the training analyst as to 
an optimal training device design. 

ASTAR does not require a large data base and provides no cost analysis . Rather, ASTAR is a tool 
to assist a team of training analysts in evaluating the effectiveness of a defined training device 
configuration or method. ASTAR is ready for operational use while OSBATS is a prototype. 
Therefore , considerable attention was focused on providing recommendations for improving or 
redesigning OSBATS for such issues as computer-user interface, the choice of expert system, and 
doc umentation. 

'" 
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USE OF FINDINGS 

OSBATS and ASTAR were found to serve different pu rposes , and in fact may be viewed as 
complementary rather than competing systems. AST AR is usab le in its current form, althoug h it 
has no provis ions fo r directly handling cost informa tion. An inte rface between the output of the 
ASTAR mode l and a cost anal ysis program is needed. OSBATS was found to have considerable 
poten tial for training system des ign but is not read y for operational use in its current prototype 
form . 

The reaso ns for continuing the development of the OSBA TS prototype are valid since there can be 
substantial savings for training device development whe n the high cost of weapon systems 
acquisition and operator training are considered. A number of options are offered in Section I 
regarding the furthe r deve lopment of OSBA TS, including: ( I ) abandon the current OSBA TS 
prototype, (2) redesign the present OSBATS prototype (maintaining the optimization approach) 
worki ng IOward a generic, more user-friend ly, integrated and operational system, (3) evolve the 
present OSBATS prototype incorporating better expert system technology, and (4) redesign the 
curren t OSBA TS using all ru les and data bases that can -be saved_ The least expensive alternative 
fo r continuing the OSBATS effort is option (4) . A framework for considering each of these 
options by Arm y decision makers is presented. 
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ANALYSIS OF 
TWO COMPUTER-BASED TRAINING SYSTEM DESIGN AIDS: 

OSBATS AND ASTAR 

-

INTRODUCTION 

The training de vice and simulation community has achieved the technological power to simulate 
training systems with impressive realism. However, this technological strength is offset when the 
cos t and training benefits of alternate approaches and the training effectiveness of the fielded 
train ing sys tems are nOI considered. (In some cases, the cos t of training devices and simulators 
has exceeded the cos t of the operational equipment that they simulate .) 

Training and cost effectiveness are critical factors in the use of simulation and training. Training 
and cost effecti veness va riables that must be examined include measures of performance. and the 
degree of simulator fidelit y required to produce a corresponding degree of training effectiveness 
(in terms of transfer to the operational equipment). 

Training de vice designers require assistance in making trade-off decisions between fidelity and 
cost. Idea ll y. design aids for training systems should have the capability for evaluating training 
alternati ves with respect to: (J ) desired effectiveness at a minimum cost, and (2) maximum 
effecti ve ness at a gi ven cost. 

Ned ror Deslan Aids 

As weapon sys tems become more sophist icated . the cost of training for system operation and 
main tenance continues to increase. The MANPRINT initiati ve is requiring that manpower, 
personnel and training requirements of alternative weapon system des ign concepts be accurately 
estimated . Earl y determinat ions of training requirements and associated resources are being made 
to opt imize the design of the total training system; this process has a long way to go . As 
embedd ed tra ining has take n on prominence as a training alternati ve , coo rd ination between the 
training system and weapon system development processes has become even more important . 
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A number of problems in the trai ning sys tem deve lopment process call for a logical process of 
examining training trade-oCCs during weapon system conception. These problems include: 

Beh3 viora l and anal ytic techniques to determine empirically how much simulation and 
training 3re enough need further development. 

2 

In fo rmation must be developed on the most cost-effective use of training equipment within 
a course of instruction. 

Training devices and simula to rs have not typically been developed within the context of 
total training systems. 

There has been a lack of proper emphasis on the cost of training solutions, and the 
development of long term investment strategies for implementing these solutions. 

Genera ll y, hard analyses of training alternatives have not been conducted because the 
training have nOI been properly meas ured; yet, despite the cost of training systems, no 
comprehensive assessment technology or performance assessment program is in place. 

The d istinction between training [0 operate and training to fight has not been fully 
accommodated. 

Another problem results from the many hardware options available to the training device 
designer. The designer's main job is to make tradeoff decisions between technology and 
instructional features to improve training effectiveness at the lowest cost. Many trade-off 
decisions are based primarily on the past experience of the designer. At times , identical design 
requirements can lead to vastly differing training devices. This discrepancy results from a general 
lack of knowledge as to which design features lead to the greatest amount of transfer of training. 

Transfer of training from the training device to the actual equipment is the standard measure of 
the effecti veness of training device design. Much research has been conducted over the years, yet 
no design method has been established that ensures good transfer of training. The assumption 
that a training device that recreates ail aspects of a system will produce good transfer results is 
not necessa rily true; actuall y, a small degradation in the training device fidelity may have a small 
effect on transfer, yet decrease cost significantly (Hays and Singer, 1988 ). 
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Purposl' o f thi s Reporl 

Presentl y. a nu mber of tools 10 aid the tra ining system design process are in development or use 
by the se rvices and the 0 00 . This purpose of this repon is to assess twO d esign ai ds: 

Op timi zation of Simu lation Based T rain ing Systems (OSBATS), whic h is in prototype 
development 

Automated Tes t and Assess ment Routine (ASTAR), which is reacty to be field ed . 

Or~ani2ati o n 

This report has two major sections and several appendi ces. 

The fir st sect ion desc ribes an evaluation of OSBATS fro m the prospecti ve of eva luators familiar 
with expert sys tems and gove rnment cos tin g procedu res . It is more a top leve l anal ys is [han that 
contained in the second sec tion. focusing on such aspects as the expert system co ntained in 
OSBATS and com puter user imerface issues. 

) 

The second sect ion describes the two design aids. OSBATS and AST AR. Eval uations and anal yses 
a re presemed in so me detail from the pe rspec tive of a traini ng ana lyst. T he application of each 
of the twO design aids to the domain of tank gunner y is di sc ussed. Finall y, recommendations for 
funher de velopmem of [Oo ls appropriate for train ing system cost and tra ining effectiveness 
standard iza tion a re made . These recommendations fo r the OSBATS model rela te to 
documentation. ease of use. and da ta req uirements. 

Appendix A is a detailed description of a use r's session on OSBA TS. Appendices 8-F provide 
sUPPorii ng material for Section II. Appendix G describes a wa y to link the outpu t of the ASTAR 
model wi th a COSt model. 
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SECTI ON ONE 

AN I NDEPENDENT ANALYSIS OF 
OSBATS 

James M. Ragusa and Ann E. Barron 
University of Central Florida 

The purpose of this section is to prov ide res ults of an independent evaluation of the OSBA TS 
design, useability, and supporting user doc umentation. 
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INTRODUCTION 

O"erview of Section 

SECTION ONE 

AN INDEPENDENT ANALYSIS 
OF OSBATS 

The primary objective of this component of the task was to provide sponsors with a fairl y high 
level independent rev iew of Optimization of Simulation -Based Training Systems (OSBA TS) 
software and documentation developed over a four-year period under separate Army Research 
Institute (ARI) contract. Since the authors were n OI involved in any OSBATS development, an 
independent and unbiased evaluation was possib le. Also, the authors of this section approached 
this assignment from several different perspectives (education, wo rk baCkground, and areas of 
specia lization). 

5 

The purpose of this sec tion is to provide results of an independent evaluation of the OSBA TS 
design, useabilit y, and supporting user documentation . It is intended that the conclusions and 
recommendations reached will help the OSBA TS sponsor and others interested in future planning, 
decision making. and implementation of the OSBA TS concept. Without question, there is wide 
potential for OSBATS-type decision aid methods for training device evaluations in both private 
and public sector organizations. II is also realized that even small cost savings in training device 
analysis can result in significant overall program cost savings. A concerted effort has been made 
to remain independent of the ana lysis efforts of othe r OSBATS evalua tors (past and present) 
which are documented elsewhere. 

Application 

This evaluation is applicable to the full range of intended OSBA TS uses as described in the 
refe renced documentation . It is limited , howeve r, to the model's existing structure and content as 
desc ribed . 

• 
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A BRIEF OVERVIEW OF OSBATS 

Purpose 

While it is assumed that the use rs of this study are generally or intimately familiar with the 
purpose and design of OSBATS, the following information is provided as a baseline for 
background and reference purposes . The objectives of OSSA TS are described by Singer and 
Sticha , 1987; Singer, Mumaw, and Gilligan , 1988; and in the referenced Human Resources 
Research Organization (HumRRO) and Eagle Technologies documentation . These references 
se rved as the basis of the following purpose and design descriptions. 

6 

Essent ially, QSBATS is a domain-specific model which is intended to provide users with an 
integrated dec ision-making process for the design of Army rotary · wing training systems. It is an 
attempt to organize the large body of available training technology and learning theory and to 
develop an implementable model for aiding training device developers in evaluating viable 
alternati ves. As such, OSBA TS serves as a decision aid that is d.esigned to expand the number of 
factors that the average dec ision-maker considers, while increasing the speed and qual ity of 
decisions made. Version l.l has been developed to aid selected users in the design and evaluation 
of training-dev ice alternatives that meet Army Aviation training requirements at the minimum 
cost or that provide the maximum training effectiveness at a given cost. 

OSBATS is currentl y not operational and presently exists as a prototype or proof of concept 
system. As such it has ce rtain depth and breadth capabilities (and limitations), and is presently 
designed for a specific Army system--the AH-I Cobra helicopter. Interest in other weapon 
sys te ms applications is indicated. 

OSBA TS, like most decision aids which have the primary objective of providing decision 
consistency, contains three main components: data, a user interface, and a decision system. 
Various AH-l helicopter data are used , and a PC-based mouse-driven interface is provided. 
OSBATS is a theoretical-based decision system that uses benefit and cost approximations to 
analyze trade-offs between various desired training device features to identify device 
configurations. Once these configurations are defined, additional trade-off analysis is performed. 
OSBA TS uses an existing Army A viation training system, the AH-I Airman Qualification Course 
(AQC), and a reduced set of training tasks as an "artificial but realistic~ sample and illustrative 
appli cation demonstration . . 

Design 

OSBATS is designed as a PC-based (math co-processor required) theoretical optimization decision 
system. It consists of a C- language primary program supported by a run-time version of an 
expert system (with two knowledge bases) and a data base management program. These software 
programs are all requi red during the training device concept development process. Developed 
user's guide and extensive documentation are identified in the reference section of this report. 

In use, OSBA TS functions in two primary modes . One provides optimized results with a fixed 
tra ining budget. The other uses a given set of training requirements to optimize results. The 
design also allows an OSBATS user to trade off the projected benefits of features relevant to 
specific tasks against the cost of de veloping and fielding that combination of features . Expert 
sys te m technology (t he EXSYS Corp. shell) is used to represent what is known or believed about 
the benefit of training de vice features in relation to specific tasks. A data base management 
system program (FOCUS by Information Builders, Inc.) is used to store all required data . 

OSBATS currentl y facilitates the integration of trade-offs involved in developing effective 
training device concepts and configurations. In use, the model evaluates different training 
stra tegies (part -task training, full-mission simulator, or actual equipment training) for alternative 
tra in ing-device designs . These designs d iffer in their fidel ity and instructional features and 
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spec ific all oca tio n of tra ini ng ti me to traini ng de vices. Five modu les 3re seq uentiall y used within 
OSBATS 10 make recommendations regarding the defini tion of tas k clusters, the design of 
training devices. and the alloca tion of tra ining resources among selected training devices. These 
modules a re labe led: Simula tion Configu rati on, Inst ructional Feature Selection, Fideli ty 
Optimizatio n, T raini ng Device Selection, and Resource Allocation. The modules are used in a 
lop- down sequence umil an optimized solution is reached. 

Use rs 

Singer, Mumaw, and G illigan (1988) identi fy primary OSBATS use rs as prac ticing engineers from 
the U .S. Arm y's Projec t Manage r for Tra ining Devices (PM TRA DE) organization who are 
res ponsi ble on a dai ly basis for trainin g dev ice concept formulation. The y are described as 
hav ing been involved with training device development for an average of twelve years, rang ing 
between four and twent y yea rs. Subseq uent disc uss ion wit h Dr, Michae l Singer of the Arm y 
Research Institute , Orlando Field Uni t. ind icate s that in addi ti on to these 30 or so engineers, two 
other groups are candidate use rs. T he fi rst a re 15- 20 PM TRADE logistics engineers who are 
responsib le for the 'ul ti mate implementation of tra ining device decisions. The other potential -
users consist of res ident train ing de ve lopers at U .S. Army Aviation Centers such as Ft . R ucker, 
Ala bama. 
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OSBATS EVALUATION 

Systems Analysis and DesigD 

Background The use of systems analysis and design concepts and techniques is a standard 
part of data-processing, management information system (MIS), and decision support systems 
(DSS) development. For that reason these techniques are widely taught in colleges and used in 
practice . There are numerous descriptions of the process, and fairly standard elements (w ith 
va riations) are usually identified. Elements of what is called the systems development life cycle 
(SOLe) have been identified by Kendal and Kendal (pp. 8-13). These elements are: 

Identifying problems, opportunit ies, and objectives 
Determining information requirements 
Analyzing system needs 
Designing the recommended system 
Deve loping and documenting software 
Testing and maintaining the system 
Implementing and evaluating the system. 

8 

Two approaches to the systems design and analysis process are identified by Ostle (p. 187) as 
consisting of a top-down structu red desig n and prototyping. Top-down structured design works 
well for small and large computer systems onl y if: (I) the application is not particularly unusual, 
(2) the developer has worked on similar systems, and (3 ) no surprises crop up . Conversely, 
prototyping: (I) is quick-and-dirty. (2) involves trial-and-error, (3) is often effective. and (4) is a 
wa y to get systems operating with a minimum of delay. Use of this latter approach offers 
expectation that the results will serve as a model that will need further, and perhaps extensive, 
modification and development. 

Importantly in both cases, users need to be involved in the SOLC if the system is to evolve as a 
viable, useful, and accepted system. Numerous examples exist of situations where users were not 
part of the development, and it subsequently failed due to inadequate performance and/or lack of 
user acceptance. The key to SOLe success, as reported in the literature, is that users need to be 
intimately invol ved in all phases of development activity from beginning to end. In practice, 
those who use the prototyping approach seem to recognize this essential participation bener than 
those who follow the more traditional top-down approach. 

Unfortunately, there is a lack of strong evidence in OSBATS documentation and related articles 
that PM TRADE users actively or continuously participated in the deve lopment process . Without 
that participation it can be expected that reluctance to use OSSA TS might result. Additional 
discussions concerning user acceptance are addressed in other areas of this report. 

An Important Expert Systems Variation Those involved in expert systems construction 
ha ve gone one step further than conventional system builders by using what is called rapid 
prototy ping. Here domain (worki ng environment) experts and users (who may not be the same 
people ) participate at every stage of system development. Edward Feigenbaum, a prominent 
expen system researcher, suggests that a philosophy of a "peek in a week" be used by rapid 
prototype developers. 

The use of the e;tpert systems rapid proto typing methodology can be compared to the traditional 
system anal ysis and design so ftware development cycle (and in software engineering in general) in 
the following way. In the conventional SOLC environment, the way software is developed is 
through the identification of a requirement specification by a systems analyst and the user. The 
systems ana lyst then meets with the system des igner and develops a functional specification. The 
sys tem desig ner then develops a design specification and gives it to a programmer , who then 
implements it. With large software projects, there may be several months or yea rs between the 
ti me when the requ irement specification was developed with the user's aid and when the user first 
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sees th e result of his disc ussions . The typical reac tion of the user upon first seeing his system is, 
"You totally misunde rstood my problem. This is not what J wanted. I don't like this. Go back 
and change it." So you then take your beautiful design and your beautiful system, and yo u start 
puttin g "wa rts· on it unti l the user is willing to accept it . 

9 

In an expert systems environment, a totally different approach is taken . The job functions of the 
systems analyst, the system designer, and the programmer are combined, and a new function 
called the "knowledge engineer" (KE) is created. The KE meets with the user. and together they 
develop a requi rement specification after considerable d iscussion. But then the KE starts 
experime nti ng. creating a small prototype or demo of the system. The user then sees this 
demonstration and immediately says, '"That is not what I wanted . You totally misunderstood my 
requirements. Go back and change it, or throw it away, or rewrite it: Exactly the same reaction 
tha t occurred during the development of the conventional system. The difference is that there 
were only seve ral da ys or weeks before he saw something in the ES rapid- prototyping approach. 
The KE then goes back and changes the system and continues adding more functionality and 
correcti ng errors, gradually developing a full expert system. 

• 
The level of improved communication with the KE, the expert, and the users prevents having to 
take twent y steps back. Instead you ma y only have to take one or two steps back. When the 
system is full y implemented, the user has participated in every phase of the design and every 
phase of the development. The system was designed as it was developed, cutting out the design 
step, with considerable time saved as a result . Moreover, the first system delivered is correct, 
wh ich greatly reduces the final delivery time of the system. Also, a correct system is much easier 
to ma intain than a system with warts on it. The total result is that a savings of usually five times 
in product ivi ty is achieved through the elimination of the design cycle, the reduction of 
maintenance COStS, and the more effective development of the correct product. 

How is ex pert systems rapid prototyping different from rapid prototyping using fourth generation 
tools? The principal difference is that with expert systems the capability exists to do 
object-oriented (frame based) programming. While discussion of this type of expert systems 
programming is beyond the scope of this study, it is important to note that when used in a 
knowledge engineering environment, it is possible to develop code that has considenbly less 
software side effects and interdependencies between different software modules. Greater 
flexibility also exists to manipulate entities without worrying about how the entities are loing to. 
be used later on. 

User Interrace 

While the intent of this report is to address higher-level issues, the topic of useability is 
important . The following use r specific interface comments were developed during the OSBATS 
evaluation process. -The user interface is a critical part of any decision aid. and serves as the 
basis for user understanding and confidence in system processes and recommendations· (Singer & 
Sticha, 1989, p. 28). For the purposes of this report, the OSBATS user interface was examined 
using seve ral guidelines set forth in Ben Shneiderman's book, Designina the User Interface: 
Strategies [or Effective Human-Computer Interaction. These examinations include the areas of 
input de vices, functional areas of the screen, data display, screen colors, menu structure, help 
screens, response time and display rate , and error messages . 

Inputs: Dtl'ices OSBA TS is primarily dependent on mouse inputs. This approach reduces 
the chance of typographic errors on the keyboard and allows the users to focus their attention on 
the display. The mouse inputs are "appealing because the hand rests in a comfortable position, 
buttons on the mouse are easity pressed, even long motions can be rapid. and positioning can be 
very precise" (Schneiderman. 1987. p. 242) . -The results are often faster performance, fewer 
errors, eas ier lea rnin g. and higher sa tisfac tion" (Foley. Va nDam, 1984). 
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Data Disp la y Sm ith and Mosie r ( 1984) of fe r five high-level objectives for des ign of data 
d ispla ys. They are: 

Co nsistency of data displa y 
Efficient in fo rmation assimilation by the user 
Minimal memor y load on user 

• Compatibilit y of data display with data entr y 
• Flexibili ty for use r co ntrol of data displa y. 

Each Object ive is d isc ussed in relation to OSBATS as follows: 
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Consislency 0/ Data Display -- This guideline deals with standardized terminology. formats , and 
abbreviations. 

The major inconsistency found in OSBA TS is the titles (labels in the headers). Good design 
tech niques demand that all sc reens be titled. In most cases, in order to provide a clear path for 
the user, menu se lections become the tit le of the screen to which they branch. In OSBA TS, not 
only are some sc re ens untitl ed, but the menu access to the screens is ver y inconsistent. 

As an example , if you choose DISPLAY RESULTS from the Simulation Configuration Menu, you 
branch to a scree n with no title. The header says only: CURRENT TASK SET: If the user 
branches to a lowe r screen , such as TABULAR SUMMARY, GRAPHICAL SUMMARY must be 
chose n to get back to the DISPLAY RESULTS screen. This is extremel y confusing for the user 
and occ urs on a majorit y of the screens. 

A similar problem exists with the terminology used fOT the menus. The rOOt (main menu) is 
entitled MODULE SELECTION MENU. From lower menus, one may branch back to this menu 
by choosing MODULE MENU. The next le vel of menus (Simulation Configuration, Instructional 
Features, etc.) are referred to by sub-menus as either the MAIN MENU or the MODEL MENU. 
In o ther words, choosing MAIN MENU from EXAMINE/ EDIT TASK SET will branch to the 
INSTR UCTIONAL FEATURES MENU. However, from 'he DISPLAY RESULTS/ RESULTS 
TABLE menu , one must choose MODEL MENU to branch to the same INSTRUCTIONAL 
FEATURES menu. These issues (no titles and inconsistent terminolog y) are extremely confusing 
for the user and could be correc ted with minimal effort. 

Efficient In formal ion Assimilalion by the User -- This objective is served by rules for neat 
columns of data , left justification of alphanumeric data, right justification of iotegers, lining up 
decimal points, proper spaci ng, comprehensible labels, and appropriate use of coded values . 

These tech niques are incorporated very well . The only suggestion would be on-line help for some 
of the terminology used. In other words. if the user is unfamiliar with the term SCAS orf Flight. 
there could be an on-l ine dictionary of terms that could be accessed. 

Minimal Memor}' Load on User -- This invo lves techniques that do not require users to remember 
information from one sc reen for use on another screen. Tasks should also be completed within a 
few commands, min imizi ng the chance of forgetting to perform a step. 

A major drawback of th e OSBA TS system is that it relies on the use r to remember and compare 
several different approaches . Even following the user's manual , it is hard to comprehend the 
significa nce of different approaches. Perhaps some sort of comparison mechanism could be built 
in to the sys tem th at would keep the ·conclusions" and provide a comparison for the users . 
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Disad vantages of using a mouse for th e input device include the requirement to take yo ur hands 
off of the keyboard and the increased cogniti ve processing and hand-eye coo rdination required to 
locate the desi red ta rge t. The mouse also consumes desk space, -the mouse wire can be 
di stracting, pickup and replace actions are necessary for long motions. and some practice is 
required to de velop skill" (Sc hneiderman, 1987, p. 242) , 

In genera l the use of the mouse for input in this application is appropriate, especially if the user 
is comfortable using a mouse. The targets are much too small for touch screen input and too far 
apart for cursor selection. Howeve r, the following problems inconsistencies are noted in the 
program: 

Curso r -- The cu rsor is generally a small arrow that is magenta in color. This color changes to a 
dark blue when it enters an ac tive field (designated by black foreground and yellow background). 
Because the dark blue is so close in color to the black foreground , it is often difficult to 
determine the cursor's position on the screen. This confusion could be reduced by either using a 
di f ferent color or a larger shape for the cursor . .. 
Keyboard Entry -- There are some inputs that demand keyboard inputs. This requires the user to 
take his/ her hand off of the mouse and position it on the keyboard . If a file name, etc., must be 
emered, this switch to a keyboard entry is necessa ry evil. However, there are instances where the 
input required is a simple ~Yes/No~ (y/ n), This could easily be achieved by using the mouse. 
(See the Problem Solution Selection Menu in the Resource Allocation Module.) In fact, a mouse 
input would be better because a "y" or "Y" is judged as a ~Yes~ and all other inputs are judged as 
~No~. 

RelUrn -- A similar confusion results when the single input of "Return" is allowed on a screen 
(such as the Help sc reens). It is a natural reaction to press the ~Return~ key in this case; however, 
the required input is a click of the mouse on the word "Return", To eliminate this confusion, the 
system could be alle red to accept either the mouse or keyboard input, or the message could be 
changed to "Click here to return·. 

Screens -- Some of the screens have a series of items that can be clicked on to transfer them from 
one side to the other. This method of control works ve ry well. However. on some of the screens, 
multiple items can be moved by sliding the mouse down the screen. On other screens with an 
identical format, each item must be clicked on individually, This inconsistency can cause great 
confusion. 

Functional Areas of the Screen The use of functional screen areas is Quite consistent. In 
ge neral, the top four lines contain model status information and other pertinent facts such as the 
current task cluster and the status of the weight values. The middle 31 lines present the ,raphs or 
tables of facts, and the bottom seven lines contain the available menu options, 

The use of the menu options at the bottom are Quite clear and consistent. If the option has a 
yellow backgroun d, and a black foreground , then it is acti ve. If it has a black background and 
ye llow fo reground , then it is inactive or currently in use . There are no on-screen instructions 
regarding interac tion with these options; however, it is covered in the user's manual. The 
functional area at the top of the screen is a bit confusing. On some screens there are active areas 
at the top . and on others there are not. In addition, the impact of "clicking" on the options in this 
a rea are not as c lear , leaving the user confused as to what exactly happened . Again, there are no 
on-screen directions. The area in the center of the screen ma y or may not have active areas . 
Some, such as the G raphical Summary screen in the Simulation Configuration module have 
as teri sks that can be clicked on to obtain information. Other screens containing asterisks are not 
ac tive. This is expla ined in the use r's manual; however , on-screen instructions would be helpful. 
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Compatibility 0/ Dala Display with Data Entry -- The format of displayed information should be 
c lea rl y linked to th e format of the da ta entry_ 

The OSBA TS sys tem attempts to deal with a wide range of users through the use of graphs and 
ta bles to present result s of the trade-off anal yses performed and the information used in making 
the analyses. This provides the user with different ways of viewing the results. 

One limitat ion on the flexibilit y of data display in OSSA TS is noted with the viewing of the tasks. 
On mos t of the task screens the user has the option of NEXT TASK or PREVIOUS TASK. This 
requires the user to navigate through all the tasks to arrive at the desired one. Perhaps an option 
could be added that would allow a direct branch to the desired task. 

Flexibility lor User Control 0/ Data Display -- One item that seems to be lacking in the system is 
the abilit y for experienced users to take shortcuts to a particular location. Special keys, hidden 
commands and/ or macros facilities are all examples of possible methods for incorporating 
shortcu ts for frequen t knowledgeable users. OSBATS does not include any of these techniques, 
requiring the use r to traverse through all of the menus . • 

Screen Colors In most cases, the colors used on the screens are consistent and well-chosen. 
The basic colors are dark blue , light blue, yellow, and black. Except on the bar graphs, the only 
other co lors used are green and red. Most screens use less than the generally accepted limit of 
five colors per sc reen. An exception to this is the bar graphs, which of necessity use as many 
colors as are available. Other than the problem of the blue cursor disappearing on the black 
foreground , the colors are quite appropriate. For instance. the red color is used only to indicate a 
se lec tion marked for deletion. and yellow indicates an acti ve area. 

There are some "non-system" screens that are strictl y white text on black back-ground. These are 
used for selec tions such as "Save Results· and "Select Problem: It is unclear why these screens 
differ from the other menu selections. 

Menu Structure The menus are organized in a tree. structure . based on the five modules. 
Eac h module then has three or four layers of depth . There is no clear path or structure for the 
use r to use to determine his/ her position within the framework . This could be alleviated by 
providing a flowchart in the user's manual, an on-line graphical design structure, or a numbering 
system in the menus. The· problem with the inconsistencies of the screen title (see section on Data 
Display) further complicates this issue. 

To allow for ease in navigation through the system, all menus should provide access to previous 
menus and the ma in menu. (Shneiderman, 1989, p , Ill) , In OSBATS, all of the menus permit 
jumps to the previous menu. Some of the menus permit jumps to parallel menus. Most of the 
menus do not permit direct jumps to the main menu, requiring the user to retrace the steps up the 
tree to the main menu. 

The sequence of the menus is also im portan L In this case the menus are sequenced based upon 
the five main modules. This is an appropriate sequence, but it is unclear to the user which , if 
any, of the menus can be skipped. 

Help Screens Help screens are available from most of the system screens. The help screens 
are less than one page long . This is good, in that it prevents the need to scroll . However, it does 
place excessive text on each page, and the resolution often causes the lines to almost overlap each 
other, making readi ng d ifficult. To solve this problem. it would be useful to highlight some of 
the ke ywo rds. Currentl y, all of the text in single-spaced. with a white foreground and black 
background . 
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Because none of the screens camain inSlructiona l information. the help sc reens are especially 
important. The y would be eve n more "helpful" if the explana tions of menu opt ions were 
highlig hl ed in a different co lor and placed in a discrete location in orde r to provide Quick 
VJewmg. 

The help screens also seem to have an excessive amount of grammatical and spelling errors. 

Response Time and Display Rate Most of the screens have an appropriate response time 
and display rate . The major exception to th is is the Display Results screen in the Simulation 
Confi guration Mod ule. T his compJe ;lt screen takes considerable time to display and can be Quite 
d ist ract ing. One solution might be to load this sc reen into memory so that it does not have to 
replot each time the user returns to it. 

Error Messaaes T he system contains very few error messages because it is primarily a 
se lection / comparison system. U nless one "clicks" in an active area, the sys tem does not respond . 
One situation whe re the user is instructed to enter a ~User Defined Name: the error "Too many 
chars~ is generated if more than eight charac te rs are in put. 

User Acceptance 
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Wh en a new computer sys tem is developed and implemented , hardware and software test plans are 
regu larly included in requi rements docum ents; ex tending that principle to the human interface 
development through an acceptance test is a natural and important extension . Five basic features 
are considered by Shneiderman (1987) as essential to user acceptance. These features are: time to 
learn, speed of performance , rate of errors by users, subjective satisfaction, and retention Over 
time . 

Time to Lurn In order for users to feel comfortable with a new system, they must be 
allotted the time and materials with which to learn it. In a system as complex as OSBA TS, this 
traini ng time cou ld cons ist of seve ral days of instruction. The instruction could be in the form of 
lectures, computer -based tutor ials and simulations, or actual -hands-on· training with OSBA TS. 
A se r ies of practice scenarios with feedback from ao instructor Or compu ter should also be 
included to allow the new user to gain confidence in the application. 

Speed or PerrormaDce If a new system can reduce the amount of time required to perform 
an operation (such as selecting an appropriate training system design ), the users will be more 
inc lined to implement the system. Studies should be undertaken to analyze the speed with which 
OSBATS can configure a training system as opposed to the traditional approach . 

Rate or Errors by Users Another wa y for a system to ·sell itsel~ is for i t to increase 
productivity and/ or dec rease e rrors . In order to prove that this is the case with OSBA TS, studies 
should be undertaken to evaluate the accuracy of the recommendations made by the system. 

Subjective Satisfaction One way to promote a new system is to provide research that 
points to its effectiveness and advantages. Another method is to allow the users to convince 
th emse lves by providing a system that is user-friendl y and satisfies th eir needs. For instance, if 
the user tries a new system, and receives appropriate conclusions, the user will be more likely to 
adop t the system and use it in the future . 

RetentIon Over Time In addition to the ini tial training time allotted fo r learning OSBA TS, 
it is importan t th at the tra ini ng and procedures be re tai ned and not require re-Iearning every time 
the sys tem is used . T he tra ining methods and media can have an impact on retention. For 
example, interactive video trai ning has been shown to have a much hi ghe r retention rate than 
other types of instruc tion, such as lectu re, video , and computer ass isted inst ruc tion. 
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Use r acceptance is crit ica ll y important fo r the implementation and maximum use of a new 
compu te r sys tem . In addit ion to the fi ve facto rs pre viously mentioned to enhance user 
accepta nce, the use r should have access to avenues to obtain assistance with the system. These 
ave nues could be in the form of a user ~hot -l ine.~ surveys (followed by quick response time), or a 
users' group with expert input available. 

Algorithms 

Background Since World War II operations research (OR), with its toolbox of techniques, 
has evolved from various real-world needs and mathematical discipline contributions. As a result . 
OR has been a popular educational and research field of study. While not as widely adopted as 
hoped, numerous OR applications have been found in various business, scientific, military, and 
aerospace domains. 

One ad va ntage of the use of OR as a decision aid has been the exactness of resultant optimized 
dec ision aid so lu tions. Another is the building 'block framework which has allowed the inclusion 
of new techniques as the y de velop. The primary problem with the OR methodology has been that 
frequentl y ass umptions (sometimes heroic) must be .made about the environment under analysis to 
make the problem solvable . Another problem has been user acceptance , associated with the fact 
that most users do not understand the technique(s) used to find the solution. Both of these 
prob lems have resulted in a lack of full acceptance of OR as a solution methodology. Too often 
the res ult has been lack of full use or avoidance of either teChniques or results (even after 
management decree ). Without this acceptance , regardless of reason, even the most exacting, 
elegant , and opt imized solutions will be ignored . 

Evaluation The optimizatjon methodology selected for OSBA TS requires extensive use of 
various OR algorithms. Learning curve, Pareto optimality, Clustering techniques, and sensitivity 
ana lysis are a few of the methods employed. Of sign ificance is the selection and use of the 
Integrated Computer-Aided Manufacturing Definition (JDEFO) system analysis method. IDEFO 
prov ides a top-down anal ysis of model components and their relationships. 

Without question the algorithms and system anal ysis methods used in OSBA TS are very 
sophisticated, complex, and well done . However, to a great extent they represent a black rather. 
than a glass box--especially from a user's perspective. Except for the designer(s), it is almost 
impossible for anyone to understand what is going 01) in that box. The resultant solutions may be 
optimized, exact , correct, and elegant. The question is: Will the user(s) believe them? Even a 
top-level JDEFO flowchart would not provide a map for building confidence that the numerous 
paths through this extremely complex network are correct or consistent with the existing method 
used by PM TRADE engineers or training center users to reach training device solutions. Thus a 
dil emma exists: Will users believe and accept OSBA TS or continue using their existing individual 
and customary method of analysis? Historically, unless a very strong reason or motivation or 
understand ing and trust exists, users will default to what the y know and are comfortable with . It 
co uld be logicall y concluded that OSBATS in its present form will not experience confidence and 
acceptance for the abo ve mentioned reasons. 

Expert Systems 

Backaround Expert system technolog y has captured the imagination of the press and 
general public over the last ten years. Still , few understand the technolog y and the system 
buildi ng process, and even fewer understand what applications are possible . Regardless, more 
and more systems are being built to computerize repetiti ve , complicated, and time-consuming 
dec ision- mak ing chores. 
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A n ex pert system can be vie wed as a compu ter program capable of automating decisions usuall y 
by th e use of Question responses by users. Through this process, answers , conclusions. 
recommendations, or tabular data are provided. In realit y an expert system shell is a software 
program which has all of the structural elements needed to build a system like a pre-made pie 
shell prepared to accept ingredients . In the business world, spreadsheet programs are shells which 
have the necessary structure to allow a user to quickly build customized ~what-ir' decision aids. 
Expert systems also have one very significant advantage over more conventional software in that 
the y have explanation capability. This inherent feature, which is very important to decision 
makers, is that part of the system that explains how conclusions were derived and the steps used 
to reach them. 

Expert systems are a departure from the more classical Quantitative techniques associated with OR 
and the algorithms used in solution methods. The difference is primarily that of optimization vs . 
satisficing. While both are considered quantitative techniques, they have significant differences. 
An optimizing technique provides the optimum or best solution (e.g .• maximum or minimum 
value ) while a satisficing technique provides a satisfactory but generally suboptimal solution. 
According to Herbert Simon (1957) econort'fic man maximizes -- selects the best alternative from 
among all those available; his cousin, administrative man, satisfices -- looks for a course of action 
that is satisfactory or "good enough" or is ~better than before . ~ Expert systems rarely optimize but 
instead find solutions which satisfy the constraints and conditions of the problem. This 
difference can have significant differences in cost and approaches to problem solutions. 

Building an expert system usually requires at least three people: (I) a domain (environment) 
expert whose expertise (knowledge and heuristics) will become the -heart and soul- of the system; 
(2) a knowledge engineer (KE), who will structure the captured knowledge in a more usable form; 
and (3) the rule builder who will actually construct the expert knowledge· based prosram. 
Because of the ease of use of commercially available shells, one person may perform all or 
multiple roles during system development and implementation. However, shells and systems are 
Stilt being built using the traditional role structure, particularly if the creators desire maximum 
control or jf the system is large, requiring the special knowledge of a non-computer-oriented 
expert. 

While several expert system shells are now available, the first commercial expert system shell 
developed was E-MYCIN. This shell evolved from a much larger medical blood disease 
diagnostic system built at Stanford University in the early 19705. E-MYCIN was the ·Empty~ 
MYCIN program which remained after the domain- specific blood disease knowledge base was 
removed. Since that time, several commercial shells have used the E-MYCIN structure as their 
basis. 

Alread y mentioned is the K£--both a person and a process. The KE is the bridge between the 
domain expert and the expert system hardware and software. levolved in these activities are: 
knowledge acquisition, system analysis, knowledge structuring and representation, software and 
hardware selection, application design, and coding. If done properly, these activities will result in 
a significant improvement in the understanding of the total problem under development. 

Use of EXSYS EXSYS is one of approximately ten popular rule-based shell programs. 
Written in the C-Ianguage for high speed and efficient use of memory, it is a full capacity system 
which allows interface to spreadsheets (Lotus 1-2-3) and data bases (dBASE 111+ and RBase). 
Over 5000 rule systems can be constructed using EXSYS, and forward and backward chaining 
rule processing is possible. The shell normally requires only 640K of RAM. 

EXSYS is used in OSBA TS to develop and process two rule bases: one for instructional features 
and the other for fidelity requirements. The former rule base consists of 33 rules while the latter 
in considerabl y more extensive and contains 237 rules -- man y of which are compound in nature . 
The size of these rule bases is small compared to almost all operational systems but is 
representative of prototype systems. 
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Accordi ng to the OSBATS Use r's Guide , the inst ructional feature se lection module uses a set of 
rules. which has been developed through researc h, to compute the benefit of a task-by-task basis 
for each avai lable feature. The feature benefi ts are compared to their respective cos ts, and a 
benefit- Ie-COS t priority list of features is developed. As a result of consultation. a file consisting 
of a twe-dimensional mat rix of zeros and ones is created. These values indicate which 
instructional features are appropriate for training each task . The far more complicated fidelity 
rule base is used to develop cue and response requirements. II contains rules about use and 
response requirements for trai ning that task . The generated file is a table of cue and response 
requi rements organized by task and fidelit y dimensions. 

Evaluation The use of an expert system shell as part of OSBA TS is valid -- in fact, as will 
be discussed later, OSBA TS did not go far enough in taking advantages of the power and 
functiona lity of expe rt system technology. The tasks both rule bases perform are complex, and 
unli ke other manual and automated systems both programs can result in quality results. Extensive 
work has gone iDlo their deve lopment -- especially the 237 rule Fidelity rule base. 

Several commen ts are made conce rnin g- 'improvements which could be made in the future. They 
are as follows; 

bllegroled System -- The most serious conce rn is tha t the users does not have read y access to 
either rule base in OSBA TS. The user must leave the CODE subdirectory to exercise each rule 
base. These rule bases as such are truly not part of an integrated OSBA TS program. Therefore. 
users do not have ready access to the explanation capability inherent to expert systems (including 
EXSYS). The obvious advantage of an explanation capability is that 'it does much to provide 
logic, an audit trail, and creditability for the use r's decision process. 

Knowledge Engineering -- It is not very clear what research or knowledge was used to develop the 
ru les used in the two rule bases. As mentioned earlier, usually (but not always) domain expert 
knowledge and heuristics are the basis of rule base de velopments. In the case of OSBA TS 
de ve lopment , a choice was made not to use one or more of the PM TRADE user "experts: 

EXSYS -- While EXSYS has been fairly successful in the past because of its features, the 
OSBA TS designers did not use the capabilities it has to integrate with other programs such as data 
base programs. These hooks are of great val ue to building integrated and user-friendly programs. 
Also , a better shell choice now would be LEVEL S, a program presently made by the same 
company (Information Builders Inc.) that sells FOCUS (the OSBA TS data base program). Both 
programs are full y compatible and can be integrated easily. While colors are essential to the use 
and marketing of expert systems. a better color selection is needed. Many colors are too dark, 
would be unreadable for colorblind users, and could not be displayed on recentl y commercialized 
computer/ viewgraph projection equipment if used for training . Help sc reens were non-existent 
or lacking. 

Data Base Structure 

SackKround The data base use for OSBA TS is called FOCUS from Information Builders 
Inc. This sys tem is a fourth generation language and data base management system (4GL/ DBMS). 
Accord ing to the vendor, FOCUS is a powerful language for developing applications which offers 
automat ic generators for producing application code, screen layouts and presentation systems with 
windows. This software system allows users to have the tools necessary to build computer 
applications for reporting and managing data -- without requiring other tools or third generation 
languages . Importantly, FOCUS is ve ry portable and runs on a full range of computers from 
PC-based systems to mainframes and large minicomputers. Data can be uploaded and 
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downloaded to a mainfra me host if needed . In addi tion , FOCUS allows users to use inhe rent 4GL 
tools wit h a wide va riety of other sou rces of data (e.g. dBASE, RBase, Oracle, DBMS. etc .). 
Other app licat ion developme nt faci li ties incl ude: 

A rich native language. 
Pop-up or pull - down windowing. 
Intelligent defaults. 
Procedural controls. 
Sc reen printing. 

-. Inlerac ti ve debugging tools. 
Hos t language inte rface . 

E"aluatioD The selection of FOCUS as the data base system by the OSBA TS designer was 
good -- with reservation. FOCUS is an established system which is widely used and well 
supported by the vendor. Applications developed by users are widel y varied in scope and 
dime nsio n. 

There 3re th ree primary prob lems in the relationship between FOCUS and OSSA TS. The first is 
that , as best as the au thors can determ ine. the data base is not complete for the AH-l system. 
Second ly. a user cannot access the data base within OSBATS for additions or deletions -- if there 
is a vali d reason to do so. Finally, FOCUS is not compatible with the EXSYS expert system shell 
and deve loped kn owledge bases. 

In summary. what exists is a non-integrated critical subsystem of an optimization model which is 
not complete, wh ich the use r cannot change, and which does not directly interface with the expert 
sys tem rul e bases tha t contain the facts and heuristics for the domain . This would lead to the 
obvious conc lusion that systems des ign and user interface shortcomings exist with the present 
prototype. 

Other Considerations 

Th ro ughout the stud y observations and considerations were reached wh ich did not seem to fit into 
catego ries of the report. In li eu of just disregarding these thoughts the following are listed: 

Cost Data -- There was littl e evidence that present value or cost inflation factors were used for 
future periods. One could ass ume that costs used were inflated . To be realistic , optimization 
model should provide a means of taking into consideration the time value of money. 

Life Cycle Cosl ing -- The use of life cycle cos ting was evident. Perhaps this was required of the 
developer by federal rules, however , i t is a very enlightened and cost sensitive approach . Too 
of len , f ront- end cost load ing or ignoring life cycles lead to unrealistic cost conclusions. 

Pa rallel Processing -- If future OSBATS-like programs become too large Or generic, processing 
on a workstation or ma inframe may not be the answer. Perhaps use of a parallel processing 
machine (with its inherent speed improvements) would be more appropriate . OSSA TS-type 
applica tions seem to be compatible with parallel processing concepts where portions of 
complicated algorithms are distributed to separate processors. Networking in this manner appears 
consisten t with the form and fu nc tion of the IDEFO methodology which describes the functions 
and data of a complex system. Unfortunately present parallel processing machine techoololY, 
while existi ng, is expensive. Fortunatel y. as has been the case with computer technology , in time 
cos ts and capabilities will make th is kind of a platform cos t eff ic ient . 
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IlileraClh'C' V ideo -- There appear to be several instances where visual images or motion sequences 
could be tied in to OSBATS to provide vis ual assis tance to use rs. There are numerous instances 
where interfaces between mass storage sys tems (text , visual, and audio) and procedural or 
intell igent front-end user interfaces are possible. The authors with two others have developed an 
intelligent expert systems/ laser disc pro totype sys tem under 1ST sponsorship which is an early 
attempt to link these relatively new technologies (Ragusa, et al. 1989). OSBATS, could also 
benefit from this linked system capabilit y. 

S.tlsfaction of Objectives 

There is no doubt that OSBATS succeeds in arriving at a conclusion that aids users in the design 
and evaluation of training-device alternatives. These alternatives meet training requirements at 
the minimum cost or that provide the maximum training effectiveness at a gi ven cost. The 
question is whether or not these objectives are achieved in an understandable, cost-effective, and 
appropriate manner. 

For OSBATS to be a success , it must satisfy a need for the use rs, and the results must be clear to 
them. Th is is nOI necessa rily the case. Although neither of the authors are Arm y engineers, both 
have spenl man y hours interacting with .the system and studying the user manual. 

The authors have found it difficult in some cases to full y interpret the conclusions and to 
compare / contrast different combinations of selections. There are two possible solutions to this 
confusion. First of all, the syslem could be modified to help analyze some of the decisions and to 
provide a comparison of different routes and the benefits achieved. An expert system front end 
would help to accomplish this. There is such a multitude of variables that it is difficult to 
ascertain exactly what the system is proposing. Another way to make the results more clear is to 
produce output data files or simple printed reports of the results of the analyses that could then 
be compared . Unless OSBATS can be made more straight-forward and understandable, users are 
not going to choose it as a feasible instrument. 

The question of the cost-effectiveness of the model is beyond the scope of the investigators . 
However, once again, unless the users are comfortable with the model, they will not voluntaril y 
choose to incorporate it in their concept formulation, logistics , or training development activities. 
Although instructional systems design models are advocated for all training decisions, they are 
often overlooked because 'of the time factor involved and because designers rely on their past 
experience. 
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OSUATS DESIGN ALTERNATIVES 

Expert Systems Application 

A logical Quest ion wh ic h could be asked is: Are there alternati ve methods for providing solutions 
to OSBA TS objecti ves? Instead of an optimizing solut ion, perhaps an optimal approach to the 
problem is more appropriate. Two alternative approaches are suggested. one near term and the 
other which needs furth er investigation and time for technology and operational applications 
deve lopment. The first approach would be to consider a much greater use of knowledge-based 
expert sys tems technology discussed earl ier for future OSBATS modification or redesign. The 
second approach, wh ich is more futu ristic, involves the integration of expert sys tems and neural 
network technolog y. Expert sys tem appli cat ions are brieny addressed in the Examples of 
Applicable Systems sec tion with a discuss ion of future hybrid integrat ion of expert systems with 
neural ne tworks in the An Inle&raled Approach section. 

There are numerous problems that benefit from the application of expert systems technology. 
Some of these are ma nage ment··decision making, soft ware de velopment , in tell igent 
compute r- aided enginee ring, communica tio ns, command, and control, geophysical anal ys is, 
instrument in terpretation, computer configuration, and intelligent comp uter aided instruction. 
Other applicat ions incl ude diagnostics, planning and scheduling , financial anal ysis, and other too 
numerous to lis t here . Solutions to most of these problems were nOt found by conventional means. 
Virtuall y an y complex pro blem is going to benefi t from this technology. 

Man-machine interfaces, coupled with expert systems tools/ methods, and the new programming 
environment make ex pert sys tems nO[ only easy to use but more accessible. With recent 
ad vancements in both the development of expert systems environmen ts and knowledge 
engineer ing tools, an experienced developer can capture expertise , put it into an expert system, 
and disseminate it to use rs. This environment creates an excellent means for solving complex 
problems more effectively and more efficientl y. 

OSBATS Evaluation 

Is expert systems technology appropriate to the OSSA TS problem solution? To answer this 
Ques ti on it is necessar y to discuss: (I) forms of expert systems applications , and (2) testing for 
applicability. 

Forms Se veral forms of expert sys tems have been described in the literature and are 
generall y described by category and problem type they address. Generic categories of expert 
sys tems appl ications are as follows (Waterman, 1986, p. 33): 

• Interpretation 
Predic ti on 
Diagnosis 
Design 
Planning 

• Monitorin g 
Debugging 
Repair 
Instruction 

In fe rr ing situa tion descriptions from sensor da ta . 
In fe rrin g likely consequences of given situations . 
In fe rr ing system malfunctions from observables . 
Configuring objects under constraints. 
Designing actions. 
Comparing obse rvations to expected outcomes. 
Prescribing remedies for malfunctions. 
Executing plans to administer prescribed remedies. 
Diagnos ing , debugging , and repairing student" beha vior. 

OSBATS fall s into several application categories, howe ver, two are probably most appropriate. 
They are predication and design. Prediction systems sometimes use simulation models (programs 
that mi rror rea l-world ac ti vi ty), to generate situations or scenari os that could occur from 
part icu lar inp ut data . These poten tial si tuations, together with knowledge abo ut the processes that 

-
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orig inated the m, fo rm the basis for the predicti ons. Expe rt systems used for design develop 
co nfigu rations of objec ts based on a set of problem constraints. Desig n syste ms often use 
synthesis 10 construc t pa n iai designs and simulati on to verify or test design ideas (Waterman, 
J986). 
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Testiog (or Applicability Numero us authors have identified tests to determine if expert 
systems technology is appropriate to a particular need . One notable evaluation test has been 
de ve loped by Silverman (1989. p. 10) who identi fies a rule set which describes when to -hire- an 
expe rl system. The rule- based format Silverman uses indicates that an expert system approach is 
app ropri ate if the sol ution is relevant. feasible, opti mal, and success-oriented. More specifically 
the following cri teria has been developed: 

Relevancy Rule: 

If: I. There is a recurring shortage of sk illed employees,or 
2. Problems reg ularl y arise requiring innumerable solutions to be considered, or 
3. Job exce llence requi res .unreasonabl y high levels of human training, or 
4. No si ngle perso n ca n know the requisite problem solving expertise, or 
5. Diff ic uilies in applying existing knowledge routinely cause management to work 

around basic problems. 

T hen: Expert systems are a relevant sol ution techn ique . 

Feasibility R ule: 

If: I. The problem typicall y takes a few minutes to a few hours to solve, and 
2. No controversy over problem domain rules ex is t, and 
3. Problem domai n ex perts exist, and 
4. Prob lem domai n knowledge can be cast into existing representational techniques . 

Then: An expert systems approach appears feasible. 

Optimality Rul e: 

If: I. It is necessary to reason with erroneous data, ertainty, and make hundreds of 
thousand s of judgmen ts (heuristics), and 

2. Inference e ngi ne planning, scheduling, and control procedures are more appropriate 
than conve ntional so ftware program layouts, and 

3. Interaction with human users via natural language is required. and 
4. The compu ter program must be able to explain why it is asking a question , and 
5. The computer progra m must be able to justify conclusions . 

Then: An expert system is the optimal approach . 

Success R ule: 

Jr; 1. Solutions in the problem domain are of high value, and 
2. Top management suppo rts an expert system approach, and 
3. An existing expert system kit can be used as that co re of the applications. and 
4. An iterative pro lotyping approach cam be pursued in which initial problems can be 

so lved with a limited subset of the experts total knowledge , and 
S. Tra ining cases and test cases are available for graduall y augmenting and evaluating the 

expe rt sys tem , a nd 
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6. An app re ntices hi p approac h can be adopted in which experts wi ll review and critique 
each incremental ve rsion's solutions, and 

7. The knowledge -eng ineering team has a successfu l track reco rd . 

Then: The expert system approach is likely to be a success. 

From this criteria set it can be seen that there is sufficient justification for using a futl expert 
systems implementation for OSBATS type applications. However, there are several questi ons 
which need furthe r attention be fore a final determination can be reached . They are: 

Rele vancy -- Is there a recurring shortage of skilled employees? 

Judging from the average experience level of the PM TRADE engineers (12 years), it could be 
ass um ed that thi s organization does not have turnover problems. 

Feas ibili ty -- Does a domain expert exist? 

This qu es tion needs further assessment. Singer and Sticha (p . 30) indicate that OSBA TS is an 
expe rt system based decision aid and that it does not model any single expert. Further, Singer in 
an inte rview, indicates that PM TRADE plans to conduct a survey in the future to determine jf 
th ere is consistency in the wa y users perform their analysis . However, recent articles are 
report ing methods and results which allow multiple expert knowledge inputs . 

Success -- Does top management support an expert systems approach? 
Does the knowledge-engineering team have a successful track record ? 

The answe r to this first que sti on is not known . However, there must be some support in that 
OSBATS does use expe rt systems technolog y in part for its solution methodolog y. With regard to 
the seco nd question, it is assumed that the knowledge-engineering team exists outside PM 
TRADE. Numerous organizations involved in expert systems development perform 
kno wledge-engineering, including individuals at HumR~O who were responsible for the OSBA TS 
knowl edge bases developments. 

Examples of Applicable Systems 

Acco rd ing to Feigenbaum, et al. (1989) expert system shells are now commonly and successfully 
be ing used to provide a broad base of decision systems on a global basis . In fact , the authors 
report that after ex tensive study they have found more than 2,000 operational expert systems 
present ly in existence . An appendix , contained in the Feigenbaum reference, describing expert 
systems in use has been compiled by Paul Harmon, a noted expert systems writer and seminar 
instructor . Eac h application is identified with a brief description of their environments and 
content. This report is too short for descriptions, however, several systems like OSBATS attempt 
to perform trade-off analysis between competing resource considerations. Most are from the 
busi ness world and inc lude credit and financial institutions. 

The authors of this report have also been involved in development of proto type expert systems 
whic h reac h solutions based on constraint and resource limitations (like OSBA TS) . Examples have 
bee n appl ications associated with determining manpower and dolla r costs for NASA advanced 
laun ch vehicle configurations, and wage determination based on employee evaluations and 
available fundin g. 

Des ign Considerations 

There a re nu me rous OSBATS expert systems design alternatives. However, two primary versions 
will be br iefl y disc ussed . The fi rs t establishes an expert system as the primary program with 
inte rface s to support programs (e. g ., data bases, spreadshee ts , DOS call s,) accomplished through 
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hoo ks pro\ id ed b y th r shelL T his has been the mOS I co mm only used design fo r comem po ra ry 
opera tional app li cati o ns. Us uall y. inte rfac in g is eas y to acco mpli sh wit h speed o f interac ti on 
being direc tly rela ted to C PU type and clock speed (286 , 386, etc .), and how ~ well" the shell 
functions. As ment io ned earlier, th ere are numerous commerciall y available shells wh ich would 
se rve as a design medium . The chall enge is to find the one that best fits th e application . 
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A second des ign recognizes that there are a number of existing computer systems and software in 
place. Conside ratio n is given here to no rmal resistance to technology change and fear of the 
unknow n ( i.e . anificia l intelligence and expert sys tems). Mo re and more books and ani cle s are 
ind icati ng tha t the foc us of this resis tan ce is with MIS managers (Feigenba um, 1989 ). To alle viate 
th is conce rn , several organizations are attempting to use existing main frames and non·AI 
lan gua ges in stead of LISP an d PROLOG -· the primary A I developmen t lang uages. A pop ular 
high· leve l la nguage used is C. A co mmonl y used tech nique is to use a shell to build the 
kno wledge base, and th en port the res ultin g prog ra m to C. Since data base capabilities can exist 
in C as well , an integ ra ted software sys tem can reside on th e compu ter sys tem of c hoice , 

Some shel l de ve lopers such as the NASA Jo hnso n Space Ce nter's Mission Plann ing a nd Ana lysis 
Divisio n have implemented an expert sys tem shell in C. CLIPS is a tool which was de signed to 
allow e xpert system constructi on and deli ve ry on conventional co mpu ters. The primar y design 
goal s we re portabili ty, eff iciency, and func tional ity. T o meet these goal s C LIPS is written in , and 
f ull y integrated with, the C lan guage. An Ada version is about to be released. 

An Int eg rated Alte rn ative 

Recently ne ural networki ng concepts and technology have challenged expen sys tems as the wa ve 
o f the future. N umerous an icles are appearing in the popular Al technology publicatio ns and in 
academ ic journal s. Whi le neu ral network co ncepts are still emerging, research and applications 
are being reported. Briefly , neura l networks (or neural ne ts for short ) are used to look at patterns 
in a se t of samp le cases - -called a training set . Neural nets are then used to learn these patterns, 
deve lop the abilit y to correctl y classify new cases based on the patterns , and then correctl y 
class if y new cases based o n the patterns learned by the network (Sherald , 1989). 

As ha s been disc ussed earlier. expert systems are best if a pro blem exists that can be easil y 
described by a se t of rules. In general , neural nets are better at problem diagnosis, decision 
makin g. and othe r classif y ing problems where fuzzy logic or pattern recogni tion is important. 
There are seve ral o th er specific instan ces where neural nels have an adv antage ove r expert 
systems accordin g to Sherald (1989. p. 10 ). The IWO si tuatio ns are: ( I) wh ere yo u have 
non-procedural tasks where it is kno wn how 10 solve the pro blem bUI the rules are nOI kno wn, 
and (2) where the pro blem is procedu ral but it is too expensive to cap lure all of the rules e .g ., 
patient dia gnos is. One problem wilh ne ura l nets is that the y p resentl y do not (like OSBATS) have 
explana ti on capabi lity. Some researc he rs est imate that perhaps such a capabilit y will exist in five 
yea rs. 

Several resea rche rs are predic ting that bot h tec hnolog ies will merge to lake ad vantage of th e 
stre ngths o f eac h and the sy nerg y which mi ght de velop. For exa mple Dr. Ro bert Hec ht-Nielso n 
sees the marriage complementing eac h other rat her than one eliminating the other . "Ne ural 
networ ks can process raw data and provide co ndit ioned output at a hig her cogni ti ve le ve l, e.g., in 
categor y dete rminatio n. The ou tp u t is given to an expert system for further processing .M 
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RECOMMENDATIONS 

S horl Term 

Wh ile nOI a com plete li st , the fo llowing are so me suggested cha nges to th e existing OSBATS 
progra m which might help in (he shorl term (less than one yea r). 

Ge neral 

Ex'pen SYSlems ~- Inco rporate an expert system front end 10 help users determine mode of 
ope ration, input responses, anal yze decisions and make evaluations. 

Tra ining __ Pro v ide trainin g fo r the sys tem eit her in the form of lecture / practice or o n-line 
tU lO rial j s imul3lio n. Perhaps a 3- 5 da y course wo uld suffice. 
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Service COI1ll'aClor -- Because of the comple:<ilv of OSBATS, co nsider using a se rvice contracto r 
in a suppon mode to prov ide OSBATS analysis'fo r PM TRADE users. The obvious danger is the 
loss of analysis ca pabilities and diluted responsibilities of c ivil se rvice person nel. 

Sys tem Des ign 

Run Time __ Provide closer approximation of the length of time requi red to run the resource 
all oca tion module. A time of 2-20 minutes is a bit ambiguous. Also it sho uld be mad e clear if 
thi s must be run for each allocation problem or on a one-t ime basis . 

Scellarios __ Prov ide scenarios fo r the user to practice with the system after going th rough the 
examples in the manual. 

Ul f! of Kf!.l'board -- Inputs requiring the keyboard sho uld be mi nimized. 

ShortcutS -- Shortcu ts should be provided for experienced users. 

D ictionar.\' -- On - line dictionar y of te rm s shou ld be provided . 

Aster i sks __ Printout s containing asterisks are confusi ng (o n the sc ree n they a re color - coded). 
Perhaps a different character could be used for th e different categories . 

T ille COll sISlenC)' - - Prov ide consistency in titles fo r menus and sc reens. 

Name CUlls/Hellcy - - Prov ide consistenc y in names of branches . 

H /ghllgho __ Pro\' ide highli ghts in help screens . 

Ternlll/ologr __ C ha nge termin ology on Dele te/ Save Options scree n to read Ignore/ Save Options. 

MillOI' Corree/iolls -- Co rrec t grammatical and spelling erro rs. 

Use r's f\b nu a l 

Reports __ Provide printout of report and co mment capabilit y without requ iring the user to exit 
to DOS. 

COII//IIUlIl ' . - Although the use rs manual is ve ry helpful , there are so me modifica tions that co ul d 
be made .' It is sometimes unclear whal action the reader is 10 take , often re sul t ing in the necessit y 
to backtrack af ler c hoosing th e wrong rOute . 
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Flo lrcharll - - Inco rpo rate use r manual fl owcharts of the sys tem struc ture. 

S ystem Bugs -- T here arc some Mbugs" in the sys tem that ca use a TERMI NATION ERROR to 
occ ur whe n using the manual (es pecial ly on page 71 of the manual unde r "Incl uding Instructiona l 
Features"), 

Minor Correclioll s -- Like th e User's Manual grammatical, spelling errors in the system should be 
corrected, 

Future The fo ll owing arc several suggestions regard ing OSBATS whic h shou ld be 
considered. Im plementat ion would take longe r than one yea r and arc therefore arc placed in this 
category . 

OSBATS needs 10 be a generic shell (i. e., app ropriate for a wide varie ty of milit ary applications) 
with a standard interface. fast action response , and an explanation capabilit y. The authors ag ree 
with Singe r and Sticha repOrt that ad vocates "expanding the prototype OSBATS from the cu rrent 
ro tar y-wing operations domain to other domains" (p. 30). Th is wou ld make the system more cost­
effec tive and a llow a wide r ra nge of implementa tion . 

Spec ific needs fo r a ge ne ri c sys tem are as foll Ows: ( I) doma in specific know ledge (d ynamic) , and 
(2) do main independent knowledge (sta tic). The domain spec ific part needs to be: 

Eas il y mod ified (e.g. ru les , data base). 
Domain expe n (single or co nsensus based) knowledge based. 
Portable to other computer sys tems (e .g. workstat ions). 

The stat ic part needs 10 be: 

Broadl y validated. 
Rel atively easy to update . 
Rich in uni ve rsall y acce pted concepts. 
Domain expe rt (single or co nsensus based) knowledge based. 

There appea r to be at least four future options available to PM TRADE re lative to OSBATS in its 
present form. They include but '\lre not limited to the following options. Variations are of course 
poss ible . Advan tages and disad vantages are listed for eac h. 

O ption J ( Aballdon ) -- Consider the presen t OSBATS prototype as a system which should be 
aband oned . 

Ad,'antages: 

• No further fund ing is req ui red . 

Disadvantages: 

OSBATS fund ing did not prod uce an ope rat ional system. 
• A decision aid is still not avai lable for use rs. 
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Opl/ un 2 ( Rl'I:'lIiJI ) • • Throwaway the prese nt prolO type and begin again with the sa me approach 
(opt imizatio n model ) working IOwa rd a gene ric, more user- friend ly. inlegraled , and operatio n:ll 
sys tem. 

Ad vantages: 

Ea rlie r in ves tm ent will not be totally wasted . 
Gene ric sys tem co uld result if successful. 
Shou ld have a better chance of user accep tance . 
Develop ment learn is still in place. 

Disadvantages: 

System slill based on the oretical (op timization) model. 
Could result in an other black box system. 
Will be cost ly to develop. 
Ma y s ti ll have user re sis tance . 
Co u ld require a len gth y development period. 

Oplioll 3 ( £ VOIUIIOI/) -- Evolve th e present optimization pro totype into an operational system 
working IOwa rd a generic and more user-friend ly system. Ensure a tOially in tegra ted desig n with 
bel[er use of expen systems technolog y. 

Ad vantages: 

Would tak e maximum ad vantage of ea rlier OSBATS in vestment and de ve lopment with little 
wasted. 
Could ha ve an ope rat iona l sys tem in a shorter deve lopment period than Option 2. 
Would be less costl y to deve lop than Option 2. 
Wou ld use selec ted expert systems technolog y. 
OSBATS developers ha ve most of the skills needed . 

Disadvantages: 

Sys tem would still be based on theoretica l (o ptimization) model. 
Co uld result in another black box system. 
Ma y still have use r resistance. 
Co uld still be a costly development. 
System co uld be slow because of extent of prog ram interaction . 

Opl/Oll 4 ( RedeHg lI ) -- Accept an expert systems (satisficing ) approach 10 redesign the enti re 
sys tem usi ng all rules and data that can be saved . This approach would build a rapid prOtotype to 
demonstrate proof of concept be fo re an operationa l sys tem is built . 

Ad vantages: 

Wo uld take advanta ge of earlier OSBATS in vestment and deve lop ment wit h little wasted . 
Sys tem should run faster. 
Should be a cheaper development than Option 3. 
Has a beller chance of user acce ptance. 
Would co nta in exp lanat io n capabilit y and he lp manuals, e limi natin g black box image. 
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Disad\'ant ages: 

Co uld run into new des ign problems. 
OSBATS de ve lopers ma y not ha ve necessa ry expe rt sys tem development skills. 
K nowledge eng ineer ing team is needed . 

Recommendation 

A rev iew of the options present ed ca n lead to different conclusions depe ndin g on severa l 
unknown variab les. The ru le-based possibilities are : 

Rule I: 

If: 

T hen: 

I. PM TRADE feels that the need for an OSBATS-like decision aid does not exist. or 
2. Additional funding is not availabl e. 

AcCept Optio n I (Abandon). 

Rule 2: 

If : I . A need sti ll ex ists, and 
2. Sufficient funding exists to co nt inue this effo rt . 

T hen : Perform a trade-off st ud y between Optio ns 2 (Rebirth), 3 ( Evolution), and 4 
(Redesign) . 

Rule 3: 

If: 1. A need still exists, and 
2. Sufficienl funding exists to continue this effort. and 
3. An optimiza tio n so lu tion is req uired . 

Then: Select between Options 2 (Rebirth ) and 3 (Evolu tion). 

Rule 4: 

If: I . A need still exists. and 
2. Su f ficien t fu ndi ng exists to cOnl inu e this effort. and 
3. Satisficing solutions are acceptable, and 
4 . PM TRADE is willing to suppo n an expert sys te ms approac h , and 
5. A kn owledge engineer ing team exists. or 
6. A knowledge enginee r ing team can be co ntracted . 

Then: Select Optio n 4 (Redesign ). 
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AS can be seen. a finite set o f dec ision possibi lities ca n be ide nt ifi ed depending o n the condition 
o f the variables whic h have been li sted . Since the autho rs do not kn ow what co nd iti ons exist , it is 
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di ffi cult to make 3 f inal reco mmendatio n .... ·ith ce rtaint y. However, if certai n ass umptio ns arc 
mad e. it is possi ble 10 foc us on one option . If th e fo llowing assumpti ons are true, then Option 4 
is recommended: 

A need for an OSBATS decis ion aid \ 0 provide training de vice decision consistency remain s. 
Additio nal funding can be ob tained because of the potential for significant overall training 
program cost sa v ings. 
Satisficing solulions are accep table. 
PM TRADE management will suppori an exper t syS lcm . 

Under these conditions Oplion 4, a redesign of OSBATS as a sat isficing expert system, is 
suggested. With thi s approach. the prototype development of the present OSBATS system wou ld 
be used as th e foundation for a redes igned system. Rapid pro{Otyping would require one or more 
PM TRADE identified use r expe rts. From this effort would evolve a proof of co ncept system 
which would demonst rate sufficie nt depth and breath for the AH-J domain. User and PM 
TRADE review, validat ion by expert case testing , and acceptance would follow prototype 
building. A phased deve lopmen t approach' wou ld then be used to const ruct an ope rationa l AH- t 
sys tem followed by an evolution to a mo re generic system. Ho wever. before beginning the rap id 
pro lolyping stage. it wo uld be understood that domain specific (AH- I ) and generic (weapo n 
systems) components of the system would be identified and initiall y developed separately and 
then integrated . 

While thi s is an o ve r- simplified de scrip ti on of options. variables. assumptions and 
recommendation possibilities. it is not without bas is. N umerous ope rat io nal systems ha ve been 
built or redesigned from felt needs or existing sys tem s which did not full y satisfy their initial 
objectives. Future study will be requ ired to answer seve ral important Questions raised in th is 
repo n . The y include: 

Is PM TRADE willing to continue de ve lopment of automated training decision-aid syste m? 
What would an e volved o r redesig ned OSBATS-like sys tem cost? 
Is there a need for a gene ric system ? _ 
Wh ich parU of the ex istin g OSBA TS are generic and which are domain specific? 
Are additi onal funds available fo r f urther developments? 



I. 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

28 

SUMMARY AND CONCLUSIONS 

Summar y 

Results of this stud y should be of value to OSBATS sponsors and others for a variety of pu rposes: 
(J) bette r understanding of the existi ng sys tem from a d ifferent perspective, (2) specific 
comments conce rnin g the advantages and limita tions of the present design. (3) presentation of 
design alte rnatives (namely a partial or full expert sys tems approach), and (4) some short and 
longe r term recommendations for the future . 

Conclusion 

The reasons for funding the existing OSBATS system prototype are still valid. since there can be 
substantial savings for training de vice de ve lopment when the high cost of weapon systems 
acquisi ti on and opera tor training is considered. Too often seat-of -the pants analysis is done 
because of the Jack of crite ria or standards . In the opinion of the authors, there are significant 
cost sav ings and favo rab le cost / benefit advan tages which could be realized through the 
developmen t and use of automated decision aids . While this curso ry report may not provide total 
and complete answers, perhaps it does provide some visibility to the next step. 
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SECTION II 
USER'S EVALUATION OF TWO TRAIN ING SYSTEM DESIGN AIDS: 

OSBATS aod ASTAR 

Steven Gibbons 
Institute for Simulation and Training' 

This section is d iv ided into separate discussions on OSBATS and AST AR. The OSSA TS 
discussion describes the purpose, installation, and operation of the design aid f rom the viewpoint 
of a user. The feasibili ty of expanding the use of OSBATS to a new domain (tank gun nery) is 
also explored. The ASTAR discussion is a user's anal ysis. 

• 
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SECTION II 

USER'S EVALUATION OF TWO TRAINING SYSTEM DESIGN AIDS, 

OSBATS and AST AR 

(OSBATS) OPTIMIZATION OF SIMULATION BASED TRAINING SYSTEMS 

This section describes the purpose of aSBATS and critiques the installation and operating 
procedures from a use r's viewpoint. Factors discussed include Quality of model solutions , screen 
display. model reasoning, and documentation. The functions evaluated were taken from the user's 
guide (Gilligan, Elder and St icha, 1998). 

Purpose of OSBATS 

The overall purpose of OSBA TS is to determine training device and training system 
configurations that meet training requirements at minimum costs. Training requirements relate to 
the specific level of student performance expected after training. OSSA TS examines only those 
tasks that can be trained by a training device or simulator . OSBA TS is designed to perform three 
tasks: 

identify tasks that are good candidates for training on a training device 
• design training devices with a level of sophistication and cost tailored to the training 

requirements 
allocate training resources among training devices and actual equipment to minimize cost. 

A data base for one domain has been developed for OSBATS (rotary winged aircraft) to allow 
user manipulations of all module functions. This prepared data base is designed as a method of 
helping the users to understand the operations and use of the system. The user's guide is designed 
to illustrate both process and procedures of operation . The guide is intended to complement 
standard reference manuals. Both the subset of modules that are used and the order in which they 
are used may vary depending on the requirements of the problem and the preferences of the 
use rs. This means that large variations in the method of applying the model exists. The many 
d ifferent methods of implementing the model makes critically evaluating an y one method 
d ifficult . 
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General Comments 

OSBATS is a da ta intensive approach for train ing device standardization. (See Sec tion 1 for an 
ove rview of OSBATS.) It requires spec ific information on domain parameters (resident data), and 
assumes that design trade-off decisions are different between training domains . The model 
de ri ves cos t estimates based on th e designs fidelity configuration and historical cost data. The 
model structures design trade-off decisions based on situational specific task (non-resident) data . 
The model is designed to be used by experts and use.s expert terminology in describing the model 
and its outputs. 

An expert sys tem rule base organizes des ign Questions in the same manner that an expert might. 
The outputs of the sys tem include cost and benefit values for levels of fidelity and different 
instr uc tio nal features. It is capable of designing the entire training program and informs the user 
which TO to use and how man y are needed . 

OSBATS is still in prototype development and has not been fully validated . Presently, the model 
is const ruc ted to handle onl y training device des igns in the rotary wing domain . The validation of 
inte rn al conce pts and dependencies assumed by the model has not been completed. It is presently 
one of the mos t complex computer based mettlods available to assist training device designers in 
thei r trade - off decisions. 

OSBATS' major deficit is the lack of appropriate and complete documentation . The effective use 
of the model relies on a creative synthesis of the presented information. Each module offers 
different information for differing portions of designing a training device . The documentation 
provided does not explain the range of possibilities in the models usefulness . Documentation does 
not outline the num ber of choices available within each module and where finally decision points 
are made . Ass umptions made in earl y modules can not be easily traced to their consequences. 

OSBA TS makes numerous computations within each module that are used as system inputs for 
latter modules . These calculations are made using variables, which require choices to be made by 
the operator . Once a module's results are computed and saved, only these totaled values are used 
as values for other modules. This method of operation eases system computational needs. 
Difficulti es arise when users change input values after module computations have been completed. 
Variables used to calculate values for one module can be changed in a second module without 
correc tions made to the first modules results. 

The legends at the bottom of the display can be confusing at times. All available options are not 
cont in uall y dis played . In some modules, certain menu options can only be reached while within a 
specific display. The user can never be sure that all menu options have been searched. This 
hierarchal problem is magn ified because of the modular construction of the selection menus. 
Once inside a module, the ordering of selection is vague . The impress ion of non· unity is 
conveyed since the upper le vel options are easily distinguished, while lower level selections are 
not a ll displayed. 

During familiarization of the model, the instructional conventions of the users manual changes. 
As use rs progress further into the manual , descriptions and explanations continue to get less 
concise. This is especially true in the Training Device Selection Module . The first module 
(Simulation Configuration), does not contain a module introduction paragraph. All other modules 
begin with a short introduction, explanation and prerequisite inputs requ ired . In the RESAM (the 
last modul e) , one main menu option , Save Module Constraints, was not addressed in the user's 
guide. 

The modul es do not make clear where the user should stop examination and make system choices . 
The goa l of each module is not clear. In the IFSM , the last d isplay (c umulative B/ C graph) in a 
series of in fo rmational graphs is the point in th e module where the main module decision must be 
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made . The operator must choose an instructional feat ure pac kage which is the majo r output of 
the IFSM . Yet. by embedd ing this scree n deeply in the module structure its relative importance is 
ha rd to g rasp. 

When the model is being slarted, one of the fi rst tasks is to load the data base by se lecting a task 
cluster from the library. The system begins calculations while the user waits. The impression is 
given that the specific task cluster chosen will be loaded. This is not the case; the default task sel 
for an y cluster chosen will be loaded. When the user returas to the Select ion library to chose a 
second task cl uster to examine. it is expected that the syste m will reload another data set , 
requiring sys tem loading time. However. the data base is immediately loaded and the model is 
prepared to operate. 

For further detail about module functioning, refer to appendix A. Appendix A takes a 
descriplive approac h to al) module functions in a chronological sequence. 

Installation 

Hardware VerlficatiOD Before the .model can be used, it must be ported to the host 
computer. The porting of the system requires that the host computer be configured correctly. 
The QSSATS software requ ires a ISM PC/ AT, Zenith 248 or compatible , with 640K of memory, 
and a ten megabyte hard disk. In addition, an enhanced graphics adapter (EGA) and monitor, a 
80287 numeric co-processor, and a Microsoft compatible mouse with mouse driver installed are 
req uired. (Real-time interactions are not possible without the co-processor.) The PRINT.COM 
file must be in a direc tory specified by a path command. 

The OSSA TS software is not compatible with the .DSl.SYS driver found in many personal 
computers. Thus, the use r must remove this from the cODtia.')'S file and restart the system. The 
ansl.sl's file has no ad verse effec ts on the computations of the model, but begins to cause 
problems as screen displays become more detailed . For example, help screens that are over one 
page in length cannot be completely read because the screen scrolls past the first few lines and 
goes directl y to the end of the explanation. 

The installa tion guide does mention this phenomena and gives these basic instructions for 
correcting the problem: 

To determine if the ANSI.SYS driver is on in yo ur system examine the file called 
CONFIG .SYS. If the file listing includes the line DEYICE-ANSI.SYS then you must use a 
te xt editor to remove this line from the file . Save the edited file and reboot the system. 

A novice user ma y not be able to understand these instructions . The importance of correcting this 
problem at the start of model jnstallation is not properly emphasized. If it is not corrected at this 
early stage, problems arising during operation will be difficult to trace back to th is point. No 
examples of system consequences are provided in the guide . 

A more simpl istic approach may be helpful at this ea rl y stage of user interface. If OSBA TS uses 
an expert sys tem to run man y of its functions, perhaps a system check for the user could be 
included. Ve rification of the hardware system is a procedural task that can be removed from the 
user's responsibility. For example, once OSSA TS is engaged, the first check for the system could 
ve rify that the host environment is congenial to its functions. Any discrepancies found could 
either be corrected automatically or brought to the user's attention, along with detailed guidance 
of how to correct the problem . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3J 

Another problem in volves the mouse required by OSBATS. (A mouse is a small mobile input 
de vice thai controls movement of the cursor on a com puter d is play). The mouse is needed for 
mas I interac tions with the system. Reliance on an input device that a user may not be familiar 
with can hinder user acceptance. Unless a specific need exists to have a mouse input device. the 
user should ha ve the option to use the mouse device or the pointer keys present on keyboards. 

Software Installalion Detailed instructions are provided in the guide for installing the 
software. Procedures for installation are divided between installation of the data files and of the 
program files. tr OSBATS is being installed on the system for the first time. installation of the 
program files and the data files are required. If the OSBATS model is alread y installed , the new 
data files need onl y to be reinstalled. The reinstallation will erase existing files if a earlier 
version of the software is present. 

OSBATS is delivered with two sets of data, one set contains 125 tasks found in AH-I operation, 
and the other set contains 38 subset tasks from the AH-l domain. These task lists have been 
developed specifically for the OSBATS model. All tasks are described in OSBATS model data 

, requirement formats. This prepared database is designed as a method to' help users understand the 
ope rations and use of the system. Since the data is already prepared, the user is alleviated from 
having to collect and encode data. 

The software installation procedure consists of 19 steps, five of which are for file verification. 
The procedures are explained clearly enough for a new computer user to be able to complete the 
installation unaided . However, there is some variation in the format that may cause confusion at 
two poi nts. 

First, instructions for installing the first two program disks are clear aDd fonow the same format. 
but inst ructions for the next d isk are listed only as repeat this step. This guidance may be 
confusing since it lacks the detail given for all phases . Confusion might be cleared if the repeat 
command were given an installation procedure number (as the others had been) . Presently, this 
command is em bedded in the installation procedures of the Program Disk 2 instructions. 

The second point of confusion is in the Installation of Data Files instructions . In step 14, the 
installation instructions displayed by the computer are listed in the user's guide . Instead of giving 
the response required (as with other steps), a paragraph is listed explaining that the user should 
input an <A> ~if yo u want. to install data for all AH-I tasks, or <S> -if you want to install the data 
for the sample problem in the user's guide . ~ (OPtion <A> should be chosen only if the user is 
familiar with the software. The user can reinstall the <S> option.) These instructions do not make 
clea r which option to choose. A careful reading of the guide is necessary. 

Operation 

Start up Procedures After successful installation and verification, the following set of 
procedures must be performed each time the system is started. 

Speci fic DOS insITuctions are provided for reaching the appropriate subdirectory. The OSBATS 
ti tle sc reen appears listing program identification information. At this point. the user's guide 
adapts a presentation format in which responses required by the operator are indented and labeled 
ACTION. This format Quickly alerts the reader that some interaction with the program is 
required. A left bUllon click on the mouse begins the models operations. 

The first system choice sc re en comes up . This screen presents the user with the option for 
recalculating the data . An unclear note explains wh y recalculation would be required . The note 
mentions the need to first interact with the rule base if appropriate instructional features for the 
AH-J tasks data is avai lab le. The guide's ACTION instructio ns clearly state that this option 
should nOI be chosen. Instead , the option to run OSBATS using current val ues should be chosen. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

34 

The ne xt sc re en immedia tely p resents the user w ith a seco nd choice similar to the f i rst . The use r 
mu st dec ide wheth e r to recal culate the data usi ng the fidelit y optimization f eatures rule base. A 
sho rt un clear sente nce e xplains why recal culatio n might be needed . The guide's ACTION 
instruc ti ons clearl y state th at this recalc ulation option should not be chosen . Instead, the optio n to 
Tun OSBATS using current values should be chosen . 

Next, the tas k cluster library is presented . The task cluster library is used to select a cluster of 
tasks for demonstrating OSSA TS features. The task cluster labeled default contains all tasks 
inc luded in the da ta base . All other task clusters 3Te subsets of the default task set . The firs t 
ti me the system is started, the only choice available is the default task . 

A few problems exis t with this sc reen presentation. The documentation de viates from format 
standards. The screen lists an ACTION where no interface action is required . Also, the screen 
instructs the user to SELECT a cluster option but the guide does not identify this interface as an 
ACTIQN. The manual presents a block insert of how the Task Cluster Library should appear, but 

··this insert is d ifferent then wha t a first time user will encounter. The insert contains subclusters 
that can only be produced through modu le interac tion. Since no interaction has taken place, no 
subclusters should be present. The manual and OSBA TS refer to this menu using three different 
labe ls. The guide f irst labels th is menu The Tas k Cluster Selection Library, then refers to it as 
Tas k Cluster Li brary; OSBA TS ma in menu labe ls it Task Cluster Se lection Menu. 

When subclusters are present , an option to delete them exists. The deletion is accomplished by 
selec ting the subcluster with a red deletion strip. This deletion strip is located next to the yellow 
strip which indicates se lection. The subclusters are very close together, making it somewhat 
difficult to select the desired subcluster. Some additional spacing between subclusters would help 
alleviate this problem. 

Another selec ti on problem is present for the two preceding recalculation choices. The options to 
recalculate or run model are only one line apart. Fine movement control of the mouse is not 
possible , thus cuing errors are highly possible. 

Finall y, instructions about editing a task cluster are provided in the guide at this point, yet no 
method of editing a task cluster exists this soon in OSBA IS. This can only be done within a main 
menu of selec ted modules . 

Once a task cluster has been selec ted, the rule base begins to generate the data needed by the 
sys tem. A short wai t is required (one to two minutes). aSBATS presents a screen that tracks 
calculation progress. Th is screen uses a blue thermometer to gauge the amount of distance to the 
end of the calculations. Th is screen is clear and very helpful. If the model stopS calculations or 
begins a cont inuing loop, the thermometer will stop. 

If the host system is not equipped with the 80287 numeric coprocessor stated by hardware 
requ iremen ts, the the rmometer will stop short of its comple tion pos ition. The thermometer starts 
qu ic kl y and stops at about one fourth the distance it should travel. 'Once stopped, the bar does 
not cont inue. This is a result of the numerous calculations that must be made prior to system 
interac tion. The problem arises in that a host environment not containing the numeric 
coprocessor will still attempt to make all the calculations. This require s time in excess of 45 
mi nutes . OSBATS does not inform the user of the wait; the instructions appear as if the next 
sc reen will appear automaticall y. The user may be unaware that a problem exists and may wait 
for an extended pe r iod . Even when the user realizes there is a wa iting period, it is not clear how 
long the wait will be. Since the use r is not informed that a short wai t is requi red. the user ma y 
not be surprised if calculations requi re ove r an hour before the system starts. 
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It becomes helpful once again to provide an automatic system configu ration check at this ear ly 
stage. If th e numeric coprocessor is not present, the system should immediate ly stop process ing 
and notify the use r that a systems req uire ment has been violated . Failure to notify the use r 
results in the use r expecting the model to run correctly without fully un derstanding wh y the 
system is mo ving slowly. In the first running of OSBATS. the hosl computer did not contain the 
numeri c processor required, and initial calculations exceeded 4S minutes and were still not 
complete . 

Ove rall , the procedures for installing software 3re simple and directions 3re clearly presented. 
New compute r users can reasonabl y be expec ted 10 port the system to a properly configured hos t 
computer. Total ins lallation including ve rification of all files and familiarization of model 
convention took one and a half hours to complete. At this time OSBATS is fully functioning on 
the host computer and further excursions into its depths are possible . 

Software conventions General procedures for the operation of the software and displa y 
conventions are desc ribed in the guide before operational desc ription of the modules begin . 
These conventions appear in all modules and include: 

yellow background areas indicate active fields 
clicking mouse in yellow area cOOlrol entry 
yellow with black numbers indicate available OPtion 
black with yellow numbers indicate unavailable for use 
red indicates item is subject to deletion or temporary elimination 
left button on mouse is used for model iOlerac(ion 
all ke yboard entries must be followed by <enter> 
the screen is divided into three sections: 

top five lines are blue and contain model status information. current task cluster, and 
status of weight values 
bottom seven lines are blue and contain menu options available to the user 
middle 31 lines present graphs and tables 

PRI NT SCREEN. prints all but the last seven lines 
• SAVE SCREEN. OPtion works only in the TDSM 

Toggle screen, compares the saved screen with present screen 

OSBATS has two system conventions that allow the user to reco rd interaction with the system. 
The first feature allows the use r to record notes as OSBATS is running . The second feature allows 
the user to record all screens viewed and the number of comments made during the run. 

In the first feature, comments are saved starting at I each time the model is begun. This means 
that all comments made in the last run of OSBA TS must be renamed or they will be written over 
by any new comments. Al so . review of comments is not possible during system operation; once a 
comment is saved. the model must be exited to examine it. Combined, these two problems render 
the comment feature nearl y useless. 

The second feature contains an ordered list of each OSBATS display that was viewed and the 
number of comments made whi le viewi ng this screen. This function updates with each model 
run . In order to retain th is information, the file must be renamed before the next system fun. 

The guide does not explain the temporary nature of these features. Information saved may be lost 
before the use r discove rs this system flaw . 
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r-. todule Use 

OS BATS is now read y to begin th e user interac tion process. After the blue thermometer indicates 
the rule base is loaded . the Module Selection Menu is presented. An y of the five modules C3n 
now be examined . Modules may be accessed in any order, depending on the needs of the user. 
Howe ve r. the Resource Allocation Module (RAM) is only meaningful after a training device 
package has been de veloped from the Training Device Selection Module (TDSM). For the 
purpose of thi s repon, all modules will be reviewed in sequence of main menu ordering, since this 
is the logical progression of modules during the designing of a training device . The modules 
follow this order: 

Simulation Configuration Module (SCM ) 
Instructional Feature Selection Module (IFSM) 

• Fidelity Optimization Module (FOM) 
Training Device Selection Module (TDSM) 
Reso urce Allocat ion Module (RESAM ). 

The Simulation Configuration Module addresses task se lection, the Instructi ona l Feature Selection 
and Fide lit y Optimization Modules address sop histication and cost trade-offs, and the Training 
Device Selection and Resource Alloca tion Modules addresses the allocation of training resources. 

Simulation Confi&uralioD Module The Simulation Configuration Module (SCM) classifies all 
training tasks in to three clusters: 

tasks to be tra ined on a full mission simulator (FMS) 
• tasks to be tra ined on a part mission simulator (PMS) 
• tasks to be trai ned on the actual equipment (A E). 

T he SCM examines each task to determine the need for simulat.ion and the cost-effectiveness of 
using a simulator to train rather then the actual equipment. The segregation of tasks is based 
upon task trai ning requirements and the potential operating cost savings obtained with simulation 
training . 

Th is list outlin es the specific inconsistencies and difficulties a user will encounter when operating 
the SCM. A few of the comments and Questions are answered in OSBA TS documentation. 
Commen ts on th e followi ng mod ules ha ve identical formats. 

The reasons fo r manipUlating the Training Requirements Index (TRI) and the Operating 
Cost Boundary (OCS) are not adequately explained. 

A dependency exi sts between the TRI and the OCS values; as one value increases the other 
dec reases. What is th e basis for the dependenc ies'? 

Allocation of a cost sav ings value to each task (which is needed to obtain a indication for 
sim ulation value) is provided before an y module operations have begun. This is confusing 
since no clea r explanation of the origin of these task values is provided . 

The Cost Boundary Slope (CBS) values range between 40% below baseline to 40% abo ve 
baseli ne ( the va lues increase and decrease in steps of 20%). Baseli ne is not described 
adequate ly. No detailed explanation is given as to where the baseli ne figure is calculated 
from or wh y increments of 20% were used . 

The impli ca tions. effects or conseq uences of altering the TRI. OCS, C BS or the Task 
Complex ity Line (T e L ) on later model opera tions is not desc ribed . Do these values have 
an y o the r relevance other then sectioning the task cluste r? 
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The indication for simulation value (the main graph's x-axis) is a vague value that has had 
none of its calculat ions or specific origins outlined. A brief defin ition is supplied but it is 
nOI detailed enough to gi ve the user confidence in the values. 

• The first display (Graphical Summary) contains too much inform ation and gives impression 
that the sys tem is complex. 

• The amou nt of information presented in the Graphical Summary display is useful to an 
expert mode l user, but a new user attempting to gain model understanding might not be able 
to assimilate the large array of information. 

The origin of the fidelit y dimension requirement values fo r train ing a task is not provided. 
The data is presented in a manner that implies the model has calculated the values . 
Howeve r. th is information is imputed by the user during the data collection and encoding. 
If the user is not the same individual who constructed the data base then confidence in these 
values will be lessened. 

The Sensi tivi ty Anal ysis screen information is difficult to understand . 

• The y-axis of the Sensitivity Analysis graphs are not labeled . 

When saving the newly developed task clusters. th e use r is not all owed to name the 
grouping . Labels are determined by the model. 

Instructional Feature Selection Module The Instructional Feature Selection Module (IFSM) 
begins the training device design process . Instructional features are elements of training devices 
that can improve training efficiency on individual tasks. This module requires a task cluster 
Obta ined th rough the SCM or defined by the designer. The IFSM uses a set of rules to compute 
benefit values for each instructional features on a task by task basis. OSBATS presently contains 
21 candidate instr uctional features. The development costs are matched with individual 
instru ctional feat ures to obtain a cost-benefit values . OSBA TS then orders the instructional 
fealUres in de scending benefit to development cost rat io. The IFSM th en requires the user to 
select a group of instructional features for further examination in Fidelity Optimization Module 
(FOM ). 

The IFSM begins by se lecting or creating the task cluster. Se lec tion is done through the Task 
Cl uste r Lib rary descr ibed earlier . After selection and return to the model main menu. the user 
should se lect the Instruc tional FealUres option. If no appropriate task clusters exist , the user can 
enter direc tl y in to the IFSM. 

This list outlines the specific inconsistencies and difficulties a use r will encounter when operating 
the IFSM. A few of the comments and Questions are answe red in OSBA TS documentation. 

The ins truc tions are not clear as to what happens 10 instructional feature sel changes. The 
changed grouping does not appear as a selection choice, but is embedded in the task cluste r 
that is labeled and saved by th e user. 

The savi ng of altered task packages wa its until all manipula tions have been completed. The 
reasons for not immediatel y saving newl y deve loped lists are not supplied, nor are adequate 
direc ti ons given as to wh y the Examine/ Edit OPtions might be implemented. 
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If la sk cluste rs previously de f ined with the SCM a re cha nged 31 th is po in t, ass umpt ions 
made in th e SCM arc invali dated . T his is not expla ined in the doc ume nta ti on. A sel of user 
ca utions sta tements is needed to inform the use r of the f ull im pac t of editing task clusters. 

Edit ing las k c lusters earl y in the model violates on ly a few working assumptions; however, 
as dee per leve ls of the model are reached , changing a task se t will res ult in greater 
consequences. 

The fir st sc reen encountered in the Displa y Res ults option is the su mma ry d ispla y. Wi thin 
th is display, task weights and feat ure weight s can be exc luded or included in the 
calculations. Instruct ions expla ining th e co nseque nces of includi ng or the exc ludi ng of 
weights a re not provided . 

When task weig hts a re included in the calc ulat ions of total be nefit , task weights a re handl ed 
as dec imals. and when excluded. task weig hts a re han dled as whole num be rs. Th is 
dis crepancy does not change the calc ul ations since the 'Val ues are eventua ll y normalized . It 
onl y becomes a prob lem when users a ttempt to compare the difference be tween excluding 
and incl udi ng ta sk weights. 

T he sc reen layout of task and feature weights is reversed . Changes in task weight incl usio n, 
loca ted on th e right side of the SCree n, result in cha nges of co lum n val ues located in the left 
side of the sc reen. Instructional fea ture we ights are incl uded on the le ft side of the sc reen 
while column changes appear on the righ t side of the sc reen. T his sc reen va ria tion makes it 
di ffi cult to see what values have chan ged when weig ht are exc luded . 

Inco nsistencies in labe ling also ex ist. T he sc reen la be led Summary Displa y is call ed up by 
selec:li ng a me nu opt ion titled Results Table. 

Wh en cha nges occur in the values assigned to the Instructional feat ures, the order of the 
co lors in the modules graphs (each instructiona l feat ure is represented by a different color 
bar) sta y th e same but the IFs change position on the X axis and in the legend. T his makes 
comparisons be tween changes more d iffic ult . 

The co lors in the graphs are each repea ted three times when all 21 instructional features are 
present. There are mo re IFs th en ava ila ble co lors to graph them. 

T he y-axi s is not labeled on any of th e graph s. 

The fourt h graph titl ed Cumula ti ve S IC G raph is the mos t cr itical of al l sc reens with in thi s 
modu le. Within thi s sc reen "ifout" pac kages are saved fo r use in the FOM . T he FOM 
requ ires a created ifout for mod ule fun cti oning. T hi s in formation is not stressed strongly 
eno ugh. T his graph is em bedded in the fourt h level of a sub -menu option. 

Du ring th is modu le one major sys tem co nvent ion has been vio la ted . When the Assignmen ts 
List me nu opt io n is chose n, the sub- menu choices appea r in a fie ld desig nated as 
presentation areas of graphs and ta bles, nOt designated me nu options a reas. 

All mod ule options are nOt displayed conti nuall y: when an opt ion is chose n, th e option labe l 
disappea rs and is replaced by the tit le op tion of the pre vious displa y. Th is res ults in menu 
opt io ns switching posi tions thro ughout the ana lysis . 

Presen tat io n of a Save C hanges opt ion in the main men u imp lies that the operation is 
req uired . This option does not a lwa ys need to be exercised. When changes have been made 
tha t req uire saving. Ihe model wi ll automa ticall y place the user into the Save Chan ges sc reen 
when he att empts to leave the module. 
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Fidelity Optimization Module The Fidelit y Optimization Module (FOM) con tinues the 
training device design process begun with the IFSM. The FOM has twO performance goals. The 
first goa l of the FOM is to specify the levels of technical sophistication on a set of fidel ity 
dimensions. OSSA TS presentl y contains II fidelit y dimensions varying in the number of levels. 
Each dimension level has an associated benefit and development cost value. The FOM selects 
dimension leve ls to maximize the effectiveness of a training device given development cost . The 
FOM may recommend several different device configurations at different device costs. The 
second goal of the FOM is to make trade-offs between technical sophistication of presenting cue 
and response feedback and technical sophistication of instructional support. This requires the use 
of the prioritized list of instructional features developed in the IFSM as input. 

Before operation of this module, two inputs must already exist: the cluster of tasks created in the 
SCM and a saved Instructional Feature package. The IFSM must first be used to develop a design 
package of instructional features. These design packages should have been saved using unique 
ti~ . • 

This list outli nes the specific inconsistencies and difficulties a use r will encounter when operating 
the IFSM. A few of the comments and Questions are answered in OSBA TS documentation. 

Only one IF pac kage can be examined at a time with a gi ve n task cluster. A comparison 
between Instructional Feature packages is not possible . 

Examining an ifout package after it has been created is not possible. 

When a task cluster is chosen that has not had the IFSM operation performed on it, no 
option to Include Instructional Feature Results is presented in the main menu . Yet, all other 
ma in menu options are stlll functioning. 

There is little spacing between the displayed li stin~s of ifout packages, causing possible 
mistakes in cuing. This cuing problem is compounded by the fact that none of the 
following screens inform the user which ifout package is being used . 

If the use r changes the ifout package, it is unclear if the first package is replaced or if the 
new package has somehow been incorporated into the first package. 

Problems arise when the system allows users to interact and change a task list. The benefit 
values within the IFSM were used to select the IF packages the FOM depends upon . If the 
task cluster is changed, values change and previous choices made ma y become invalid . If 
changes are made in the task set, then changes must be made to the IF packages. 

Whe n tasks weights are excluded, documentation is unclear as to what happens. The manual 
states K ... if the goal of a trai ning device is to provide familiarization training on a variety of 
tasks, the task weights ... may not be appropriate: How this translates into the analysis is 
vague . 

• Whe n task weights are excluded, more poin ts appear on the optimal device curve . The 
reason for this increase in optimal devices is unclear . 

• Is the ass umpt ion being made that for all tasks and training devices that the fidelity 
dimensions remain in the same order of importance? Does the expe rt system account for 
th e possible differences of fidelit y dimension ordering for different training devices of the 
same se t of tasks? 
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In spec ifyi ng COSt va lues, OSBATS lacks precision. The value of OSBATS is its cost 
predic ti on capabil it y. Empirical data is used 10 obta in the high and low values, but each 
point between is interpolated using technical performance eQuations. 
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Cost figures for different fidelity leve ls are static in that they do not change between device 
con fi gurations. Is th ere not a dynamic relationship between dimensions and levels of all the 
features ? Do these cost represent this changing relationships between levels of dimensions? 

In the third matrix table. benefit values fo r a given level of an y fide lit y d imensio n are 
given. The va lues range from 0.00 to 15.70. What is the scale value? What does a value 
stand for ? Higher numbers do indicate leve l of importance, but why a fidelity level has a 
value of .09 is not explained in the guide. 

An inconsistency appears when choosing a specific matrix table. Once an option is chosen, 
the fi elds should switch to yellow numbers on a black field, indicating a option in use. This 
does not occur. The yellow option block stays yellow after selection. 

The matrix display is the first point where the Print option is usable, yet no explanation is 
gi ven as to wh y or how the user would use it. . 

No guidance as to what order to view the screens is given or implied . No indication as to 
which display is the mos t cri tica l is given. 

No where does it state that the directive of the FOM is to se lect varyi ng points on the B/ C 
cu rve (optimal training device design) for evaluation and later model use. 

The module allows the user to edit the task cluster. Th is editing invalidates the IFSM and 
the ifo ut being used . 

Much of the information that drives this module comes from task definitions. The method 
in which tasks are defined is critical to accurate system functions. Yet, no literature exists 
on how to code a task list that is meaningful to the system. 

How detailed is this taxonomy? It is the strength of device fid elit y configuration decisions, 
and is the high cost prediction driver. Yet little explanation is presented to the user as to 
where the dimensions and levels came from or why each is significant , or if any validity is 
present. The matrix tables present cost and benefit values but do not convince the user that 
the y are accurate. 

Training Device Selection Module In the Training Device Selection Module (TDSM), the 
focus of OSBATS shifts from designing training devices to integrating individual training devices 
into a whole training system. This integration includes an anal ysis of existing devices, classroom 
traini ng, and the actual equipment as parameters in system design. The user's guide does not 
adeq uately prepare the use r for the change of focus. The module appears to be continuing the 
design of optimal training device when it has already accomplished th is task. The documentation 
cou ld make it clear that if individual training device design is the goal of the user , then model 
ope rations are complete. The training devices produced in FOM are designed as precisely as the 
model is capable. Further model analysis focuses on syste m designs . 

The TOSM integrates individual training devices into a training system. A number of devices, 
ac tual equipment , classroom training , existing devices and prototype devices are combined into a 
training system. The TOSM appl ies cost - effectiveness analys is to se lect the training de vice that 
meets train ing requirements for all tasks at the mini mum cost. The TOSM assumes that cost is a 
simple linea r function of training device usage. The module then allocates tasks to training 
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de vices wit hi n the system based on the device that produces the best le ve l of performance given 
the cost. The TDSM min imizes the cost to train each task on available training dev ices using 
lea rni ng cu rve data . The output of the TDSM is the aggregate use of each training device across 
all tasks . The TDSM recommends the device that should be used to tra in each task , the level of 
training at which each device should be employed, projected life-cycle cost of training, and the 
expected performance level of each selected device. 

The TDSM is designed to inform the user of how many devices need to be purchased based on a 
trai ning system utilization plan. Before operation of the module, three inputs must exist: a 
crtated PMS or FMS task cluster, an ifout package, and a set of new training device designs. The 
default task cluste r must be in use by the system. 

This list out lines the spec ific inconsistencies and difficulties a user will encounter when operating 
the TDSM. A few of the comments and questions are answered in OSBATS documentation. 

It is not clear why tasks would need to be .Ii .. dited since the training device has already been 
designed. 

The ove rall summary table could be restructured to convey more effectively the importance 
of the values. The cost value is not highlighted or placed in a position of screen importance. 

The two variables that appear outside of the matrix (and appear important) are the number 
of students/ year and the number of tasks NOT trained to standard. These values can not be 
manipulated within the module and are informative only. (OSBA TS must be exited to 
change this number of students trained in one year constraint value .) 

• Va lues that hold positions of importance in the matrix display are Cost to Train and Hours 
of Training Required . These are based on the number of students trained . No method of 
changing the number of students to be trained is possible within the running of OSBA TS. 

What is done about tasks that are not trained on any devices? Since the example data does 
not contain tasks that cannot be trained , no explanation of how to view these tasks is 
provided. Will the tasks be presented in the Results By Task option, or since they have no 
assigned training device, will they not be displayed? The documentation does not address' 
this area . 

The TDSM operates with the full task cluster (default). The reasons why the default task 
cluster is needed in this module are not explained. 

The complex definition and presentation of Reiteration function is too confusing to be used 
well. 

• The module's levels are not transparent. The bottom seven lines, which are intended to 
portray sys tem options, are continually changing. It is difficult to determine jf all module 
screens have been viewed. 

There are several problems in the presenta tion of the graphs. First, the x-axis continually 
changes its scale . The x-axis is a time scale and the end point changes with each task, 
making it difficult to visually compare graphs . 

The second problem is in the presentation of the entry level performance. Entry level 
performance is displayed as a single broken line that tra vels across the entire time sca le. If 
training is laki ng place and time is a dynamic variable then entry performance does not 
tra ve l across the whole training time dimension. Entry performance would be single point 
not (1 line. 
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The th ird problem concerns the grap hica l representatio n of a training task tha t requ ires 
mo re than one trai ning device. The documentation does not explain wh y a second number 
appears in the graph (n umbers represent train ing devices). The location of the second digit 
must have some value . 

The present me thod of presentation does not make use of the inherent advantages to 
d isplaying info rmation graphicall y. 

Reso urce Allocatiod Module The Resource Allocation Module (RESAM) provides results 
similar to those of the TDSM. Howe ver, the methods differ in two respects: (1) the TDSM 
ass umes cos t as a linear function of training device usage, while the RESAM breaks cost down 
inlO a number of linear segments . (2) the RESAM allows the user to specify constraints on 
training device use. Cons traints ma y specify the maximum time that a dev ice may be used or the 
min imum performance level for which a training device may be employed on a specific task. The 
RESAM involves great computational complexity and calculation time may be ten times longer 
than in the TDSM. Th is increased computational load limits the amount of user interaction 
possible. 

Before ope ration of this module, four inputs must already exist (a ) a created FMS task cluster 
fro m the SCM, (b) a saved ifout package from the IFSM, (c) saved candidate training devices as 
desig ned in the FOM. and (d) a saved training sys tem package f rom the TDSM. 

Th is list out li nes the specific inconsistencies and difficulties a use r will encounter when operating 
the RESAM. A few of the comments and Questions are answered in OSBA TS documentation. 

Pr ior to this module, entry into a module resulted in the listing of the module's main menu. 
The Prob lem Se lec tion Menu appears first before the main menu . 

Once a problem package has been selected , the program should return to the module's main 
menu; this does not always happen . In one out of .three occasions the program does not 
return to the main menu , but stays in the program se lection menu after confirmation of 
se lection. A mouse click on a selection labeled Return is required . There is no consistent 
meth od adopted by the module. 

• The cost value in the overall results display is not highlighted or placed in a position of 
sc reen importance . The two variables that appear outside of the matrix (and appear 
important) are the nu mber of students/ year and the number of tasks NOT trained to 
standard. These values can no t be manipulated within the module and are informative only . 

• The graph display format is identical to one found in the TDSM and contains the same 
difficulties. 

The module has a presentation element that may be difficu lt for users to understand . When 
a training system package is optimized, sometimes the problem is too large and the model 
requires additional memory. The program informs a user that computations must be done 
of f -line. Two screens instruct users to exit the module and complete computations off -line. 
This is an unexpec ted difficulty in the programs operation. The process of computat ion and 
reentering OSBA TS RESAM can take over 15 minutes. This is a long down time for a 
system user. The user may not feel comfortable with exiting the program. 

The last option to be exercised in the RESAM is the Save Constraints option. The user's 
manual does not document how or why this option should be used. When it is selec ted , the 
display prompts the user for a name. Where th is will appear is not speci fied. Although 
th rough tria l and error it was determ ined that it appears in the package selection menu as a 
new option. 
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Den'loping OSBATS Under a Ne~· Domain 

This section descr ibes an atle mpl to appl y the OSBA TS model to a new domain, tank gunner y. 
The domain of tank gunnery was chosen because of ISTs involvement with the Army in this area , 
and because 1ST has severa l devices designed to train tank gunner skills. 

The SIM NET de vice is a full mission trainer that simulates all crew posi tions within a tank , 
gu nner , loader, driver and tank commander. SIMNET is designed to train tank crew interaction, 
thus the fidelity of the gunners position is less then a full physical representation. No 
performance meas ures are immediately available to the trainee. 

The Videodisc Gun nery Simulator (VIGS) is a part-task, table top gunnery trainer that can be 
configu red to train both MI and MIA gunnery ope rators. It is a medium fidelity device equipped 
with mu ltiple sighting options which can simulate the gunners primary sight (GPS), the gunners 
au xiliary sight (G AS) and the thermal imaging system (TIS). VIGS operates using present off­
the-shel f technology in a minicomputer en'Vi ronment . Target scenes are presented by computer 
ge nerated imagery (CGJ) graphics located 'on videodisc equipment. VIGS adequatel y simulates the 
other crewmen located in the actual equ ipment. Composite measures of performaoce are 
presented to the trainee by a embedded CRT located on the device . Overall composite scores are 
available after each engagement. 

The TopGun prototype is a single player. arcade style trainer for MI gunners. It is a low-cost, 
part-task trai ne r which employs com puter generated graphics (CGI) and sound effects in the 
training scenarios. The reticile area is an II-inch diameter circle which depicts the battle field as 
viewed through the gunner's sigh ts. The device provides immediate feed back and performance 
measures on screen . The device adequately simulates all missing crew positions of an operational 
tank except the driver . Most variables within the threat environment can be changed through 
simple menu dri ven control sc reens, via the Field Modification lnitializ.ation Parameters (FMIP). 

The YIGS and TopGun devices were used as examples of existing training devices. Cost data and 
fidelity level information were obtained for both devices and then encoded into OSBA TS model 
data formats . 

The first problem encountered with changing domain is the lack of documented procedures . No 
method has been developed to help a use r collect data in a new domain area. Thus, methods and 
procedures had to be developed iteratively. Without the help of the original model developers this 
effort would not have been possib le. Before application of QSBATS in the gunnery domain, 
re levant data had to be co llected on the following data items: 

1. Task Data 
2. Device Data 

a. Ma in Device data 
b. Device IF link data 
c. Device FD li nk data 

3. Student Data 
4. Instructional Feature Data 
5. Fidelity Dimension Data 

The task data was co llected f rom Morriso n and Hoffman (1987) and modified to create a critical 
task li st for 1ST's purpose. This supplied 1ST with a good cross sec tion of tasks for system coding. 
The tasks included procedural operations, emergency equipment ope rations and standard target 
engage ment task s. 

The da ta req uired by OSBATS is available only through extens ive investment of resources and 
ti me. Resea rch must first be conducted whic h specifies relationships between tas ks taught on the 
training device and the fidelit y requi red to tra in these tasks effecti vel y. Presently, data must be 
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obtained th rough in te rviews wit h subject mailer experts (SMEs) , historica l contrac t information. 
and di rec t obse rvation. The data collec tion effort was not designed to obtain precise information. 
App roximate val ues were used when data was difficult to obtain . The focus of applying OSBATS 
to a new domain area was not to obtain accura te results but to document the difficulties 
encoun tered with data input. All attempts were made to gather accurate data. but extensive data 
searches were cut short due to time constraints. 

Cost figures relating to YJGS and TopGun were obtained through structured interviews with 
SMEs al 1ST who were familiar with the two candidate devices. These interviews were aided by 
the use of the training device cost survey. AttemptS to obtain cost data from the manufacturing 
source failed. Manufactures were reluctant to distribute cost figures. Thus, training device cost 
su rveys were completed by two SMEs. The results were averaged and used as system inputs. The 
Device IF and Fidelity Dimension link data were obtained through the training device capability 
su rve y. Attempts made to obtain the student data from the armor school localed at Ft. Knox 
fail ed. Instead , information from an interview with an army SME estimated student data. The 
data obtained was recorded and structured for input into the model's data base. Appendix B lists 
the flat file formats in which the' data was ultimatel y encoded . The lists include the file names 
and directories where the flat files can be found . Short descriptions are provided of file content. 

Integ ration of an off -the-shelf data base system FOCUS was used as an interface between the 
mode l and residen t and non-resident data inpu!. This system is DOl considered part of OSBA TS. 
The DBMS is thus treated as an extra and was not modified to meet the specific requirements of 
OSSA TS. Since it is used only as an outside source (separate environment), interface problems 
aro use . Quick fixes of the data base system were done iteratively throughout the project. The 
use of FOCUS was necessary during development. 

Th is list contains the abbre viations found in FOCUS followed by the versions contained in the 
model's data creation appendix. The Questions indicate the information required by the data cells. 

RQABS: (ABS RQRD) Does there exist a absolute requirement for simulating this task? Does 
there exist a reason or need that this task must be trained using simulation. Input value of either 
a 1 for yes or a 0 for no. 

RQSPECl : (SPEC WX ) Does this task require a special set of weather effects to train it 
accuratel y? Input values of either I for yes or 0 for no should be used . 

RQSPEC2: (SPEC SIT) Is there a set of special situations that must be met in order to traiD this 
lask ? Input val ues of 0 or I. 

RQSPEC3: (SPEC EQUIP) Is there an y special extra equipment needed to perform this task? 
Input val ues of 0 or I. 

RQTNGI : (TRNG EFFECTS) Are there an y special training effects needed? Input 0 or I. 

RQTNG2: (TIME SAVE) Is there a time savings associated with using simulation? Input 0 or I. 

TENTR Y: (ENTR Y) This is the task learning point, how do we expect the student (0.0- J .0) to 
perform the task at the beginning without an y training . 

TSTO: (STO) This is Ihe criterion performance we expect to reach after training has taken pJace. 
Input 0.0 - 1.0 value. 

CLASS: (CLASSRM HOURS) This is the amount of classroom trai ning that would be reQuired if 
no simulation, ac tual equipment or TO were use in the tra ining system. This input value is an 
open ended fi gure and can range from zero to whateve r. 
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NO FL T: (NON-FLIG HT) This is the amount of non opera tiona l time it wou ld take to train a 
task . This is also an open val ue. 

FL T: ( FL T) This is the numbe r of hours that it would lake to rain the task on the actual 
equipment. This is also an open value. 

SETUP: (SETUP) This is an estimate of the number of hours it takes to prepare and get to a 
point where the actual equipment (A£) can be used for training . Open value . 
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OTHERS: (OTHER EQUIP) Are there any other equipment costs associated with running of the 
AE? Open value. 

Lack of definitions of data cells was not the only difficulty in the first stage of data input. In 
two cases no reference point was given to required input values . To answer the TSTD and 
TENTRY field entries a scale from 0-1 was created . This was the first of many assumptions that 
needed to be made in order to establish OSBATS in a new domain. It must be stated that the 
values and labels given in this field were based on general principals, no objective method of 
placing tasks along this continuum· was used. The second assumption made about the answer of 
the input field RQSPEC3 (Special Equipment needed). It was decided that targets were to be 
considered as special equipment since firing of a tank requires a target either moving or non 
moving . 

The next information expected by the FOCUS DBMS was information about specific devices . 
The first set of data asked for is information about Main Device Data and asks for field inputs 
for fi ve different areas: 

1. INVEST: In vestment Cost- The dollar amount spent at a specific point in time for a simulator 
from initial concePtion th ro ugh delivery. including initial training and facilities preparation. 

2. FIXED YEAR: Annual Fixed Operating Cost- The annual fixed costs of maintaining a 
simulator are those which occur even if no student training is conducted. 

3. V AR. HOUR: Variable Cost Per Hour- The Variable costs represents those expenses for 
maintaining a simulator that change as a function of student utilization. 

4. L.c.: Life Cyc le in Years." The projected useful life in years of the training device as 
estima ted at the time of procurement . 

s. UTL: Maximum Annual Utilization- The maximum number of hours the training device is 
utili zed in one year. 

The main device information pertains to existing devices that may be used to train the tasks that 
the training device being designed will train. This information is used in the TDSM to help in 
determining ideal system configurations for training . This information will allow the model to 
decide if present devices will out perform or cost less then developing a new system. FOCUS 
next asks for more information about these devices. Information about instructional features and 
the level of fid elity of the device. Each fidelity dimension must be addresses and a benefit value 
imputed into the field . The benefit values for different levels are found in the Model Data 
Collec ti on and U tilization Guide (Willis, 1988). The dimension level is determined with the help 
of the training de vice capability surve y. Then the level is matched with benefit value in a matrix . 
The benefit value is then imputed into the data field . 

The nex t twO pieces of information required by the DBMS are (I ) Device-Fidelity Dimension link 
data and (2) Device- Instructiona l Feature link data . These two categories of data help describe 
the existing training de vices's features to the model. The only difficult y with this portion is thai 
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there ex ists no information docu ment ed on what the input fie lds arc . The appe nd ix on FOCUS 
shows onl y the sc reen tha i call s the IF or FD. No menti on of wh:H type of in for mation needs 10 
be placed in these files . The instruct ions tell th e user to ente r the IF o r th e FD name and correci 
domain name before inp ut is allowed . T he re arc no instructions as to whic h IF of FD might be 
app ropria te. Thro ugh worki ng with the model de velo pe rs. it was fo und that all features that were 
present on the ex isting TO needed to ha ve a valu e of one placed in the input fil e . This 
informa ti on is used in the model to help assign IF and FO of the TO to tasks in the data set. 

T he mode l defines tasks as ha ving qualities that require diffe rent IF and FD to train adequately. 
By defining the existing TO in the same terms, comparati ve j ud gmen ts ca n be made be tween all 
TO·s. Th is is done primari ly in the Train ing De vice Selec ti on Module and in the Resource 
Allocatio n model. Since all IF and FO need to be addressed for each device, there are a IOtal of 
33 diffe rent entries req uired . All 12 fidelit y dimensions must ha ve a va lue place in the input 
field. This value is based on a matrix of the 12 dimensi ons and a tota l of 48 levels wit hin the 
dim ensi ons . The values of each level can be found in the mode l data collection and utili zation 
guide, Append ix A. If the TD does no t contain the FD, a value of 0 mU St be used . If no FD 
value is en te red a va lue of zero is used as a default . Th is is not"stated an ywhere . The 21 IFs must 
each be addressed and a valu e of 0 (the device does no t contain the IF) or I (de vice does co nt ain 
th e IF) must be placed in the input f ield. 

The nex t form of data is Stude nt data . Th is asks for information regarding st udent costs. The 
input f ile ask fo r val ues fo r 9 different fi elds described by acron yms which were not defined 
(e .•.• "LC_M U L"). 

Instruc tional Features (IF) can be modi fied through FOCUS. The IF is add ressed using its 
acrony m. a new benefit weight and cost val ue can be imputed . Ne w IF can be added wit hin the 
FOCUS shell . but to ha ve the expert system add ress the new IF requires cha nging the rule base . 
The inform ation about an IFs value is only the be nefit weight and cos t of the feat ure. This 
appears on the surface to be tOO simple when compa red with th e other data types. Assuming that 
the va lues associated wi th IF are based on a wide range of systems, ma king these val ues gene ric 
across domains would not reflect acc urat e de velopment cos t and benefit values . 

The FOCUS interface sys tem allows man ipulation of the FD found in the mode l. T he DBMS 
allows us to view each acceptable FD and 10 cha nge it s values. There are II differen t input fields 
labeled by acronyms no t defined (e.g., "TECH I" ). . 

Altoge ther. 60 pieces of data are required fo r each task , and ne ither the Use's G uid e nor on- line 
documentation is ad equat e fo r ident ifyi ng the appropriate data for ent ry . A good user's data 
co llec tion manual co uld be devi sed quickl y and easil y. To make obtaining data fo r a new domain 
easier , eac h of the data input fie lds in th e FOCUS inte rface could have a section devoted 10 
exp lai ning how 10 collec t specific fie ld inputs. The importan ce of the da ta fie ld bei ng enle red, 
and where and how Ihe model use s thi s information co uld be provided . 

The onl y problem lies in applying the data gathered in a ne w doma in 10 th e OSBATS model. 
Presentl y, there exists no fo rmal met hod of havi ng OSBATS recogn ize data f rom an y domai n then 
ro tar y wing aircraft. New ex.pert system relati onal rules wo uld need to be deve loped for new 
domain s. No procedures exist of how 10 change the rule base, nor are estimales as to the amo unt 
of alterations tha t wo uld need 10 be made ava ilable. 
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Operation of OSBATS in New Domain 

Afte r all data input steps had been comple ted, and fil e formats were compatible, running of the 
OSBATS mode l was attempted . It was hoped that after installation of data items that the model 
would f unc tion . Initia ll y the system loaded the data base with no difficulties. The first module 
was ini tiated wi th no system failu res . The model continued to work until the Training Device 
Se lection module was reached . At this point a -noating point- erro r was reached . This error is 
produced by division by ze ro, or a zero value was placed in a data field position where a zero is 
an unacceptable va lue. 

Duri ng ope ration of the Fidelity Optimization Module. the system began delivering inconsistent 
responses in benefit weight allocation . Certa in fidelit y dimension were given benefit weights that 
did not make sense. For example, the fidelity dimension seat motion:seat shaker- was rendered a 
high benefit va lue, and the Visual Resolution fidelity dimension was assigned low benefit values . 
It was determined that this discrepanc y was caused by a difference in data base (ile organization 
between that model and the database management system used to create the data base. The expert 
system wh ic h presides over OSBATS expects fi le formats of fidelity dimension 10 match its own 
templates. This template place fidelity dimensions in an arbitrary order , While EXSYS ordered 
data inputs in alphabetically. The data base managemen t system constructs overall file (ormats 
that conform to model expectations, but places input values in incorrect matrix tables. 

Another model convention made itself known through this interaction. The task benefit weights 
are based on time savings that occur when this task is trained using a simulator , rather then the 
actua l equipment. This weight is calculated using information directly from task descriptions and 
a baseline full mission simulator (FMS). The FMS simulator is compared to the aClual equipment. 
The model assumes that the base line full mission simulator is the fifth training device that the 
use r inputs into the data base, since all baseline data is taken from the training device in the fifth 
inpu t position. This device must be the best available full mission simulator. The documentation 
does not explains that the fifth device imputed is the key reference point where all model benefit 
weights are calculated. If the information is incorrect or a part mission device is described as the 
fifth device, then benefit assignment will be incorrect. The model will then produce erroneous 
results which the user may not notice . 

Input sequence also affects the number eight position in the device list. The model assumes that 
the eighth position is the fidelity definition of Ihe actual equipment. An y other training device 
imputed in the eighth slot will be treated as the actual equipment. Benefi t values will be 
computed using the eighth input posi ti on as the values (or the models baseline comparisons. 
Erroneous resu lts will be produced if the eighth position is not actual equipment information. 

The encoding of data for the application of OSBA TS to the gunnery domain was incorrect . 
Accurate data was collected and imputed into the Data Base Management System (DBMS) 
co rrec tl y. It was the DBMS organizing of the data fields in alphabetical order that caused the 
discrepancy between model templates and DMBS organization patterns. Time constrains limited 
correction of the file formats. Quick fixes were devised, but reinstallation of all model data was 
pre fe rred . The reo rder ing of file formats by hand presented to man y opportunities for error; any 
mistakes made would be difficu lt to locate later. Thus, the lack of coordination between the 
model and its DBMS has caused difficulties in deve loping an adequate data base. 

The objective of appl ying OSBATS to a new domain was not to establish accurate results for the 
design of a training system. Instead , application of the model was intended to illustrate any 
difficulties or prob lems that would be faced during creation of ne w domain data. The simulated 
application of OSSA TS to the gunnery domain has provided illumination of the problems 
encountered . More rea listic expectat ions of systems capabilities were es tablished . 
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A new domai n ap pl ication is not a simple tas k and can not be accompli shed without the aid of the 
mode l de ve lope rs. No procedures or documentation e:tisl$ to aid a use r in the development of 
ne ..... doma in informa tion. This lack of documented procedures li mits the usabilit y of OSBATS. 
Althoug h the last IWO modules were not successful in operation, the new domain development 
effort proved the concept to be viable . 
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ASTAR (AUTOMATED SIMULATOR TEST AND ASSESSMENT ROUTINE) 

The Automated Simulator Test and Assessment Routine (ASTAR formerly DEFT) is an 
aU lO mated decision aid designed to assist an analyst in evaluating the effectiveness of a training 
devi ce or training system. ASTAR uses generally accepted training principles , performance 
feed back, and similarity of the training device to operational equipment to evaluate the 
effec ti veness of the training device or system. ASTAR converts information and judgments 
provided into a forecast of the effectiveness of the device or system. 
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ASTAR has three le vels of evaluation which are dependent on the level of detail (data) available. 
The decision about which level to use is dependent upon the amount of information available. 
Da ta, in var ying degrees, must be collected regarding the training device, training method, 
operational equipment, required performance levels , tasks to be trained, and information about 
the trainees themselves. A$TAR computes several effectiveness scores for comparisons between 
devices or systems. An Acquisition Effectiveness score and a Transfer Effectiveness score 
prov ide a bas is for comparisons of what is learned-on the device and what remains to be learned 
on the job. These scores are combined to produce a summary score of Training Effectiveness. 

Four major analyses are conducted during an ASTAR training system evaluation: Training 
Problem, Acquisit io n Efficiency, Transfer Problem, and Transfer Efficiency. 

The firs t two deal with the trainee Acquisition Effectiveness of the trained task . The Training 
Pro blem defines the skill and knowledge deficits that the trainees posses before training begins. 
Rat ings of how difficult it will be for the trainees to overcome these identified skill and 
knowledge deficiencies are established . The next analyses examines Acquisition Efficiency. The 
qualit y of training provided by the device is studied by analyzing the instructional features and 
tra ining principles that have been incorporated in the device to help trainees overcome their 
deficits. 

The third and fourth analyses address the Transfer Effectiveness of the learned tasks to the actual 
equipment . The Transfer Problem determines the deficiencies trainees will have with respect to 
operational criterion performance after they have achieved criterion performance on the training 
de vice. The difficulties in overcoming these residual deficits is determined and any effects of 
physical and functi onal dissimilarities between the training device and the actual equipment are · 
assessed . The fourth anal yses is Transfer Efficiency; it indicates how use of the training device 
will promote transfer of the learning task that has occurred to the actual equipment. 

Hardwarf 

The AST AR software is contained on one 360K flopp y disk . The data must be saved on a second 
disk. The program is written to run on an IBM (or compatible) equipped with dual disk drives or 
a hard dr ive and one d isk dri ve. 

Documentation 

ASTAR has a users manual deli vered with the software. The ASTAR users manual (AIR 1988) 
contains detailed instructions on how to develop needed task lists. collect information for database 
construction and the construction of the data base . Instructions are clear on how to conduct the 
anal ysis and how to interpret the rating results. An example of an existing data base is included 
in model software to help illustrate model use. No further documentation is needed to adequatel y 
im plement the model. The instructions are written with simple direct sentence structure for easy 
comprehension. 
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Data Requirement s 

ASTAR data requireme nts include descriptions of actual (parent) equipment (AE), the training 
device (TD), the operational tasks, the training task, the trainees, and the utilization of the 
trainer. The data requirements are flex ible and depend on the level of anal ysis being conducted. 
For an ASTAR le ve l I anal ysis, general descriptions of the above categories are all that is needed. 
An ASTAR level 2 analysis requires detai led descriptions of the train ing device, actual 
equipment , and task lists for TO and AE. Data on what types of skills and knowledge that are 
required to perform the tasks, st udent characteristics and device utilization plan is also needed , 
An ASTAR level 3 anal ysis requires a deepe r level of detai l. In addition to all the above 
information, spec ific descriptions of the locations and functions must be provided for controls 
and displays. The tasks using these controls and displays must be identified. Also, specific 
information on training performance criteria, detailed demographics of trainee population, and 
knowledge of planned de vice utilization pattern is needed . 

ASTAR's mos t complex leve l of anal yses (lev,el 3) requires data on specific tasks, subtasks, 
displays, and con tro ls to be encode into the data base using numerical labeling. These data items 
mUSI be encoded into the data base in stric t format styles . The other data categories can be in an y 
format, assuming model users understand the data and can make rat ing judgments based on the 
data . The omission of anyone or twO data items does not stop the system from operation, but 
reduces the level of analysis possible. This flexibility allows the system to be used at any level of 
data detail. Creation of the data base uses information that is readily available: detailed task lists, 
and functional descriptions of the actual equipment . The other data items in the data base are 
specific to the training device being designed , as the level of design sophistication increases, the 
amount of relevant mode l data increases as does the level of ASTAR analyses. 

Approach 

ASTAR's approach is simplistic; it breaks down the training problem into easily understood 
inte rvals: the Train ing Problem, Acquisition Efficie nc y, Transfer Problem, and Transfer 
Efficiency. The model becomes a personnel management tool when used in the method described 
in the users manual. Ideally. ASTAR analyses should be conducted by several raters. The user's 
guide suggests a mix of individuals from differing fields who are familiar with the training . 
design process. This mi x should include three to five persons from these disciplines: Instructional 
Technology, Psycholog y. Engineering and Human Factors. The diverse backgrounds wi1l provide 
different and valuable pe rs pectives. The a~alyses procedure becomes an exercise in compromise. 

The info rmation needed for an y given level is collected, documented and delivered to aU design 
team members. Each reviews the information individually, then all members meet to discuss the 
major assump ti on that need to be made regarding the eight major anal yses. The raters conduct 
their analyses independently, recording their reasoning behind chosen ratings. The team meets to 
discuss and compare results and to determine the reasons behind any d ifference in judgments. 
The raters re-assess their j udgments. striving for consensus. This iterative meeting process 
continues until all members find an acceptable design. 

This method of bringing people together is the strength of the ASTAR model. This ensures that 
design suggestions from Human Factors experts, IT, Psychologists and Design Engineers are 
considered through ou t the design process. The model involves each member of the design team in 
the design process, and helps to clarify assumptions made by different disciplines . Often design 
team members have difficulty communica ting the importance contributions available in their 
individual disc iplines. Thus. ASTAR facilities necessary communication between the diverse 
disciplines responsible for training device design . On-screen definitions for each Question are 
provided to help ens ure that peop le are interpreting the questions on the same level. 
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Validatio n Efforts 

ASTAR has been validated in mulliple areas using different raters and has demonstrated good 
inler rater reliability and acceptable face valid ity. The implementation of the system, including 
data collection can be accomplished in a reasonable amount of time . ASTAR can be used to 
compare de vices in earl y concept formulation phases, and can be used to evaluate the 
effectiveness between those recently deve loped and those in lane r stages of the design process 
(Rose. Martin, and Wheaton 1988), 
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CONCLUSION 

ASTAR is presently being fi elded and has been validated in different areas of training device 
design . ASTAR and OSBATS can not be compared di rectly. QSBATS is a prototype. It is too 
early in the de velopment of OSSA TS to determi ne its final weaknesses and strengt hs as compared 
to other model s. OSBATS is potentially a powerful design aid jf the shortcomings relati ng to 
strict data requirements and lack of documentation can be overcome with fu rthe r development. 
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APPENDIX A 

USER'S SESSION ON OSB~TS 

This appendix contains a detailed descript ion of a user' s session 
on QS BATS. Ea ch of the five modules .are discussed in length. 
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APPENDIX A 

USER 'S SESSION ON CSBATS 

INTRODUCTION 

After the rule base is loaded, the Module Selection Menu is 
presented. Any of the five modules can now be examined. Modules 
may be accessed in any order, depending on the needs of t he user . 
However, the Resource Allocation Module (RAM) is only meaningful 
after a training device package has been ' developed from the 
Training Device Selection Module (TDSM) . For the purpose of th is 
report, all modules will be r eviewed in sequence of main menu 
ordering, since thi s is the logical progression of mod ules durin'g 
the designing of a training device. The modules follow this order: 

Simulation Configuration Module (SCM) 
Instructional Feature selection Module (I FSM) 
Fidelity Optimization Module (FOM) 
Training Device Selection Module (TDSM) 
Resource Allocation Module (RESAM). 

The Simula tion configuration Module addresses task selection, the 
Instructional Feature selection and Fidelit y Optimization Modules 
address sophistication and cost trade-otts , and the Training Dev ice 
Selection and Resource Allocation Modules addresses the allocation 
ot training resources . 
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SIMULATION CONFIGURATION MODULE 

The Simul a tion Configuration Module (SCM) classifies all training 
tasks into three cluster s : 

• tasks to be tra i ned on a full mission simulator (FMS ) 
tasks to be trained on a part missi o n simulator (PHS) 
tasks to be trained on the actual equipment (AE ) . 

The SCM examines each task to determine the need for simulation a nd 
the cost - effectiveness of using a simulator to train rather then 
the a c t ual equipment. The segregation of tasks is based upon task 
training r equirements and the potential ope r ating cost savings 
obtained with s i mulati o n tra i ning. 

Once the SCM is selected from the main module selection menu, three 
options are available : 

Display Results 
Save Results 
Module Selection Menu 

The fir s t option within t he module is Display Results. This option 
contains the following options: 

Graphical Summary 
Individual Tasks 

Descriptions 
Tabular Summary 

The first screen encountered in the Display Results option is the 
Graphical Summary. This graph illustrates the partitioning of the 
task set into task clusters. This partitioning is based on the 
cost-effectiveness of training on a general class of simulators 
compared t o training on the actual equipment. As Chart 1 shows, 
there are four different variables that can be manipulated within 
th i s display: 

Training Requirements index = 0 - 1 
Operating cost Savings = 0 - 1 
Cost Boundary Slope 
Task Complexity Line 
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The training requirements index and operating cost sav ings are 
dependent upon each other . The combined value of these t 'NO 
variables must be equal to one. As the value of one inc reases, the 
value of the other decreases . Users are instruct ed t o adjust the 
weights to place greater importance on one of these indices . The 
documentation does not thoroughly describe what these two 
manipulations are intended to accomplish, nor are accurate 
defini t ions provided . In an example provided in the guide , the 
module has already allocated a cost savings value to each task 
(this is needed t o obtai n the indication for simulation value) . How 
is this done so early in the analysis? Why does a dependency 
between the two variables exist? Neither of these questions are 
suitably answered by the documentation . 

The cost boundary slope corresponds directly to the near horiz ontal 
line on the graph which delineates tasks that fall into the actual 
equipment task cluster category. The cost boundary slope is 
determined by equating the total operating cost savings over the 
equipment l ife-cycle ( which is obtained using a baseline training 
device with the development cos t ) . The values range from 40 
percent below to 40 percent above the baseline (nominal value ) . No 
definition of baseline is provided . (The values increase and 
decrease in steps of 20 . ) The available documentation does not 
adequately explain the reason for the baseline o r how it is 
derived . 

The task complexity line corresponds directly to the vertical line 
in the center of the Graphic Summary . Thi s line separaces the PHS 
from the FMS task c luster category . The placement of this weight 
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i s d e termi ned by the user. Fo r example , if a task lies o n t he PMS 
side and the user feels that a PMS would no t g i ve a l l the c ues 
nec essary for training this task, the user would adjust the we i ght 
values until the task is on the FMS side of the line. On l y the 
line moves , no changes occur in the task location or the weights . 

The doc ume ntation does not adequately explain why any of these four 
weight values should be changed. Nor does it explain what the 
i mpl ications, effec t s or consequences on further mode ls will be if 
changes are made. 

The Graphical Summary displays information on the number of tasks 
tha t fall into each category, the percentage of task weights that 
f a ll into e ach category, and provides a metho d of examin i ng 
indiv i d ual ta s k values for cost and indicatio n for simu l a tion . The 
display a llows a ccess to each point on the graph. 

Selectio n of a po int changes the task for wh ich information i s 
prov ided . The x-ax is of the graph displays development cost of 
the simula t o r and the y-axis displays the i ndication for 
simu lation. The development cost is determined from the task cue 
and response requirements; the indication for simulation is 
calculated from the requirements for training the task and the 
potential operating cost savings associated with simulator 
tra i ning . These values are the key to the clustering of the tasks, 
yet no reference is provided explaining where the cue and response 
requ irements or the potential operating cost savings figures can 
be found. (The basis for tasks values is found in the individual 
task data.) 

Model conventions state that the bottom seven lines are intended 
for display options, yet the graphical summary displ ay uses the 
bottom l eft hand corner of the screen t o display task information. 
The amount of information packed into the first display a user will 
view results in immediate impression that the system is complex and 
user unfriendly. The a mount of information presented in the 
display is useful to an expert system user, but a new user 
attempting to gain model understanding might not be able t o 
a s simil a te th e large array of information. 

The next screen in the Display Results option is the tabular 
summary display. The tabular summary display lists the tasks 
assigned to each of the three cluster categories, AE, FMS, and PHS . 
These are complete lists of a ll tasks that fall into each category. 
An option within thi s display isolates all tasks in a c ategory and 
shows their normalized cost and indication for simulation value. 
The individual task values can be examined in more d etail b y 
s el ecting the Indiv idual Task Data option . The individual task 
data table s show the intermediate res ults that underlie the overall 
mo d u l e results. The origin of the fidelity dimensi o n requirement 
values , which cost to train i s derived from, are not revealed. 
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The final screen to view is the Sensi tivity Analysis. This screen 
allows the user to examine the effect of changing the cost - boundary 
slope. The di splay presents two graphs with the y - axis unlabeled. 
Even after a careful reading of the documentation, it is difficult 
t o determine what information the user is expected to draw from 
th is display. 

After all screens have been viewed a nd the user has determined that 
the task s et ha s been divided into categor i es correct ly, the savi ng 
of the tas k clusters ends thi s module . From within the Display 
Results screens , the user must exit back to the ma i n module menu 
and select th e Save Results option . The screen presents a summary 
screen of the values manipulated in the module. Saving is 
qccomplished by placing the curser over a labe l titled Save 
Cluster . The system does not ask for a label, bUt instead wi ll 
place its own numbering scheme on the clusters . The system does 
not al l ow the u s er t o chose - the label for the clus ter of tasks . 

The output values produced in this module wil l be input values for 
the Instruct i onal Features Selection Module and the Fidelity 
Optimization modules. 
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INSTRUCTIONAL FEATURE SELECTION MODULE 

The Instructional Feature selection Module (IFSM) begins the 
training device design process. Instructional features are 
elements of trai.ning devices that can improve training efficiency 
on individual tasks. This module requires a task cluster obtained 
through the SCM or defined by the designer. The IFSM uses a set 
of rules to compute benefit values for each instructional features 
on a task by task basis. OS BATS presently contains 21 candidate 
instructional features. The development costs are matched with 
individual instructional features to obtain a cost-benefit values. 
OS BATS then orders the instructional features in descending benefit 
to development cost ratio. The IFSM then requires the user to 
select a group of instructional features for further examination 
in Fidelity Optimization Module (FOM ) . ~ 

Once the IFSM has been selected from the main module menu, 
options are available : 

• Examine/ Edit Task Set 
• Examine/ Edit Instructional Featur e Set 

Display Resul ts 
Save Changes 
Module Selection Menu 

five 

The IFSM begins by selecting or creating the task cluster. 
Selection is done through the Task Cluster Library described 
earlier . After selection and return to the model main menu, the 
user should select the Instructional Featur es option . If no 
appropriate task clusters exist, t he user can enter directly into 
the IFSM. 

The first option within this module is the Examine/ Edit Task Set 
(EETS). If a task cluster has been chosen, the user examines the 
two categories of tasks (included and excluded) to verify that 
tasks are grouped correctly . If the user must develop a unique 
task cluster, independen t manipulations of the defaul t task cluster 
are needed. When in the Task Cluster Library, the user sel ects the 
default task list so that all tasks are available for editing. 
Editing is performed by placing the mouse curser directly over the 
task that to be excluded and clicking the mouse to move that task . 
Task clusters must be saved after editing. Discussion of how t o 
save this new task cluster will wait until the next module function 
is examined. 

The third second menu option in the IFSM is Examine/Edit Feature 
Set (EEFS). This option allows the selection of the instructional 
features for inclusion in the analysis. The two column format from 
the EETS is used, with instructional features to be inc luded on the 
left and those to be excluded on the right. Exiting this option 
to the IFSM menu places the altered instructional feature list into 
a working memory . 
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The fourth menu option in the I FSM is Save Changes. This option 
allows c ha nge s in the task c luster or instructional feature set t o 
be saved. This option is exercised only if the task cluster or the 
in s truct i onal feature set is altere d. The program will no t allow 
the use r t o exit the IFSM if changes have bee n made but not saved. 
Although thi s monitoring procedure is helpful, presentat ion of a 
Save Changes opt ion in the main menu implies that the operation is 
r e qui r ed. 

During the saving procedure, th e program requests a user defined 
name , less then eight cha racters, and a description o f the cluster 
set . The saved task cluste r will appe a r i n th e Task Cluster 
Library. When saving changes to both IF and task c lusters, only 
one name and saving procedure is require~ 

The instructions are not clear as t o wha t 
instructional feature set changes. The changed 
appear as a selection choice, but is embedded in 

h appens 
group i ng 
the tas k 

to the 
does not 
cluster. 

The saving of altered pa'ckages can wait until all manipulations 
have been comple t ed. The reasons for not immediately sav ing the 
newly developed lists have not been suppl ied, nor are adequate 
direct ions g iven as to why the Examine/ Edit options might be 
implemented. 

The formats of the Examine Edit option clearly present ~here the 
task s will fall . If task clusters previously defined with the SCM 
are changed at this point, assumptions made in the SCM are 
invalidated . This is not explained in the d ocumentation. A set 
of use r cautions s tatements is needed to inform the user of the 
full impact of the editing choices he is making. Changing task 
clusters early in the model v iolates only a few working 
assumptions: however, as deeper levels of the model are reached, 
changing a t ask set will result in greater consequences. These 
consequences will be explained in this report when they occur in 
future modules . 

The t h ird menu option in the IFSM is Display Resu l ts. The I FSM 
will use the c h o sen or newly developed task c l uster t o calculate 
which instructional featu r es offe r the mos t benefit per cost for 
training the specified tasks . Within this option are three major 
selections: 

Summa ry Display 
Graph Display 

Benefit/ cost Graph 
Benefit Graph 
Cost Graph 
Cumulat ive B/ C Graph 

Assignment List 
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Th e f i r s t sc ree n encountered in the Display Results optio n i s the 
summary disp l ay. Within this display, task we ights and featur e 
weights can be excluded or included i n the calculations . 
Instructions explaining the consequences of including or the 
exclud ing of weights are not provided. When task weights are 
included in the calculations of total benefit, task weights are 
hand led as decima l s , and when excluded, task weights are handled 
as who le numbers. Thi s discrepancy does not change t he 
calcu la t ions since the values are eventually normalized . I t only 
becomes a problem when users attempt t o compare th e differenc e 
between excl ud ing and including task weights. 

The screen layou t position of task and feature weights is reversed. 
Changes in t ask weight inclusion, located on the right side of t he 
screen, result in c ha nges of column val~es located in the left side 
o f the screen . Inclusion of instructiona l feature weights takes 
plac e on the left side of t he screen wh~le column cha nges appear 
on t he right side of the screen. This screen v a riation makes it 
difficult to see what values have changed when weight are excluded. 
Incons i s tencie s in labeling also exist. The screen labeled Summa ry 
Display is called up by selecting a menu option titled Results 
Table 

The second menu option graph d isplay portrays four different graphs 
of relevant information . 

The BenefitjCost Graph is a bar graph of the numbers 
found in the BjC column of the summary display table. 
It shows the BjC ratio in o~der of decreasing value. 

Benefit Graph is a bar graph of the numbers found in the 
total benef i .t column of the summary table. This shows 
the weighted average of the number of tasks appropriate 
for each IF. This presentation is also in order of 
decreasing Bj C rati o . 
Cost Graph is a bar graph which shows the values from 
the cost col umn in the summary table, the IF are in 
order of d ecreasi ng Bj C ratio, producing a staggered 
graph. 

Cumulative BjC graph is a graph where each p oi n t 
representing a list of IF. The IF with the next highes t 
Bj C ratio is then added to this list to produce the next 
point on the graph. Th is section allows you to save and 
choose configurations of IF for later model examinations 
to be based upon. 

Options must be chosen that illustrate the level of IF 
sophistication the user is willing to accept . The chosen options 
will be incorpora ted i n the Fidelity optimization Module (FOM) to 
help obtain the overall design of a tra ining devi c e. A maximum of 
seven p oints c an be saved. 



I 
I 
I I 

I I 
II 
II 
II 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1\ - 10 

The module quickly produces each of the graphs. The option to 
include or exclude task and instructional feature weights is still 
available. When changes occur, the order of the colors (each 
instruct iona l feature is represented by a different color bar) stay 
the same but the IFs change position on the X axi s and in the 
legend. For example, the blue color bar is always first to be 
graphed regardless of which instructional feature it represents. 
The colors are repeated three times eac h when all 21 instructional 
fe a t ures are present. There are more IFs then available colors t o 
graph them. The y axis is not labeled on any of the graphs. 

The f ou rth graph titled Cumulative B/ C Graph is the most c ritical 
of a ll screens withi.n this module . Within thi s screen that ifout 
packages a r e saved for use in the FOM. The FOM requires a created 
ifout for module functioning. This informa t ion is not stressed 
strongly enough . This graph is embedded in the fourth level of a 
submenu opti on. The fi rst three graphS present no new information, 
but sh ow p i c t oria l representations of the summary tabl e. The 
cumulative B/ c graph presents new information about optimal 
instructional feature packages. As points move along the optimal 
curve, the instructional feature with the next greatest benefit to 
cost ratio is added t o the grouping. By selecting a point on the 
curve, a boxed insert is provided which gives information about the 
number and value of instructional features that make up the point 
on the graph. 

During th is module one major system convention has been violated. 
When the Assignme nts List menu option is chosen, the submenu 
choices appear in a field designated as presentation areas of 
graphs and tables, not menu options. All module options are not 
displayed continually; when an option is chosen, th e option label 
disappears and is replaced by the title option of the previous 
display. This results in menu options switching positions 
throughout the analysis. For example, the option Graph Display is 
s udde nly replaced by the option Assignment Lists. This is due to 
the limited area of the screen that is dedicated to menu selection 
options . 

wi th a developed i nst r uctiona l feature package, the user can now 
move on to the next module. 

• 
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FIDELITY OPTIMIZATION MODULE 

The Fidelity Optimization Module (FOM) continues the training 
device design process begun with the IFSM. The FOM has two 
performance goals. The first goal of the POM is to specify the 
levels of technical sophistication on a set of fid e lity dimensions . 
OS BATS presently contains 11 fidelity dimensions varying in the 
number of levels within. Eac h dimension level has an associated 
be ne ti t and development cost v al ue . The FOM s e lec t s dimensi on 
levels t o maximize the ef f ectiveness of a training device given 
dev e lopment cost . The FOM may recommend several different device 
configurations at different device costs. The second goal of th e 
FOM is to make trade-offs between technical sophistication of 
presenting cue and response feedback and technica l sophistication 
of instruct ional support. This requ i res the use o f the prioritized 
list of instruc t ional feat u re s developed in the IFSM as input. 

Once the FOM ha s be en selec ted from the main module menu, six major 
opt ions are ava i lable: 

• 

Inc lude Instructional Feature Results 
Examine/ Edit Task Cluster 
Constrain Fidelity Dimensions 
Display Results 
Save Changes 
Module Selection Menu 

Before operation of this module, two inputs must already exist : 
the cluster of t asks created in the SCM and a saved Instructional 
Feature package. The IFSM mus t first be used to develop a design 
package of instructional features. These des ign packages should 
have been saved using ~nique titles. 

The first step in the FOM is t o chose an instructional feature 
package to be used in the fidelity dimensions calculation. The 
option Include Instructional Feature Results, should be examined. 
This option chooses an IF package previously created i n the IFSM , 
allowing i ncorpor a tion of the results from the IFSM into the 
curr ent analysis. 

The display format is c lear. Two responses are necessary. The 
first response is t o c hose an ifout package with the mouse. (Ifout 
is the nomenclature used in identifying IFSM packages.) The second 
response is to confirm the choice by using the key board. This is 
the second time a keyboard response is required. After 
confirmation, the main module menu automatically appears; in all 
other occasions t he user must chose the return to module menu 
option provided. 

A few inconsistencies or possible problems exist in this first 
module option . Only one IF package can be exami ned at a time with 
a given task cluster. A comparisons between Instructional Feature 
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packages is not possible. Examining an ifout package after they 
have been created is not possible. The differences between two 
developed packages can not be investigated . When a task cluster 
is chosen that has not had the IFSM operation performed on it, no 
option t o Include Instructional Feature Results is presented in the 
main menu. Yet, all other main menu options are still functioning. 
The option could be retained i n the main menu, in a format 
indicating the option is present but that a problem exists. For 
example , the yellow border of the option could be replaced with a 
red border: then by choosing the red bordered option, an 
explanation for its present status could be given. 

The selection to delete an ifout package requires a different 
procedure when returning to the main menu. First the red deletion 
box must be selected. The user waits for something to occur , but 
nothing happens. Next the selection to return to the main menu 
must be made. Instead of returning to the main menu, a decision 
to confirm the deletion must be made, then the main men u appears. 
There is little spacing between the displayed li s tings, causing 
possible mistakes in cuing. This cuing problem is compounded by 
the fact that none of the following screen informs the user which 
ifout package is being used. If the user changes the ifout 
package, it is unclear if the first package is replaced or if the 
new package has somehow been incorporated into the first package. 

The second step in the FOM is to Examine/Edit Task cluster (EETC). 
This is a repeat of the same option available in four of the five 
system modules. The same procedures and basic problems exist 
withi n thi s module . The examinations of the tasks is useful for 
verification that the appropriate task clUster has been chosen. 
The problems arise when the system allows users to interact and 
change th is task list. If task lists are changed, many values will 
typically change. The benefit values within the IFSM were used to 
select the IF packages tpe FOM depends upon. If the task cluster 
is changed, values ch ange and previous choices made may become 
invalid . If changes are made in the task set, then changes must 
be made to the IF packages. 

The third step in the FOM is to Constrain Fideli t y Dimensions. 
This selection lists all Fidelity Dimensions ( FD ) and dimension 
levels by clicking the mouse on the dimension. Each dimension 
level also has a benefit and cost value that will be displayed. 
The user is asked to go through all the dimensions and to exclude 
those levels of each dimension that are n ot useful. It is no t 
necessary to save constrained levels at this point; the excluded 
levels are highlighted in red to indicate exclusion. This 
elimination of fidelity dimensions and levels is important t o 
obtain a meaningful analysis , yet there is little relevant 
documentation in the user's guide. 
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When the d imension levels are presented with their benefit values, 
a set of on-screen instructions appear. This is the first time , 
other then when saving a package, a set of instructions is 
provided. This does not follow prior system formats. 

All manuals report that only 11 fidelity dimensions exist, yet when 
an ifout is chosen, 12 dimension levels appear (inst_ features). 
This new dimension can conta in up to five levels. Th impact of 
this in terms of selection of fidelity dimensions in follow i ng 
module computations is not reported in any of the manuals. 

The guide lists actions demons trating the elimination of G-Force 
from th e model . Instructions are clear of how to click the mouse 
in the correct place t o turn the highlight field to red, indicating 
elimination . The user is instructed t o include th e change back to 
a white field but is not instructed to eliminate it again. 
However, in l ater module calculations the G-Force has been 
eliminated . 

The fourth s tep in the FOM is to Display Results. The FOM 
cal culates which level of fidel i ty dimension offers the greatest 
benefit g iven cost. Within th is option are four major menu 
selections: 

Graphical Display 
• Ma trix Display 
• package Display 

User Defined Packages 

The first screen t o be displayed is the Graphical Display, all 
other options are chosen within the Display Results portion. The 
Graphical Display · shows a benefit to cost curve of optimal training 
device designs . Each point on the graph represents the addition 
of the n e xt greatest B/ C value when an additional dimension level 
is added. Through the Increment decrement option in the legend, 
the user ca n move up and down this B/ C curve . Each point 
represents a different training device configuration of dimension 
levels. By selecting a point, the user can view this package in 
the package display portion . Only those points that fallon the 
line are considered optimal . Any other design configuration will 
be less than optimal and will fall below the line. 

This display is a good presentation of where each paCkage is on a 
benefit cu r ve . By moving alone the curve, the user can see the 
point of diminishing returns. Two submenu options (increment 
package and decrement package) are used to move up and down the 
graphS p o ints. (I t may have been more consistent to allow optimal 
packages to be chosen by a mouse click on a point on the graph, 
since thi s is the method used in previous modules .) 
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Within all screen of Display Results, the user has the option to 
include or exclude both task weights and dimension weights. The 
weight value of each task is based on the total cost of training 
the task to criteria using the actual equipment. Tasks that 
require more training receive a higher weight. When tasks weights 
are excluded, documentation is unclea r as to what happens. The 
manual states " ... if the goal of a training device is to provide 
familiarization training on a variety of tasks, the task weights ... 
may no t be appropriate. 11 How this transla tes into the analysis is 
vague. The demonstration of how to change the weights from 
included to excluded is simple. A mouse click changes the value. 
When task weights are excluded, more points appear on the optimal 
device curve. The reason for this increase in optimal devices is 
uncl e ar . 

The Dimension weights are the second manipulatable variables on 
this screen. Definition of what these are and how they affect 
module assumptions are not clear. These fidelity dimension weights 
ref lect the relative importance of the fidelity dimensions. An FD 
has a h igh weight when tasks with high cure aand reponsse 
requirements use the dimension in training . Is the assumption 
being made that for all tasks and train~nSi dev ices t hat the 
fidelity dimensions remain in the same o r der of ir. p~rtance? Does 
the expert system account for t he possib ~ e differences of fidelity 
dimension ordering for different training devices of the s ame set 
of tasks ? Excluding the dimension weights allows the user to 
" .. compare the number of task requirements that are met for 
different fidel i ty dimensions. " . This statement conveys li t t l e 
module u nderstanding, or why the inclusion or exclusion would have 
any effect on module outcomes. 

The second module menu option Matrix Display of Packages. Th ere 
are six different matrix tables designed to show cost and benefit ' 
data for all fidelity dimension levels : 

Descriptions This gives a short one sentence 
description of each dimension. 

• Cost - This gives cost values for each level of all 
dimensions, it represents development cost only. 
The costs are estimated from the lowest and highest 
levels of each dimension and the values in b etween 
are interpolated, based on technical performance. 

Benefit values - These are determined by the number 
of tasks which are appropriate for each level . This 
comes from the IFSM information . 



I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

• 

B/ C r a t io - The inc r ement a l increas es in B/ C are 
shown f o r levels. Not all levels have values , if 
the increment from 1 to 2 is greater then the 
increment from 2 to 3 , then level 2 is dropped. 
The highest B/ C are systematically added into the 
package solution. 

% of cost - this shows , a s a % of cost , the highest 
act i ve level of each d imen s ion. To help determine 
the relat i ve impact on c ost of varying leve l s. 

% of Benefit - The level of benefit is divided by 
the highest active level . This informatio n is used 
wi th % of cost (above ) to understand why certain 
level s have been chosen. 
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These desc ript i on s are too short and general t o prov ide a clear 
understanding o f the taxonomy. The end user mus t have a full and 
clear understanding of the developers frame of reference. The 
titles do not convey the same message to all users. The terms 
fidelity and resolution have been in discussion for years. OS BATS 
is too specific of a tool to not clearly define its dimension 
categories . 

In specifying cost values, OS BATS is lacking in precision. The 
value of OS BATS is its cost prediction capability. Empirical data 
i s used to obtain the high and low values, but each point in 
between is interpolat ed using technical performance equations. 
These equations assume low levels of ~echnical performance can be 
obtained relatively cheaply compared to a level of performance that 
is c l oser to the state of the art . 

The cost graph gives precise values, but does not mention what is 
the scale. In other tables the guide mentions that the cost figure 
is (x 100 ). The cost figures are static in that they do not change 
between device. Is there not a dynamic relationship between 
dimensions and leve ls of all the features? Do these cost represent 
this changing relationships between levels of dimensions? For 
example, if we design a training system with no motion , the visual 
display mounting and hardware for a given level of fidelity will 
be different then if a motion base is added. The display, although 
having the same level of fidelity must now be designed t o 
accommodate motion. This accommodation may increase the cost of 
the display, possibly to a significant level. 

In the third matrix table, benefit val ues for a given level of any 
fidelity dimension are given. The values range from 0 .00 t o 
15 . 7 0 . What i s the scale value ? What does a value stand for? 
Higher numbers do indi c ate level of importance, but why a fidelity 
leve l ha s a value o f . 09 is no t explaine d in the guide. 
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Choosing different ifout packages does not change the cost and 
benefit values for this matrix. These displays are designed to 
present background data to the user . The matrix values do not 
change due t o design considerations. The only method available t o 
change matrix values are in the exclude and include task and 
dimension weights. Both the dimension weights and the task weight 
effect benefit values only, not cost. 

The module breaks from standard model conventions stated earlier. 
When in the matrix table a selection menu is presented which 
displays the six choices. These choices have black numbers 
superimposed over a yellow field, consistent with model conventions 
for available menu choices. The inconsistency appears when 
choosing a specific matrix table. Once an option is chosen, the 
fields should switch to yellow numbers on a blacK field, indicating 
a option in use. This does not occur . The yellowed option blocks 
stay yellow even after selection. 

The matrix d i splay is the first point where the Print option is 
usable, yet no explanation is given as to why or how the user would 
use it. 

The third module menu option is the Package Display. 
This option gives the dimension level in use by a package. The 
associated cost and benefit value are also displayed. By selecting 
the increment or decrement package option in the submenu , different 
optimal training device design packages are displayed. A cost 
constraint function displays the nearest package to a imputed cost 
value , without going beyond the constrained limit. This is the 
first time a user can impose a cost constraint. The cost is used 
as a constraint for choosing an appropriate level of fidelity. 

The guide introduces a procedure in which certain assumptions .are 
made in cost constraints. This is the first place in the guide 
that a theoretical assumption is explained and the appropriate 
module manipulation is described in detail. The results of 
incrementing packages places high significance on the visual 
resolution dimension . The manual suggests exit ing to the main menu 
and reentering the Constrain Fidel i ty Dimension. Once inside. 
the user follows the procedure to constrain a dimension level and 
returns to the package display option. The incremental package 
function now lists a display package that does not include the 
constrained dimension level. The money previously assigned t o the 
fidelity dimension level recently constrained can now be used for 
other system improvements. 

This display is helpful in determining which dimension level i s 
changing as the packages are incremented or decremented. An 
asterisk appears to indi c ate which fidelity dimension ha s recently 
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changed. Since the opt imal device design packages change by one 
level increments, t his presentation method is g ood. The ab i lity 
to set a cost constraint to see which package comes closest to 
approachi ng the budgeted cost is also helpful. 

The fourth and final screen to be seen in the FOM module is labeled 
User Defined Packages. With this option it is possible to 
represent one or more user defined devices as points on the Graph 
Displ a y of optimal TD design s . Selecting the yellow areas next to 
dimension levels increases t he level of dimension by one. This 
user def ined device can be displayed on the Graphic Display as a 
P. Any user defined device will end up below the benefit curve . 
This option allows the user t o customize a training device based 
on his personal knowledge , making t h e system flexib l e. 

Th e use r defined packages can b e saved in the same manner as those 
from the optimal cost t o benefi.t curve . A s mall blue insert 
appears and gives clear instruction of how to save the package. 

The l ast function of the FOM is called Sav e Changes. This option 
is on ly carried out if changes were~ade in the task cluster or a 
set of constra ined fidelity dimensions would need to be changed. 
If no changes had been made then th is option need not be exercised . 
The tra ining device designs have already been saved within the 
module. 
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TRAINING DEVICE SELECTION MODULE 

I n the Training Oevice Selection Module (TDSM), OS BATS shifts from 
designing training devices to integrating individual training 
dev i ces int o a whole training system. This integration includes 
a n a nalysis of existing devices, classroom training, and the actual 
equipment as parameters in system design. The guide does not 
adequately prepare the user for the change of focus. The module 
seems to continue the design of optimal training device when it 
has already accomplished this task. The documentation could make 
i t clear that if individual training device design is the goal of 
the user, then model operations are comple t e. The training devices 
produced in FOM are designed as precisely as the model is capable. 
Further model analysis focuses on system designs . 

The TDSM integrates individual train i ng devices into a training 
system. The TDSM applies cost - effectiveness analysis to select the 
training device that meets training r equirements for all tasks at 
the minimum cost . The TDSM assumes that cost is a simple linear 
f u nction of training device usage . The module t hen allocates tasks 
to t r aining devices wi t hin the system based on the dev ice that 
produces the best leve l of performance given the cost. The TDSM 
minimizes t he cost to train each task on available training devices 
u s ing learning curve da t a. 

The output o f the TDSM is the aggregat e use of each training device 
across all t asks. The TDSM recommends the device that should be 
used to train each task, the level of training at which each device 
shoul d be employed , projected l ife- cycle cost of training , and the 
expected performance level of each selected device. 

The TDSM is designed to inform t he use r of how many devices need 
to be pur chased based o n a training system utilization plan. 
Before oper ation of the module, three inputs must exist: a created 
PMS or FMS t ask. cluster, an ifout package, and a set of new 
t raining device designs. The default task. cluster must be in use 
by t he system. 

Once t h e TDSM has been selected, four options are available: 

• Exami ne/ Modify Task Set 
• Sh ow/Edit Train ing Dev i ces 

Display Results 
Save Changes 

In t he firs t opt ion , Examine/Ed i t Task. Set, the display format is 
ide ntical t o the FOM edit/ examine task set option . Tasks are 
excluded according to user specifications. For this module, all 
tasks shou l d r ema i n in t~ e analysis, although exclusion is s t ill 
possible. I t is not clear why tasks would need to be edited since 
the training device has already been designed. 
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The second option, Show/ Edit Training Devices, presents all 
exis ting and prototype training devices and includes actual 
equipment and class r oom training . The presentation format is the 
same as the previous option . All devices can be included in the 
analysis or excluded according to user requirements. Training 
devices developed from the FQM can be deleted from the examination 
as well as e xcluded . Those existing devices imputed during data 
collection can o nly be excluded , not deleted. The p r esentat ion 
format is clear; users will have no difficulty understanding that 
excluded tasks will n o t be included in the modules results sectio n. 
The third main menu option, Display Results alloca tes the training 
of tasks in the default task cluster t o the devices. Within this 
option are four different se lections : 

Results Summa r y 
reiterate 

Graph This 
Results by Task 
Device Data 

Cur r ent T,,"sk Clus t er , default 
Overall Resul t Display 

Tr aining Tasks Cost t o Tra i n i ng Dev . 
Devices Trained Tra in Hours / Rqd. 

Ho urs 
Year / 

of 38 (000'5) Student Device 

Classroom , 0 . 19 5.97 3 1593 
Training 

Actual 3 ' 51 . 73 59.80 20 2392 
Equipment - -

Tot als 51. 92 65.77 
Number of Students / Year , 800 
Number of Tas ks NOT trained to standard : 0 

Save Results Graph This Com:nent 
Re- iter ation Res ul t s by Task Help 
Restore Res. Device Data Model Menu 

Chart 2 Overall Result Display 

/ Assumed 
Hours / 
Dev / Yr 

2000 

2500 

Print 
S~ve Scr 
Toggle Scr 

The first screen display option is the overal l result. The summary 
table, as shown in Chart 2, presents a matrix that reports six 
items : 

the 
the 
the 

number of t ask trained by each training device 
number training hour s device is used per student 

numbe r of devices needed to provide cricerion 
training 
the total hourly use per device 
estimates annual device ut il izatio n 
number of tasks left untrained. 
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The matrix also provides the cost of the system given training 
device cost and required number of devices purchased . The table 
should be restructured to convey more effectively the importance 
of the values. The cost value is not highlighted or placed in a 
position of screen importance. The two variables that appear 
outside of the matrix (and appear important) are the number of 
students/ year and the number of tasks NOT trained to standard. 
These values can not be manipulated within the modu le and are 
informative only. 

Other values that hold positions of importance in the matrix 
display are Cost to Train and Hours of training required. These 
are based on the number of students trained. No method of changing 
the number of students to be trained is possibl€within the running 
of OSBATS . (OSBATS must be exited to change this value . ) What is 
done about tasks that are not trained on any devices? Since the 
example data does not contain tasks that cannot be trained, no 
explanation of how t o view these tasks is provided. will the tasks 
be presented in the Results By Task option, or since they have no 
assigned training device , will they not be displayed? The 
documentation does not address this area . 

The user's guide instructs users to save this system package of 
training devices after the fi r st screen. The optimal training 
system saved is the result of TDSM. Users are t old to save a 
package as optimal before any reasons are given as to why this is 
considered t he optimal mix of devices. No further screens are 
discuss ed. Thi s lack of discussion gives the impression that the 
remaining module screens are not needed for effective evaluation. 

The TDSM operates with the full task cluster (default). The 
reasons why the default task cluster is needed in this module is 
not explained . It may be inferred that training should consist of 
addressing all tasks within a domain, even if they are not 
considered trainable. However, the user may become uncomfortable 
unless more specific explanation about why task clusters are being 
changed is given. 

Within the overall summary screen, there is an option to Reiterate. 
Reiteration is u sed when a large discrepancy exists between Assumed 
hours/ Device/year and actual Hours/ Device/ year. The calculation 
for the per-student cost and per-student time t o train the tasks 
depends on the estimate of annual device use . Reiteration replaces 
the assumed hours/dev ice/year with the actual figure: the values 
dependent on these estimates are then recalculated. The module 
treats the a c tual hours/ device/ year figure as if it were a fact, 
when it is only an estimate. with the Reiteration option, the user 
is simply given an option of which figure to use. The complex 
definition and presentation of Reiteration is t oo confusing to be 
used well. 
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The value of the overall res ults screen is that the user can chang e 
the devices in the analysis. The results are quick and fairly easy 
to understand, but the process of changing the devices requires too 
many steps. The user must first exit the summary screen, return 
t o the ma i n module menu, and select an alternate menu option 
Show/Edit Training Devices. Training device inclusion and 
exclusion must be performed before returning to the model selection 
menu to select the Display Resul ts option. In order t o manipu la te 
training devices f or the a nalys is requires four mouse click 
interact ions, plus one mouse click for each training device that 
is reclassified. By the time the user reestablishes the system 
grouping he may forget what he was trying to accomplish. 

The second option Graph This allows quick~assessment of the hours 
and cost allocated to each device. The cost values are presumabl y 
a t o t al of all dev ices in the system. This information is not 
clear when the graph is displayed. The Graph Th is icon appears in 
the middle r ow of module selection options. Typically, this 
indicates that the option could be selected from any of the other 
module screens; however, the Graph This option can only be 
selected when the overall results screen is being viewed. Thus, 
Graph This is an option beneath the overall resul ts screen and not 
an module option. This indicates that a problem associated with 
the hierarchial structure may exist. 

The third option is Results by TaSK. Within this option the module 
hierarchy system becomes confusing again. The options to view 
individual t ask data can only be accessed when the Results by Task 
option is on the screen. Graphing o f the task data is only 
possibl e from the individual task data screen. The module levels 
are not transparent. The bottom seven lines, which are intended 
t o portray system options, are continually changing. It is 
difficult to determine if all module screens have been viewed. 

There are s everal problems in the presentation of the graphs. 
First, the x-axis continually changes its s c ale. The x - axis i s a 
time scale and the end point changes with each task, making it 
difficult to visually compare graphs. The second problem is in the 
presentat ion of the entry level performance. Entry level 
performance is d ispla yed as a single broken line that travels 
ac ros s the ent ire time scale. If training is taking place and time 
is a dynamic variable, then entry performance would be single point 
no t a line. 

The third problem concerns the graphical representation of a 
training t a sk that requi res more than one training device. 
Documentation does not cover th e following system conventions, thus 
information in thi s paragraph is based on the author I s 
observations . The module labels each training device with a 
number. Each tas k i s assigned the same number as the train i ng 
device that tra ins that t ask. In the graph , the top l ine 
indicating criter i on performance i s always associated with the 
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training dev ice that completes criterion training. If more then 
one training device exists, then training must transfer from one 
training device to the other at a given point in training . The 
point on the graph where this occurs is represented by the 
reference number of the first training device. The position of the 
number indicates how much training time the task requires before 
a different device in needed to complete training. The number is 
positioned vertically to indicate how much training (training time ) 
has occurred prior to transfer. 

If the graphs of individual task data were not parallel lines 
displaying entry and criterion performance levels, but rather a 
curved line indicating where entry performance began and when 
criterion performance was reached, ~ore information could be 
obtained from the graph (assuming x-axis stabilization). For 
example, the slope of the line would help to indicate task 
difficulty and a point on the line or a vertical line could 
indicate where transfer from one device to the next would be 
optimal. The present method of presentation does not make use of 
the inherent advantages to displaying information graphically. 

The fourth option, Device Data, displays t he data used to determine 
the cost of each training device. The cost categories are standard 
measures: investment cost, life cycle of device, hourly investment 
cost, annual fixed operating cost, variable operating cost, and 
total hourly cost. This display is not interactive; it displays 
data base information and estimates obtained from the prototype 
training device designed by the model. The display does not list 
how many devices the cost values reflect. 

The last operation to be conducted is to save any changes that were 
made in the task cluster or the training device set (deleted a 
training device). The system prompts the user for a name and 
quickly saves the packages. This completes the Training Device 
Selection Module. Ideally. an optimal system conf iguration has 
been established to be refined in the Resource Allocation Module 
(RESAM) • 
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RESOURCE ALLOCATION MODULE 

The Resource Allocation Module (RESAM) provides re sults similar to 
those of t he TDSM. However, the methods differ in two respect s: 
( 1 ) the TDSM assumes cost a s a linear function of tra in ing device 
usage, while the RESAM breaks cost down into a number of linear 
segments, (2) the RESAM allows the u s er to specify constraints on 
training device use. con s traint s may specify the maximum time that 
a device may be used or the minimum performance level for which a 
training device may be employed on a specific task. The RESAM 
involves great computational complexity and calculation time may 
be ten times longer than in the TDSM. This increased computational 
load limits the amount of user interaction possible. 

• 
The RES AM begins at the Problem Solution Selection Menu, not at 
the modu l e s mai n menu level. Prior to this module, entry into a 
module r esulted in the listing of the module's main menu. The 
Problem Selection Menu is a list ing of the system packages designed 
in t he TDSM. Once a package has been selected, the program should 
return to the module's main menu; this does not always happen. In 
one out of three occasions the program does not return to the main 
menu, but stays in the program selection menu after confirmation 
of selection. A mouse cl i ck on a selection labeled Return is 
required. There is n o consistent method adopted by the module. 

Once the package t o be optimized is chosen, the main menu will 
appea r . There are five options within the RESAM: 

Se lect Problem 
• Show/ Edi t Constraints 

Optimize Allocation 
Save Constraints 
Modu le Selection Menu 

Before operation of this module, four inputs must already exist: 
(a) a created FMS task cluster from the SCM, (b) a saved ifout 
package from the IFSM, (c) saved candidate training devices a s 
designed in the FOM, and (d) a saved training system package from 
the TDSl'1. 

The first step after a package has been selected from t he Select 
Problem option is to run the Optimize Allocation option in t h e main 
menu . The Select Prob l em option need not be chosen because t his 
is the display that the RESAM enters from the modu l e selection 
menu. Once the Optimize Allocation option has been chosen, the 
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mod e l immed iately b egins compu t a tions and a d isplayed mes sage 
informs the user that up t o twenty mi nutes are required f o r 
optimization. Other selections available in this option are: 

Overall Results 
Graph 
Results by Task 

Individual Task Data 
Graph 

After c omputations are completed, the module enters the overall 
results display. This display is nearly identical t o the overall 
results display found in the TDSM, and contains the same 
inconsistencies. The summary tabl e presents a matrix that reports 
six items: 

the number of task trained by each training device 
the number training hours device is used per student 
the number of devices ne eded to provide criterion 
training 
the total hourly use per device 
estimates annual device utilization 
number of tasks left untrained. 

The matr i x also provides the cost of the system given training 
device cost and required number of devices purchased. The tabl e 
shoul d be restructured to convey more effectively the importance 
of the values . The cost value is not highlighted or placed in a 
position of screen importance. The two variables that appear 
outside o f the matrix (and appear important) are the number of 
students/ year and the number of tasks NOT trained to standard. 
These values can not be manipulated wi thin the module and ar"e 
informative only. 

The RESAM's overall results display does not give the user the 
option to reiterate. The utilization hours estimates are not 
changeable. The module ' s menu allows a graphical representation 
of this information fr om the overall r esul t s display. Two vertical 
bar graph s appear which shows total cost associated with each 
device and the number of h ours of device usage. 

The results by tasK submenu option displays each training task and 
the devices used to train t he tasK. The display also gives 
information of how many hours of training are spent on each device 
per task. This information is very valuable. OS BATS ha s allocated 
specific devices for specific tasks and estimated the time needed 
to train the task to cr iterion. This info rmation c an be u sed to 
design the progra m of instruction i n great detail . The 
d ocument a t i on does no t c onv e y the po te n t i al i mpa c t of this display . 
The doc u me nta tion desc ribes only the content of the display, not 
the poss ible appli c at ions o f the c ontent. 
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From the Resul t s b y Task displ a y , the ne xt display to be viewed is 
the Individual Ta s k Data. Ea c h task is displayed in a matrix 
f orma t wh ich conveys the following info rmation 

training standard and entranc e performance 
allocation of training devices to task 
cos t to train each student 
criterio n training performance required 

The indi v idual task data display gives detailed information of how 
tasks and training devices are allocated to each other and the cost 
of this training configuration. From within this display, a 
graphical representation of the information is possible with a 
Graph selection option. Tne graph display format is identical to 
one foun d i n the TDSM and conta i ns the same difficulties. 

The module ha s a presentation element that may be difficult for 
users to unde rstand. When a training system package is optimized, 
sometimes the problem is too large for the model 
( requires additional memory) . The program informs a user that 
modul e computations must be done off- line. Two information screens 
instruc t users to exit the module and complete computat ions off ­
line. Thi s is an unexpected difficulty in the programs operation. 
The process of computation a nd reentering OSBATS RESAM can take 
over fift e en minutes. This is a long down time for a system user . 
The user ma y no t feel comfortable with exiting the program. 
Th e last optio n to be exercised in the RESAM is the Save 
Constrai nts option. The user's manual does not document how or why 
this option should be used. When it is selected, the display 
prompts the user for a name. Where this will appear is not 
specified . Although through trial and error it was determined that 
it appea r s in the . package selection menu as a new option. 
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TASK LIST FOR GUNNERY POSITIONS 

VIGS AND TOPGUN 
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APPENDIX B 

Gunner y Tas k List 

The task list below has been adopted from Morrison and Hoffman (1987). The 
column labeled " Device ll indicates that t raining of corresponding task is 
possible (yes) or not possible (no) on t he t raining device l isted. The label 
I1 trainable " in this cont ext means tha t e nough cues exist in the t rai n ing 
d e v ice to train the task. 

Activi ty Opti ons 

1. Prepare Station for Operation 
( PREOPS) 

2. Prepare t o Fire Checks 
(PRE- FIRE ) 

3. Acquire Targets 

2.1 Prepare 
2 . 2 Prepare 

for Offensive 
for Defensive 

3 .1 Search for Target s 

3.1 . 1 Sea r ch Open Hatch - Day 
3.1 . 2 Search Open Hatch - Night 

3 .2 Detect/ Locate/ I dentify 

3.3 Evaluate Si t uation s 

Devices 
vrGS TOPGUN 

No No 

No No 

Yes Yes 

No No 

No No 

• 
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Ac ti v ity option s 

4. Engage Single Target with Main Gun 

5 . Adjust Fire 

4.1 Engage, Offensive, Precision 
Gunnery 

4.2 Engage, Defensive, Precision 
Gunnery 

4 . 3 Gunner Can't I dentify Target 

4 . 4 Engage Using TI S 

5.1 Use Reengage Technique 

5.2 Use Standard Adjustment 

5.3 Use TC Adjustment 

6 . Engage Single Target with COAX 

I 7. Engage Multip l e Targets with Main Gun 

8. Engage Targets with CAL .50 

I 
I 
I 
I 
I 
I 
I 
I 

8.1 Simultaneous .Targets 

8.2 CAL . 50 Targets 

9. Engage Targ e t s using Degraded Gunnery Techniques 

9.1 Battle Sight Gunnery 

9.2. Ineffective LFR 

9.3 Multiple Returns for LFR 

9.4 No Range Display (Loss of 
Symbology) 

9.5 Crosswind Sensor Failure 

9.6 Cant Sensor Failure 

9 . 7 Lead Ang le Sensor Failure 

B- 3 

Q!i!,vir:;;;e§: 
VIGS TOPGUN 

Yes Yes 

Yes No 

Yes No 

No No 

Yes Yes 

No No 

Yes Yes 

No No 

Yes No 

Yes Yes 

Yes No 

Yes No 

No No 

Yes Yes 

No No 

No No 

No Yes 

No Yes 

No Yes 
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Ac t i vity Optio ns 

9.8 GPS Failure (Day Channel) 

9 .9 Gunners Auxiliary sight 

9 .1 0 GPSj TIS Sy s tem Fa i lure 

9 .11 Stabilization System Failure 

9.12 Loss of Turret Power (Manual) 

1 0 . Engag e Ta r g e t (s) from TC Position 

11. Assess Results o f Engagement 

B - 4 

De vices 
V!GS TOPGUN 

Yes Yes 

Yes Yes 

Yes Yes 

No No 

No No 

No No 

No No 
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APPENDIX C 

TASK LIST FOR OSBATS APPLICATION 

TANK GUNNERY 
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APPENDIX C 

Task List 
OSBATS Application 

c - 2 

The following task list was used as input for running the OS BATS model. The 
list was modified from Morrison and Hoffman (1987). A shortened task list 
was adopted t o lessen data collection and input time . The l ist is a cross 
section of tasks that were both trainable and non-trainable on the two 
candidate tracing devices, VIGS, TOPGUN. The label "trainable" indicates 
that enough cues are present in the candidate devices to tra in the task. 

Tasks Determined Non - trainable on candidate devices: 

1001. Prepare Station for Operation (PREOPS) 

1002. Prepare to Fire Checks (PRE - FIRE) 

1003. Degraded Gunnery Techniques II 

Tasks Determined Trainable on candidate devices: 

1004. Acquire Targets 

1005. Adjust Fire 

1006. Engage Multiple Targets with Main Gun 

1007 . Engage Single Target with Main Gun 

1008 Degraded Gunnery Techniques I 
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APPENDIX D 

DATA BASE FOR OSBATS APPLICATION 

TANK GUNNERY 
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\ OS BATS \ DATA\ TASKDATA.INP 

1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 

PREOPS 
PREFIRE 
DEG GUN2 
AQ_TRGT 
ADJ FIRE 
MULT ENG 
SINGL ENG 
DEG GUN1 

D - 2 

This file contains the numbers and short names for the task set. 

\OSBATS \ DATA\ LONGDISC.INP 

PREPARE STATION FOR OPERATIONS 
PREPARE STATION FOR FIRING 
ENGAGE DEGRADED GUNNERY GROUP 2 
ACQUIRE TARGETS 
ADJUST FIRE 
ENGAGE MULTIPLE TARGETS - MAIN GUN 
ENGAGE SINGLE TARGET - MAIN GUN 
DEGRADED GUNNERY - GROUP 1 

This file contains the long descriptions or names of the tasks. 
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\OSBATS \ DATA\ LPOINTS . INP 

.2500 . 75 

.2500 . 75 

.0000 . 75 

.2500 .75 

.2500 .75 

.0000 .75 

.0000 .75 

.0000.75 

0 - 3 

The learning points file contains estimates of the average 
initial ability of students to perform the task, and the desired 
exit performance level . The scale is 0 to 1 .0 wit h ordinal 
levels assigned to decimal values. 

\ OSBATS \ DATA\ EQPHRS.INP 

12.00 1. 50 8.00 8.00 .00 
4 . 00 .00 4 . 00 4.00 3.00 
3.00 6.00 12.00 8.00 5 . 00 

20.00 . 00 14.00 8.00 .20 
.20 . 30 .00 1. 00 5.00 
.00 .00 18.00 12.00 11 .00 

2.00 .00 18 . 00 12 . 00 11.00 
5.50 6 . 00 18.00 12 . 00 1 1. 00 

The equipment hours file contains cost and time- to-train 
informatio n about the tasks. The first column is classroom hours 
to train the task. The second through fourth col umns concer n 
actual equipment hours needed t o t rain t he tas ks i n the a bsence 
of a training device . The second column is non- oper ational 
hours, the third is operational t ime, the t h i rd ~olumn provides 
required setup t ime on the actual equipment. · The l ast c olumn 
covers cost (in t housands) of other equipment needed to train 
using the actual equipment. 
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\OSBATS\DATA\S IMDET .INP 

0 0 1 0 1 0 
0 0 0 1 0 0 
0 1 1 1 1 1 
0 1 0 1 0 1 
0 0 0 1 1 1 
0 1 0 1 1 1 
0 1 0 1 1 1 
0 1 1 1 1 1 

This file provides the input for the indications for simulation 
calculations in the Simulation Configuration model. The ones 
(1) in the co lumns indicate spec ial requirements for training 
dev ices s uch as special weather (second column), special 
situations (third), specia l equipment (third), training effects 
(fifth ) , and time savings (sixth). The first column represents a 
judgment that simulation is an absolute requirement for training, 
e , g. due to safety considerations, etc. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\ OSBATS\ DATA\ IF_NAME.INP 

adaptive 
adjn_cai 
aug_cues 
aU9_fdbk 
autodemo 
coaching 
crash_ov 
flt_frez 
graph_rp 
hardcopy 
init_cnd 
ios_dspl 
pantl_frz 
perf_ind 
perfalrt 
perfmeas 
pos_ frez 
proc_mod 
realtime 
rec/ play 
rese t / r e 
seen ctl 
sys_frez 

1.59 
1. 70 
1. 30 
1. 30 
2.16 
1.10 
4 . 77 
3.80 
2.70 

.00 
4.30 

.00 
2.95 
1. 40 
1. 30 
1. 40 
3.30 
3 . 40 
3 . 70 
1. 42 
4 .63 
4.40 
3.10 

253.0 
236.0 
155.0 
97.0 
54.0 

156.0 
29 . 0 
35.0 
7 6. 0 

.0 
98 . 0 

. 0 
"3 5.0 
51. 0 
61.0 

21 5.0 
35.0 
74. 0 

137.0 
92.0 
30 .0 

155 . 0 
24 . 0 

o - 5 

This file prov ides the s hort names, the benefit values, and the 
estimated c o sts o f the ins tructional features. 
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\OSBATS\DATA\LONGIF.INP 

Automated Adaptive Training 
Adjunct Computer Assisted Instruction 
Augmented CUes 
Augmented Feedback 
Automated Simulator Demonstration 
Automated cueing and Coaching 
Crash override 
Flight system Freeze 
Remote Graphics Replay 
paper copy of training results 
Initial Conditions 
instructor/operator station display 
Parameter Freeze 
Performance Indicators 
Automated Performance Alerts 
Automated Performance Measurements 
positional Freeze 
Procedures Monitoring 
Real Time Simulation variables control 
Record / Replay 
Reset / Reposition 
scenario control 
Total System Freeze 

This file contains the long, or full, 
features. 

\OSBATS \DATA\ TABLE9.INP 

1001 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 1 

1002 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 1 
1003 1 1 0 0 0 1 0 0 1 1 0 0 0 1 0 1 
1004 1 1 1 1 0 0 0 0 1 1 0 1 0 1 0 0 
100 5 1 1 1 0 0 1 0 0 1 1 0 0 0 1 0 1 

1006 1 1 1 0 0 1 0 0 1 1 0 0 0 1 0 1 
1 007 1 1 1 0 0 1 0 0 1 1 0 0 0 1 0 1 
1008 1 1 0 0 0 1 0 0 1 1 0 0 0 1 0 1 

D - 6 

names of the instructional 

1 0 1 1 0 
1 0 1 1 0 
1 1 1 1 1 
1 1 0 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 

This file is generated by the instructional feature rule set, and 
identifies (with ones in the columns) the instructional features 
applicable for the tasks (identified by number in the first 
column. The order for the instructional features must match the 
orde r of features in the other files. 
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\ OSBATS \ DATA\ DIMTEXT.INP 

n one 
CUltural Lights 
Add Wpns Blast 
Add Damaged Veh 
Add Airbrn Veh 
Add Mvng Grnd Veh 

I 

I 

5 x 5 km 
10 x 10 Jan 
10 x 20 Jan 
10 x 30 Jan 
20 x 30 Jan 
30 x 30 Jan 
30 x 40 Jan 

none 
3 D. F. 
5 D. F. 
6 D. F. 
I 
none 
smoke and dust 
rotor wash 
I 
Stationary 
Seat Shaker 
Add G- Seat 

I 
none 
Wpns,Skid,Fail 
Add nor opt nse 
Add abnor opt nse 

I 

Plane wI Trees 
Add Genric Featrs 
Realistic Densty 
Low Dnsty Hydro 
Med Dnsty Hydro 
Hqh Dnsty Hydro 
I 
40 x 4 0 Deg 
40 x 50 Deq 
40 x 60 Deq 

I 
m2 at 0 . 3 Jan 
m2 at 0.5 Jan 
m2 a t 1.0 Jan 
m2 at 2.0 km 
m2 at 3 . 0 Jon 
m2 a t 4.0 kIn 
I 
40 x 40 Deg 
40 x 50 Deg 
50 x 50 Deg 
50 x 60 neg 
40 x 50 Deg 
40 x 60 Deg 
50 x 60 Deq 

I 
Lines+Polygons 
Modul atg Fnctns 
Few Digit Ph 
More Digit Ph 
Many Dig i t Ph 

D - 7 

This file describes the levels of each fidelity dimensio~ The 
file actually is a single string, in two columns here for ease of 
presentation. Again the order must match the other fidelity 
files. 
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o - 8 

\ OSBATS \ DATA\ TECH.INP 

0 . 0 0.45 0.9 - 1.0 - 1.0 - 1.0 -1. 0 
0.5 0.58 0.62 0.66 0.74 0.82 0 . 9 
0.0 0.36 0.63 0. 9 - 1. 0 -1.0 - 1.0 
0.0 0.09 0. 18 0.36 0.63 0.9 - 1.0 
0.0 0 .3 6 0.9 -1. 0 -1.0 - 1.0 - 1. 0 
0.0 0.27 0.54 0.9 - 1.0 - 1.0 - 1.0 
0.5 0.58 0 . 66 0 .74 0.82 0 . 9 -1.0 
0.77 0.86 0 . 94 -1. 0 - 1. 0 -1. 0 -1. 0 
0.52 0.71 0 . 86 0.93 0.95 0 . 96 - 1. 0 
0.46 0.51 0.57 0 .62 0.72 0 . 79 0.88 
0 . 5 0 . 62 0.74 0 . 84 0 . 9 - 1.0 - 1.0 

This fi l e provides the technical performance l evels for t he 
fidelity dimens ion~, and again t he order of rows must mat c h t he 
order of fide l ity dimensions i n t he other files . 

\OSBATS \ DATA\ MINHAX. I NP 

.0 336 . 0 . 5 .5 
100.0 3360.0 .5 .0 

.0 3024.0 . 1 .6 

.0 504 . 0 .6 .4 

.0 192 . 0 .4 . 8 

. 0 1 92.0 .8 .4 
80 . 0 2520.0 .4 .0 
20.0 672.0 .9 . 0 
50.0 2016.0 . 6 .0 
10 . 0 336.0 .2 . 0 
75 . 0 1344.0 .5 .0 

This file contains the estimated min imum (first column) and 
maximum (second column) cost s for t he development of t he 
fidelity dimensions . The i ntermediate costs of fideli t y l evels 
are calcul ated using t he exponent ( t hird col umn) and minimum 
weight(last column) . 
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\ OSBATS \ DATA\ CUERS P .IN P 

1001 0 . 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 . 00 

1002 0 .00 0 . 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1003 0.45 0.50 0.00 0.64 0.36 0.00 0 . 50 0.77 0.95 0.64 0.90 

1004 0.45 0 . 5 0 0 . 00 0.00 0.00 0 . 00 0.50 0 . 77 0.95 0.00 0 . 50 

1 0 05 0 . 45 0 . 50 0.00 0 . 64 0.36 0 . 00 0.50 0.77 0 . 93 0 . 64 0.90 

100 6 0.45 0 . 50 0.00 0.64 0 . 36 0 . 00 0.50 0.77 0.93 0.64 0.90 

1007 0.45 0.50 0 . 0 0 0.64 0.36 0.00 0.50 0.77 0.93 0.64 0.90 

1008 0.45 0.50 0 . 00 0.64 0 . 00 0 . 00 0 . 50 0.77 0.93 0.64 0.90 

The four digit number in the firs t column is t he task number 
used at the school. The following numbers refer t o the fidelity 
level and associated normalized benefit required t o "PERFORMI' t he 
tas K. This file is generat ed from the Fide l i t y rule base i n 
response t o task information . The order of the columns is 
cr i tical . 
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\ OSBATS \ DATA\ DEV_NAME.INP 

M1_TANK 
TOPGUN 
VIGS 

D - I D 

These are the short names for the training devices that already 
exist at the school. The devices are typically included in the 
Training Device selection and Resource Allocation models. 

* \ OSBATS \ DATA\ LONGDEV.INP 

M-1 TANK 
TOPGUN PRECISION GUNNERY TRAINER 
VIDEODISC GUNNERY SIMULATOR 

These ~e the long, or ,full, names for the training devices. 

\ OSBATS \ DATA\ DEVFID.INP 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
.45 "" .58 .00 .90 .00 .27 .66 .77 .95 .00 .62 
.4 5 .50 .00 .90 .00 .27 .66 .77 .86 .00 .62 
These are the fi~elity level values for the devices that already 
exist at the school. The values come from a fidelity 
analysis,and allow the models to equate the existing devices to 
the device concepts developed through the use of the model. The 
order of the information is critical for correct use by the 
model . The first line refers to the first device listed in 
DEV NAME.INP and LONGDEV.INP. The order of values must match the 
order of fidelity dimensions contained in FDIMENS.INP, 
DIMDESC.INP, and DIMTEXT.INP. 
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OSBATS\DATA\ DEV_CST.INP 

5000.0 
750.0 

1300.0 

100.000 
1. 850 
4.250 

.300 

.010 

.010 

15 
13 
12 

2000 
2000 
2000 

0 - 11 

These values concern the costs associated with the existing 
devices. The first value is the development cost. The second 
column contains yearly fixed costs. The third column is the 
hourly variable costs (rather than normal fixed costs for 
operations). The fourth column has the life cycle time in years. 
The fifth column contains the estimated (or required) hours of 
operation per year. These values are used in the Training 
Device Selection and Resource Allocation models. 

\ OSBATS\ DATA\ DEV IF.INP 

0 a a a a a a a a a a 1 1 a a a a a a a 0 

1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 a 0 0 a 1 0 

0 a 0 a 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 

This file describes the instructional features present on 
theexisting devices. Again the order of the columns must agree 
with the order of instructional features as given in 
IF_NAME.INP,LONGIF.INP, and elsewhere in the model data. 

• 
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D - 12 
\ OSBATS\ DATA\SENVARS.INP 

0.70 1000.0 3.00 0.1 3000.00 1.0 80000.00 0.60 10.00 

This file c o ntains special model information used for 
calculating learning curves, setting limits on tradeoff routines, 
and setting initial values for weights used in calculations (that 
can be adjusted by the user). 
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\ OSBATS \ DATA\ FDIMENS.INP 

Area_Effects 
Map Size 
Platform Mot. 
Point Effects 
Seat Motion 
Sound Effects 
Visual Content 
Visual-Front 
Visua()esol . 
Visual_Side 
Visual_Texture 

D - 13 

This file contains the short names of the fidelity dimensions. 

\OSBATS\DATA\DIMDESC . I NP 

Background scene content i n visuals 
Size of the Visual operations area 
De grees of motions of simulator platform 
Moving elements in visual scenes 
Seat force cuing device s 
Special sound effects & operating noises 
visual display content 
Forward visible field of view 
Resolution capability of visual display 
Size of visual display to side 
Visua l content texture or realism 

This fil e prov ides descriptions of the fidelity dimensions. 
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.APPENDIX E 

DATA BASE FOR AS TAR APPLICATION 

TANK GUNNERY 
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APPENDIX E 

DATA BASE FOR AS TAR APPLICATION 

TANK GUNNERY 

Task list 
ASTAR Application 

(data base information) 

E - 2 

The task list below was adopted from Morrison and Hoffman (1987). 
The list was used as task and subtask inputs for application wi th 
the AS TAR training device design aid. 

TOP GUN (Gunnery Trainer ) 

1.0000 Prepare Station for Operation (PREOPS) 

2 . 0 000 Perform Prepare-To-Fi re (PRE - FIRE) Checks 
2 .1 000 Prepare for Offense Oeployment (mov ing ) 
2.200 0 Prepare for Defensive Deployment (stationary) 

3.0000 Acquire Target 
3.10 00 Search For Target(s) 

3 .11 00 Search open Hat ch--Day 
3.12 00 Search Closed Hatch-- Day 
3.1 30 0 Sea r ch at Night 

3.20 00 Detect/ Locate/ Identify Friend or Foe ( IFFN ) 

4.0000 Engage Single Target with Main Gun 
4. 2 0 00 Engage from Defensive Po s t ure, using precision gunnery 
4.30 00 Engage Target s with Thermal Imaging system (TI S) 
4. 4000 Engag e from Offensive Posture, us i ng precision gunnery 
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5.000 0 Adjust Fire (after a miss) 
5 . 1000 Use Reengage Technique 
5.200 0 Use Standard Adjustment 
5 . 300 0 Use TC Adjustment 

6.0000 Engage Single Target With the 

7.0000 Engage Multiple Targets With 

8.0000 Engage Targets using Degraded 

COAX 

the Main 

Gunnery 

9 . 0000 Engage Targets from the TC position 

10.00 0 Assess Results of the Engagement 

E - 3 

Gun 

Techniques 
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ASTAR Appli ca tion 
Description of Equipment 

(data base informat ion) 

E - , 

The following is the da ta base for displays (d) and controls 
(e) used in the gunners pos ition on the a c t ual equipment . Th is 
list of displays and controls is for ASTAR Level 3 analysis . 

Actual Equipment: 

cl 

c2 

c3 

c' 
c5 

c6 

c7 

dl 

d2 

d3 

cl. 1 
c1. 2 
cl. 3 

Gunner Power Control 
laser butt on 
palm switch 
tr igger 

Handle 

Thermal I mag ing System control and Adjustments 

Laser Range Finder Select (ARM l stRTN, LAST RTN, SAFE ) 

Magnifica t ion Select (3X, l Ox) 

Gunners Prima r y Sight Panel (Normal , Thermal, NBC ) 

Gun Select (Main, COAX) 

Ammo Select (Heat, Sabot , Hep, BH) 

Gunners Primary Sight (GPS ) 

Gunners Auxilia ry Sight (GAS ) 

Gunners Retici le 
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F - 2 

APPENDIX F 

EXPERT SYSTEM TASK QUESTIONS 

" 

This appendi x illustrates the specific questions that the expert system 
requires to build its data base about task information. The questions are 
presented in the sequence asked by the expert system, with the number of the 
answer listed below. The information for the first two tasKS was not 
reported since the last 5 tasks were able to ill ustrate all the systems 
questions. 

============================= 
============================= 

Please input th e TASK NUMBER of the current task (four digit maximum) 
:100 3 

Performance of the task an out - of- cockpit view 
1 . requires 
2 . does not require 

1 

When judging distances and r anges , the most convenient unit of measure is 
1. feet 
2 . meters 

2 

Performing the task requires 
1. absolute judgement of altitude in feet 
2. absolute judgement of slant range in meters 
3. judgement of clearance 
4. detection of targets or navigation 

waypo ints/ checkpoints 
5 . slope landing 
6 . none of th e above activities 

3 4 
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The t ask 
1-
2 . 
3. 

requires j udgement of 
v ertical clearance 
la teral cl e a r ance 
neither vertical nor lateral clearance 

1 2 

Objects that mus t be detected to perform th is task include 
1. t anks 
2 . APe ' s 
3 . 5 - ton trucks 
4. 2 . 5 - t o n trucks 
5 . 4 - wheeled vehicles (e.g. j ,eep) 
6 . other a irc raft 
7 . troops 
8 . other ob j ect s 

1 2 J 4 567 8 

F - 3 

Please input the maximum likely RANGE, in meters, at which the t ank must be 
d e tected 
: 5000 
Please inpu t the maximum likely RANGE, in meters , at which the APe must be 
detected 
: 5000 

Please inpu t the maximum likely RANGE, in meters, at which the five - ton truck 
must be detected 
: 5 000 

Please input the maximum likely RANGE I in meters, at which the 2.5 t on truck 
must be detec ted 
: 5 000 

Please input the maximum likely RANGE, in meters, at which the fOUr - wheeled 
vehicl e must b e detected 
: 5000 

Please input 
aircraft must 
: 5000 

the maximum 
be detected 

likely RANGE, in meters , at which the other 

Please input the maximum likely RANGE, in meter s , at which the troops must 
be detected 
: 2000 

P l ease inpu t the maximum likely RANGE, in meters, at which the other aircraft 
mus t b e detected 
: 5000 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

F - 4 

Please input the maximum likely RAN GE , in meters, at which th e t roops must 
be detected 
: 2000 

Please input the minimum size dimension, in feet, 
(Consider the object t o be the objec t most difficul t 
it must be detected .) 

of the other obj ect . 
to detect at the rang e 

: 3 

The minimal scene content required for effective training f o r this tas k is 
1 . flat textured ground plane with scattered trees 
2. level 1 plus paved landing field, unimproved confined 

landing area, and generic terrain relief 
3 . level 2 plus realistic density/ configuration of trees 
4. level 3 plus l ow density hydrographic and cultural 

features (desert terrain) 
5 . level 4 plus medium density hydrographic and cultural 

features ( countryside ) 
6. level 5 plus h igh density hydrographic and cultural 

features (urban areas) 
1 

The minimum size of the t opographical data base required by th is task is 
1. 5 x 5 km or smaller 
2. 10 x 10 km 
3 .10 x2 0km 
4.10x30km 
5. 20 x 30 km 
6 . 30 x 30 km 
7.30x40km 

1 

The environment in which the task is performed is 
1. airport env iro nment 
2. desert, vater, or othe r visually simple environment 
3. countryside, forest, or visually similar environment 
4. urban or other visually complex environment 

2 3 4 

Performance of the ta sk requires 
1. peripheral cues to provide " flow" information for judging 

velocity and accelera t ion for alerting the pilot 
2. operation of the aircraft when severely pitched up or 

rol led 
3 . identification of ground l ocations, such as landing 

fields, confined areas, t argets, threats, and navigation 
wa y pointsj checkpoints 

4. n o n e of the a bove conditions 

3 
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Ground locations that must be identified to perform this task are viewed 
1. through the center 5 0% of the front window 
2. through the center 75% of the front window 
3. anywhere through the front window 
4. through either the front or side windows 

1 

The content elements that would enhance the effectiveness of training on the 
task include 

1. cultural lights 
2 . weapons blast 
3. damaged vehicles 
4 . airborne vehicles ' 
5 . moving ground vehicles 
6. smoke and dust 
7 . rotor wash 
8. none of the above 

2 356 

Specific cues for performance of the task are prov~ded by the following kinds 
of motion: 

The 

1. roll 
2. pitch 
3. yaw 
4. vertical acceleration 
5. lateral acceleration 
6. 10ngi tudinal acceleration 
7. there are no specific motion cues 

type 
l. 
2 . 
3 . 
4. 
5. 
6. 

of activity involved in the 
continuous control movement 
procedures 
perception 
decision making/rule using 
using symbolic information 
voice communication 

7 

task is 

1 2 346 
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F - 6 

The following audio signals (other than voice) provide cues for performanc e 
during the normal ope ration of this t ask: 

1. correlated rotor flap 
2. correlated engine noise (normal operation) 
3. correlated engine noise (abnormal conditions such as 

eng i ne failure, overspeed, and underspeed ) 
4. weapons firing 
5 . low/high RPM warning signal 
6 . skid noise (contact of skid with ground )" 
7 . drive shaft/clutch failure 
8. compressor stall 
9. other audio signal 
10 . none of the above 

4 

Of the discrete audio signals (weapons firing, low RPM warning, skid noise, 
or clutch failure) that normally occur during the performance of this task , 

The 

are correlated with visual cues . 
1. All 
2. Some 
3. None 

1 

task 
1. 
2 . 

the performance of an emergency procedure 
requires 
does not require 

1 

A discrete audio 
clutch failure) 

signal 
for 

a cue 
provide 

(weapon f iring, low RPM warning, skid noise, 
the· init,iation of the emergency procedure 

1. provides 
2. does not a cue 

2 

or 
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Please input the TASK NUMBER of the current task ( four digit maximum) 
: 100 4 

Performance of the task an out - ot - cockpit view 
1. requires 
2. does not require 

1 

F - 7 

When judging distances and ranges, the most convenient unit of measure is 
1. feet 
2. meters 

2 

Performing the task requires 
1. absolute judgement of altitude in feet 
2. absolute judgement of slant range in meters 
3 . judgement of clearance 
4. detection ot targets or navigation waypoints/ checkpoints 

The 

5. slope landing 
6. none of the above activities 

task 
1-
2 • 
3 • 

requires judgments of 
vertica l clearanc e 
lateral clearance 
neither vertical nor lateral 

3 4 

clearance 
1 2 

Objects that must be detected to perform this task 
1-
2 . 
3. 
4. 
5. 
6. 
7 . 
8. 

The type 
1-
2. 
3 . 
4. 
5 . 
6. 

tanks 
APC ' s 
5-ton trucks 
2.5 ton trucks 
4 wheeled vehicles (e . g . Jeep) 
other aircraft 
troops 
other objects 

1 2 3 

of activity i nvolved i n the task is 
continuous control movement 
procedures 
perception 
decision making/ rule using 
using symbolic information 
voice communication 

4 5 6 7 

23456 

include 

8 
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Please i npu t the TAS K NUMBER o f the curre nt task (four d i gi t maxi mum) : 1005 

Input the text for the variable data: 
Performing task requires 

1. abso lute judgement of altitude in feet 
2. absolute judgement of slant range in meters 
3 . judgement of clearance 
4 . dete c tion of targe ts or nav igation waypoints / chec kpoints 
5 . slope l a nding 
6. none of th e above activities 

The task 
l. 
2 . 
3 . 

Ob j ects 
l. 
2. 
3 . 
4 . 
5. 
6. 
7 . 
8. 

require judgement of 
Vertical clearance 
l a t e ral c learance 
neithe r ve rtical nor 

3 4 

lateral clearance 

1 2 

that must be detected to perform this task include 
tanks 
APe ' s 
5 - ton trucks 
2.5 - ton trucks 
4 - wheeled vehicles (e.g. Jeep) 
other aircraft 
troops 
other objects 

12345678 
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F - 1 0 

Please input t he maximum likely RANGE, in meters, at which the tank must be 
detec ted: 
: 2500 

Please input the maximum likely RANGE, in meters, at which the APe must b e 
detected: 
: 2500 

Please input the max imum likely RANGE, in meters, at which the five-to n truck 
must be detected 
: 2500 

Please input th e maximum likely RANGE, in ~eters, at wh ich the five -ton truck 
must be detected 
: 2500 

Please input t he max i mum likely RANGE, in meters, at which the fOUr-whee led 
vehicle must be de t ected 
: 2500 

Please input the ma ximum likely RANGE, in meters , at which the other aircraft 
must be detected 
: 2500 

Please input the maximum likely RANGE, in meters, at which the troops must 
be detected 
: 18 00 

Please input the maximum likel y RANGE, in meters, at which the other objec t 
must be detected. (Consider the other object to be the most difficult object 
to detect at the r ange it must be detected. ) 
: 1800 

Please input 
(Conside r the 
range it must 
: 3 

the minimum size dimension, 
other object t o be the objec t 
be detected. ) 

in feet, of the other obj ect. 
most difficult to detect at the 
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The minimal scene content required for effective training for this task is 
1. flat textured ground plane with scattered trees 
2. level 1 plus paved landing field, unimproved confined 

landing area, and generic terrain relief 
3 . leve l 2 plus realistic density/ configuration of trees 
4. level 3 plus low density hydrographic and cultural 

features (desert terrain ) 
5. level 4 plus medium density hydrographic and c ultural 

features (country side) 
6. level 5 plus high density hydrographic and cultural 

features (urban areas) 

1 

The minimum s iz e of the topographica l data base is required by th is task is 
1. 5 x 5 krn or smaller 
2. 1 0 x 10 km 
3. 1 0 x 20 krn 
4.10x 30 krn 
5. 20 x 30 k m 
6. 3 0 x 30 km 
7 . ) Ox 4 0 k m 

1 

Performance of the task requires 
1. peripheral cues to provide "fl ow" infor mation for judging 

velocity and acceleration or for alerting the pilot 
2 . operation of the aircraft when severely pitched up or 

r olled 
3. identification of ground locations, such as landing 

fields, confined areas, targets, threats and navigation 
waypoints/checkpoint s 

4. none of the above conditions 
3 

Ground locat ions that must be identified to perform this task are 
viewed 

1-
2. 
3. 
4. 

through the center 50% of the front window 
through the center 75% of the front window 
anywhere through the front window 
through either the front or side windOWS 

1 
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The content e l ements t ha t would enhance t he effectiveness of train ing on t he 
t ask include 

1. cultural lights 
2. weapons blast 
3. damaged vehic les 
4. airborne vehi c les 
5. movi ng ground vehicles 
6. smoke and dust 
7 . r otor wash 
8 . none of th e above 

23456 

Specific cues for perf o r mance o f the task are provided by the following kinds 
of motion : 

1. r oll 
2 . pitch 
3. yaw 
4. vertical acceleration 
5 . lateral acceleration 
6 . longitudinal a cceleration 
7 . there are no specific motion cues 

7 

The following audio signals (other than v oice) provide cues for perfor mance 
during the normal operation of this task: 

1. correla ted rotor f l ap 
2. correla ted engine noise (normal operation) 
3 . correlated engine noise (abnormal conditions such as 

engine failure, overspeed, and unde rspeed) 
4 . weapon s f iring 
5 . low/ high RPM warning'signal 
6. sk id noise (contact of skid with ground ) 
7 . drive shaft/clutch failure 
8 . compressor stall 
9 . other audio signal 

10 . none of the above 
4 

Of the discreet audio signals (weapons firing , low RPM warn i ng, skid noise, 
o r cl u t c h failure) that normally occur during the performance of t h is task, -
--------- are correlated with visual 
cues. 

1. all 
2. some 
3 . none 

1 
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The task 
l. 
2. 

th e performance of an emergenc y procedure 
require s 
does not require 

2 

=================================== 
=================================== 
Please input the TASK NUMBER of the current task (four digit maximum) 
: 1006 

Performance of the task an out-ot-cockpit view 
1. requires 
2. does not require 

1 

F - 1 3 

When judging distances and ranges, the most convenient unit of measure is 
1. feet 
2. meters 

2 

Performing the task requires 
1. absolute judgement of altitude in feet 
2. absolute judgement of slant range in meters 
3. judgement of clearance 
4. detection of targets or navigation waypoints/ checkpoints 
5. slope landing 
6. none of the above activities 

3 4 

The task 
l. 
2. 
3 . 

Objects 
l. 
2 • 
3 • 
4 • 
5. 
6. 
7. 
B. 

requires judgments. of 
vertical clearance 
lateral clearance 
neither vert ical nor lateral clearance 

1 2 

that must be detected to perform this task include 
tanks 
APe's 
5- ton trucks 
2.5 - ton trucks 
4 - wheeled vehicles (e.g. Jeep) 
other aircraft 
troops 
other objects 

1 2 3 4 567 8 

Please input the maximum likely RANGE, in meters, at which the t ank must be 
detected 
: 2500 
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Please input the maximum likely RAN GE, in meters, at which the APe must be 
detected 
: 25 00 

Please input the maximum likely RANGE, in meters, at which the five-t on truck 
must b e detected 
: 2500 

Please input the maximum likely RANGE, in meters, at wh ich the 2,5 ton truck 
must be detected 

250 0 

Please input the maximum likely RANGE, in meters, at whfch the four-wheeled 
vehicl e must be detected 
: 2500 

Please input the maximum likely RANGE, in meters, at which the other aircraft 
must be detected 
: 2500 

Please input the maximum likely RANGE, in meters, at which the troops must 
be detected 
: 18 00 

Please input the minimum size dimension, in feet, 
(Consider the other ob ject to be the most difficult 
it must be detected.) 

of the other obj ect. 
to detect at the range 

: 3 
The minimal scene content required for the effective training for this task 
is 

1. flat textured ground plane with scattered trees 
2. level 1 plus paved landing field, u n improved conf ined 

landing area , and generic terrain r elief 
3 . level 2 plus realistic d ensity/ configuration of trees 
4 . level 3 plus low density hydrographi c and cultural 

features (desert terrain) 
S. level 4 plus medium density hydrograph ic and cultural features 

(country side) 
6. level 5 plus high density hydrographic and cultural 

features (urban areas) 
1 
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The minimum size of the t opographical data base required by this task is 
1. 5 x 5 km or smaller 
2. 10 x 10 km 
3. 10 x 20 km 
4. 10 x 30 km 
5. 20 x 30 km 
6. 30 x 30 km 
7. 30 x 40 km 

1 

The environment in which the task is performed is 
1. airport environment 
2. desert, water, or other visually simple environment 
J. countryside, forest, or vi~ually similar environment 
4. urban or o ther visually complex environment 

234 

Performance of the task requires 
1. peripheral cues to provide " flow " information for 

judging and accelerat i on or for alerting the pilot 
2. operation of the aircraft when severely pitched or rolled 
3. identification of ground locations, such as landing 

field s , confined areas, targets, threats, and navigation 
waypoints/ checkpoints 

4 . none of the above conditions 
3 

Ground locations that must be identified to perform this task are 
viewed 

1-
2. 
3 . 
4. 

through the center 50% of the front window 
through the center 75% if the front window 
anywhere through the front window 
through either the front or side windows 

1 

The content elements that would enhance the effectiveness of training on the 
task include 

1. cultural lights 
2. weapons blast 
3. damaged vehicles 
4. airborne vehicles 
5 . moving ground vehicles 
6. s moke and dust 
7. rotor wash 
8. none of the above 

23456 
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Specific cues f o r performance of the task are provided by the following kinds 
of motion : 

The 

1. roll 
2 . pitch 
3 . yaw 
4. vertical acceleration 
5 . lateral acceleration 
6 . longitudinal acceleration 
7 . there are no specific motion cues 

type 
1-
2. 
3 . 
4. 
5 . 
6. 

of activity involved in t he 
conti nuous contr o l movement 
procedures 
perception 
decision making/ rule using 
using symbolic information 
voice communication 

7 

task is 

1 2 3 4 5 6 

The following audio signals (other than voice) provide cues fo r performance 
during the normal operation of this task: 

1. correlated rotor flap 
2 . correlated engine noise (normal operation) 
3. correlated engine noise (abnorma l conditions such as 

engine failure, overspeed , and underspeed) 
4. weapo ns f i ring 
5. low/ high RPM warning signal 
6. skid noise (contact of skid with ground) 
7. dr i ve shaft/clutch failure 
8. compressor stall 
9 . o ther audio signal 
10. none of the above 

4 

Of the discrete audio signals (weapon s firing, low RPM wa rning, skid noise , 
or clutch failure) that no r ma lly occur during the performance of this task, 

The 

are correlated with visual cues . 
1 . all 
2 . some 
3 . none 

the performance of 
Require 

ta sk 
1-
2. does not require 

1 

an e mergency p rocedure 

2 
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Please input the TASK NUMBER of the current task (four digit 
: 100 7 

Performance of the task an out - at - cockpit view 
1. requires 
2. does not require 

1 

maximum) 

When judging distances and ranges, the most convenient unit of measure is 
1 . feet 
2. meters 

2 

Performing the task requires 

The 

The 

1. absolute judgement of altitude in feet 
2 . absolute judgement of slant range in meters 
J. judgement of clearance 
4. detection of targets or navigation waypoints/ checkpoints 
5. slope landing 
6. none of the above activities 

task 
1-
2 . 
3. 

task 
1-
2. 

requires j udgement of 
vertical clearance 
lateral clearance 

3 4 

neither vertical nor lateral clearance 

1 2 

the performance of an emergency procedure 
requires 
does not require 

1 

A discrete audio 
clutch failure) 

signal 
for 

a cue 
provide 

(weapon firing, low RPM wa rning, skid noise, 
the initiation of the emergency procedure 

1. provides 
2. does not a cue 

2 

or 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX G 

INTERFACING ASTAR 
WITH A 

COST MODEL 

Lucy C. Morse 
Deparunent of IndusuiaI Engineering and Management Systems 

University of CenuaJ Rorida 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

G - 2 

ABSTRACT 

This analysis develops a model for cost and training 

effectiveness of training systeDs . The proposed model considers 

the benefits resulting from the implementation of training 

devices and the traditional financia l justification methods. 

Output froc the Automated Simulator Test and Assessment Routine 

(ASTAR), which determines empirical measures of training 

effectiveness, is incorporated into the model. The structure of 

the model has the ability to consider a global approach which 

identifies and measures the desirability of the systems' 

strategic objectives ~s well as measuring the desirability of t he 

ta sks of a training device. 

.. 
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INTRODUCTION 

This project is sponsored by the Army Research Institute 

(ARI) and the Army's Project Manager for Training Devices (PM­

Trade) under a Broad Agency Announcement (BAA) Contract with the 

Institute f o r Simulation and Training . 

The advance of military technology in recent years has 

r esu lted in an increased reliance on the use of training devices 

to achieve and maintain a state of combat readiness. In many 

cases, a training device is used to prepare personnel to operate 

a parent system which is t oo expens ive, time consuming, or 

dangerou s t o be used f o r initial training. The success of 

training devices in reducng costs and training time for major 

weapon, aircraft, and other systems has led t o the development of 

training devices for tasks that are not specif ic to a system. 

Train i ng devices now are accepted and vital elements in the 

traini ng programs of all branches of the service . 

Although there is considerable amount of data about specific 

training devices, there is no organized body of information 

neces s ary t o build cost effective and training effective 

sys tems . As a result the design of effective training devices is 

an effort that includes imperfect data, opinion-based design 

rule s , and an increasingly large number of choices in the large 

array of technologies that can be used to address anf single 

training problem. 
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One problem in the area of training is that research on 

methods to estimate training effectiveness and cost effectiveness 

lags behind the pressing need of the user to acquire and field 

effective systems. The goal of training device formulation is to 

develop a training device that meets the training requirements "at 

minimum cost, or provides the maximum training benefit for a 

given cost. In the past a number of cost and training 

effectiveness studies have been completed. 

Orlansky and String (5,6], Barcus (1), and Hofer [3] have 

concluded that flight simulators, computer-based instruction and 

maintenance training simulators appear to be as effective as the 

methods of training they can replace; also they reduce the costs 

of training. The trade-off between the training effectiveness of 

diffe rent c omponents of a training device and the cost would need 

more complete data than was available at the time of their 

studies. 

Understanding and correctly using cost estimating and cost 

and traini ng effectivens s can help in the area of controlling the 

costs as soc iated with training. It was concluded i n the Barcus 

paper [1] that a through understanding of the costing process 

would help achieve the goal of attaining military readiness by 

providing the best training for the most reasonable cost. 

Organized cost databases for training devices do not exist. 

Contractors are reluctant to share cost information because of 

the competitive arena in which they operate. Contract costs 

might be negotiated, or they might involve some new technological 

advances. Cost information is considered proprietary, also 
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engineering changes and modifications would affect the final 

cost . 

The most promising model to study training effectiveness 

and cost effectiveness is "Optimization of Simulation - Based 

Training Systems" (OSBATS), which was developed and is described 

by Singe r and Sticha [9). The idea behind OSBATS is to organ i ze 

the large amount of training technology and learning theory 

currently available and develop a model for aiding training 

developers in evaluating training device alternatives. This 

project is currently in the final prototype stage. 

The OS BATS model is based on benefit and cost approximations 

that are used to analyze tradeoffs between various training 

device fe atures in developing a device configuration, and then 

conducts similar tradeoffs between different training device 

configurations. The· factors required by the OSBATS model t o 

perform cost analyses include the device's investment cost, the 

fixed cost per year for operating the simulator, var i able cost 

per hour for simulator use, li fe-cycle anticipated f or the 

training device, and projected device utili za tion, i n t erms of 

hours per year. Additional factors are the instruct iona l 

features acquisition cost, and the cost of minimum and maximum 

levels of fidelity in the visual systems and certain other 

simulator components. 

Originally it was assumed that some of the cost data 

required by the OS BATS model had been collected by agencies 

with in the Federal Government. Organized databases were not 

found to exist. various estimating methods were used to provide 
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costs for the cost elements. (11] Partially due to lack of 

databases OS BATS is currently device specific, rather than 

generic. 

Another model is the Automated Simulator Test and Assessment 

Routine (ASTAR). which is a computer-based decision aid that 

assists in evaluations of training device effectiveness. AST~_~ 

converts information and judgments about various facets of a 

training system into forecasts of device effectiveness . An 
" 

analyst provides a number of judgments or estimates in response 

to a variety of rating scales. These scales force consideration 

of different kinds of information about the training s ystem or a 

part of the training system. 

During a training system evaluation, four major ASTAR 

analyses are conducted. These are the training problem, 

acquistion efficiency, transfer problem, and transfer efficiency. 

The training problem defines the skill and kno~ledge 

deficiencies that the trainees ~ould have relative to certain 

performance criterion. Acquisition efficiency examines the 

instructional features and training principles that help the 

trainees overcome their deficits with t hat particular training 

device. 

The transfer problem determines the deficiency to 

performance criterion that remains after training on the 

device. Finally transfer efficiency indicates how well use of 

the training device will promote transfer of the learning that 

has occurred to the parent or actual equipment. [8] 

These four areas can be conducted at three different levels 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

G - 7 

of analysis, ra.nging from macro to micro. If only general 

information is available Level 1 analysis or the macro analysis 

would be conducted. This score is the overall proportion of 

skills and knowledge to be learned . If a detailed analysis of 

skills and knowledge needed to learned of various components such 

as visual fidelity is desired, Level 2 would be used. The Level 

3 score is the average deficit for each subtask. 

At the end of the evaluation Rrocess, whether used at Level 

1, 2, or 3, an analyst receives numerical estimates of device 

training effectiveness. These estimates are scores that are 

measures of the time and effort involved in attaining criterion 

performance on the training device. Cost effectiveness is not 

taken into consideration. 

The objective of this study is to determine a rapid process 

to combine the scores from AS TAR and traditional financial 

justification methods to determine the training effectiveness 

and cost effectiveness of a training device or a speci fic part of 

a training device. 
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Attributes pertaining to training effectiveness would 

include learning difficulty. quality of acquisition, acquisition 

efficiency. residual deficit, residual learning difficulty, and 

transfer efficiency. The ASTAR results would be used in the next 

step. Attributes relating to cost factors would include the 

device's investment cost, fixed cost per year for operating the 

simulator, variable cost per hour for use, life-cycle, and 

projected utilization. 

These attributes are then employed in a simple linear 

additive model, and a benefit/cost analysis is used with the 

results. The linear additive model is a decision tool that 

aggregates information from the independent attributes in a 

linear fashion to arrive at an overall score for each course of 

action being evaluated. In the past this model has been 

successfully used to justify automated manufacturing 

technolog ies. (7) The alternative with the lowest score is 

prefe rred in this case. The general form of the model is (10 ) : 

n 

V j :: '$.. .... ; X ;j 

i=l 

where Vj :: the score for the jth alternative 

wi = the weight for ranking assigned t o the decision 

attribute 

Xij :: the ASTAR ranking. 

To implement the methodology weights for ranking must be 

assigned to the attributes as shown in Table 1. This ranking 

expresses the relative importance of each attribute. These 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~?4 

weights are then combined with the results from ASTAR for 

attributes applying to training effectiveness, and to the cost 

factors. 
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Table 1. Ordinal scale weights for ranking the cost and training 

effectiveness attributes of the task under consideration. 

Very important 

Important 

Necessary 

Unimportant 

1.00 

.75 

.50 

.25 

An application of ASTAR generates different types of 

ratings. Training Deficit, Training Difficulty, and ACquisition 

Efficiency ratings are combined to form an Acquisition score . 

The Transfer score is a combination of Re sidual Deficit, Residual 

Difficulty , Physical Similarity, Functional Similarity, and 

Transfer Efficiency. The Summary score is the sum of the 

Transfer score and the Acquisition scor e. 

The Summary scores are measures of the time and effort 

involved in attaining criterion performance on th e training 

device. The higher the score, the more time and effort will be 

needed to accomplish the training. For systems with the same 

training and operational objectives, the lower the Summary score, 

the "better" the device. 
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A training device is most effective if it reduces t otal 

training time to a minimum. The faster or more efficiently 

trainees reach and retain operational proficiency , the better the 

device. using ASTAR, this measure pertains t o the Transfer score 

and the Acquisi t i on score; the lower the score , the better the 

device . There is no direct translat ion of the various ratings 

into hours of training. Comparisons between Transfer and 

Acquisition s cores of different devices can only be made when t he 

operational performance objectives are the s ame . For comparison 

purposes these scores are assumed to be ratios. The way to tell 

what the significant difference between two d if ferent scores on a 

single device is with a sensitivity ana lysis . 

Phase I Methodology 

In this phase a hierarchy of the simulation s ys tem's variou s 

device proposals may be structured, if there is a need to 

investigate various types of devices. Levell of ASTAR would be 

used. 

Phase II Methodology 

This phase evaluates various tasKs of the s imulati on device 

selected in Phase I. For example, if the visual system of a 

training dev i ce i s being examined, then the attributes will 

correspond to the initial cost, accuracy, training effectiveness, 

of s everal alternative configurations of that tasK and Level 2 of 

ASTAR would be ·used . The linear additive model used in Phase II 

combined wi th Benefit/Cost analysis i s described as follows: 
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where 

= 

= 

P 

Bj = i UjAj j 

i=1 

-----------,. for j - 1 to q 

q 

Cj =£UiX ji 

i""1 

final score for each alternative 

G - 12 

score representing the ability of the jth alternative 

t o achieve the training objectives of the tasks 

C
j 

"" s core representing the abi lity of the jth alternative 

t o achieve the cost objectives of the specified tasKS 

U
i 

"" an ordinal scale ranking assigned by the evaluator t o 

th e ith attribute to reflect its importance 

~ value assigned to the attribute by ASTAR '\j -
X ij = traditional cost factor attributes 

P = number o f attributes common to all alternatives 

q = number of alternative device configurations under 

consideration 

The value in using ASTAR in combination with traditional 

financial justification methods is the rapid process which can be 

used to obtain training and cost effectiveness information about 

one or a few tasks of a training device . When one task is being 

examined only the questions in ASTAR which relate to that task 

need to be answered. O~1ly the cost factors of that task must be 

determined. 
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Example 

Th is training/cost effectiveness model could be used to 

exam ine the VIGS (Video Disk Interactive Gunnery Simulator) in 

more detail. The VIGS was built under contract tor PH Trade 

by ECC in the mid-eighties. Its objective is to create a 

ballistically correct training device to teach a trainee the 

correct manual procedures to acquire and engage targets. Two 

important considerations with the current VIGS is that the 

target s a r e not interactive and the scenarios are canned, but may 

be preprogrammed . 

If there were a need to improve a part of the visual system 

of VIGS , the methodology presented in this paper could be used to 

determine the IIbest" alternative in terms of training and cost. 

effect iveness . 

first, the tasks involved with th e part of the v isual syste~ 

need t o be ident ified and appropriate attributes selected. Once 

the attr i butes are selected and all changes in the training 

effec t iveness for each alternative are specified, ASTAR can be 

r un for each alternative. At t he sa me time attributes for th e 

cost fa ctors f o r each of the alternatives would be calculated . 

Since on l y a partial task, in this example , is being determined, 

sooe o f the cost factors, such as project utilization will be t he 

same and can be ignored in this analysis. The attributes for the 

training effectiveness and cost effectiveness tor the task are 

given in Table 2. The scale weights for ranking by one evaluator 

are also list£.d. (Data is hypothetical) 

In the example the transfer efficiency for this visual task 
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Table 2 . 

.. Rank 
i Ui 

1 1.0 

2 .5 

3 1. 

4 . 5 
5 .2 

VIGS 

Attribute 

Transfer 
Effi c iency 

Acqu i s ti on 
Effic iency 

Bj : 

Inv estment 
Cost 

Fixed Cos t s 
Var. Costs 

Cj = 

Ej = Bj/Cj = 

G - 14 

Alternative 1 Alternative 2 Alternative 3 

Ail UiAil Ai2 UiAi2 Ai3 UiAiJ 

1. 84 1. 84 1.06 1.06 4.6 4.6 

17 .16 8.58 19.28 9.64 17 . 31 8 . 655 

10.42 10.7 13.255 

10000 10000 8000 800 0 12 00 0 12000 

3000 1500 25 0 0 1250 3000 1500 

20 0 0 400 3 000 6 00 1 00 0 20 0 

1190 0 985 0 137 00 

.000876 . 001086 .0009675 
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is mo re important than the a cquisition, and is ranked higher. 

The initial investment cost is considered t o be very important 

and i s given a we ight of one. There is an increase in the 

service contract for this i mprovement and the service attribute 

must be considered as necessary. There is an unknown factor in 

the service contract and each contractor has estimated possible 

additional costs which are included with the variabl e cost 

attribute, but are considered basically unimportant in the scale 

weights. 

The resu l ts of these variables and thei r weights from th e 

ordinal ranking scale are sh own on the spreadsheet given i n Table 

2. Ej is given for each alternative and the final decision is 

left to the evaluator. Once the initial analysis is completed , a 

se nsi tiv ity analysis may be performed by changi ng the ordinal 

scale weights for ranking. 

CONCLUSION 

This paper has presented a methodol ogy to ass ist the 

decision maker in evaluating the training effectiveness and c os t 

effecti~eness using ASTAR . This may be used on an enti r e 

training device or a task of a training device or a subtask of 

t hat device. 

In the future this study should be tested using actual da ta. 

Although cost data is hard to obtain, this method could be used 

quickly for a complete training device, since only a small part 

of the task needs to be examined. There is an opportunity tor 

furthe r research in th is area . 

• 
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