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puter Simulation Programs for Predicting On-Task Competen-

cies for Inertial Navigation System Equipment. Doctor of 

Education (Vocational-Technical Education), May, 1983, 131 

pp., 8 tables, bibliography, 36 titles. 

This study investigated the predictive value of time 

on-task and error scores on tests administered through Con-

trol Data Corporation PLATO interactive computer graphics 

simulation as predictors of errors and time on-task for 

inertial navigation system equipment operation. In addi-

tion, the correlation between simulated pass/fail error and 

time on-task scores, and subsequent pass/fail criteria us-

ing actual equipment was investigated. Data were gathered 

for 100 subjects across eleven computer and eleven equip-

ment tests. 

The data indicate that time on-task and error scores 

had correlations with actual equipment performance that 

were highly significant for each of eleven CAI tests. The 

additional variable, elasped time in days between computer 

test performance and initial performance using actual 

equipment, resulted in greater predictive capability. 

The data also indicate that the computer pass/fail 

scores had highly significiant correlations with equipment 

pass/fail performance for each of the eleven computer 

tests. Over nintety-five percent of pass/fail scores had a 

perfect positive correlation. No student failed the 



actual equipment pass/fail criteria for either time on-task 

or number of errors with less than thirty-four elapsed days 

between computer test performance and performance using 

actual equipment. 

This study concludes that CAI instruction using PLATO 

interactive computer graphics simulation can be used as an 

instructional medium for providing on-task competencies for 

the operation of inertial navigation system equipment. 
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CHAPTER I 

INTRODUCTION 

Current jet aircraft contain many complex interrelated 

high-technology electro-mechanical systems, and are operated 

in an environment that is intolerant of human incompetence, 

carelessness, or neglect. Safe, effective, and efficient 

operation of these aircraft requires the integration of dis-

crete cognitive, affective, and psychomotor behaviors into 

compound behavorial patterns with specific mandatory levels 

of proficiency for the performance of many operational 

tasks. (1) 

Significance of the Study 

The current state-of-the-art in computer-assisted in-

struction with an interactive graphic simulation capability 

appears to have a potential impact on instructional strate-

gies for achieving criterion-referenced competencies for the 

operation of certain aircraft systems. 

This study assesses the relationship between student 

criterion—referenced performance competencies using 



computer-assisted instruction with interactive computer-gen-

erated graphic simulations and subsequent criterion-refer-

enced performance competencies for the operation of actual 

inertial navigation system equipment. 

Inertial navigation systems are an important component 

of modern aircraft. Operation of these systems for aircraft 

navigation requires accurate data entry using explicit pro-

cedural steps. Figure 1 depicts the Mode Selector Unit com-

ponent, and Figure 2 depicts the Control Display Unit of the 

Litton 72-R Inertial Navigation System. Aircrew members must 

be able to operate both of these components in order to suc-

cessfully navigate many current jet aircraft. Inertial navi-

gation systems may be the primary source of aircraft posi-

tion data, as in the U.S. Air Force KC-10 aircraft used in 

this study. Therefore, the capability to operate the iner-

tial navigation system to criterion-referenced competencies 

is a critical aircrew training system requirement. Due to 

the requirement for sophisticated dedicated computers, and 

complex software to simulate equipment operation and air-

craft position data, fully operational inertial navigation 

systems are expensive to install in high-technology training 

devices. 

This study was designed to determine the significance 

of the relationship between criterion-referenced competen-

cies using interactive computer-generated graphic simula-

tion as the instructional medium and subsequent criterion— 
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referenced competencies for the operation of actual iner-

tial navigation system equipment. A significant relation-

ship would enable considerable cost savings due to imple-

mentation of innovative instructional strategies for aircrew 

training. Cost savings could be realized by optimization of 

student training time through (1) elimination of actual 

operational inertial navigation system components from ex-

pensive high-technology aircrew-training devices, and (2) 

the resultant reduction of training time for these instruc-

tional media. 

Inertial navigation systems were selected for this ini-

tial study for t™o primary reasons: 

First, it is expensive to simulate the full operational 

environment of inertial navigation systems in high-technol-

ogy aircrew training devices. Therefore, the results of the 

study could have a significant impact on the cost-effective-

ness of aircrew training programs. This study is designed to 

validate computer-assisted instruction with interactive 

graphic simulation as an instructional and evaluative 

medium for training to operational performance competency 

for this type of aircraft system. 

Second, inertial navigation system operational task 

performance requirements for the Litton 72-R Inertial Navig-

ation System can be broken down into distinct procedural 

tasks that can be sub—divided into explicit procedural 

steps. Performance competency can be measured accurately. 



The computer performance criteria are (1) accurate data en-

try into the system computer, and (2) the time it takes to 

enter the data. Performance competency, using the same vari-

ables, can be measured during operation of actual inertial 

navigation system equipment to accurately assess the trans-

fer of student performance competencies between the two en-

vironments . 

The research accomplished for this study was important 

because there was a void in the study of the transfer of 

competencies between student performance using computer sim-

ulations and on-task performance for the operation of air-

craft avionic systems. This study was designed to determine 

if computer-assisted instruction with interactive graphic 

simulations could be validated as an instructional and eval-

uative medium for achieving operational competencies for 

inertial navigation system equipment. 

This study required the design, development, evalua-

tion, and validation of computer-assisted instructional pro-

grams with interactive graphic simulations which could pro-

vide transfer of on-task competencies for the operation of 

inertial navigation system equipment. In addition, the re-

sults of this study provide a basis for future research on 

the use of alternative instructional media for the transfer 

of performance competencies for operation of other types of 

aircraft equipment. 



Statement of the Problem 

Researchers studying the transfer of task performace 

competencies have not focused on the transfer of competen-

cies for the total operation of a specific aircraft system 

from computer-assisted instructional media to on-task per-

formance using actual equipment. The problem investigated in 

this research is the validation of interactive computer sim-

ulation programs for predicting on-task competencies for in-

ertial navigation system equipment. The relationship between 

criterion-referenced task performance competencies using 

computer-assisted instruction and subsequent criterion-re-

ferenced task performance competencies using actual aircraft 

inertial navigation system equipment was statistically de-

termined. 

Purposes of the Study 

The first purpose of this study was to determine the 

predictive value of (1) student performance level (time on-

task and error scores) on tests administered through mono-

chromatic computer simulation and (2) elapsed time between 

test administation and subsequent performance on a test us-

ing polychromatic acutal equipment as predictors of (1) 

error scores and (2) time on—task for actual equipment oper-

ation. 

The second purpose of this study was to determine the 

magnitude of the correlation between student performance 



levels (arbitarily defined pass/fail error score and time 

on-task criteria) on tests administered through monochro-

matic computer simulation and subsequent student performance 

levels (arbitrarily defined pass/fail error score and time 

on-task) on tests using polychromatic actual equipment. 

The third purpose of this study was to validate the de-

sign of computer-assisted instruction programs with inter-

active graphic simulations that can provide transfer of 

on-task competencies for the operation of inertial navig-

ation system equipment. 

Hypotheses Tested 

For each of eleven performance tests using computer 

simulations of inertial navigation system equipment oper-

ation, the following hypotheses were tested: 

Hypothesis Number One 

Student peformance level (time on-task) on a test ad-

ministered through monochromatic computer simulation and 

elapsed time in days between test administration and sub-

sequent performance on a test using polychromatic actual 

equipment have no significant (p=<.05) predictive value as a 

predictor of time on-task for actual equipment operation. 



8 

Hypothesis Number Two 

Student performance level (error scores) on a test 

administered through monochromatic computer simulation and 

elapsed time in days between test administration and sub-

sequent performance on a test using polychromatic actual 

equipment have no significant (p=<.05) predictive value as a 

predictor of error scores for actual equipment operation. 

Hypothesis Number Three 

There is no significant (p=<.05) correlation between 

student performance level (arbitrarily defined pass/fail 

error score) on a test administered through monochromatic 

computer simulations and subsequent student performance 

level (arbitrarily defined pass/fail error score) on a test 

using polychromatic actual equipment. 

Hypothesis Number Four 

There is no significant (p=<.05) correlation between 

student performance level (arbitrarily defined pass/fail 

time on-task score) on a test administered through 

monochromatic computer simulations and subsequent student 

performance level (arbitrarily defined pass/fail time 

on-task score) on a test using polychromatic actual 

equipment. 



Delimitations of the Study 

This study was designed to measure task performance in 

terms of specific student errors and the time required to 

perform specific operational tasks for inertial navigation 

system avionic equipment. This purposeful delimitation 

provided a means to test the stated hypotheses of this 

study. The errors were precisely defined for the operation 

of the inertial navigation system, and the number of these 

errors made by each student and the time required to 

accomplish each operational task was measured objectively 

for both types of media used in the study. Because of this 

delimitation, generalizations of the results of this study 

were carefully analyzed. For example, generalizations can 

only be made to other aircraft systems utilizing the same 

type of polychromatic equipment. 

The population used in this study was limited to the 

students assigned by the U.S. Air Force to a course of in-

struction. The students were all U.S. Air Force aircrew 

members. Students were required to learn to operate the Lit-

ton 72-R Inertial Naviagtion System as a part of the course 

of instruction. The procedures and applicability of the 

study were not affected by the inability to control the 

assignment of population members. No student in the study 

population received prior instruction on the operation of 

the inertial navigation system used in the study. Students 

that had received instruction on the operation of the Litton 
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72-R Inertial Navigation System were eliminated from the 

study data base. All students were required to have the same 

proficiency levels based upon the same criterion-referenced 

performance standards for all inertial navigation system 

operational tasks. Any differences in entering cognitive 

competencies could only result in the need for less training 

time to master each instructional component. 

Operational Definitions of Terms 

Affective Behavior: The result of changes in interest, 

attitudes, or values, and the development of appreciations 

and adequate adjustments to the environment. 

Behavior: Any activity, overt or covert, capable of 

being defined and measured. 

Behavioral Objective: A statement that specifies pre-

cisely what behavior is to be exhibited, the conditions 

under which behavior will be accomplished, and the minimum 

standard of acceptable performance. 

Chromatic: Consisting of more than one color. (See 

Monochromatic) 

Cockpit Procedures Trainer: An instructional medium 

that provides dynamic simulation of some or all equipment 

contained in the cockpit of a specific type of aircraft. The 

device includes only those capabilities necessary for train-

ing aircrew members to performance standards for specific 

operational tasks. 
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Cognitive Behavior: The manifestation of mental pro-

cesses which enable a person to recall facts, identify con-

cepts# apply rules, etc. as demonstrated by the performance 

of specific, observable behavior patterns. 

Computer-Assisted Instruction (Interactive): An in-

structional method whereby students interact with a comput-

er graphic terminal through a keyboard or by use of a touch 

panel. Instruction can be provided by the graphic computer 

terminal or through audiovisual media programs that are com-

puter controlled or monitored. 

Cost-Effective Media: Instructional methods that en-

able a student to attain criterion-referenced performance 

standards within the bounds of acceptable costs. 

Criterion-Referenced Instruction: Objective determin-

ation of student performance in relation to a fixed stan-

dard (criterion). 

Fidelity: The degree to which a simulation repli-

cates the actual real-world environment. 

Flight Simulator: A device that allows simulation of 

tasks that require performance by various crewmembers to 

operate a given aircraft type. The flight simulator con-

tains a motion system, a visual system, and associated hard-

ware and software for high fidelity simulation of the total 

operational environment for a given aircraft type. 

Interactive Graphic Simulation: The use of a "touch 

panel" on a graphic computer terminal that enables a 
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student to manipulate graphic representations/images by 

touching the appropriate area on the panel. 

Kinesthetic Sense: Cognizance of stimuli arising 

chiefly from the muscles, tendons or joints in response to 

bodily motion. 

Learning: A change in the behavior of the learner as a 

result of experience. 

Learning-Effective Media: Instructional methods that 

enable a student to attain criterion-referenced performance 

standards. 

Monochromatic: Consisting of only one color. For exam-

ple, white and black. 

Part-Task Trainer: A device that replicates a portion 

of the equipment required to perform a complete task. 

Performance: The accomplishment of cognitive, affec-

tive, or psychomotor behavior. 

Performance Standards: Criterion-referenced standards 

for performance. The level of acomplishment to be achieved 

by the learner. 

Proficiency: Behavior that meets criterion-referenced 

standards. 

Proprioceptive Sense: Cognizance of stimuli arising 

in the body, chiefly in muscles, tendons and joints due to 

external pressures. 

Psychomotor Behavior: Manipulative behavior that has 

prerequisite performance components that must be learned and 
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that requires the coordination of these performance com-

ponents to demonstrate terminal behavior. Also referred to 

as perceptual-motor behavior. 

Simulation: A technique whereby real-life phenomena 

are replicated to varying degrees of fidelity to reduce 

training costs, eliminate potential physical danger, or re-

duce training time. The simulation may be for a small sub-

set of the real-life environment, or for the total oper-

ational environment. 

Skills; Psychomotor or cognitive behaviors that have 

performance requirements for speed and accuracy. 

Systems Approach to Instructional Systems Development: 

A deliberate and orderly process for planning and developing 

curriculum and instruction to ensure that students are 

taught the knowledges, skills, and attitudes essential for 

performance in an operational environment. The process de-

pends on a description and analysis of the training goals, 

the tasks required for job performance, specification of be-

havioral objectives, criterion-referenced performance 

measurement, and methods for revising the system based on 

empirical data. 

Validation: The process of developmental testing, 

field testing and revision of instruction to be certain that 

the behavioral objectives stated in a program are being met. 
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Basic Assumptions of the Study 

Assumption Number One 

Criterion-referenced standards developed for each in-

ertial navigation system procedural task for computer sim-

ulation and for performance using actual equipment accur-

ately reflected operational requirements. 

Assumption Number Two 

Student performance in relation to specific perfor-

mance criteria was empirically measured using a computer 

based performance measurement subsystem imbedded in the 

computer-assisted instructional software. 

Assumption Number Three 

Student performance in relation to specific perfor-

mance criteria was measured by an unbiased observer during 

task performance on actual equipment. 
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CHAPTER II 

SYNTHESIS OF RELATED LITERATURE 

Theory of Systems Approach to the Design 
of Curriculum and Instruction for 

Aircrew Training 

The design and development of training systems that 

will provide aircrew personnel with the required levels of 

task proficiency requires a systematic, analytic approach to 

the design of curriculum and instruction. (26) An effective 

and efficient training system must integrate instructional 

components in a manner that is cost-effective in terms of 

the costs of sophisticated instructional media, training 

facility operation and maintenance, student time in the 

training system, instructor and administrative personnel 

costs, and training program development and maintenance 

costs. (16) In addition, an effective and efficient training 

system must integrate instructional components in a manner 

that is learning-effective in terms of the ability of a 

given medium to provide specific levels of proficiency for 

the performance of aircraft operational tasks. (11) 

This study addresses the learning-effectiveness of one 

type of instructional medium. Computer-assisted instruction 

using interactive graphics simulation was studied to 
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determine the capability of the medium to provide specific 

levels of proficiency for the operation of the Litton 71-R 

Inertial Navigation "ystem. 

There are several models that can be used for a systems 

approach to the design of curriculum and instruction. This 

methodology is discussed by Gagne' and Briggs (8). The 

models vary in terminology and methodology. The models used 

for development of curriculum and instruction for aircrew 

training programs consist of the following general steps: 

Analyzation of Instructional Requirements 

Determination of instructional goals and precise human 

performance competencies required upon completion of the 

training program. 

Definition of Training Requirements 

Determination of who is to be trained, and precisely 

what training is required to enable the student population 

to meet the human performance competencies required upon 

completion of the training program. 

Development of Behavioral Objectives and Tests 

Definition of instructional requirements in terms of 

specific behaviors, conditions of performance, and standards 

performance. Performance measurement methods are created 
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to determine student attainment of the behavioral objec-

tives . 

An analysis of human performance requirements, and the 

development of specific behavioral objectives that can be 

trained to, and for which proficiency criteria can be es-

tablished, is a critical step in the curriculum and in-

struction development process for aircrew training. The de-

velopment of behavorial objectives for aircrew and technical 

training programs is addressed in detail in the Handbook For 

Designers of Instructional Systems. (26) Behavioral objec-

tives for aircrew training are not limited to procedural 

task instruction and student demonstration of performance to 

established criteria. Behavioral objectives must be speci-

fied for complex decision making skills requiring integr-

ation of aircraft systems knowledge with knowledge of 

related facts, concepts, use of rules, and application of 

problem solving techniques. Affective behavorial components 

must also be identified. Due to the complexity of the 

psychomotor, cognitive, and affective behaviors that must be 

mastered by aircrew members, the risks associated with 

learning—effectiveness and the costs associated with aircrew 

training systems are both high. The training program must 

ensure student competence to explicit standards. Instruc-

tional strategies and media must be used that will enable 

students to attain these high levels of competence at accep-

table costs. 
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Behavioral objectives define the skills, knowledges, 

and attitudes to be trained. They are the basis for in-

structional strategies, training media, training materials, 

and training equipment. They are the basis for measuring 

student performance. The instructional strategy determines 

how effectively and efficiently the student performance re-

quirements are accomplished by the training system. Strateg-

ies vary in terms of such things as the types, cost, and use 

of instructional media, equipment, materials, and in terms 

of training time per student. 

Planning, Developing, and Validating Instruction 

Design of an instructional system curriculum consists 

of media, materials, equipment, and strategies that will de-

velop the psychomotor, cognitive, and affective behaviors 

that students need to accomplish the objectives. This step 

includes a formative validation of the instructional system 

by tryout on a sample of the student population. 

In determining the curriculum and an instructional 

strategy for aircrew training, Melden and Houston (16) iden-

tified three important principles that are required for 

instructional system design: 

First Principle 

Hands-on training is required to integrate requisite 
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cognitive behavior with applicable motor behavior for the 

operation of aircraft equipment. Cognitive behaviors can be 

taught using human instructors in addition to print, audio-

visual, and computer-assisted media. The integration of cog-

nitive components for the operation of a specific aircraft 

system (for example, the fuel, electrical, or hydraulic sys-

tem) with applicable psychomotor components can be accomp-

lished using a systems trainer. Using such a part-task 

trainer, the student can achieve criterion—referenced stan-

dards of performance for the operation of specific aircraft 

system equipment under normal, abnormal, or emergency condi-

tions. Training to criterion-referenced standards of perfor-

mance for the operational integration of more than one air-

craft system under normal, abnormal, or emergency condit-

ions, and the integration of aircrew member procedural res-

ponsibilities for different crew positions can be accomp-

lished using a cockpit procedures trainer. Training that 

requires the integration of inputs from visual, audio, pro-

prioceptive, kinesthetic, and other senses with the use of 

facts, concepts, rules, problem solving techniques, and af-

fective behaviorial patterns to accomplish complex perceptu— 

al-motor behaviors under all operational conditions can be 

accomplished using an aircraft flight simulator. Sophistic-

ated flight simulators replicate the total operational en-

vironment of a specific aircraft. An actual aircraft can 

also be used to train complex, perceptual-motor behaviors. 
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Flight simulator fidelity in relation to the real-world en-

vironment and the design of simulation training programs are 

directly related to the degree of transfer of training com-

petencies from flight simulators to operation of the air-

craft. 

Second Principle 

Each student must demonstrate proficiency in one phase 

of training, i.e. at a given level of student involvement 

with instructional media, before progressing to the next 

phase. Specific behavioral objectives can be developed for 

each type of task. The behavioral objectives define desired 

levels of criterion-referenced performance, and the condi-

tions of performance for all psychomotor, cognitive, or af-

fective behavior for which a given medium provides training. 

Effective training should progress from simple to complex. 

Prerequisite cognitive and affective behavior should be 

learned before training to criterion-referenced standards 

for terminal psychomotor behavior is initiated. Psychomotor 

skills should be learned by using equipment with appropriate 

degrees of fidelity to ensure transfer of complex perceptu-

al—motor performances to an actual operational environment. 

Third Principle 

There must be enough repetition under the proper 
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learning conditions to ensure retention of the cognitive, 

psychomotor, and affective behavior that has been learned. 

Effective integration of human personnel, print, audio-

visual, computer—assisted, system trainer, cockpit procedure 

trainer, flight simulator, and actual aircraft media is cri-

tical. Each media requires repetition of previously learned 

competencies to the extent that they are (1) mastered, (2) 

retained, and (3) integrated with other competencies. 

A systems approach to the design of an instructional 

system for aircrew training requires that learning activi-

ties be sequenced to ensure learning-effectiveness and 

cost—effectiveness. The methodology for sequencing of air-

crew training learning activities is discussed in depth in 

the Handbook For Designers of Instructional Systems (26). 

The instructional sequence of cognitive, psychomotor, and 

affective behavior is largely determined by the nature of 

the prerequisite competencies for aircrew operational tasks. 

The procedures for equipment operation largely determine the 

instructional sequence and the psychomotor, affective, and 

cognitive behavior required for training aircrew operational 

task competencies. The student competence level attainable 

in a given phase of training depends upon the capabilities 

of the media used and how a given medium is integrated into 

the training system. The specifications for instructional 

media should be determined by (1) the specific requirements 

of the behavioral objectives to be mastered in a training 
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system, and (2) the way a given medium is going to be inte-

grated within a training program. 

Training media are learning-effective when students can 

use a medium to attain the criterion-referenced performance 

standards specified in specific behavioral objectives for an 

instructional system. Cost-effective media provide training 

within the bounds of acceptable costs. The acceptability of 

training costs, and therefore aircrew training cost-effec-

tiveness, depends upon a balance between the costs of pro-

gram development, material, equipment, facilities, media, 

and personnel on one hand, and the costs of savings of stu-

dent training time required to reach given performance 

standards on the other. Houston (11) discusses two ways to 

realize cost savings. 

The first way is through elimination of student "dead 

time" by scheduling the integration of instructional media 

and other training system components. This procedure will 

optimize student training time with an attendant reduction 

in training days or hours. 

The second way is by the utilization of media specif-

ically tailored to achieve student behavioral performance 

standards. Media should be selected that neither over or 

under-train the student to a given performance standard. 

Media that under-train will not enable a student to achieve 

competency. Media that over-train are not cost-effective in 

terms of cost of the media and the amount of training time 
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that is spent in utilization of the media. 

Conducting and Evaluating the Instruction 

A summative evaluation is conducted to determine the 

effect of instructional content, strategy, and materials on 

the student population while they are in the training pro-

gram. An evaluation of student performance in an operational 

environment after program completion is conducted to de-

termine relevancy of the instructional system content to 

operational requirements. 

Transfer of Training Studies for Aircrew Training 

Studies Pertaining to the Transfer of Training 
From Simulators to Actual Equipment 

There is considerable current research being reported 

on the identification of factors that influence the transfer 

of psychomotor performance competencies from flight simula-

tors, aircraft maintenance simulators, and part-task equip-

ment simulators or trainers to actual operational equipment. 

Blaiwes (1), Caro (2)(3)(4), Erwin (5), Fink (6), Freda (7), 

Hill (10), Matheny (15), Micheli (17), Prophet (21), and 

Smode (22) have focused on this area. This research did not 

address fidelity factors that influence the transfer of com-

petencies from computer simulation of equipment operation to 

on-task performance using actual equipment. 
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Studies Pertaining to the use of Computer-Assisted 
Instruction in Aircrew Training 

There has been research accomplished on the use of 

computer-assisted instruction in aircrew training programs. 

Trollip (24, 25), Jamieson (12), Grimes (9), and Pearson 

(20) have conducted research focused on the design of com-

puter-assisted programs, the use of individualized instruc-

tion in various training environments, and human factor re-

quirements for computer-assisted instruction and program de-

sign. The transfer of competencies to on-task performance 

using actual equipment was not addressed. 

Studies Pertaining to Transfer of Training 
Research Methodologies 

Transfer of training research methodologies based on 

measurement of performance in one medium, and the subsequent 

measurement of performance in a second medium have been used 

for research studies on the transfer of competencies between 

flight simulators or part or full-task system trainers and 

actual operational equipment. Caro (2) (3) (4), Hill (10), 

Micheli (17), Mirabella (18), Narva (19), and Wheaton (27) 

(28) (29) have conducted transfer of training research. Mea-

surement of the transfer of competencies from computer simu-

lation of equipment operation to on-task performance using 

actual equipment was not addressed by this research. 
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Studies Pertaining to Computer Simulation 
In Fault Diagnosis and Troubleshooting Training 

Recent research has been reported on the use of com-

puter simulations in fault diagnosis training. Johnson (14) 

reported the results of an experiment that compared two 

types of computer simulations and instructional television 

in the context of aircraft powerplant troubleshooting. The 

findings indicated that training with instructional televi-

sion, in those cases where it provided specific fault dia-

gnosis techniques for the particular faults to be encount-

ered, resulted in the best performance rating. However, 

there was some evidence that the computer simulations en-

abled trainees to develop general skills that were applica-

ble to successful problem solution in unfamiliar simulated 

contexts. 

ihis research design did not use computer graphics to 

simulate actual equipment. Instructional television was used 

for this purpose. Computer-assisted instruction was used for 

presentation of fault diagnosis alpha-numeric and schematic 

displays and for program control. Transfer of training com-

petencies from computer graphic simulation of actual equip-

ment to on-task performance were not addressed on this 

study. Several important recommendations were made for fu-

ture study on the effect of improved computer simulations of 

hardware on the transfer of live system performance compe-

tencies. These recommendations were (1) What must be added 

to computer simulations to improve trainee troubleshooting 
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performance/ at least to the level attained using videotape? 

(2) How many training treatments would be needed for comput-

er simulations to affect live system performance time? Over 

what time duration should the training be administered? (3) 

What would be the effects on live system performance if the 

computer simulation incorporated an option for "expert adv-

ice" to which the trainee could refer throughout the sim-

ulation? (4) How would a population of military trainees 

profit from computer simulations? (5) Would the simulations 

be better for a military population as opposed to the col-

lege students on whom it was evaluated in this experiment? 

(6) Would improved graphic displays affect the instructional 

value of the simulation? (7) Should PLATO or a highly 

graphic—capable microprocessor be used for future software 

design and hardware display? The study described in this 

dissertation addresses all of these recommendations for fu-

ture study. 

In Navy Personnel Research and Development Center Tech-

nical Reports TR 81-9 Towne and Munro (23) and Johnson, 

Munro, and Towne (13), describe research performed by the 

Behavorial Technology Laboratories (BTL), University of 

Southern California. These studies describe the development 

of hardware and software for a Generalized Maintenance 

Trainer Simulator (GMTS) for electronic equipment. The GMTS 

used a software data base and microfiche photographs to 
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simulate electronic equipment. The BTL trainer was evaluated 

in a U.S. Navy school environment. 

The BTL Trainer is a stand-alone microcomputer based 

system designed to provide practice in electronic equipment 

troubleshooting. The system is based on a generalized pro-

gram for simulating equipment that allows the student user 

to practice troubleshooting. The system is low in cost and 

safe to use. Two experiments were conducted to determine 

whether the BTL Trainer was a learning-effective means of 

teaching troubleshooting skills. The first experiment tes-

ted the effects of replacing most actual equipment trouble-

shooting practice with BTL Trainer practice. The second 

experiment tested the consequences of performing all 

troubleshooting practice on the BTL Trainers. The effec-

tiveness of the training was measured by performance on a 

final troubleshooting performance test performed on actual 

equipment. In both experiments, students trained on real 

equipment did not differ significantly in time to perform 

the final problems or in distribution of number of re-

placements from students trained on BTL trainers. A measure 

of the student efficiency of the trainers was the time to 

perform practice troubleshooting problems. Again, there was 

no significant difference between the two groups in either 

experiment. While questionnaire data indicated that stu-

dents preferred training with real equipment, the evidence 

supported the use of the BTL Trainer to provide effective 
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simulated troubleshooting practice in conjunction with Navy 

Class C school training. 

These studies were significant in terms of the measure-

ment of transfer of student performance competencies using 

computer-assisted microfiche photographic simulations to on-

task performance competencies in troubleshooting skills for 

electronic equipment. It is important to note that Johnson's 

study did not address two areas — (1) the transfer of stu-

dent performance competencies using interactive monochro-

matic computer graphic simulations of actual equipment to 

on-task performance competencies using polychromatic actual 

equipment, and (2) the transfer of competencies for proce-

dural task performance for operation of equipment, as op-

posed to trouble-shooting skills (fault diagnosis and logic 

skills). 

Studies Pertaining to the use of Interactive 
Computer-Presented Graphic Simulation for the 
Transfer of Equipment Operation Competencies 

Research on the use of interactive computer-presented 

graphic simulations as the instructional medium for the 

transfer of on-task competencies for the operation of actual 

equipment is very limited. Apparently, no research has been 

conducted in the area of this proposed study. Determination 

of the relationship between criterion-referenced performance 

competencies using interactive two-dimensional monochromatic 
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computer-presented graphic simulations and subsequent on-

task performance competenices using actual three-dimensional 

polychromatic inertial navigation systems equipment has not 

been accomplished. 
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CHAPTER III 

PROCEDURES FOR COLLECTION AND 
TREATMENT OF DATA 

Design of Computer-Assisted Instruction Programs 

One of the stated purposes of this study is the valid-

ation of the design of computer-assisted instruction pro-

grams using interactive graphic simulations that can pro-

vide transfer of on-task competencies for the operation of 

inertial navigation system equipment. The design of 

computer-assisted instruction for this study required the 

application of a systems approach to the design of one 

computer-assisted instruction program. One program was de-

signed to enable the student to identify the location and 

function of the controls and indicators, and eleven pro-

grams were designed to provide terminal performance com-

petencies for the operation of the Litton 72-R Inertial 

Navigation System. 

Programs were designed to be administered using Con-

trol Data Corporation's PLATO computer—assisted instruction 

system. This system consists of a terminal and a keyboard. 

The CDC PLATO terminal is an interactive, intelligent, 

computer-graphics terminal. It is designed for use with the 
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Control Data PLATO system as the principal vehicle through 

which users interact with the computer. The basic PLATO 

terminal consists of a high resolution monochromatic graph-

ics display screen, an electronic keyboard, touch-panel and 

associated electronics. 

The screen is a high resolution CRT display which pro-

vides an 8.5 by 8.5 inch-square viewing area. The screen 

consists of a 512 by 512 grid forming a grid-work of 

262,144 intersections. Any or all of the quarter-million 

(512 by 512) intersections of the horizontal and vertical 

grids can be addressed; that is, each intersection can be 

made to light. 

The PLATO terminal can display text on the screen by 

using a fixed-character set or author-defined character 

sets. Illumination of groups of dots initiates a display 

presentation with 32 lines of 64 characters per line. (When 

a character key, for example, on the keyboard is pressed, 

the corresponding character is displayed on the screen.) 

The terminal can write 180 characters per second. These 

characters can also be erased at the same rate of speed, or 

the whole screen can be erased at once. 

The terminal's memory contains 126 fixed-characters: 

standard upper case and lower case alphabet, numbers, and 

user—oriented function characters. The terminal's memory 

also contains space for an additional 126 characters; but, 

in contrast to the fixed—character set, these characters 
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may be created or changed by an author to represent other 

alphabets or portions of pictures. 

The PLATO terminal can also draw straight lines on the 

screen without defining each dot in the line. Curves and 

circles are approximated as a series of straight lines. 

Among other capabilities, this lets the terminal draw up to 

300 lines per second. Again, the lines can be erased at the 

same rate of speed. 

The keyboard has the same characters as a standard En-

glish typewriter, with some additions. The additions in-

clude some special keys for extra symbols and functions 

that under the control of the lesson affect display pre-

sentation or lesson execution. For example, the HELP key 

permits students to access optional sections of a lesson. 

The student, therefore, can type letters, numbers, words, 

or sentences, or press one of the special keys to com-

municate with the interactive lesson. 

Users communicate with the computer by means of the 

keyboard, or the touch-panel. The touch-panel permits 

interaction with the lesson by simply touching a designated 

area on the screen with a finger or other opaque object. It 

consists of a 16 X 16 grid of touch-sensitive areas with 

256 intersections covering the screen. When the student's 

finger touches the screen, the touch-panel detects the 

location and sends a message of the student's touch to the 
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computer. The lesson author specifies when the touch-panel 

should be active. 

Graphic images generated by the PLATO system were 

created using the grid of 512 X 512 individually 

addressable dots. The touch-panel was used to manipulate 

graphic representations, and the keypress was used to enter 

data in response to cognitive questions. Requests for 

student psychomotor performance or for cognitive data entry 

were generated by the instructional program. 

An analysis of the psychomotor tasks involved in the 

operation of the Litton 72-R Inertial Navigation System 

resulted in the identification of thirty-five separate 

procedural tasks. The sequential steps required to perform 

each task were identified. The Appendix contains a list of 

the procedural tasks and sequential steps that were 

identified. 

The cognitive components of each procedural task step 

were identified. These components consist of the location 

and identification of controls and indicators, and task-

related knowledges for inertial navigation system operation 

under normal and contingent operational conditions. Figure 

3 depicts the algorithm that was used for the analysis of 

each step of each procedural task. The flow chart depicts 

the analyzation of a typical checklist procedural task into 

normal steps with associated results that should occur upon 
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completion of the step, and contingent actions that are re-

quired if the normal result associated with the step does 

not occur. 

Figure 4 illustrates the application of the task anal-

ysis algorithm for the analysis of INS Task 2: Present 

Position Entry. Each procedural task step was further an-

alyzed to determine the task-related aircraft systems know-

ledge that is required to perform each step of the task 

under normal and contingent operational conditions. These 

procedures were used for the analyzation of each inertial 

navigation system task. Table 1 in the Appendix illustrates 

the detail of analyzation that was accomplished to identify 

the task-related knowledge for INS Task 2: Present Position 

Entry. 

Procedural tasks were grouped into lessons as follows: 

Lesson Title 

INS 34-•1 INS Controls 

INS 34-•2 Startup and Test 

INS 34-•3 Present Position Entry 

INS 34-•4 Waypoint Entry 

INS 34-•5 Tacan Station Entry 

INS 34-6 Track Change 

INS 34-7 Tacan Updating 

INS 34-8 Remote Ranging 



41 

O h i o 

2 2 2 5 S S 2 

Oil! O 
a to h Oltl o 3 0 U 1 H Z 

C0 
a 
0 

•H 
-P 
o 
< 

-M 
c 
(U 
rj\ 
c 

•H 
•P 
c 
0 

u 

c 
<d 

CO 
a 
0) 
+ j 

w 

0 
•M 
c 

* 
CO 
td 

E-» 

(d 
5-1 
n 

Q) 
O 
0 

CL 

-P 
CO 

•H 
rH 
* 

o 
a> 

rC 
o 

M-) 
0 

CO 
> . 

rH 

c 
rfd 

CT» 
•H 
fcl 



42 

U 

g 5 ui .&3S ® >•-5 oAyi 
(||< ZUI«H 
* - i o o * 2 
* * S * .2 5uj5O«2I o t • lb III. Z S I X W 2®5t • 1 > f z 3IM >Ul|ttl o.flc axSt-

• e 
z * K S 0 < O < > UI 
H X Z UI H 0 z z III P z z • 
0 D 0 & 

« ui 
S in 
"" cc 

JOOOS _ Z Ik UI _ 
UI x • 5 H H •>• 2 2 
zaiusui 
UltL^Sh 

UI H « 
X CO < 

> UI X 
H z UI 

* s < s s 
5 J | S 2 
° * 5 S h > 
£ 5 ° 5 " 
• 0 _ S < h 
gsssss 

> 
UI 
X III 
• o § 
UIUÎ H 
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Lesson Title 

INS 34-•9 Wind and Manual Updating 

INS 34-•10 Triple System Position Mixing 

INS 34-•11 Orbit and Rendezvous 

INS 34-•12 Accuracy Check and Shutdown 

INS 34-•13 Mission Scenario 

Each inertial navigation system lesson required the 

design and development of two instructional components: the 

sound-slide program component and the computer-assisted 

instruction component. 

Sound-Slide Program Component 

This component provides individualized, self-paced in-

struction using photographic and graphic art slides with 

integrated audiotapes. The student learns the identifi-

cation, location, and the method of operation for inertial 

navigation system components, and the task-related know-

ledge that is required to perform each step of the tasks 

contained in the lesson under normal and contingent opera-

tional conditions. During the course of the program, the 

student is required to answer questions presented visually 

or orally by using a keypress responder unit that is an in-

tegral part of the sound-slide unit. Feedback is provided 
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for both right and wrong student responses. Student learn-

ing resources consist of the checklists and operational 

manual reference materials that will be available to the 

aircrew member in the aircraft operational environment. 

Computer-Assisted Instruction Component 

After demonstrating mastery of the task-related know-

ledge, the student proceeds to the computer-assisted in-

struction component. This component provides individual-

ized, self-paced instruction. Each CAI lesson utilizes 

graphic simulations of the inertial navigation system Con-

trol Display Unit (CDU) and Mode Selector Unit (MSU) that 

can be manipulated by direct student interaction with a 

touch-panel on the computer graphics terminal. In this man-

ner, the student can practice and be tested on performance 

of inertial navigation system operational tasks. 

The following instructional strategy for the computer-

assisted instruction component of Lesson 34-1: INS Controls 

was used to enable students to identify the location and 

function of the controls and indicators of the Litton 72-R 

Inertial Navigation System: 
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LESSON INS 34-1: INS CONTROLS 

Interactive Computer-Assisted Instruction Practice Activity 

Structure. — This computer-assisted instruction 

activity consists of 3 exercises which provide the student 

with practice in identifying the functions and locations of 

controls and indicators. This lesson measures student per-

formance in terms of errors only. The objective of this 

lesson does not require mastery of a psychomotor task, and 

therefore, time on-task criteria are not applicable. 

Exercise 1. — This exercise addresses Mode Selector 

Unit and Control Display Unit controls except for specific 

positions on the Data Display Selector. Sound-slides show-

ing the INS controls labeled with numbers are used as an 

additional instructional tutorial component. The computer-

assisted instruction activity asks the student to identify 

or match descriptions and functions with the correct 

numbers. 

Exercise 2. — This exercise addresses Data Display 

Selector Positions POS through DIS-TIM. Sound-slides are 

used as an additional instructional tutorial component. 
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Exercise 3. — This exercise addresses Data Display 

Selector Positions WIND through TK-GS. Sound-slides are 

used as an additional instructional tutorial component. 

Student Flow. — At the end of each lesson, the stu-

dent is shown how well he did compared to the criterion 

(acceptable number of errors). One of the following types 

of messages will be shown: 

Criterion met — Recommendation to go on. 

Criterion not met and less than two repeats — Recom-

mend repeating the lesson. 

Criterion not met and two repeats — Student required 

to contact the instructor for assignment of additional 

remediation. 

Interactive Computer-Assisted Instruction Test Activity 

The format is similar to the exercises in the practice 

activity. The main differences between the test and prac-

tice activity are: 

Test items are presented using computer-assisted in-

struction and sound-slide components. However, there 
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are not any sound-slide instructional tutorial com-

ponents . 

The test is terminated as soon as the student cannot 

achieve mastery. The student is required to repeat the 

CAI Practice and Test Activities. 

The following instructional strategy for the computer-

assisted instruction component of lessons INS 34-2 through 

34-12 was used to enable students to achieve terminal per-

formance competencies for the operation of the Litton 7 2-R 

Inertial Navigation System by using interactive manipula-

tive graphic simulations of the equipment. 

LESSONS INS 34-2 THROUGH 34-12 

Interactive Computer-Assisted Instruction Practice Activity 

General Comments. —— Each of these activities covers 

one or more procedures to be carried out by the pilot or 

flight engineer. The instructional strategy and format is 

essentially the same for all of these activities. The pre-

requisites for each activity are mastery of the task-rel-

ated knowledge components of the corresponding slide/tape 

presentation. The student is provided with the checklists 
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and operational manual reference materials that will be 

available to the aircrewmember in the aircraft operational 

environment to use as a learning resource. 

Introduction. — The introduction explains the 

purpose of the activity. For example: 

The introduction also explains the purpose of the pro-

cedures in general terms. 

If more than one procedure is covered in the activity, 

each of them is accessible from an index. 

Instructional Strategy. — The student goes through 

each step of the procedure by answering multiple choice 

questions and touching displayed controls. He is prompted 

as little as possible, but may always press the HELP key 

for assistance. Questions which require the student to make 

observations are asked. The steps presented in the activity 

are keyed to the checklist items contained in the equipment 

operation manual. 

Errors and Feedback. — Student errors are classified 

i nto two type s: 



50 

El: Touch of an unrecognized area of the touch-panel 

out of range of choices (unrecognized entry 

error). 

E2: Recognized but incorrect touch of keypress or 

touch-panel (real error). 

Feedback after correct responses consists of a short state-

ment. For example: "CORRECT, continue with the procedure." 

Feedback after errors clearly indicates that a real error 

was made, but generally does not give instructive inform-

ation. For example: "NO, try again." Pressing the HELP key 

provides the student with tutorial information for a given 

procedure including what to do and rationale, plus applic-

able systems information. 

Record Keeping. — Type El errors are not recorded. 

Computer—generated data are maintained for each step in the 

procedure. This data consists of (1) whether or not any E2 

errors were made, (2) whether or not HELP was used, (3) 

elapsed time to complete the procedure, and (4) the number 

of times a procedure is repeated. 

Student Flow. — At the end of each lesson practice 
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activity, the student is shown a summary of performance in 

comparison to the criteria (time on—task, number of errors) 

for the procedure. One of the following types of messages 

i s shown: 

Criterion met: Recommendation to go on. 

Criterion not met and less than two repeats: Recommend 

repeating the lesson. 

Criterion not met and two repeats: Student required to 

contact the instructor for assignment of additional 

remediation. 

The numbers and/or conditions used in a procedure will be 

varied by the computer when the student repeats a procedure 

for practice. 

Interactive Computer-Assisted Instruction Test Activity 

The instructional strategy for the tests is essential-

ly the same as the practice activities except for the fol-

lowing differences: 
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The test on a particular procedure is terminated as 

soon as the student cannot achieve mastery. The stu-

dent is required to repeat the CAI Practice and Test 

Activities. 

Help is not available. 

Except for type El (unrecognized entries) error, the 

student has only one chance to answer a question or 

touch the correct control. 

Feedback for correct performance is a complete rein-

forcement statement, beginning with a positive state-

ment, (GOOD, CORRECT, etc), and followed by an explan-

ation of why the answer is correct. 

Feedback for incorrect performance is a complete 

statement, beginning with a summary statement, ("NO", 

"INCORRECT", etc.), and followed by the HELP message 

for the procedural step. 

The numbers and/or conditions used in the test are 

varied by the computer for each administration. 
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Table 2 in the Appendix contains a criteria summary 

for each procedural task required for the operation of the 

Litton 72-R Inertial Navigation System. Performance cri-

teria for the number of procedural errors and for time 

on-task performance were established for the computer-

assisted instruction practice and test components, and for 

operation of actual inertial navigation system equipment. 

Error criteria (points) and time criteria (minutes) were 

established for each lesson. In addition, performance 

criteria in terms of errors (steps accomplished correctly) 

and time on-task (minutes) were established for operational 

equipment. 

The on-task performance criteria for the operation of 

actual equipment were approved by the U. S. Air Force as 

meeting performance requirements for the operation of the 

Litton 72-R Inertial Navigation System Equipment. The dif-

ference between CAI Practice and Test Component "point" and 

"minute" criteria and Operational Equipment "step" and 

"minute" criteria is due to the inclusion of cognitive ob-

jective test items in the computer-assisted instruction 

component. These additional components resulted in an 

increase in both the total point score and time of per-

formance criterion parameters for the computer-assisted 

instruction component. 
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Instruments 

The Appendix contains samples of computer-generated 

data reports on student performance. For each student, a 

summary sheet was generated that listed the lessons (mod-

ules) mastered, the date mastered, the error score in terms 

of points achieved out of points possible, and the number 

of tests required to achieve criterion mastery. For each 

student, data was gathered for each lesson that included 

the date, time on-task, actual error score, and possible 

error score. A percentage score for three possible mastery 

attempts was calculated. 

The Appendix also contains a sample of the form that 

was used to record student performance in the aircraft us-

ing actual inertial navigation system equipment. For each 

student, initial performance scores for time on-task and 

number of errors 'was documented by five certified U.S. Air 

Force instructor personnel for each inertial navigation 

system task. Instructor personnel were given instruction on 

how to gather and record the data. The date of evaluation, 

and the student's mastery or non-mastery of the time 

on-task and error criteria for performance of each task on 

the initial attempt was recorded. The "remarks" section was 

used to record time on-task and error scores for the 

initial performance of each task. 
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CAI instructional component student performance data 

was generated in summary form by the computer for each les-

son. Each CAI lesson contains one or more procedural 

tasks. Table 2 in the Appendix lists the performance 

criteria for time on task and number of errors that were 

established for each lesson. Each lesson contains oper-

ationally related tasks. Computer-assisted instructional 

programs were designed to measure student cognitive per-

formance using computer-presented questions and to measure 

student psychomotor performance by generating summative 

time (in minutes) and error data (in the form of "points") 

on both practice and test components. Errors on cognitive 

questions, or selection of computer-generated help, re-

sulted in subtraction of points from the total possible. 

Operational equipment student psychomotor performance 

data were recorded as the amount of time required to per-

form each task, and the number of errors made when per-

forming each task. Cognitive performance was not measured 

directly. In an aircraft flight environment, inertial 

navigation system operational tasks had to be accomplished 

in a random manner using more than one aircraft flight as 

dictated by operational requirements. Therefore, oper-

ational on-task student performance was not necessarily 

measured in the order learned. The date of operational task 

performance was recorded to enable the determination of 

lapsed time in days between task performance using computer 

simulation and task performance using actual equipment. 
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The Population 

The population consisted of 100 U.S. Air Force aircrew 

members, both pilots and flight engineers eligible for 

assignment to the course of instruction. Aircrew members 

were tested on their ability to demonstrate criterion-re-

ferenced standards of performance on thirty-five inertial 

navigation system procedural tasks using both computer sim-

ulation and actual equipment. 

Selection of the Sample 

As discussed previously, this study did not require 

the selection of a sample by the researcher. Data were 

gathered for the first one hundred aircrew members assigned 

as students by the U.S. Air Force to the course of instruc-

tion. All aircrew members except for those that had receiv-

ed previous instruction on the operation of the Litton 7 2-R 

Inertial Navigation System were included in the study. 

Research Design 

This study was designed to determine the magnitude of the 

predictive value of, and the correlation between student 

task performance on eleven CAI tests using two-dimensional 
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monochromatic interactive graphic simulations and subse-

quent initial student performance of the same tasks using 

three-dimensional polychromatic actual equipment in an 

operational enviroment. 

For each of eleven CAI tests administered through 

monochromatic computer simulation student performance data 

were gathered for error scores and time on-task in addition 

to the date of test administration. The same data were 

gathered for initial task performance using actual equip-

ment. 

Testing of Hypotheses 

Hypotheses Number One and Two 

For each of eleven tests administered through monochromatic 

computer simulations, Multiple Regression analysis was ac-

complished using the North Texas State University SPSS sta-

tistical analysis computer program. Additionally, the new 

regression procedure was used to determine if the values of 

independent predictor variables could be combined to yield 

a higher correlation between the dependent criterion vari-

ables of (1) error scores, and (2) time on task for actual 

polychromatic equipment operation and a sum of predictors. 

r^ e three predictor variables were (1) elapsed time between 
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student performance on a test administered through mono-

chromatic computer simulations and subsequent performance 

on a test using actual polychromatic equipment, (2) com-

puter simulation error scores, and (3) computer simulation 

time on- task. Multiple Regression Coefficients were 

obtained for a combination of predictor variables to deter-

mine if a combination of predictor variables could predict 

the dependent criterion variables better than any predictor 

variable by itself. 

Hypotheses Number Three and Four 

An important purpose of this study was to determine the 

predictive validity of each of the eleven CAI tests in 

terms of the criterion-referenced pass/fail standards es-

tablished for task performance using computer simulations 

and actual equipment. The parameters for these pass/fail 

standards permit a small variability in error test scores 

from a minimum of zero errors for computer simulation per-

formance, and a small variability in number of errors in 

actual equipment operation from a minimum of zero errors. 

The parameters for time on-task permit a variability in 

minutes from one up to a maximum for each task for both 

computer simulation performance and actual equipment 

operation. 
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The magnitude of the predictive test validity between 

student performance of inertial navigation system tasks us-

ing computer simulations and the subsequent initial student 

performance of the same tasks on actual equipment was 

investigated to answer the following questions: 

What is the correlation between student performance 

equal to or less than the pass/ fail criterion score 

for number of errors using computer simulation and 

subsequent student performance equal to or less than 

the pass/fail criterion score for number of errors 

using actual equipment? Does it make a difference in 

performance using actual equipment if a student achi-

eves a score equal to or less than the pass/fail 

criterion-referenced error score on the computer 

simulation component or if the student achieves a 

score that is more than the pass/fail criterion error 

score parameters? 

What is the correlation between student performance 

equal to or less than the pass/fail time on-task cri-

terion using computer simulation, and subsequent 

student performance equal to or less than the 
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maximum pass/fail time on task criterion using actual 

equipment? 

Does it make a difference in performance using actual 

equipment if student performance is equal to or less 

than the pass/fail time on-task criterion using 

canputer simulation or if student performance is more 

than the pass/fail time on-task criterion 

parameters? 

Dichotomous variables were established to test hypo-

theses number three and four: 

Variable One: CAI/Graphic Simulation Performance 

"PASS" = score equal to or less than the criterion score 
parameters for number of errors 

= equal to or less than the maximum time on-task 
criterion parameters 

"FAIL" = more than the criterion score parameters for num-
ber of errors 

= more than the maximum time on-task criterion 
parameters 

Variable Two: Actual Equipment Performance 

"PASS" = score equal to or less than the criterion score 
parameters for number of errors 



61 

= equal to or less than the maximum time on-task 
criterion parameters 

"FAIL" = more than the criterion score parameters for 
number of errors 

= more than the maximum time on-task criterion 
parameters 

The Phi Coefficient was used to determine the 

correlation between the variables. Borg and Gall (1) state 

that this statistic is appropriate for determining the 

magnitude of the correlation between dichotomous variables 

where the underlying variables are not continuous or 

normally distributed, and a fairly large number of cases is 

studied. The number of pass or fail scores for computer 

simulation performance and for actual equipment performance 

was entered into a 2 X 2 table. Separate tables were used 

for number of errors and time on-task. 

For each of eleven CAI tests using computer simula-

tions and the associated inertial navigation system tasks, 

student performance data on the initial criterion mastery 

attempt were tabulated as follows: 
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CAI Test Number Number of Errors 

Frequency Proportion 

CAI/Graphic Simulation 

Fail Pass 

CAI/Graphic Simulation 

Fail Pass 
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CO 
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Pass a b Pi 

Fail c d «1 

«2 ?2 
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/(A+B)(C+D)(A+C)(B+D) 

P y ~ PiPj 

0 * / PiPĵ î j 

The significance of the phi coefficient was tested at 

the .05 level by referring the statistic N02 to a chi-

square table with 1 degree of freedom. When df =1, / x2 

is a normal deviate and 0 / N may be referred to tables of 

the normal curve, according to Ferguson (2). 
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CHAPTER IV 

ANALYSIS OF DATA 

Introduction of Data 

This chapter presents an analysis of data gathered 

from one hundred U. S. Air Force aircrew members from June, 

1981 through October, 1982. For each hypothesis tested, 

data are summarized in tabular form, followed by a discus-

sion of the data and the disposition of the hypothesis. 

Tabulation of Multiple Regression Data, 
Discussion of Data, and Disposition 

of the Hypotheses 

Hypothesis Number One 

Student performance level (time on-task) on a test 

administered through monochromatic computer simulation 

and elapsed time in days between test administration 

and subsequent performance on a test using polychro-

matic actual equipment have no significant (p = < .05) 

predictive value as a predictor of time on-task for 

actual equipment operation. 
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Tabulation of the Data 

Tables 3 and 4 present a summary of the Multiple Re-

gression Analysis data for hypothesis number one. 

Discussion of the Data 

The hypothesis was tested in the null form using the 

North Texas State University SPSS statistical analysis com-

puter program and the new regression procedure. Table 3 

presents a summary of the data relevant to the effect of 

the independent variable of computer-assisted instruction 

time on-task on the dependent variable of equipment time 

on-task. Table 4 presents a summary of the relevant data 

following the addition of the independent variable of 

elapsed time in days between computer-assisted instruction 

test performance and performance using actual equipment to 

the regression analysis. 

The data indicate that the independent variable of 

computer-assisted instruction time on-task has a correla-

tion that is significant at the .01 level with the depen-

dent variable of time on-task for actual equipment oper-

ation for all computer-assisted instruction tests. The data 

also indicate that when the independent variable of elapsed 

time in days between computer-assisted instruction test 

performance is added to the regression formula, the 
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TABLE 3 
MULTIPLE REGRESSIONAL ANALYSIS: 

CORRELATION BETWEEN CAI TIME ON-TASK 
AND EQUIPMENT TIME ON-TASK 

CAI 
1 
1 

1 
1 Significance 

Test | 
1 

Correlation 1 
1 

Level 

INS 
1 

34-2 I .41 
1 
1 P < .01 

INS 34-3 I .57 1 P = < .01 
INS 34-4 I .62 1 P = < .01 
INS 34-5 I .76 1 P = < .01 
INS 34-6 I .61 1 P rs < .01 
INS 34-7 | .72 I P ss < .01 
INS 34-8 1 .71 1 P 3S < .01 
INS 34-9 | .67 1 P = < .01 
INS 34-10 | .62 1 P = < .01 
INS 34-11 | .69 1 P =3 < .01 
INS 34-12 | 

1 
.55 1 P < .01 

N = 100 
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TABLE 4 
MULTIPLE REGRESSION ANALYSIS: 

INDEPENDENT VARIABLES: CAI TIME ON-TASK AND ELAPSED TIME 
DEPENDENT VARIABLE: EQUIPMENT TIME ON-TASK 

1 
CAI | 
Test | 

1 
R 

1 1 
1 1 
1 F 1 
1 1 

Significance 
Level 

INS 
1 

34-2 | .47 
1 1 
1 7.56 | .0009 

INS 34-3 I .61 1 28.73 | .0001 
INS 34-4 | .66 1 40.74 I .0001 
INS 34-5 I .79 1 80.03 | .0001 
INS 34-6 | .67 1 29.54 | .0001 
INS 34-7 | .74 1 59.28 | .0001 
INS 34-8 | .78 1 98.17 I .0001 
INS 34-9 | .70 I 46.52 | .0001 
INS 34-10 | .83 1 102.60 I .0001 
INS 34-11 | .82 1 98.70 | .0001 
INS 34-12 | 

1 
.76 1 70.46 I 

1 1 
.0001 

N = 100 
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resulting R-value is larger than the correlation value. The 

R-values were tested by computing an F-Ratio to determine 

if the R-values were significantly different from zero. The 

R-values for all computer-assisted tests were found to be 

significant at the .01 level. Therefore, the addition of 

the independent variable of elapsed time in days combined 

with the independent variable of computer-assisted instruc-

tion time on—task resulted in a more accurate prediction of 

time on-task for equipment operation. 

Disposition of the Hypothesis 

The data indicate that the independent variable of 

elapsed time in days between computer-assisted instruction 

test performance and performance using actual equipment 

combined with the independent variable of computer-assisted 

instruction time on-task increases the predictive value of 

computer-assisted instruction time on-task. Due to the 

level of significance of both independent predictor vari-

ables, the hypothesis, as stated in the null, was rejected. 

Hypothesis Number Two 

Student performance level {error scores) on a test ad-

ministered through monochromatic computer simulation 
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and elapsed time in days between test administration 

and subsequent performance on a test using polychro-

matic equipment have no significant (p=<.05) predic-

tive value as a predictor of error scores for actual 

equipment operation. 

Tabulation of the Data 

Tables 5 and 6 present a summary of the Multiple Re-

gression Analysis data for hypothesis number two. 

Discussion of the Data 

The hypothesis was tested in the null form using the 

North Texas State University SPSS statistical analysis com-

puter program and the new regression procedure. Table 5 

presents a summary of the data relevant to the effect of 

the independent variable of the number of computer-assisted 

instruction errors on the dependent variable of number of 

errors using actual equipment. Table 6 presents a summary 

of the relevant data following the addition of the indepen-

dent variable of elapsed time in days between computer 

-assisted instruction test performance and performance 

using actual equipment to the regression analysis. 
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TABLE 5 
MULTIPLE REGRESSION ANALYSIS: 
CORRELATION BETWEEN CAI ERRORS 

AND EQUIPMENT ERRORS 

1 
CAI | 
Test I 

1 
Correlation 

1 
1 
1 
1 

Significance 

INS 
1 

34-2 ! .52 
1 
1 P __ < .01 

INS 34-3 | .78 1 P = < .01 
INS 34-4 | .76 1 P = < .01 
INS 34-5 | .77 1 P = < .01 
INS 34-6 | .78 1 P = < .01 
INS 34-7 1 .78 1 P < .01 
INS 34-8 I .74 1 P 3 5 < .01 
INS 34-9 | .76 1 P 2S < .01 
INS 34-10 | .78 1 P = < .01 
INS 34-11 | .74 1 P = < .01 
INS 34-12 | 

1 
.78 1 P = < .01 

N = 100 
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TABLE 6 
MULTIPLE REGRESSION ANALYSIS: 

INDEPENDENT VARIABLES: CAI ERRORS AND ELAPSED TIME 
DEPENDENT VARIABLE: EQUIPMENT ERRORS 

1 
CAI | 
Test | 

1 
R 

1 
1 

F | 
1 

Significance 
Level 

1 
INS 34-2 | .62 

1 
28.13 I .0001 

INS 34-3 | .80 90 .24 | . 0001 
INS 34 -4 | .83 103.99 | .0001 
INS 34 -5 | * 82 100 .35 | . 0001 
INS 34-6 | .90 203 .81 | .0001 
INS 34 -7 ! . 9 1 216 .38 I .0001 
INS 34 -8 | .83 147.02 I .0001 
INS 34 -9 | .82 92 .84 | .0001 
INS 34 -10 | .88 138 .01 I . 0001 
INS 34 -11 I .89 172.67 | . 0001 
INS 34-12 | 

1 
.85 128.63 I 

1 
.0001 

N = 100 
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The data indicate that the independent variable of com-

puter-assisted instruction error scores has a correlation 

that is significant at the .01 level with the dependent 

variable of error scores for actual equipment operation for 

all computer-assisted instruction tests. The data also in-

dicate that when the independent variable of elapsed time 

in days between computer-assisted instruction test perfor-

mance and performance using actual equipment is added to 

the regression equasion, the resulting R-value is larger 

than the correlation value. 

The R-values were tested by computing a F-ratio to de-

termine if the R-values were significantly different from 

zero. The R-values for all computer-assisted tests were 

found to be significant at the .01 level. Therefore, the 

addition of the independent variable of elapsed time in 

days combined with the independent variable of computer-

assisted instruction error scores resulted in a more 

accurate prediction of error scores for actual equipment 

operation. 

The data also indicate that the independent variable 

of elapsed time in days between computer-assisted instruc-

tion test performance and performance using actual equip-

ment predicts the dependent variable of the number of 

errors using actual equipment with more accuracy than it 

predicts the dependent variable of time on-task using 

actual equipment. 
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Disposition of the Hypothesis 

The data indicate that the independent variable of 

elapsed time in days between computer-assisted instruction 

test performance and performance using actual equipment 

combined with the independent variable of the number of 

ccmputer-assisted instruction errors increases the predic-

tive value of the number of computer-assisted instruction 

errors. Due to the level of significance of both indepen-

dent predictor variables, the hypothesis, as stated in the 

null, was rejected. 

Tabulation of Phi Coefficient Data, 
Discussion of Data, and Disposition 

of the Hypotheses 

Hypothesis Number Three 

There is no significant (p=<.05) correlation between 

student performance level (arbitrarily defined pass/ 

fail error score) on a test administered through mono-

chromatic computer simulations and subsequent student 

performance level (arbitrarily defined pass/fail error 

score) on a test using polychromatic actual equipment. 



74 

TABLE 7 
PHI COEFFICIENT ANALYSIS: 
PASS/FAIL ERROR SCORES 

CAT Nunber oi Students 
Test Pass CAI Fail CAI Pass CAI Fail CAI Coefficient Significance 

Pass Eqpt. Fail Eqpt. Fail Eqpt. Pass Eqpt. 

IIB 34-2 97 2 1 0 .98 P = < .01 
INS 34-3 96 3 0 1 .86 P = < .01 
INS 34-4 93 4 2 1 .72 P = < .01 
INS 34-5 92 5 2 1 .76 P = < .01 
INS 34-6 93 4 3 0 .75 P = < .01 
INS 34-7 90 6 2 2 .79 P = < .01 
11B 34-8 91 6 2 1 .79 P = < .01 
INS 34-9 92 4 4 0 .69 P " < .01 
INS 34-10 90 6 3 0 .80 P " < .01 
INS 34-11 92 4 3 1 .68 P 3 < .01 
INS 34-12 94 2 4 0 .61 P - < .01 

N - 100 



75 

Tabulation of the Data 

Table 5 presents a summary of the Phi Coefficient data 

for hypothesis number three. 

Discussion of the Data 

The hypothesis was tested in the null form using the 

North Texas State University SPSS statistical analysis com-

puter program. Table 5 presents data relevant to the de-

termination of the Phi Coefficient between the independent 

variable of pass/fail error score using computer simula-

tions, and the dependent variable of subsequent pass/fail 

error score using actual equipment. 

The data indicate that computer-assisted instruction 

pass/fail error scores have a correlation with actual 

equipment pass/fail error scores that is significant at the 

.01 level for all computer-assisted instruction tests. A 

total of 100 students was included in the study. {1100 

computer-assisted instruction scores, and 1100 actual 

equipment scores). For the eleven computer—assisted in-

struction tests, the number of students that attained the 

computer-assisted instruction pass/fail criteria for error 

scores and also attained the actual equipment pass/fail 

criteria for error scores ranged from a low of ninety-one 

to a high of ninety-seven. The number of students who did 
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not attain the computer-assisted instruction pass/fail 

criteria for error scores and also did not attain the 

actual equipment pass/fail criteria for error scores ranged 

from a low of one to a high of four. The data indicate that 

the number of pass/fail error scores that had a perfect 

positive correlation between the dependent and independent 

variable ranged from a low of ninety-six to a high of 

ninety-nine students. Ninety-six percent of all students 

had perfect correlation for error scores. 

Additional analysis of the data revealed that no stu-

dent failed the actual equipment error criteria with less 

than thirty-four elapsed days between computer-assisted 

instruction test performance and performance using actual 

equipment. 

Disposition of the Hypothesis 

The data indicate that computer—assisted instruction 

pass/fail error scores have a correlation with actual 

equipment pass/fail error scores that is significant at the 

.01 level for all computer-assisted instruction tests. Due 

to the level of significance of the relationship between 

the dependent and independent variables and the high degree 

of perfect positive correlaiton, the hypothesis, as stated 

in the null, was rejected. 
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Hypothesis Number Four 

There is no significant (p=<.05) correlation between 

student performance level (arbitrarily defined pass/ 

fail time on-task score) on a test administered 

through monochromatic computer simulations and sub-

sequent student performance level (arbitrarily de-

fined pass/fail time on—task score) on a test using 

polychromatic actual equipment. 

Tabulation of the Data 

Table 6 presents a summary of the Phi Coefficient data 

for hypothesis number four. 

Discussion of the Data 

The hypothesis was tested in the null form using the 

North Texas State University SPSS statistical analysis com-

puter program. Table 6 presents data relevant to the deter-

mination of the Phi Coefficient between the independent 

variable of pass/fail time on-task using computer simula-

tions, and the dependent variable of subsequent pass/fail 

time on-task using actual equipment. 
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TABLE 8 
PHI COEFFICIENT ANALYSIS: 

PASS/FAIL TIME ON-TASK SCORES 

CAI Number of Students 
Test Pass CAI Fail CAI Pass CAI Fail CAI Coefficient Significance 

Pass Eqpt. Fail Eqpt. Fail Eqpt* Pass Eqpt. 

INS 34-2 96 2 0 2 .69 p = < .01 
INS 34-3 96 2 2 0 .69 p = < .01 
INS 34-4 94 3 2 1 .66 p - < .01 
INS 34-5 95 2 3 0 .62 p - < .01 
INS 34-6 96 2 2 0 .69 p - < .01 
INS 34-7 95 3 2 0 .76 p = < .01 
INS 34-8 96 1 3 0 .48 p • < .01 
INS 34-9 96 2 2 0 .69 p - < .01 
INS 34-10 94 3 3 0 .69 p = < .01 
INS 34-11 96 2 1 1 .66 p = < .01 
INS 3VI2 98 1 1 0 .77 p = < .01 

N =• 100 
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The data indicate that computer-assisted instruction 

pass/fail time on-task scores have a correlation with 

actual equipment pass/fail time on-task scores that is 

significant at the .01 level for all computer-assisted 

instruction tests. A total of 100 students was included in 

the study. (1100 computer-assisted instruction scores, and 

1100 actual equipment scores). For the eleven computer-

assisted instruction tests, the number of students that 

attained the computer-assisted instruction pass/fail 

criteria for time on-task and also attained the actual 

equipment pass/fail criteria for time on-task ranged from a 

low of ninety-four to a high of ninety-eight. The number of 

students who did not attain the computer-assisted instruc-

tion pass/fail criteria for time on-task and also did not 

attain the actual equipment pass/fail criteria for time on-

task range from a low of one to a high of three. The data 

indicate that the number of pass/fail time on—task scores 

that had a perfect positive correlation between the depen-

dent and independent variable ranged from a low of ninety-

four to a high of ninety—nine. Ninety—seven percent of all 

students had perfect positive correlation for time on-task. 

Additional analysis of the data revealed that no stu-

dent failed the actual equipment time on-task criteria with 

less than thirty—four elapsed days between computer—assist— 

instruction test performance and performance using 

actual equipment. 
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Disposition of the Hypothesis 

The data indicate that computer-assisted instruction 

pass/fail time on-task scores have a correlation with 

actual equipment pass/fail time on-task scores that is 

significant at the .01 level for all computer-assisted in-

struction tests. Due to the level of significance of the 

relationship between the dependent and independent vari-

ables and the high degree of perfect positive correlation, 

the hypothesis, as stated in the null, was rejected. 
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CHAPTER V 

Summary, Findings, Conclusions, 
Implications and Recommendations 

Summary of the Study 

This study was designed to determine the validity of 

interactive computer-assisted instruction for predicting 

on-task competencies for inertial navigation system equip-

ment. The transfer of on-task competencies for the total 

operation of a specific aircraft system from computer-

assisted instructional media to actual equipment was in-

vestigated. The Litton 72-R Inertial Navigation System was 

selected for this study. 

The population used in the study consisted of 100 

pilot and flight engineer U.S. Air Force aircrew members 

assigned to a formal course of instruction for initial 

qualification in the KC-10A aircraft. Data were gathered 

from June, 1981 through October, 1982. Students included in 

the study had not received prior instruction on the 

operation of the Litton 72-R Inertial Navigation System. 

A systems approach was used to design computer-assist-

ed programs that could provide terminal performance compe-

tencies for the operation of the inertial navigation 

82 
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system. A detailed analysis resulted in the identification 

of thirty-five procedural tasks. Further analysis resulted 

in identification of the steps required to perform each 

task and the cognitive components of each procedural task 

step. These cognitive components consisted of task-related 

knowledge required for task performance under normal and 

contingent operational conditions. Tasks were arranged into 

eleven computer-assisted instruction lessons. Each lesson 

consisted of both computer-assisted instruction practice 

and test components. Student terminal performance criteria 

were established in terms of student time on-task and the 

number of errors made during task performance for each of 

the eleven computer-assisted instruction lessons and for 

on-task performance using actual aircraft equipment. 

The computer-assisted instruction programs were de-

signed to be administered using the Control Data Cor-

poration PLATO system. The equipment used in this study 

consisted of a monochromatic graphic computer terminal with 

an interactive touch-panel through which students could 

interact with and manipulate computer-generated graphic 

simulations of inertial navigation system equipment. 

Computer-generated student performance data were gathered 

for the number of errors made during simulated task per-

formance and for time on-task. Observation of student per-

formance in the aircraft during flight operations by 

certified U.S. Air Force instructor personnel was the 
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method used to gather data for the number of errors made 

and for time on-task required for the initial performance 

of each inertia! navigation system task using actual equip-

ment. 

The predictive value of actual student scores for 

number of errors and time on-task using computer simul-

ation as predictors of the number of errors and time on-

task for actual equipment task performance was statisti-

cally determined. The effect of combining the independent 

variable of elapsed time in days between computer-assisted 

test performance and subsequent test performance using 

actual equipment with each of the two computer-assisted 

instruction idependent variables was analyzed to determine 

the effect of a combination of independent variables as 

predictors of the number of errors and time on-task for 

actual equipment task performance. Statistical determin-

ation of predictive values was accomplished using the North 

Texas State University SPSS computer program and the new 

multiple regression procedure. 

The magnitude of the correlation between two arbitrar-

ily defined dichotomous independent variables (pass/fail 

range of error scores and pass/fail range of time on-task 

scores) for computer simulations and two arbitrarily de-

fined dichotomous dependent variables (pass/fail range of 

error scores and pass/fail range of time on-task scores) 

for actual equipment was statistically determined. The 
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North Texas State University SPSS statistical analysis com-

puter program was used to determine the Phi Coefficient and 

the statistical level of significance for each of eleven 

computer-assisted instruction tests. 

Findings, Conclusions, Implications 
and Recommendations for Future Research 

Statistical Findings and Conclusions; 
Hypotheses One and Two 

The data indicate that the independent variable of 

computer-assisted instruction time on-task had a correla-

tion that was significant at the .01 level with the depen-

dent variable of time on-task for actual equipment opera-

tion for each of the eleven computer-assisted instruction 

tests. The data also indicate that the independent variable 

of computer-assisted instruction error scores had a correl-

ation that is significant at the .01 level with the depen-

dent variable of error scores for actual equipment opera-

tion for each of the eleven computer-assisted instruction 

tests. The correlation between the independent and depen-

dent error score variables was higher than the correlation 

between the independent and dependent time on-task vari-

ables. Therefore, the independent computer-assisted in-

struction error score variable was found to have a higher 

correlative value than the computer—assisted instruction 

time on-task variable. 
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The addition of the independent variable of elapsed 

time in days between computer-assisted instruction test 

performance and performance using actual equipment to the 

regression equation resulted in multiple regression coeffi-

cient values that were larger than the correlation coeffi-

cient values of the computer-assisted instruction variables 

of time on-task and error scores. The independent variable 

of elapsed time in days was combined with the independent 

variable of computer-assisted instruction time on-task, and 

then combined with the independent variable of computer-

assisted instruction error scores. Increased multiple re-

gression coefficient values for both independent variables 

were obtained for each of eleven computer-assisted instruc-

tion tests. The increase in the multiple regression coeffi-

cient values for error scores was greater than the increase 

in the multiple correlation coefficient values for time on-

task scores. Therefore, the combination of the independent 

variable of elapsed time in days with the independent vari-

able of computer-assisted instruction error scores was 

found to predict actual equipment error scores with more 

accuracy than the combination of elapsed time with 

computer-assisted instruction time on-task predicted actual 

equipment time on-task scores. 
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Statistical Findings and Conclusions: 
Hypotheses Three and Four 

The data indicate that the independent variable of 

ccmputer-assisted instruction pass/fail error score had a 

correlation that was significant at the .01 level with the 

dependent variable of pass/fail error score for actual 

equipment operation for each of the eleven computer-

assisted instruction tests. The data also indicate that the 

independent variable of computer-assisted instruction pass/ 

fail time on-task score had a correlation that was signifi-

cant at the .01 level with the dependent variable of pass/ 

fail time on-task score for actual equipment operation for 

each of eleven computer-assisted instruction tests. The 

correlation between the independent and dependent error 

score variables was higher than the correlation between the 

independent and dependent time on-task variables. There-

fore, the independent computer-assisted instruction pass/ 

fail error score variable was found to have a higher pre-

dictive validity than the computer-assisted instruction 

time on-task variable. 

The data indicate a high degree of perfect positive 

correlation between both of the independent variables and 

both of the dependent variables. The data gathered from a 

sample of 100 students for eleven computer-assisted in-

struction tests (2200 scores) resulted in perfect positive 

correlation values for 1020 student pass scores between 
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computer-assisted instruction and actual equipment pass/ 

fail error scores (92 percent). Perfect positive correla-

tion values were attained for forty-six fail scores {4 

percent). Ninety-six percent of student scores had a 

perfect positive correlation with the dependent variable 

scores. Perfect positive correlation values were attained 

for 1053 student pass scores between computer-assisted 

instruction and actual equipment pass/fail time on-task 

scores (95 percent). Perfect positive correlation values 

were attained for twenty-two fail scores (2 percent). 

Ninety-seven percent of student scores had a perfect 

positive correlation with the dependent variable scores. 

Therefore, the computer-assisted pass/fail criteria for 

time on-task and number of errors were found to have a very 

high predictive validity for student attainment of actual 

equipment pass/ fail criteria for time on-task and number 

of errors. 

The data also indicate that no student failed the 

actual equipment pass/fail criteria for either time on-task 

or number of errors with less than thirty-four elapsed days 

between computer-assisted test performance and performance 

using actual equipment. 

Implications of the Study 

The capability of computer-generated graphic simula-

tions of inertial navigation system equipment to predict 

on-task competencies for the operation of actual inertial 
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navigation system equipment was empirically validated by 

this study. Apparently, the design of the computer-assisted 

instruction programs was a critical factor in the ability 

of the programs to achieve a high degree of effectiveness 

in the transfer of time on-task and number of errors made 

in equipment operation from the simulated environment. A 

detailed task analysis was accomplished for each of thirty-

five distinct procedural tasks. This analysis enabled the 

determination of task performance requirements for normal 

and contingent conditions, and the specification of task-

related knowledge. Tutorial, practice, and test components 

were included for each required task. Positive and negative 

feedback was provided for all components. Computer-gener-

ated "help" was available during all tutorial and practice 

components. 

A second critical factor in the design of the comput-

er-assisted instruction programs was the use of computer-

generated graphic simulations of actual inertial navigation 

system equipment. The capability of the Control Data Cor-

poration PLATO system permitted the generation of graphic 

simulations that accurately represented the actual equip-

ment. The use of an interactive touch-panel enabled the 

students to receive hands-on experiences for the operation 

of equipment during the tutorial and practice instructional 

components. Students were also tested using simulations of 

actual equipment. 
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Monochromatic simulations were used for the computer-

assisted instruction components due to the inability of the 

PLATO system to provide polychromatic images. The results 

of the study indicate that the use of monochromatic pre-

sentations did not detract from the ability of the graphic 

simulations to transfer student performance capabilities to 

polychromatic actual equipment. The Litton 72-R Inertial 

Navigation System equipment has limited polychromatic fi-

delity. Several colors are used for data entry keys and for 

data displays, but the study results indicate that the per-

ception and interpretation of color is not critical for the 

operation of this particular piece of equipment. The re-

sults of this study cannot be generalized to other types of 

aircraft equipment which require the perception and inter-

pretation of polychromatic cues for on-task competency. 

The results of the study indicate that computer-

assisted instruction using monochromatic interactive sim-

ulations can be used as the instructional medium for pro-

viding on-task competencies for the operation of actual 

inertial navigation system equipment. Therefore, consider-

able cost-savings can be realized by the elimination of 

actual operational inertial navigation system components 

from expensive high-technology aircrew training devices 

such as part-task trainers and cockpit procedure trainers. 

Additional cost—savings can be realized by the resultant 

reduction of student training time in these training 
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devices. The application of the results of this study to 

the design of curriculum and instruction for aircrew train-

ing systems that require student proficiency in the oper-

ation of inertial navigation or similar avionic equipment 

would have a significant impact on the cost—effectiveness 

of the the training system. 

To validate predictive test validity for computer-

assisted instructional test components, pass/fail compe-

tency ranges were established for computer-assisted in-

struction performance and for actual equipment on—task per-

formance. Pass/fail competency ranges were established for 

the variables of time on-task and number of operational er-

rors. The results of the study indicate that computer-

assisted instruction pass/fail time on-task and error 

scores have a very high degree of correlation with actual 

equipment pass/fail time on-task and error scores. There 

was a high degree of predictive test validity as indicated 

by the very high degree of perfect positive correlation be-

tween computer-assisted instruction performance and actual 

equipment performance. Therefore, if pass/fail competency 

ranges are applicable for the measurement of actual equip-

ment operational proficiency, the results of the study 

indicate that pass/fail competency ranges can be used as 

criterion-referenced standards for computer-assisted in-

struction performance. Attainment of these standards was 

found to be a valid predictor of actual equipment pass/fail 

competency ranges. 
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To determine the predictive value of actual computer-

assisted scores for time on—task and number of errors as a 

predictor of actual equipment scores for time on-task and 

number of errors, a statistical multiple regression an-

alysis was used. The results of the study indicate that 

computer-assisted instruction scores for both time on-task 

and number of errors have a correlation that is significant 

at the .01 level with actual equipment scores for both time 

on-task and number of errors. Therefore, if specific time 

on-task or number of error values are applicable for meas-

urement of actual equipment operational proficiency, the 

results of the study indicate that specific time on-task or 

number of error values can be used as criterion-referenced 

standards for computer—assisted instruction performance. 

Attainment of these standards will predict actual equipment 

time on-task or error scores. 

The combination of elapsed time in days between com-

puter-assisted instruction performance and actual equipment 

on-task performance to the regression formula resulted in a 

slightly higher predictive value for both computer-

assisted instruction time on-task and error scores. There-

fore, the results of the study indicate that the elapsed 

time variable should be taken into consideration when pre-

dicting actual equipment scores for time on-task and number 

of errors. 

The data also indicate that no student failed the 
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actual equipment pass/fail criteria for either time on-task 

or number of errors with less than thirty-four elapsed days 

between ccmputer-assisted test performance and test per-

formance using actual equipment. Therefore, it appears to 

be probable that an elapsed time between test performance 

that is greater than thirty-four days would result in re-

duced predictive validity for the computer-assisted in-

struction performance tests used in this study. 

The results of this study indicate that computer-gen-

erated graphic simulations could also be used as an in-

structional medium for providing on-task competencies for 

similar manipulative tasks contained in vocational or 

technical curricula. 

Recommendations for Future Research 

This study was purposefully delimited to measure task 

performance in terms of specific student errors and the 

time required to perform operational tasks for inertial 

navigation system equipment. This delimination provided a 

means to empirically test the stated hypotheses. Therefore, 

this study produced significant empirical data pertaining 

to the transfer of on-task competencies from computer sim-

ulations to actual equipment for a specific type of air-

craft avionic equipment. The results of this study provide 

a basis for future research on the use of alternative 
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instructional media for the transfer of performance com-

petencies for operation of other types of aircraft equip-

ment. 

Research should be conducted to determine if the re-

sults of this study are applicable to the transfer of on— 

task competencies for other types of aircraft equipment 

which require the interpretation of polychromatic cues for 

on-task operation. Monochromatic computer simulations may 

be inadequate for providing actual equipment on-task com-

petencies for sophisticated polychromatic cue—intensive 

equipment. Research studies should be designed to determine 

the degree of polychromatic fidelity that is required by 

computer—assisted instructional media to provide transfer 

of on-task performance competencies for equipment having 

highly polychromatic characteristics. 

The operation of inertial navigation system equipment 

is relatively simple in terms of the number and degree of 

difficulty of procedural decisions required for both normal 

or contingent operating conditions. In addition, inertial 

navigation systems are not highly interrelated with other 

aircraft equipment. Operational inputs to the inertial 

navigation system produce limited changes in other aircraft 

equipment that must be perceived by the aircrew member as a 

basis for additional, more complex operational decisions. 

Therefore, the aircrew member can operate the inertial 

navigation system primarily as a stand-alone device. 
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Research should be conducted to determine if the re-

sults of this study are applicable to complex, interrelated 

aircraft equipment. Research studies should be designed to 

investigate the capability of computer-assisted instruc-

tional media to provide transfer of on-task performance 

competencies for interrelated aircraft equipment that is 

complex in terms of the number and degree of difficulty of 

procedural decisions that are required for both normal and 

contingent operating conditions. Research questions that 

should be investigated for complex interrelated equipment 

are (1) To what degree is simulation of the interrelated 

operational environment required to provide transfer of 

on-task performance competencies from computer-assisted 

instruction media to actual equipment? (2) Can multi-unit 

ccmputer-assisted instruction media be used to replicate 

the interrelated operational environment? (3) What is the 

effect of elapsed time in days between ccmputer-assisted 

test performance and actual equipment test performance on 

the retention of skills for equipment operation? (4) What 

is the relationship of actual and pass/fail scores for time 

on-task and number of errors using computer-assisted media 

to actual and pass/fail scores for time on-task and number 

of errors using actual equipment? 
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LITTON 72-R INERTIAL NAVIGATION SYSTEM 
PROCEDURAL TASKS AND STEPS 

TASK 1: INS St.art.up/Display Test 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10, 

Mode Selectors - OFF 
CB's - IN 
Mode Selectors - STBY 
Press-to-test READY NAV & BATT Lights 
Push TST3 Key 
Check displays (update, CDU, HSI) 
DIM Thumbwheel - adjust display brightness 
Press-to-test ALERT, BATT, & WARN lights 
Push CLR Key (displays clear) 
A/M/R selector - A or M 

11. Display selector - POS. (check CDU display) 

TASK 2: Present Position Entry 

1. Mode Selector - STBY 
2. Display selector - POS 
3. Push N or S Key (left blank with N/S) 
4. Enter latitude and check display 
5. Push ENT key (light off) 
6. Push W or E key (right blank with E/W) 
7. Enter longitude and check display 
8. Push ENT key (light off) 

9. Mode Selectors - ALIGN 

TASK 3: Alignment Status Check/Nav Mode 

1. Display selector - DTK-STS 
2. READY NAV - ON, Status 02 
3. Mode selector - NAV, Status 01 

TASK 4: Check Present Position Entry 

1. Display selector - POS (all 3 CDU) 
2. Compare displays with ramp position +- 0.1 

minute 
3. Out of tolerance: 

Mode selector - STBY 
Enter correct present position 
Mode Selector - ALIGN 

TASK 5: Load Waypoints 

1. A/M/R - A or M 
2. Display selector - WPT 
3. STA-WPT - 1 
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4. Enter latitude and longitude 
5. STA/WPT - 2 

6. Enter as in Task 4 for first 9 WPT's 

TASK 6: Remote Load Waypoint 

TASK 9: 

1. 
2. 
3. 
4. 

A/M/R to R on all 3 CDU's 
Push TK CHG & ENT on each 
Fran/To - flashes 00 
Re-Enter a latitude or longitude in Master CDU 

5. Push ENT key (check displays) 
6. A/M/R selector - A or M 
7. Verify waypoints transferred 
8. Rotate display selector to DTK-STS 

TASK 7: Load TACAN Station Data 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

Display selector - TACAN 
STA-WPT -1 
Enter latitude & longitude 
Display selector - EL-MV 
Push EL key 
Enter elevation (check displays) 
Push ENT key (clear if incorrect) 
Push E or W key (for variation) 
Enter magnetic variation 
Display selector - UDT-CH 
Push CH key 
Enter channel number + X or Y 
Push ENT key 
Repeat 1 thru 13 for first 9 stations 

TASK 8: Remote Load TACAN Data 

1. A/M/R selectors - R 
2. Display selectors - TACAN 

Re-enter latitude or longitude in Master CDU 
Push ENT key 

5. Verify TACAN transfer 
6. A/M/R selector - A or M 

3. 
4. 

Navigation Status (prior to takeoff) 
(Check alignment status in each CDU, then set as 
follows:) 

1. CDU 1 - HDG-DA 
2. CDU 2 - TK-GS 
3. CDU 3 - XTK-TKE 
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TASK 10: Initial TRACK 

1. Display selector not on TACAN, EL-MV, UDT-CH, 
or ORB-REN 

2. A/M/R - A or M 
3. Push TK CHG key 
4. Push 0 key 
5. Push key for desired WPT (verify from/to dis-

play) 
6. Push ENT key (Ent and TK CHG lights off) 
7. A/M/R selector - A or M 

TASK 11: TRACK Leg Change From Present Position 

1. Display selector not on TACAN, EL-MV, UDT-CH 
or ORB-REN 

2. A/M/R selector - A or M 
3. Push TK CHG key (ENT and TK CHG lights on) 
4. Push O key 
5. Push key for desired WPT 
6. Push ENT key (ENT and TK chg lights off) 
7. Display selector - DTK/STS 

TASK 12: Crosstrack Offset Mode 

1. A/M/R selector - A or M 
2. Display selector - XTK-TKE 
3. Push key 
4. Enter offset to nearest tenth NM (LR+(.XNM)) 

5. Push ENT key 

TASK 13: Return to Original Track 

1. Display selector - XTK-TKE 
2. Push key 
3. Push L or R key 
4. Push ENT key 

TASK 14: Enable TACAN Update Mode 

1. A/M/R selector - A or M 
2. Display selectors - UDT-CH 
3. Push 1 keys (left display blank, ENT light on) 
4. Push 1 keys (right digit on left display is 1) 
5. Push ENT key (verify update status) 

TASK 15: Disable TACAN Update Mode (manual) 

1. A/M/R selector - A or M 
2. Display selector - UDT-CH 
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3. Push 1 key (left display blank, ENT light on) 
4. Push ENT key (left digit display-0, ENT light 

off) 

TASK 16: Flush TACAN Update Mode 

1. A/M/R selector - A or M 
2. Display selector - UDT-CH 
3. Push 1 key (left display blank, ENT light on) 
4. Push 2 key (right digit on left display =2) 
5. Push ENT key (ENT light off 0, 00.0) 

TASK 17: Position Update Check 

1. Display selector - WPT or POS 
2. Push HLD key (HLD light on) check POS 
3. Push HLD key (HLD light off) 
4. Display selector UDT-CH 
5. A/M/R selector - R 

6. LT display shows updated distance 

TASK 18: Remote Direct Ranging From Present Position 

1. Display selector - DIS-TIM 
2. A/M/R selector - R (FROM/TO display flashes) 
3. Push TK CHG key (TK CHG & ENT lights on) 
4. Push desired WPT key 
5. Push 0 key 
6. Push ENT key (TK CHG & ENT lights off) 
7. DATA selector- DTS-STS (track angle LH display) 

TASK 19: Remote Direct Ranging Between Waypoints 

1. Display selector - DIS-TIM 
2. A/M/R selector - R (FROM/TO display flashes) 
3. Push TK CHG key (TK CHG & ENT lightss on) 
4. Push desired WPT keys 
5. Push ENT key (TK CHG & ENT lights off) 
6. Data selector- DTK-STS (track angle LH display) 

TASK 20: Remote Ranging Along Flight Plan 

1. Display selector - DIS-TIM 
2. A/M/R selector - R (FROM/TO display flashes) 
3. Push TK CHG key (TK CHG & ENT lights on) 
4. Push 0 key & desired WPT (FROM/TO-selected 

track) 
5. Push ENT key (TK CHG & ENT lights off) 
6. Data selector- DTS-STS (track angle LH display) 
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TASK 21: Determine Wind on Nose (tail) 

1. Display selector - WIND 
2. Push 1 key (left display blank, ENT liqht on) 
3. Push 1 key 
4. Push ENT key (N for nose S for tail wind LH 

display) 
5. To terminate: Push 1, 0, and ENT key 

TASK 22: Track Hold 
(Verify A/M/R selector - A or M) 

1. Display selector - DTK-STS 
2. Push DTK key 
3. Enter track angle to nearest tenth (verify 

track angle LH display) 
4. Push ENT key (initiates track) (Use track 

change to return to WPT-WPT) 

TASK 23: Manual Position Updates 
rify A/M/R selector - A or M) 

1. Push HLD (at known position) 
2. Display selector - POS 
3. Enter correct latitude & longitude 
4. Push HLD again (HLD light off) 

TASK 24: Grid Heading 

(INS must be in NAV before initiating grid mode) 

1. A/M/R selector - R 
2. Display selector — HDG - DA (LH blank) 
3. Push W or E 
4. Enter offset angle (4 digit grid angle) 
5. Push ENT key (grid heading LH display grid 

angle RH display) 
6. A/M/R selector - A or M 
7. To terminate: Push W or E and ENT keys (ENT 

off, left blank, right 000.OE) 

TASK 25: Enable Triple System Mixing 

1. Display selector - DTK-STS 
2. Push CH5 key (RH=blank, ENT light on) 
3. Push 1 key 
4. Push ENT key (RH display =1, ENT light off) 
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TASK 26: Disable Triple System Mixing 

1. Display selector - DTK-STS 
2. Push CH5 key 
3. Push 0 key 
4. Push ENT key (RH=zero, ENT light off) 

TASK 2 7: Enter Orbit & Rendezvous Data 

1. Display selector - ORB-REN 
2. STA/WPT - 1 
3. Enter ARIP coordinates 
4. STA/WPT - 2 
5. Enter ARCP coordinates 

TASK 28: Prepare to Enter Orbit 

1. AFGS bank angle - 25 degrees 
2. Display selector - ORB-REN 
3. Push TK CHG key (TK CHG, ENT lights on, FROM/TO 

blank) 
4. Push 1 key twice (verify 1-1) 
5. Push ENT key (TK CHG & Ent lights off) (Perform 

2.-5. on other CDU's) 

TASK 29: Extended Orbit 
(Verify display selector - ORB-REN) 

1. STA/WPT 3 
2. Push ELODTK key (Ent on , LH display blank) 
3. Enter desired leg length 
4. Push ENT key (ENT light off) (Perform 1.-4. on 

other CDU's) 

TASK 30: Return to Standard Orbit 

1. STA/WPT -3 
2. Push ELODTK key twice 

3. Push ENT key (Perform 1.-3. on other CDU's) 

TASK 31: Start Rendezvous (ARIP call) 

1. Display selector - ORB-REN 
2. Push TK CHG key (TK CHG & ENT on, FROM/TO 

blank) 
3. Push 2 key twice (2-2 in FROM/TO) 
4. Push ENT key at ARIP call 
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TASK 32: Turn Range 
(Verify display selector - ORB-REN) 

1. Push TK CHG key (TK CHG and ENT on, FROM/TO 
blank) 

2. Push 3 key twice (3-3 in FROM/TO) 
3. Push ENT key at turn point 

TASK 33: Pre-contact 
(Verify A/M/R selector - A or M) 

1. Display selector - DIS-TIM or DTK-STS 
2. TK CHG key (TK CHG on, FROM/TO blank) 
3. Push 0 key and ARCP WPT key 
4. Push ENT key 
5. A/M/R selector - A 

TASK 34: Flush Position Updates 
(Verify A/M/R selector in A or M) 

1. Display selector UDT-CH 
2. Push 1 key (left display blank, ENT on) 
3. Push 2 key (left display = 2) 
4. Push ENT key 

TASK 35: System Accuracy Check 
(Verify A/M/R selector in A or M) 

1. Enter parking coordinates in WPT 1 
2. Enter track change 0-1 
3. Display selector - DIS TIM 
4. Log error 
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jones / plt2 August 11, 1981 4:27 PM 

Course 6: INS 

Started: 
Mastered: 

7/02/81 
8/01/81 

Last Test: 
Last Mastery: 

Module M, 
Module M, 

8/01/81 
8 / 0 1 / 8 1 

Course Score: 14 
BSfcfctoda« 

ft mastered 7/10/81 100 of 100 1 
s mastered 7/13/81 26 of 26 1 
c mastered 7/13/81 14 of 14 1 
D mastered 7/13/81 23 of 26 1 
E mastered 7/13/81 111 of 113 1 
F mastered 7/13/81 26 of 29 2 
G mastered 7/13/81 22 of 26 1 
H mastered 7/13/81 29 of 29 1 
I mastered 7/13/81 27 of 28 1 
J mastered 7/13/81 33 of 34 1 

-• M mastered 8/01/81 100 of 100 5 
N mastered 7/14/81 100 of 100 1 
K mastered 7/15/81 100 of 100 1 
L mastered 7/15/81 100 of 100 1 

Enter a module letter > 

LAB for next student 

SHIFT-NEXT for next course 

*** INSPECT ONLY *** 
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jones / plt2 August 11, 1981 4:33 P» 

Course *6 Module F: "Status Check, etc." 

2 tests taken Module mastered on: 7/13/81 

TEST FIRST SECOND LAST 

DATE 7/13/81 7/13/81 

TIME 112(5 PM 1:11 PM 

DURATION 5 min. 4 min. 

SCORE 24 26 

POSSIBLE 29 29 

PERCENT 00
 

CO
 

90 % 

*** INSPECT ONLY *** 

NEXT for objective status 
LAB for assignments 

SHIFT-NEXT for next module 
SHI FT-LAB for group averages 
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INSTRUCTIONS FOR COMPLETING THE 7QPM 

1. Enter student name and crew position on each form. 

2. As student -tally accomplishes each INS task, 

enter the following data: 

a. Date evaluated. (For example, 20 Sept 1981) 

b* Criteria met/not (check (•) appropriate box, 

c. Remaps. Enter the number of errors the student 

made during initial task performance, and the 

time in minutes required for performance. (For 

example, E = 6 T = 4 min.) 
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LITTON 72-R INERTIAL NAVIGATION SYSTEM OPERATIONAL EQUIPMENT EVALn&TTnw 

STUDENT NAME QO£" J £. CREW POSITION PlLoT 

INS PROCEDURE/TASK DATE 
EVALUATED 

CRITERIA 
MET 

CRITERIA 
NOT MET REMARKS 

STARTUP AND TEST 

INS STARTUP/DISPLAY TEST j | | 

PRESE NT POSITION ENTRY 

Present Position Entry 
l o sg-F 31 

7" - "2 m > u. 

' 
Alignment Status Check/Nav Mode 

Check Present Position Entry 

WAYPOINT ENTRY 

Load Wavpoints 
2 1 S(t? ?! 

r -

Remote Load Waypoints 

TACAJ K STATION ENTRY 

Load TACAN Station Data 
2 I se? f t 1/ 

T= 
£ -

I O F * # 4 . 

U 

Remote Load TACAN Data 

TRACK CHANGE 

Navigation Status Check Of OCT gf is 
r -

B -
t m tA/-

2 » 

Initial Track 
Of OCT 

T = 
Bs. 

3 

Track Leg Change From 
Present Position Of OCT %/ 1/" 

•I 
•< 

N
O

 ? mi A/ . 

* 
Crosstrack Offset Mode 

Return to Original Track 

POSITION UPDATING 

Enable TACAN Update Mode 

Disable TACAN Update Mode 

Flush TACAN Update Mode 

Position Update Check 
i 
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LITTON "72-R—page 2 

REMOTE RANGING 

Remote Direct From Present 
Position 

Remote Direct Between 
Way Points 

Remote Along Flight Plan 
i 
1 
i 

WIND AND MANUAL UPDATING 

Determine Wind on Nose/Tail 

Track Held i 

Manual Position Updates 

TRIPLE SYSTEM POSITION MIXING 

Grid Heading 

Enable Triple System Mixing j 

Disable Triple System Mixing 

ORSIT /RENDEZVOUS 

Enter Orbit and Rendezvous Data 

Prepare To Enter Orbit 

Extended Orbit 

Return To Standard Orbit 

Start Rendezvous 

rum Range 

Pre-Contact 

ACCURACY CHECK AND SHUTDOWN 

Flush Position Updates 

System Accuracy Check 



BIBLIOGRAPHY 

Books 

Borg, W.R. and Gall, M.D., Educational Research, 3rd ed., 
New York, Longeman, Inc.^ 1979. 

Ferguson, G.A., Statistical Analysis in Psychology and 
Education, 5th ed., New York, McGraw-Hill Book Company, 
.1.981. 

Gagne , R.M. and Briggs, L.J. Principles of Instructional 
Design, New York, Holt, Rinehert and Winston, Inc., 
1974. 

U.S. Air Force, Handbook For Designers of Instructional 
Systems, AFP 50-58, Washington, Government Printinq 
Office, 1978. 

Articles 

Adams, J.A. "On the Evaluation of Training Devices", Human 
Factors, XV (June, 1979), 45-60. 

Blaives, A.S., Puig, J.A. and Regan, J.J., "Transfer of 
Training and the Measurement of Training Effective-
ness", Human Factors, IX (June, 1973), 83-92. 

Jamieson, G. H., "Simulation: Some Implications of Skill 
Theory", Programmed Learning and Education Technoloav. 
II (July, 19/3), 239-247. —iL" 

Published Reports and Papers 

Caro, P.W., "Research on Synthetic Training: Device Evalu-
and_Training Program Development", Report No. 

HUMRO—TR—73—20, Human Resources Research Organization, 
Washington, Government Printing Office, September, 1973, 

128 



129 

Caro, P.W., "Aircraft Simulators and Pilot Training", Re-
port No. HUMRO-PP-6-74, Human Resources Research Organ-
ization, Washington, Government Printing Office, May, 
1976. 

Caro, P.W., "Some Factors Influencing the Transfer of Sim-
ulator Training", Report No. HUMRO-PP-1-76, Human Re-
sources Research Organization, Washington, Government 
Printing Office, August, 1976. 

Eggemeir, F.T. and Cream, B.W., "Some Considerations in De-
velopment of Team Training Devices", edited by D.E. 
Erwin, Psychological Fidelity in Simulated Work Environ-
ments: American Psychological Society Symposium, 
Toronto, August, 1978. 

Erwin, D., editor, "Psychological Fidelity in Simulated 
Work Environments", ARI Research Problem Review 78-26, 
U.S. Army Research Institute, Washington, Government-

Printing Office, December, 1978. 

Fink, C.D. and Shriver, E.L., "Simulators for Maintenance 
Training: Some Issues, Problems and Areas for Future Re-
search", Technical Report: AFHRL-TR-78-27, Air Force 
Human Resources Laboratory, Technical Training Division, 
Washington, Government Printing Office, July, 1978. 

Grimes, G. "Cost of Initial Development of PLATO Instruc-
tion in Veterinary Medicine", Computer-Based Education 
Research Laboratory Report, University of Illinois at 
Urbana-Champaign, March, 1975. 

Hill, H.G. and Kress, G., " Development of a Methodology 
for Measuring Transfer of Training Effects for Tactical 
Training Systems", Project 20162721 A764, Human Re-
sources Research Organization, Washington, Government 
Printing Office, September, 1979. 

Houston, R.C., "Individualized Instruction Techniques", 
American Airlines Paper, Ft. Worth, American Airlines, 
Inc., 1975. 

Johnson, M.C., Munro, A. and Towne, D. M., "Evaluation of 
the BTL Trainer in a Navy School Environment", Tech-
nical Report No. 94, Behavorial Technical Laboratories, 
Department of Psychology, University of Southern Calif-
ornia, Los Angeles, 1981. 

Kinkade, R.G. and Wheaton, G.R., "Training Device Design", 
edited by H.P. VanCott and R.G. Kinkade, Human Engineer-
ing Guide to Equipment Design, American Institutes for 
Research, Washington, Government Printing Office, 1972. 



130 

Matheny, W.G., "The Concept of Performance Equivalence in 
Training Systems", edited by D.E. Erwin, Psychological 
Fidelity in Simulated Work Environments: Proceedings of 
American Psychological Association Symposium, Toronto, 
August, 1978. 

Melden, T.M. and Houston, R.C., "Major Changes in Flight 
Crew Training", AIAA Paper No. 75-1049, New York, 
American Institute of Aeronautics and Astronautics, 
1975. 

Micheli, G.S., "Analysis of the Transfer of Training, Sub-
stitution and Fidelity of Simulation of Transfer Equip-
ment ", Training Analysis and Evaluation Group Report, 
Naval Training Equipment Center, Washington, Government 
Printing Office, February, 1972. 

Miller, G.G., "Some Considerations in the Design and Util-
ization of Simulators for Technical Training", Technical 
Report: AFHRL-TR-74-65, Air Force Human Resources Labor-
atory, August, 1974. 

Mirabella, A. and Wheaton, G., "Prediction of Training De-
vice Effectiveness from Quantitative Task Indices", Pro-
ceedings of the Sixth Naval Training Equipment CenteF 
and Industry Conference, Navy Training Equipment Center, 
Washington, Government Printing Office, November, 1975. 

Narva, M.W., "Formative Utilization of a Model for the Pre-
diction of the Effectiveness of Training Devices", ARI 
Research Memorandum 79-6, U.S. Army Research Institute, 
Washington, Government Printing Office, May, 1979. 

Pearson, T.E. and Moore, E.O., "Analysis of Software Simul-
ation in Computer-Based Electronic Equipment Maintenance 
Trainers", TAEG Report NO. 57, U.S. Navy Training Analy-
sis and Evaluation Group, Washington, Government Print-
ing Office, September, 1978. 

Prophet, W.W. and Boyd, H.A., "Device Task Fidelity and 
Transfer of Training: Aircraft Cockpit Procedures Train-
ing," Technical Report 70-10, Human Resources Research 
Organization, Washington, Government Printing Office, 
July, 1980. 

Smode, A.F., "Human Factors Inputs to the Training Device 
Design Process", Technical Report: NAVTRADEVICEN 69-C-
0298-1, Navy Training Equipment Center, Washington, 
Government Printing Office, September, 1971. 

Spangenberg, R.W., "Selection of Simulation as an Instruc-
tional Medium", Air Force Human Resources Laboratory, 
1980. 



131 

Towne, D.M. and Monro, A., "Generalized Maintenance Trainer 
Simulator: Development of Hardware and Software", Tech-
nical Report NPRDCTR81-9, Behavorial Technical Labor-
atories, Department of Psychology, University of South-
ern California, Los Angeles, 1981. 

Trollip, Stanley R., "System Performance and Student Evalu-
ation in a Complex Computer-Based Procedural Training 
Program"; Aviation Research Laboratory Report, Institute 
of Aviation^ University of Illinois at Urbana-Champaign, 
April 1975. 

Trollip, S.R. and Roscoe, S.N., "Computer-Assisted Instruc-
tion in Pilot Training and Certification," Proceedings 
of the Sixteen the Annual Meeting of the Human Factors 
Society, Reprint ARL-72-28/AFOSR-72-16, Los Angeles, 
1972. 

Wheaton, G.R., Rose, A.M., Fingerman, P.W., Korotkin, A. L. 
and Holding, D. H., "Evaluation of the Effectiveness of 
Training Devices: Literature Review and Preliminary 
Model", ARI Research Memorandum 76-6, Washington, 
Government Printing Office, April, T976. 

Wheaton, G.R., Fingerman, P.W., Rose, A. M. and Leonard, R. 
L. Jr., "Evaluation of the Effectiveness of Training de-
vices: Elaboration and Application of the Predictive 
Model", ARI Research Memorandum 76-16, Washington, 
Government Printing Office, July, 1976. 

Wheaton, G.R., Rose, A. M., Fingerman, P. W., Leonard, R. 
L. Jr., and Boycan, G.G., "Evaluation of the Effective-
ness of Training Devices: Validation of the Predictive 
Model", ARI Technical Report TR-76, Washington, Govern-
ment Printing Office, August, 1976. 

Unpublished Materials 

Freda, J.S., "Fidelity in Training Simulation", unpublished 
paper, Army Research Institute, June, 1979. 

Johnson, W.B., "Computer Simulations in Fault Diagnosis 
Training: An Empirical Study of Learning Transfer From 
Simulation to Live System Performance", unpublished doc-
toral dissertation, University of Illinois at Urbana -
Champaign, 1980. 


