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SUMMARY

The first phase of the study of the Navy Instructor
Pilots' Role in the use of flight simulators in fleet pilot
training was concerned primarily with reviewing current
training operations and training simulators. The report
revealed that significant changes have occurred in recent
years in terms of instructor personnel and equipment. Most
important was the conclusion that simulator instructor
consoles are not designed for training implementation and that
the IP is neither trained in simulator utilization or in
"how to instruct." The problems were further compounded by the
lack of well defined simulator training syllabi and supporting
documentation.

The second phase of the study has involved the development
and detailed analysis of the IP functions in simulator pilot
training. In addition, the interaction of the Navy Flight
Officer Instructor was analyzed.

A total of ten functions involving 35 sub-functions was
structured. A conceptual console of nine modules which could
support these functions was outlined. The interaction and re-
lationship of the Navy Flight Officer Instructor and the IP were
explored for those weapon systems in which an NFO is part of
the aircrew.

While the conceptual console module appears to be tech-
nically feasible, some laboratory demonstrations and field test-
ing should be conducted before the detailed specification is
written.
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FOREWARD
This is the second report of Project 5751, "The Instructor Pilot's Role
in Simulator Training." 1In it, the analysis of Instructor Pilot's functions
In simulator training and a conceptual plan for the design of the instruc-
tor's console are described.
In a third report, the specification for a candidate design of the

instructor's console will be presented. This design will be evaluated
experimentally under other Advanced and Engineering Development efforts.

e
tNCERT . SHARKEY /
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PREFACE

The value of the results of any analysis is contingent
upon the quality of the data which are input. This is particular-
ly true when dealing with operational data. Therefore, whatever
success has been achieved must be credited to the many officers
and men in the training squadrons and staff who devoted time and
effort to provide the data utilized in the study. 1In particular,
the efforts of the following personnel should be recognized.

Mr. James Bolwerk - Commander Naval Air Force United States
Pacific Fleet Staff, who arranged and coordinated the West coast
visits, and who provided insight into many problem areas.

Mr. R. Goodwin - Commander Naval Air Force United States
Atlantic Fleet, who coordinated the East coast visits.

The Officers-in-Charge of the Fleet Aviation Specialized
Operation Training Group Detachments and their staffs who pro-
vided the data on simulation operations, answered questions
and assisted in our observation of on-going training.

The operation and training staffs of the Readiness Trainina
Squadrons who helped isolate the data required, completed ques-
tionnaires, and described training evolutions and problems.

Finally, special appreciation is expressed to Mr. V.
Sharkey, project Technical Representative who provided insight
into problem areas and arranged the contacts with fleet person-
nel.
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SECTION I

INTRODUCTION

BACKGROUND

The integration of the simulator instructor(s) into the
simulation instructional system represents a major design task.
As with other man-machine interface problems, it has frequently
received inadequate attention. Unfortunately because of the
central role played by the instructor in training systems, the
result has directly affected the effectiveness of the devices
and training costs.

Recognizing that the rapid advances in both simulation and
training methodology were also impacting on the simulator inter-
face design problem, the Human Factors Laboratory of the Naval
Training Equipment Center (NTEC) undertook a program to define
the instructor console requirements for future devices. The
overall program was directed to the development of data in four
areas, namely:

a. The role of the Instructor Pilot (IP) and the Simulator
Operator (SO) in the use of flight simulators as an integral
part of the system for training pilots.

b. The design of the IP/SO consoles.

c. The degree to which hardware components might be
standardized.

d. The possibility of using the instructor console for
training the instructor pilots.

PHASE I STUDY

A multi-phase approach was taken. The first study' was
primarily directed to:

a. Defining the role of the Instructor Pilot and Simu-
lator Operator in simulator supported pilot training.

b. Specifying the training goals of the instructor(s) in

TCharles, John P., Willard, Gene and Healey, George. "In-
structor Pilot's Role in Simulation Training", Tech. Report NAV-
TRAEQUIPCEN 75-C-0093-1, Naval Training Equipment Center,
Orlando, Florida, March 1976.
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terms that could be used for functional design of feasible con-
soles to the basic objectives of the program.

Data were gathered from all of the Navy Readiness Training
Squadrons (RTS) and included identifying the role of the IP in
current simulation and his training for that role. Simulators
under development were also reviewed.

The results, in general, revealed that:

@ The IP has assumed the role of simulator instructor in
recent years.

® The role of the IP f(and SO) varies with the type of
simulator, weapon system and type of training involved.

® The IP (and SO) are not trained to instruct on simulators,
either in simulator operation or methods of instruction.

e Simulator syllabi are not designed to simulator training
requirements.

® Instructor consoles are not designed for IP use.

e The Navy Flight Officer's (NFO) role in simulator in-
struction interacts with the IP's role and must be considered in
console design.

® Modular consoles appear feasible.

In short, the simulator instructor for pilot training is
typically untrained for that job, is not provided essential in-
formation for the task, (e.g., syllabi, scripts, and scenarios)
and is expected to perform at a console not designed for the job.

The study also developed a basic instructor pilot function
flow for the generic role identified.
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SECTION II

PROBLEM
GENERAL

A review of the background of the problem was presented
in the final report for Phase I. In brief, the role of the
simulator instructor for pilot training has evolved from the
early non-pilot specialist to the current instructor pilot
concept. Unfortunately, console design has not evolved
similarly. When coupled with a general lack of training in
simulator utilization, the problem facing the current in-
structor pilot is obvious and certainly not trivial. As out-
lined in the first report, the result is not only an ineffec-
tive use of simulation in the training program, but a general
dislike and distrust of the technique as a training tool.
Although exceptions do exist and steps are being taken to
ameliorate the problem, the Instructor Pilot problem exists
throughout the pilot readiness training program. A major
factor, which is the subject of this study program, is the
poor design of the interface between the instructor and the
rest of the simulator training system, especially the in-
structor's console.

PHASE II STUDY

The report on the first phase study described the flight
simulator instructor (s) role in current and projected readi-
ness pilot training. Basic instructor functions were de-
veloped. The second phase effort was, therefore, concerned
with a detailed analysis of these functions. A review of the
NFO Instructors (NFOI) role in pilot training was also con-
ducted to ensure that the functional specification reflected
this interaction. Thus, the basic problem addressed in this
study was the analysis and documentation of instructor pilot
functions in simulation training. e
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SECTION ITII

METHOD
GENERAL

The basic systems engineering approach utilized in the
first phase was continued in this phase. A set of five tasks
was utilized to conduct the analyses and to develop the functions.
These tasks were:

Task A Function Analysis

Task B Design Analysis

Task C Alternative Analysis

Task D Specification Development
Task E Documentation

1n addition the first task included the review of the NFOI
interac.ion problem. All of the tasks considered the console
requirements outlined in the Phase I report, which transcends
IP requirements, including the feasibility of peer and "self-
training" concepts.

TASK A. FUNCTION ANALYSIS. A detailed analysis of the functions
identified in the first phase was conducted. The functions were
structured so that they reflected the different philosophy and
implementation requirements imposed by console location, e.g.,
integral with or isolated from the student(s) station, and the
different training objectives and requirements of the Readiness
Training Squadron and the Fleet Operational Squadrons. The
analyses were carried to the point of identifying basic decision
functions and information requirements.

TASK B. DESIGN ANALYSIS. The second task was directed toward pre-
liminary allocations of functions and development of modular

design concepts.

TASK C. ALTERNATIVE ANALYSIS. The concepts developed in Task

B were ‘analyzed in terms of the criteria (IP's role) developed

in the Phase I report as well as in terms of state-of-the-art

of console design and training technology. The objectives were
directed toward the next generation of trainers in terms of design.
llowever, consideration was also given to the retrofit problems

for key functions, i.e., those which would procduce a significant
training-cost benefit if implemented on current trainers.

10
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TASK D. TRADE-OFF ANALYSIS. Broad trade-offs of conceptual

feasibility and effectiveness were attempted. The objective

was to identify attractive alternatives and to structure risk
areas for further study.

TASK E. DOCUMENTATION. The final task was the preparation of
the final report.

REVIEW AND VALIDATION

Visits were made to the major readiness training squadrons
to both confirm the function definition data and to explore the
NFOI interaction problem and requirements. In addition, data
on late developments in the 2F-106, 2F-112 and 2F-114 projects
were reviewed. The latest Instructional Systems Development (ISD)
data for the SH-2, A6E, E-2C and F-14 were also reviewed.

Bl
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SECTION IV
RESULTS
GENERAL

The findings and results will be reviewed under four
topies:

(1) Function Breakdown
(2) Function Allocation
(3) NI'OI Interaction
(4) Module Concepts

The data collected and analyzed in the Phase I study
served as the point of departure.

FUNCTION BREAKDOWN

Five general functions were outlined in the Phase I study.
These were:

(1) Prepare

(2) Brief

(3) Train

(4) Evaluate

(5) Debrief

As a result of detailed analysis of these functions

during this phase, an expanded set was developed. The revised
set includes:

(L} Prepare

(2) Brief

(3) Initialize

(4) Train

(5) Evaluate

L2

s
=
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(6) Debrief

(7) Manage Data

(8) Develop Syllabus
(9) Train IP
(10) Self/Peer Train

While some of the new functions were contained in the
initial breakdown, several new functions were also developed
which, while not inherently IP functions, interact with the
IP console and therefore, must be considered. For example,
"Self/Peer Training". These functions are presented in greater
detail in the following paragraphs.

The functions are discussed as IP requirements and are
partly based on current operations as identified in the Phase
I effort. While it is useful to treat the functions as IP
functiors, it must be kept in mind that no permanent alloca-
tion to the IP is implicit. The functions, therefore, should
be considered as instruction functions relevant to the train-
ing activities involving the Instructor Pilot,some of which
may be allocated to machine (e.g., the simulation system) and
some to man (e.g., the IP).

PREPARE. The preparation function encompasses all the efforts
required to identify WHO? WHAT? WHEN? and HOW? In addition, it
includes the requirements for analyzing the students' training
needs and structuring the session to implement a "unique"
syllabus. It can be subdivided into four major sub-functions:

(1) Identify Session

(2) Assemble Materials

(3) Review Data

(4) Develop Training Session

Identify Session. This sub-function identifies who and what 1is
involved. It includes identifying the:

e Student
e Time of training session

e Simulator to be utilized

13
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e Syllabus hop scheduled
e Simulator status

With the exception of information on the readiness or
status of the simulators, the information is identical with
that contained in the typical training schedule. Although
the mechanics of presenting the information to the IP can be
improved, the information required (except for simulator status)
1s currently provided. The simulator status information is
essential to developing the implementation plan. The in-
formation needed includes status of both simulation and train-
ing sub-systems. As was pointed out in the Phase 1 report,
except for major system failures, e.g., motion system in-
operative, the IP receives little information on malfunctions
or degredations which, although they may appear insignificant
in simulation terms, may be catastrophic in training terms.
This is particularly true in terms of cockpit displays and
instructor displays.

Assemble Materials. The Phase I report pointed out that a

major problem area involved the lack of training session

support materials for use by the IP. Latest efforts of some

of the ISD programs which have addressed the instructor pilot (e.g.,
SH-2 ISD) have recognized this problem. However, the total
simulator syllabus information requirement must be addressed.

The problem is compounded by the variety of simulator designs.

Among the information requirements involved are:
e Student file

@ Syllabus hop description

® Scripts

® Scenarios

@ Check lists/guides

e Initialization data

e Data recording sheets

® Grade sheets

e Simulation utilization data sheets

e ['light plans

14
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The Phase I study highlighted the problems in this sub-
function by pointing out the general lack of required infor-
mation except for the student file (generally available at
the training office) and the simulator utilization sheet
(generally provided at the simulator). In general, although
there were many exceptions, detailed simulator training syllabi,
scripts, scenarios, check lists, performance data sheets, etc.,
are not available. However, early ISD models did not provide
for explicit allocation of training objectives to simulators.
Therefore, the deficiencies outlined above can be expected to
continue in operational simulation training programs until the

ISD models currently under development can be implemented into
these programs.

Review Data. Unfortunately, much of the information required tor

review 1s not available as pointed out in the Phase I report.
Student grade sheets for simulator training are not oriented to
the synthetic situation and the potential for objective assess-
ment. The syllabus is flight oriented and so does not provide

the IP with detailed data on objectives and techniques to exploit
the simulator's capacity to acheive these objectives. The syllabus

should, for example, provide explicit delineation of:

(1) Training objectives
(2) Performance criteria
(3) Hierarchical priorities

(4) Implementation procedures including the use of
denonstration, record - replay, freeze, parameter locks, reset,
and reinitialize.

These data when reviewed in connection with student history
and simulator status form the background for the training
session development.

Develop Training Session. The most important sub-function in
preparation involves the actual planning of the training session
or hop and designing it to meet the needs of the student. The
Phase I report concluded that the shortcomings in existing syl-
labi, support materials and IP training resulted in this sub-
function being ineffectively conducted at best. The quality of
the information assembled in the first three preparation sub-
functions, i.e., identify, assemble and review, determines the
quality of the output of this sub-function.




NAVTRAEQUIPCEN 76-C-0034-1

The development tasks include:

a. Individualize syllabus to students' nceds.

b. Modify initial conditions as required.

c. Schedule and program malfunction/emergencies.

d. Structure controller functions

e. Develop tactical scenarios.
f. Format demonstrations.
g. Structure performance measurement requirements.

h. Structure display and control requirements.
i. Review contingencies, i.e.,

® crashes, missed procedures, unacceptable
performance

® simulator emergencies, e.g., fire, loss of
communication, hydraulic malfunctions

j. Outline briefing sessions (both student and training
statt}).

Summary. The Preparation Function was sub-divided into four
sub-functions. All reflect activities in which the IP must pre-
pare himself to conduct a simulator training session. The tasks in-
volved are not trivial and the intformation requirements are
extensive. The success of the training session is highly con-
tingent on the thorough completion of preparation activities.

As pointed out in the Phase I report, much of the required data
does not currently exist or is not in a usable format. Figure \
1 summarizes the Preparation Function.

BRIEF FUNCTION. Two important sub-functions are involved,

namely briefing of the student and briefing of the training

support staff who will be involved in the training sgssion.

The critical data to be included in the student's brief are: .
e planned evolution

® learning objectives

e performance criteria

16 ]
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® cmergency procedures
® simulator discrepancies/characteristics

® planned use of training controls, i.e.,
Freeze, Reset, Replay, Demonstration, etc.

® communication procedures
e flight plan data

The briefing for the support staff will vary with the
nature of training session and the staff. If additional in-
structor personnel are involved, the briefing must include
explicit definitions of training responsibilities and inter-
actions and the approach for achieving the required integra-
tion. In any case, the briefing must review the planned
evolution and contingencies.

A more detailed review of the instructor interaction
problem was completed and will be summarized under a separate
subseoction.

INITIALIZE FUNCTION. The initialization function involves all
of the actions required to prepare the simulator for training
which ends with the student(s) in the cockpit. The function
logically subdivides into three sub-functions, i.e.:

(1) “onfigure Simulator
(2) Initialize Simulator
(3) Establish Readiness
The first is primarily concerned with mechanical aspects,
i.e., positioning switches, breakers, controls, etc. The
second is concerned with entering the initial conditions of the
simulation into the system, and the last, with final overall

readiness checks.

Configure Simulator. Three tasks are required to configure the
simulator. They are:

(L) cConfigure simulation system
(2) Configure crew station
(3) Configure IP console

All are similar in being directed to creating a standard

18
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system configuration as a point of departure. The first is
directed to ensuring that the simulation system is ready and
in a "stand-by" or "idle" mode of operation. It involves
establishing that the correct program is loaded and the
computer (s) 1s in the training mode; that the support systems
such as motion, land mass and visual are functioning, "zeroed"
and ready; and that the computer peripherals required for the
session are in the proper mode and also ready.

The second task involves verifying or establishing the
standard configuration of the crew station. The configuration
for pilot training will normally reflect the post-landing
checklist.

The third task is concerned with configuring the simulator
consoles. Although it approaches the initialization function
in activities, it can be separated in terms of objectives. As
pointed out earlier, configuration (as opposed to initializa-
tion) of the console is concerned with establishing a common
point of departure for the initialization activities. While
they could be combined, the result would dictate that every
display and control be incorporated in the initialization
process, a process which is more concerned with establishing
specific or unique conditions rather than a common set. Thus,
data for the configuration check are typically contained in
the simulator utilization manuals whereas the initialization
data are contained in the syllabus. Included in the configur-
ation tasks are clearing malfunctions and overides, setting
displays and modes; in short checking each switch or control
and display to achieve a staandard pre-initialization cousole
configuration.

Initialize Simulator. Three tasks are involved in initializing
the simulator. All are concerned with modifying the standard
configuration (achieved in the preceeding configure sub-func-
tion) to meet the specific requirements of the planned train-
ing mission. The size of the task varies with the computer
program sophistication, weapon system complexity, air crew
characteristics and support instructor/operator personnel.

The first task is concerned with entry of all initial
conditions data. To the extent that all or portions of these
data are already resident in the computer, the task is
simplified. 1In any event, the data which may be entered
include:

® aircraft configuration and stores

® aircraft location (including attitude, altitude,
heading and speed, if airborne)

19
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® environment(s) - ceilings, visibilities,
temperatures, winds, magnetic variations, turbulence, and ocean
characteristics

e radio/nav aids - location, characteristics, and
degradation
e targets - locations, speeds, characteristics, and

behavior
e malfunctions/emergencies

e airfield(s) - locations, characteristics, and facil-
ities

® carrier(s) - types, locations, speeds, character-
istics, sea state, and degradation

e display selections
e printout selection
e plot selection
The second initialization task is concerned with insert-
ing pre-programmable events and their triggers. Where pre-
programming is minimal, pre-selecting for simpler activation
is possible and included. The typical data included in pre-

programming are:

® variety of reset positions, e.g., in flight, carrier
airfield(s) and their characteristics

e radio/nav aid facilities and characteristics

e malfunctions/emergencies

e demonstrations

i ® changes to performance recording/monitoring

® changes to environment (s) - weather, turbulence, and winds
® changes to targets and behavior degradation

® new targets, characteristics and behavior

These data are generated during the Development Sub-

function of the Prepare Function and arise from the basic
simulator syllabus, IP inputs, and training models (if available).

20
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The third task is concerned with initialization of the
crew station. This task varies with system and crew size. It
involves making those changes to the standard crew station con-
figuration (achieved in the configure Simulator Sub-function)
required for the training mission. Three types of changes are
generally required. The first are changes which impinge on the
student pilot, e.g., placing switches, breakers, etc., in in-
correct or degraded mode positions. These are part of the
developed training syllabus. The second are those changes re-
quired to utilize the cockpit with other air crew personnel
"missing" e.g., the NFO in the F-14, F-4, A-6 and the co-
pilot in the S-3, P-3, SH-2 or SH-3. The "settings" are those
recruired for pilot training with the IP simulating the missing
crewmen. The third involves those changes in the cockpit
controls required to align the cockpit and the initialization
data. For example, when the initialization is an in-flight
condition, the throttles must be advanced to match the power
"simulation condition." Aircraft configuration controls, e.g.,
wheels, flaps, brakes, and wing switches and levers must be
positioned to agree with initialization conditions. Unless
this synchronization is achieved, the initialization data will
be correspondingly altered to agree with the cockpit upon
activating the simulator system. The results are generally
catastrophic for training, i.e., the planned mission cannot be
flown and often results in a "crash" because of an unflyable
condition, e.g., stall because of gear and flaps out, swept
wing and engines in idle at final approach fix.

Establish Readiness. The final sub-function in the initializa-
tion process involves the "GO - NO GO" checks for verification
of readiness to start the training mission. The function is
typically well performed in current simulator training opera-
tions. Although the details vary with characteristics of the
system, they include verification that:

e student(s) are in the cockpit with required safety
equipment in place

® area is secure and safe

® support material (scripts, scenarios, and data sheets)
are available

e other instructor personnel are in position

® communications with the support staff and student
have been established

e ramps/supports, etc., have been retracted

@ initial conditions have been entered

&l
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In short, the task typically ends with the training [
system in the "Freeze" condition with:

e motion system erected

e visual system aligned and operating

e 1initial conditions set
® aircrew prepared to take control

Summary. The Initialize Function achieves a "tailoring" of

the simulation system to meet the unique needs of the specific
training mission to be executed. The first step places the
simulator into a standard configuration in terms of both soft-
ware and hardware. The second step modifies the standard con-
figuration as required by the specified condition of the sylla-
bus mission. The third task is a final verification that the
system 1s ready for training. It includes checks for both
safety and readiness.

TRAIN FUNCTION. The basic operation of the simulator occurs in
the Train Function. Although the allocation of functions
between instructor and simulation system vary significantly
among existing operational trainers, four basic instruction
sub-functions must be accomplished. They are:

(1) Control Simulator

(2) Monitor Performance

(3) TInstruct

(4) Record

These sub-functions, unlike those in the previous functions

which were performed sequentially, can be and are typically
performed simultaneously and repeated as necessary.

1S

Per formance evaluation, because of its importance, has
been i1identified as a separate function even though much of
the activity occurs simultaneously with the Train Function.

Control Simulator. The control sub-function has been divided
into nine tasks. Two tasks are trivial (or should be) in that
they involve activating and deactivating the simulation system;
one is a simulation task, five are training control tasks and
one is a monitor task. They are:

® activate simulation systems
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® provide interacting manned system simulations
® activate-deactivate emergencies/malfunctions
® select and activate demonstrations

@ set and select replay

e freeze

e initialize and reset

e monitor safety

® deactivate trainer at end of session

The activate and deactivate tasks are straight forward,
providing the training mission has been well planned.

The supporting simulations of interacting manned systems

can ana cypically do involve a sizeable task. The Phase I
report summarized this task in a flow chart which is reproduced
as Figure 2, and illustrates the magnitude of the problem. The
information required for this task is contained in the scripts
and scenarios developed earlier. The performance requirements
can 1mpose severe problems if the student is expected to "hear"
different human controllers, aircrew and instructors and if
targets are expected to respond intelligently and interactively.

The basic training control function for emergencies/mal-
functions, demonstrate, replay, reset and freeze are simple 1in
terms of activation, but complex in terms of decision require-
ments. The information required is found in two other functions,
i.e., the detailed syllabus developed in the Prepare Function
and the conclusions reached in the Evaluate Function.

The monitor safety function involves ensuring that other
personnel do not enter hazardous areas such as the motion plat-
form area, and that general safety items such as fire and
mec.uanical failures are monitored.

The Control Simulator sub-function, thus, includes a set
of activities concerned primarily with actual training control
of the simulator and the control/simulation of interacting
manned systems.

Monitor Performance. The Monitor Performance sub-function
while directed primarily to student performance is also con-
cerned with simulation system performance. The task involves
measuring performance and is important to other Train Sub-
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functions (e.g., Instruct and Record) and to the Evaluate
Function. The specific monitoring or measurement strategy
should have been identified during the Prepare Function,

Four separate tasks are involved.
(1) monitor student procedures
(2) monitor student control technique
(3) monitor skill level
(4) monitor simulation system performance

Student performance can be structured under a variety of
hierarchies or taxonomies. The procedures, control, and skill
breakdown is one which has proven useful in simulator training
performance measurement studies.’ It groups data into categories
useful for evaluation and debriefing since it divides perform-
ance on the basis of:

(1) Does the student know what to do? (Procedures)
(2) Does he know how to do it? (Technique)

(3) Has he reached the required performance level?
(Sleill)

Regardless of the scheme employed, relevant data must be
sampled during the session to permit evaluation of the students'
performance. This sub-function is concerned with sampling (and
processing) of those data. What and when to sample was identi-
fied during the Preparation Function.

Simulator performance monitoring is required to detect
simulator degradation which might affect training or necessi-
tate contingency training plans. Loss of motion, visual or
cockpit displays for example, could have a serious impact on
a weapon system training mission.

Instruct. The instruct sub-function involves a wide set of
training tasksor techniques which are grouped under fouy tasks.
Again, a wide variety of alternative groupings are possible.

"Charles, John P. and Johnson, Robert M. "Automated Weapon
System Trainer: Expanded Module for Basic Instrument Flight Man-
euvers." Technical Report 74-C-0141-1, Naval Training Equipment
Center, Orlando, FL (in printing).
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