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HISTORICAL DEVELOPMENT OF THE PASS OPERATIONAL SYSTEM
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HISTORICAL DEVELOPMENT OF THE PASS OPERATIONAL SYSTEM

This section is intended to provide a historical overview of the rationale for
development of the PASS operational system, followed by a descriptive summary of
§ the major events of the program development. Decision points are emphasized, within
; a program management orientation. Subsequent sections are primarily concerned with
i the technical aspects of the PASS program implementation.

BACKGROUND

1

i

* As of 1976, Army aviator candidates in the Rotary Wing Aviator Training (RWAT) -
l Program were experiencing an unacceptable level of attrition. The Army hypothesized
? that an improved selection methodology for aviator candidates might meet the primary
% objective: to improve the quality among aviator candidates prior to a significant
] investment in training. A concomitant reduction of training costs due to flight

| deficiencies, self-elimination and setbacks, and enhancement of safety in the pro-

l gram by assessment of workload were critical to attainment of this program objective.

To satisfy the requirement for a system that would provide an enhanced capa-

K bility for the U.S. Army (RWAT) Program, a contract was awarded to McDonnell Douglas

; "~ Astronautics Company - St. Louis (MDAC-St. Louis). The contractor had previously —~
completed a pilot selection study for the Air Force in 1975, directed at the deveiop-
ment and evaluation of an Automated Pilot Aptitude Measurement System (APAMS), which
employed a "learning sample" technique for use in candidate selection for the Air
Force Undergraduate Pilot Training (UPT) program. The results from this study indi-
cated that use of the learning sample technique offered a significant potential for
substantial reduction of attrition rates during UPT.

While recognizing that significant differences were inherent in the Rotary
Wing Aviator Candidate Selection Program, the Army decided that the contractor's
APAMS experience, coupled with certain inherent similarities between the two pro- =
grams, could enhance the probability of obtaining the required predictive potential
for effective completion of the Army program called the Proficiency-Based Aviator
Selection System (PASS).

-

The instructions, flight maneuvers and syllabus tasks to be included in the
learning sample would require significant revision, as the developmental program

would utilize the UH-1 Flight Simulators (FS) at Ft. Rucker, Alabama. Software g
- requirements for the new delivery system would differ; new hardware components

would be utilized. In spite of these acknowledged differences, the basic objec-
i tives of the program, the rationale for learning sample selection, performance -

measurement methodology, and the general criteria to be used for the predictive
| capability assessment shared many APAMS techniques. It was hoped that the tranc-
1 fer of APAMS experience could be exploited in the PASS development efforts. 5
1
2

In brief, the specific objectives of the PASS Program were:
o To develop the concept of syllabus-based testing for rotary wing operations -

employing a "learning sample" approach providing improved quality selection
among Army aviator candidates

1-2
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o To provide the necessary software programs to implement the syllabus in the
UH-1FS and obtain the required performance measures (without significant
modification to the UH-1FS or interference with its utilization in meeting
current training requirements)

o To integrate the syllabus, software and additional new hardware components
into the UH-1FS

o To demonstrate the system's capability to operate as proposed through the
collection of data from an initial group of candidates and training of
ARI personnel in PASS system operation and maintenance procedures

o To support ARI in data analysis to determine the system's predictive
potential and the preparation of the final report.

The original contract specified completion of System Definition (Phase I) and
System Design (Phase II), ending with a single cockpit demonstration. The follow-
on funding for System Integration (Phase III) was envisioned. During contract
negotiations, this philosophy was changed to include a Phase III effort and funding
in the basic contract to provide for an operational capability demonstration and
acceptance test for the four cockpit system. Schedule realignment of Phases II
and III were mutually agreed upon at the initial planning and coordination meeting
at Ft. Rucker on 16-18 February 1977. Additional items of discussion at that time
included contractor device access times, work hours, candidate testing availability,
a monthly status report, and contractor coordination requirements for hardware/
software modifications. Attendees included personnel from ARI, Singer-Link,
USAAVNC and MDAC-St. Louis.

SYSTEMS DEFINITION SUMMARY

Central to the contractor's understanding was the UH-1FS device and asso-
ciated hardware/software to be utilized for the selection program was capable of
operationally supporting the proposed syllabus to implement a minimal selection
program. This assumption was found to be incorrect as the development progressed.
Specifically, the Honeywell DDP-516 computer possessed limited timing and available
core as a major deficiency, resulting in minimal spare real computing time. Based
on the software capability assessment, it was considered doubtful that simultaneous
training and selection would be possible (Appendix G). At ARI's request, an in-
depth examination of this problem was undertaken by MDAC with an emphasis on exam-

— ination of suitable alternative systems. This study considered cost, support and
scheduling constraints. Results were presented to ARI at Ft. Rucker and are found
in the Phase I Report (System Definition), dated 1 June 1977. The resulting

i decision by ARI was retention of the DDP-516 to be utilized only in a dedicated
| - ‘"selection only" mode.

Implementation prcceeded on this "selection only" basis. Available real time
| . computing under the proposed system approached 100%. It was understood that it
would be impossible to ascertain what loading would actually force the system into
dropping "frames" until implementation was initiated. The implementation strategy
adopted utilized the proposed syllabus with enhancements added one at a time until
frame slippage occurred in the system. At this point, exchanges for higher

T
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priority items would be introduced and the system balanced. NOTE: Current system
operation has provided limited simultaneous selecticn and training in the non-
automatic mode. Sligh*ly degraded training operation is provided, i.e., all NAV
functions are not available, resulting in a much better cost effectiveness of the
device than was originally considered possible. An expansion of the trade-offs
involved in this decision is covered in Sections 2, 3 and Appendix G.

Evaluaticn of all required hardware components and system integration consid-
erations was completed in preparation for the System Design and Implementation
phases; hardware definition was established in early June. Comprehensive infor-
mation concerning the Honeywell DDP-516 was difficult to obtain, particularly in
the software component capability areas. This was largely due to the obsolescence
of the equipment; the problem of effective software definition and design was
increased significantly. Syllabus definition was proceeding with the major
emphasis on system integration. During this period of learning sample and
syllabus definition, selected members of the contractor team operated the UH-1FS
with extensive contractor/UH-1FS instructor discussions and critiques to establish
the basis for further development of the learning sample. The syllabus outline
was developed in conjunction with the ARI contract monitor. The learning sample
content and format were coordinated continuously. Feedback requirement methodology
and performance measures were defined and documented with maneuver profiies and
message definition planned to provide extensive back-up materials for cperational
use. Programmed instructional iexts for pre-cockpit use by PASS candidates were
under development. The Phase I Report (Systems Definition), 1 June, summarizes
the posture and progress of the PASS Program at that point.

PASS DESIGN/IMPLEMENTATION

The major considerations for the Design and Implementation Phases are viewed
from an integrated software, hardware and syllabus development orientation. As of
June 1977, the PASS software and hardware device access requirements had been pre-
sentad by telecon to the contract monitor for utilization in preparation of a Letter
of Agreement between ARI, Singer-Link, USAAVNC and MDAC-St. Louis. This Memorandum
of Understanding (MOU) is included as Appendix J. The MOU served to clarify the
roles and responsibilities of all parties in the PASS Design and Integration Phases
and provided concrete program guidance throughout the operational development and
implementation periods.

In July, MDAC hardware integration engineers performed the necessary serial to
parallel VOTRAX modification in St. Louis for the initially procured GFE VOTRAX
unit. A higher than anticipated contractor cost was experienced in equipment
procurement for this task.

Immediately following submission of the Phase I Report on 1 June 1977, one
MDAC software engineer was assigned full time to Ft. Rucker to support the Cesiqgn
and Implementation Phases. Device access times at Ft. Rucker were in accordance
with the MOU, causing only minor delay in the software development effort. Sylla-
bus refinement and continuing revision based on coordination with the contract
monitor and instructor pilots continued. Maneuver analyses, profile preparation,
script development, tape and narration revision, and pre-cockpit programued text
development were a continuing process augmented by in-cockpit reviews and critiques.

1-4
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e The DDP-516 Honeywell option drawer and parallel output channel (POC) VOTRAX

interface was installed and checked out by MDAC engineering personnel in August
1977 at Ft. Rucker. Problems were encountered in enabiing all four (4) VOTRAX
- assemblies, but on 17 August all VOTRAX devices responded as designed except for
the No. 2 cockpit. A decision was made to request an investigation of this prob-
lem by the POC vendor, Boudreau Associates, as they were scheduled to travel to
Ft. Rucker to install the tape drive unit for the PASS system (Appendix K). The
problem was determined to be a sense line on POC No. 2 and was satisfactorily
repaired by Boudreau on 18 September 1977. Immediately following installation of
the tape drive unit, the MDAC software engineer verified operation within the PASS
= system for data collection purposes. A1l PASS hardware items have shown successful
operation (except for a minor VOTRAX problem of a circuit board on No. 4; repaired |
by warranty) since 15 October 1977. The status of all PASS program hardware recon- :
figuration activities is referenced in Appendix H.

A major problem surfaced during this period was a "random spike" phenomenon

during pulsing of the Crown audio tapes. These audio tapes are an integral part

: of the UH-1FS system and provide audio instructions to the cockpits, vehicle motion
parameters, auto-sequence segment initiation, and VOTRAX cueing in the PASS system.
It was noted that stray and/or intermittent spikes were generated on the Crown tapes

- when the pulsing device in St. Louis was utilized, even though several test tapes
from this source had previously shown satisfactory operation at Ft. Rucker. A con-
tractor decision was made that all Crown tapes would be pulsed utilizing the Army
equipment at Ft. Rucker. This provided a positive correction for the remainder of
the program.

Performance measurement and data collection techniques received specific atten-

= tion with frequent meetings and discussions with the contract monitor. Programmed
texts were reviewed by ARI personnel, revised, finalized and printed. Software task
segmentation of the syllabus sessions was developed and implemented into the system;
design and coding were nearing completion. Limited four cockpit operational checks
were conducted utilizing task segments from Sessions 1 - 5, with trial runs made on
the assembled sessions using ARI and "naive" Army personnel. During this period of
high activity, personnel from Singer-Link, World Wide Software, Inc., MDAC, U.S.
Army and ARI worked closely together with excellent cooperative results, particu-
larly during actual balancing of the system. This supportive developmental approach
worked very well. It conserved valuable technical manpower by utilizing other per-

= sonnel in the cockpits for checkout, allowed valuable comments from the subjects,
and most improtantly, substantially promoted integration efforts for the four cock-
pit system operation. As trial runs were performed for each session/segment, minor
software corrections to "fine tune" the system were accomplished. Gradually, the
entire system was balanced with a syllabus/software optimization; data collection
and performance measurement techniques that showed promise within the existing

| ‘ system were examined, revised and implemented.

N i P o R P PR P AN

E On 15 November 1977, an ARI memo, "Modifications to PASS and PASS Development
: Schedule," was received. The main thrust of this memo revolved around the require-
ment for more testing time during the sessions as they were currently structured.
Inmediate action was instituted to determine a satisfactory method to provide the
required increased testing sessions short of a total syllabus revision. The method
agreed upon was to enlist the help of the console operators in order to select
previous testing segments from existing sessions to initiate Sessions 3 and 4.

1-5

s T NS D! " & e S e s o




ROTARY WING PASS MDC E1839

1 MARCH 1978
Sessions 1, 2, and 5 were extensively revised (Appendix L). A1l five sessions
were renarrated, windows inserted and pulsed. Software reprogramming, debugging
and checkout were accomplished. Major emphasis was again placed on data collection
and performance measurement techniques and integration into the balanced system,
with "naive" candidate assessment and validation of data collection/performance
measurement techniques scheduled to occur concurrently. The Console Operators Hand-
book and Maneuver Guides were defined and implemented (Appendix E). The date for
operational capability/system acceptance was set.

A contractor decision for a no-cost 45 day contract extension was considered
necessary at this time to accommodate these system requirements. This contract
extension request was based on the extensive syllabus and software revisions,
"naive" candidate availability for the four cockpit system evaluation, and pertur-
bations in data collection and performance measurement requirements (Appendix M).
The "naive" candidate evaluation and the operational capability/system acceptance
testing were accomplished concurrently and are documented in Section 5.

During the development and testing period, several important areas, not fully
accomplished due to the priority placed on additional testing, were identified
and suggested for product improvement to optimize the PASS system (see Section 6).
Several of these suggested areas are currently under modification with an ARI
requested six week cost extension.

This management philosophy, with the contractor and ARI working closely
together throughout the critical Design and Implementation Phases of the PASS
development effort, has ultimately provided an operationally functional Army
aviator selection device viewed as a key element in mission track realization
with a high potential for cost saving for the RWAT program and subsequent Army
programs.

~a
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SYLLABUS DEFINITION AND DEVELOPMENT

The following section of the report presents a detailed discussion of the PASS
syllabus, includes a brief description of the learning sample selection process, 3
describes the development of the instructional materials, defines the concepts
involved in providing feedback to facilitate learning, and specifies the measures
used to assess performance.

The syllabus developed for the PASS program consists o® a five-hour sample
of flight tasks representative of those required in learning to fly a helicopter.
It includes a series of learning tasks involving the use of the controls and o
instruments arranged in order of increasing complexity.

LEARNING SAMPLE SELECTION

The PASS learning sample syllabus was based on a previous pilot selection
program entitled the Automated Pilot Aptitude Measurement System (APAMS)! that was -
developed by MDC for the Air Force using a fixed wing configuration. PASS, Tike
the APAMS program, was designed to measure those behavioral characteristics thought
most likely to be predictive of pilot capability. /2

The objective of PASS was the development of an efficient selection system and
not a training program, as such. Training was accomplished only insofar as neces-
sary to measure performance on the sample of piloting tasks. Flight tasks for the i |
PASS programs were selected and structured into a syllabus so as to reflect indi-
vidual differences in: basic psychomotor abilities, learning rates, multi-task
integration, workload capacity and control of attention. -

The essential elements of the rationale used in the selection of the learning
sample can be summarized as follows: -~

a. To insure predictability of pilot success, the learning sample must be
designed to isolate those characteristics of behavior which empirical
or experimental data and/or sound theoretical formulations indicate may
be closely related to that success. These include:

SERRC PR N

(1) measures of psychomotor capabilities; -—

(2) measures of learning capacities and rates, that is, the ability
to apply or modify these basic psychomotor capabilities into

{ integrated patterns of behavior essential to flight success;

; (3) the ability to exercise these capabilities, basic or learned,

g under stress or under conditions of increased overload. "
i

i -

. ]Long, G. E. and Varney, N. C. The Automated Pilot Aptitude Measurement
| System (APAMS). Lackland AFB, Air Force Human Resources Laboratory, September 1975. -




ROTARY WING PASS MDC E1839

1 MARCH 1978
b. The maneuvers or tasks selected for the learning sample to assess the
behavioral capabilities noted in a. must also be realistic representatives
of the more discriminating tasks or maneuvers included in the RWAT syllabus.

c. The learning sample must, however, be restricted to those tasks or maneu-
vers, or eienenis of maneuvers, that can be learned to some minimum level
of measurable proficiency within the 1imited time available for training
and testing (5 hours), but at the same time not be drastically affected
by small amounts of practice; that is, a task was not included if it
could be mastered in one practice trial.

d. The task must be such that instructions and training for its accomplish-
ment can be standardized and provided by an automated instructional
system that can be developed and produced within the cost and schedule
constraints of the contract and the performance limitations of the UH-1FS.

e. The learning sample must include only those tasks or maneuvers in which
variations between student performance and variation between trials for
a given student can be measured quantitatively and reliably by the test
equipment, (including the UH-1FS).

For example, an instrument take-off and climb-out was included in the proposed
syllabus outline; however, it could not meet the constraints imposed by item c. of
the learning sample rationale. It was learned that Instructor pilots experienced
difficulty in successfully completing instrument takeoff and climb-out in the UH-1FS;
thus, a flight naive subject could not be expected to attempt this maneuver within
the time indicated. As a substitute task for the takeoff and climb-out maneuver,
the deceleration/acceleration maneuver was selected because it is also a difficult
coordination task, and it does meet all the essential elements of the learning
sample rationale. Additionally, it fits well into the building block approach to
the syllabus maneuver order of presentation.

Two additional tasks, a rectangular course and a traffic pattern as defined
in the proposal, did not meet the conditions stated in paragraphs c. and d. of the
learning sample rationale. A rectangular course and a traffic pattern using only
the UH-1FS forward instrument panel would have been very difficult tasks to learn
within the limited time available for training. VOR tracking using a single sta-
tion was substituted for these maneuvers.

Additionally, maneuvers that would be obvious candidates for discriminating
between successful and unsuccessful RWAT training candidates could not be included
in the learning sample because the UH-1FS was not configured to simulate them.
Thus, hovers and autorotations were eliminated from consideration.

However, analysis of the specific requirements imposed by the above learning
sample rationale in relation to the variety of potential tasks and maneuvers avail-

able to choose from indicated there were a number of possibilities for the content
of a learning sample that would meet the learning sample rationale requirements.
Therefore, it was apparent that it would not be efficient to spend a great amount
of effort in selecting the "optimum" maneuvers or tasks, or in the justification
of that selection, as long as the choice met those requirements.
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The learning sample that was selected was drawn from elements of the Army

Rotary Wing Aviator Training (RWAT) syllabus. Maneuvers were selected which
required the subject to control individually, and in various combinations of
increasing complexity, all of the six basic flight parameters - altitude, airspeed,
heading, vertical speed, turn rate and attitude. The sequencing of learning tasks
was designed to progress from single variable tracking tasks using a single control
(e.g., controlling attitude with the cyclic), through multivariable tracking, to
multivariable tracking tasks with several controls (e.g., pitch, heading, altitude,
airspeed, rate of climb, with cyclic, collective and pedals).

Maneuvers were selected and sequenced so that insofar as possible each learning
and testing session was an extension of, and utilized the skills learned, from the
previous learning and testing sessions. In this manner, information on both the
degree of basic motor capabilities possessed by the subject and learning rates
could be obtained. This procedure also required the subject to integrate previously
learned skills and behavior patterns of prior tasks into each new task in a building
block manner.

In order to simulate more closely the real world pilot workload, a communi-
cations side task was added to the syllabus structure. The communications task
consists of responding to a communications call check by tuning the UHF radio to
a designated channel, keying the microphone switch and repeating his/her call
sign. If the candidate pilot fails to respond within a ten second time interval
or responded incorrectly, the communications call is repeated. Communications
call checks are interspersed throughout steady state maneuver testing only.
(Steady states are defined as those segments of a maneuver that require mainte-
nance of a fixed attitude.) This side task requires the PASS RWAT candidate to
learn how to divide his/her attention appropriately.

A summary of the content of the syllabus in terms of type of materials and
testing sequence is presented in Table 2-1.

INSTRUCTIONAL MATERIALS DEVELOPMENT

The instructional materials developed to train the candidate pilot in the
PASS syllabus maneuvers can be divided into precockpit and in-cockpit training.
Additional training materials were also developed to help the console operator in
PASS procedures. The precockpit materials include programmed texts on basic
helicopter flight instrumentation and VOR tracking. In-cockpit materials include
student guides for each training session and the narrative script presented via
the cockpit audio network. PASS console operation materials consist of a console
operator handbook used by the console operator in directing and monitoring candi-
dates through the PASS training. The following section describes the rationale
for inclusion of each of these instructional packages and how each package was
developed. -

Precockpit Instruction. A presimulator-training, programmed instructional
text was developed to help familiarize the PASS subject with the location and
function of the UH-1 helicopter controls and instruments. This was a departure
from the proposed instructional plan which required that all training be conducted
in the cockpit. It was felt to be a necessary modification for two reasons.
First, the complexity of the UH-1FS cockpit configuration and instrument panel

2-4




et A A ANt et — 5 covidibi e . . A o il : S ——— - < e

ROTARY WING PASS MDC E1839

> b A 1 MARCH 1978

BASIC OUTLINE OF THE SYLLABUS

SESSION ONE

« 0 Programmed Instructional Text - Introduction to Basic Flight Instruments

Precockpit Instruction

o Instruction, Demonstration, and Practice - Use of the Basic Flight Instruments
and Controls

o Instruction and Practice - Straight and Level Flight and Straight and Level
Flight with Rough Air

o Instruction and Practice in the Operation of the Side Task

o Testing of Straight and Level Flight with and without Rough Air and with and
= without the Side Task

SESSION TWO

0 Review Test - Straight and Level Flight
Instruction, Demonstration and Practice of Level Turns and a Normal Climb
Testing of Straight and Level Flight, Level Turns and a Normal Climb with and
without the Side Task

SESSION THREE

0 Review Test

Instruction Demonstration, and Practice of a Deceleration, Acceleration and
Normal Descent

o Testing of Straight and Level Flight, Level Turns, a Normal Climb, Deceleration-
Acceleration, and a Normal Descent, with Side Task
SESSION FOUR

0 Review Test
Instruction, Demonstration, and Practice of Climbing and Descending Turns
; Testing of Straight and Level Flight, Level Turns, a Normal Climb, Deceleration-
f Acceleration, a Normal Descent, Climbing and Descending Turns, with Side Task
SESSION FIVE

0 Review Test - Climbing and Descending Turns
Instruction and Practice of VOR Tracking

Testing of Straight and Level Flight, Level Turns, a Normal Climb, a Normal
Descent, and Climbing and Descending Turns

e ——
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would make the task of locating the instruments and controls by audio-instruction
only very difficult, requiring a large expenditure of valuable UH-1FS cockpit time. -
Second, the absence of visuals to accompany the audio instruction on instrument
function might have created a confusion or distortion concerning individual instru-
ment reading. For example, a flight naive individual may experience difficulty -
interpreting the attitude indicator's displays. Without the opportunity to ask
questions or review the instruction on the attitude indicator, he/she may be
hindered in performing flight tasks involving the attitude indicator.

The programmed instructional text utilizes a modified 1inear program which
presents information in a fairly large chunk called a block. Each block consists

of approximately six paragraphs of fifty words each. Questions covering the major -
ﬂ objective of each block are included at the end of each block and a review test

is given at the end of the text. It was hoped that this technique of providing

large chunks of information followed by a sequence of questions may have helped "

alleviate some of the disadvantages encountered when developing linear programs for

the intelligent and educated user. Typically, in a linear program, information is
presented to the student in very small steps called frames. The maximum number of

words in a frame usually does not exceed 25 to 30 words. For the intelligent and -
educated student who is accustomed to handling larger chunks of information, these

small steps mean needless repetition of facts and, as Callendar (1969)2 points out,
produces a sense of boredom, lack of interest and fatigue. -

B Iy

A second text entitled "VOR tracking" was developed to precede Session Five
PASS training in the UH-1FS. The mechanics of the VOR tracking task (course
indicator, station passage, radials, etc.) that is taught in Session Five were
thought to be too complex to be understood through the audio training alone. A 5
supplemental precockpit guide for Session One was also developed to assist the ‘
student in learning the UH-1FS specific procedures. "VOR tracking" and the supple- -
mental precockpit guide are for information purposes only and were not developed
in the programmed instruction format.

Both the programmed instruction text and the VOR tracking pamphlet underwent \
numerous critical reviews for both content validation and for instructional ade- |
quacy by subject matter experts, flight naive students, pilots and contracting and |
contractor personnel, before submittal to final print. The PASS precockpit instruc- '
tion and review test are included in Appendix B. The VOR tracking text is included
in Appendix C.

In-Cockpit Instructional Materials. A1l instruction required for systems oper-
ation and performance of flight tasks is presented automatically through the UH-1FS
Crown audio instruction system. Narrative scripts were developed for each session -
that described the series of activities involved in flying each specific maneuver
in the learning sample as well as the interpretation and use of the instrument
displays and controls, their interdependencies and their relationship to maneuver

requirements. These oral instructions are "illustrated" by demonstrations of il
control movement tasks and flight maneuvers that are Fflown by the simulator's
autopilot function under computer control. For example, the instruction on the
2Callendar. P. Programmed Learning - Its Development and Structure. London:
Songmans, Green and Company, 1969. -
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relationship between the cyclic and the attitude indicator includes demonstrations
of the effects of fore, aft, and side-to-side cyclic movements on the attitude
indicator. During these demonstrations the PASS candidate is instructed to place
his/her right hand on the cyclic, left hand on the collective, feet on the pedals
and to watch the instruments.

In developing the audio tapes, the PASS RWAT candidate population was assumed
to be completely naive with regard to the dynamics of flight, flying, helicopters
and simulators. The script writers, too, for the most part, were naive with respect
to helicopters and rotary wing flight instruction. This approach was used because
it was felt that rotary wing flight naive scriptwriters were less likely than a
flight experienced person to make the error of assuming that the PASS candidate
knew more about flying than he/she actually did. Additionally, the flight naive
scriptwriters may recognize instructional areas when the PASS candidate may exper-
ience difficulty and thus be able to expand on those areas, with the principle
that those concepts, instruments, and maneuvers that were most difficult to under-
stand by the flight naive scriptwriter may be the most difficult for the flight
naive PASS candidate. This last point is especially critical to the PASS situation
because in the automatic training and testing mode, the PASS candidate is not
able to review or ask questions.

The sequence of script development proceeded as follows: First a basic outline
of the syllabus was prepared by the PASS development team after consultation with
rotary wing instructor pilots and UH-1FS personnel. The basic outline included the
specifications of the maneuvers to be performed and their sequence in each training
session; the performance parameters associated with each maneuver and the tolerance
units for acceptable performance for each parameter; and the general pattern of
instruction, practice and testing to be followed for each session.

Second, upon approval of the basic syllabus outline, individual maneuver pro-
files were developed. The maneuver profiles consisted of time-line analyses of all
maneuvers into transition zones and steady states and identified the instrument
parameters associated with each transition and steady state segment. These maneu-
ver profiles are presented in Appendix A.

Third, as the script for each session was completed, it underwent critical
reviews for content validation by subject matter experts. However, it was not
until the software development was completed for each session that flight naive
students and experienced pilots were able to evaluate the training effectiveness
and adequacy of each session. Modifications to maneuver timing, sequencing, flight
parameter boundaries, and narrative scripts were made after every system evaluation
and try-out. A major modification to the training sequence occurred during the
ninth month of the contract when it was decided to repeat the previous day's test-
ing session at the beginning of each new session. The original sequence included
a review and practice of the previous day's maneuvers followed by instruction of
new maneuvers and testing. Front end testing as called out by the new sequence
permitted a measure of retention to be included within the data analysis.

The complete scripts for Sessions One through Five are included in Appendix D.
Additional in-cockpit materials consist of student guides, one for each ses-

sion, that are used by the PASS RWAT candidate as reference information during
UH-TFS training and testing. These guides were developed primarily to help the
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student determine whether or not the instruction was in the correct sequence. It
was learned during the formative evaluations of the total PASS program that the
audio tape recorder may skip or repeat instruction sequences. Since this was an
unavoidable hardware problem, it was decided that PASS candidates need a training
guide so that they can notify the console operator of the sequence problem. Param-
eter values of instruments relevant to a maneuver are also included in the student
guides as a check for the PASS candidate. These student guides are included in
Appendix F.

PASS Console Operator Instruction. Within the PASS program, the role of the
console operator is to direct students to their assigned cockpits, assist in stu-
dent UH-1FS orientation, set the initial conditions for each session, monitor the
operation of the system and operate the console within the PASS program constraints.
Since PASS operational requirements departed from the usual UH-1FS routine, a hand-
book was developed that described the PASS system and the console operator's role.
This handbook is included in Appendix E.

PERFORMANCE FEEDBACK

The feedback concept used for the PASS program was based upon an analysis of
the type of feedback usually provided by an instructor in flight training. This
feedback can be categorized into four general classes:

1. Anticipatory type feedback aimed at reminding or "prompting" the candidate
to take some corrective action to prevent the occurrence of an out-of-
tolerance condition, e.g., "You're starting to clirh!", or "Look at your
bank angle!"

2. Status type feedback on the existence of out-of-tolerance conditions,
e.g., "Your altitude is 200 feet too low!", or “"You're turning at six
degrees a second!"

3. "Crash" prevention type feedback in conjunction with a freeze of the
simulator controls by the computer when conditions exist that, if con-
tinued, may produce a crash.

4. Evaluative type feedback on the candidate's performance after the maneu-
ver or test is completed, e.g., "You controlled your turn well, but you
forgot about airspeed.”

These four classes of feedback are provided by the PASS program. However,
due to limitation on software and hardware capabilities, coupled with the require-
ments for message standardization, feedback messages are provided in a somewhat
simplified form and according to very strict rules of presentation. Feedback
classes 1, 2 and 3 are presented via an auditory system using a VOTRAX voice syn-
thesizer. Class 4, the evaluative type feedback, is presented via the CRT visual
display used in UH-1FS training.

Before describing these messages and displays and their application, the

techniques for the determination of proper performance values should be noted.
Anticipatory and out-of-tolerance feedback classes required a set of values which
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differentiate proper (in tolerance) performance from improper (out-of-tolerance)

performance. RWAT UH-1FS syllabus performance parameters were examined and found
to be too demanding for a flight naive student in as sensitive a control environ-
ment as that found in the UH-1FS. Thus, the school solution parameters were
used for the anticipatory messages and, in all cases, the out-of-tolerance values
were based on a factor of 50% more of the anticipatory value.

Anticipatory Feedback. Anticipatory type feedback consists of cautionary
messages or prompts which inform the candidate that his/her performance on a given
parameter is such that, unless immediately corrected, he/she will exceed the per-
formance limits specified for that maneuver. All such cautionary messages are
provided by the auditory feedback system. All auditory messages are generated
under computer control to indicate which instrument or instruments, i.e., airspeed,
vertical speed, heading, altitude, bank angle, side slip are out of the specified
tolerances.

The structuring of each message is as succinct as possible to eliminate con-
fusion and prevent ambiguity. For example, assume that a candidate is required
to fly straight and level at a nominal altitude of 2000 feet with no greater than
150 feet deviation. Should the candidate reach an altitude of 2100 feet, then
the message, "Check altitude," would be provided. Such messages provide specific
prompts as to performance.

A1l instruments and their associated anticipatory feedback messages are shown

in Table 2-2. It should be noted that the specified values remain constant during
TABLE 2-2
ANTICIPATORY FEEDBACK MESSAGES
Instrument Deviation Feedback Message
Altimeter + 751t Check altitude
Vertical Speed + 100 ft/min Check climb rate
(for climb)
Vertical Speed + 100 ft/min Check descent rate
(for descent)
Airspeed + 7 Kias Check airspeed
Bank Angle A Check bank
Side Slip + 1/2 ball Check the ball
Heading 4+ 8° Check heading
Course Indicator - 2° Check the course
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all sessions as any changes would have prevented reliability determination.
Further, a fixed interval between successive feedback messages of approximately
10 seconds was required to give the candidates time to make necessary corrections.
The immediate repetition of messages would have done little to aid in correction
and could have caused computer timing to be affected.

Additionally, there is another type of anticipatory messages or prompts which
serve as reminders to initiate an action. The transition segment prompts are:
Begin Left Turn, Begin Right Turn, Begin Climb, Begin Descent, Begin Climbing Turn,
Begin Descending Turn, Begin Deceleration, Begin Acceleration, and Begin VOR
Tracking. In order to further understand the timing, placement and presentation
cues refer to Appendix A, Maneuver Profiles.

Qut-of-Tolerance Feedback. The out-of-tolerance messages for presenting
status type feedback inform the candidate when the value of any of the flight
parameters which he/she is required to control reach or exceed the performance
standards specified for that parameter. A1l such out-of-tolerance messages are
provided by the auditory feedback system. Auditory out-of-tolerance messages are
presented in Table 2-3.

TABLE 2-3
OUT-OF-TOLERANCE FEEDBACK MESSAGES

Instrument Deviation Feedback Message
Altimeter +150 ft Altitude too high
-150 ft Altitude too Tow
Vertical Speed +200 ft/min Climbing too fast
(for climb) -200 ft/min Climbing too slow
Vertical Speed +200 ft/min Descending too fast
(for descent) -200 ft/min Descending too slow
Airspeed +15 KIAS Airspeed too fast
-15 KIAS Airspeed too slow
Heading +16° Heading too far right
-16° Heading too far left
Bank Angle +15° Bank too steep
- -15° Bank too shallow
Side Slip + 1 ball Watch the ball
Course Indicator +4° Tracking too far right
=il ® Tracking too far left
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"Crash Prevention” Feedback. When the candidate approaches an out-of-control
situation during a practice session of a maneuver, the computer freezes all motion
and resets the controls and instruments to the beginning of the maneuver's command
values and conditions. At the same time, the candidate receives a message inform-
ing him/her of which performance parameter(s) is unacceptable and places him/her
in a reset mode. Unacceptable performance values were set arbitrarily by multi-
plying the out-of-tolerance message values by two. Although these values do not
approach the crash parameters of the UH-1 aircraft, they do reflect conditions
under which the naive candidate may experience difficulty in bringing his/her
helicapter back into in-tolerance conditions. However, the reset mode is utilized
only during practice sessions. Crash prevention feedback messages are presented
in Table 2-4.

TABLE 2-4
CRASH PREVENTION FEEDBACK MESSAGES

Instrument Deviation Feedback Message
Altimeter + 300 ft Altitude unacceptable
Vertical Speed + 400 ft/min Climb rate unacceptable
(for climb)

Vertical Speed + 400 ft/min Descent rate unacceptable
(for descent)

Airspeed + 30 KIAS Airspeed unacceptable
Heading + 32° Heading unacceptable

Bank Angle + 30° Bank unacceptable

Course Indicator + B8° Course unacceptable

Feedback messages are presented in their order of importance. If a "Check"
message and an out-of-tolerance message are in queue at the same time, the Out-of-
Tolerance will take precedence over the "Check" message.

Performance History Display. At the end of each maneuver, the candidate was

presented with a history of performance for key flight parameters. The key param-
eters include altitude, airspeed and ground track. Additionally, out-of-tolerance
conditions by parameter were noted. This information was displayed on a CRT screen
located behind and to the left of the student's seat in the cockpit. The perform-
ance history visual display used for this program is the same display used cur-
rently in UH-1FS auto-training.
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PERFORMANCE MEASURES

Raw performance data were continuously sampled and stored on flight parameters,
control movements and communication side task responses during each session's test-
ing sequence. Table 2-5 presents a listing of the performance measures collected
and the frequency of sample rates. These data were c*ored onto the disks during
data collection; and at the end of the testing sessi..., they were dumped onto tape.
The data on tape were then available for retrieval and data analysis at any time.
Data analysis, however, was not within the scope of this program. Refer to the
So{tware Description section of this report for a further discussion of the data
collection.

TABLE 2-5
SAMPLE RATE OF DATA COLLECTION

Pitch 1 every second

Rol1l 1 every second

Yaw 1 every 2 seconds

Stick Movement (Lateral) 2 every second

Stick Movement (Longitudinal) 2 every second

Pedals 1 every second

Power (Pounds Torque) 1 every 2 seconds

Altitude 1 every 2 seconds

Airspeed 1 every 2 seconds

Heading 1 every 2 seconds

Vertical Speed 1 every 2 seconds

Course Deviation 1 every 2 seconds

Side Task Frequency select time

Side Task . Microphone key response time
2-12
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SOFTWARE DEFINITION

IMPLEMENTATION

PASS system implementation was accomplished using the bulk of the modules con-
tained in existing training load within the #2 516 computer. Auto training modules
which schedule input data (segments of 50 words) for aircraft parameter references
and control commands were used to execute the selection syllabus. A utility pro-
gram (Problem Formulation Assembler) was employed to construct the problem data
using maneuver profiles as a guide. Some of the data within the segment profiler
took on new meaning for selection as original training requirements were lost. A
sample segment profiler lists the type of information stored for each one of the
segments, and a definition of information is included in Table 3-1, Appendix G.

MODULE DEVELOPMENT
Modules which were developed, altered and removed are discussed below:

VOTRAX Message Handler. Audio feedback and side task messages for all four
cockpits are controlled for output by the message handler. First, output instruc-
tions were developed for the individual VOTRAXs; then, if the VOTRAXs were not busy,
the message timers had elapsed and a message was in queue, information was directed
to the VOTRAX under computer direct multiplex control (DMC). It was released for
presentation upon completion of transfer.

Audio Alerts Feedback. Audio messages were packed in core in octal form, that
is, one phoneme per computer word preceded by a computer word representing the num-
ber of phonemes in a message. An address list served as a pointer to select a par-
ticular message. Messages were ordered according to parameter type and by degree
within type. Command for a particular type or types was derived from a segment word
in the TEB (this event buffer). When an aircraft parameter value versus command
value became separated by a given delta, the alert message pointer by type and
degree was calculated and placed in queue for output. The message type priority
was changed by rotating the segment word in the TEB after any type had been pre-
sented.

Side Task - The side task consisted of a VOTRAX direction to the subject to
select one of several positions from the preset channel knob on the UHF ratio and
respond with a communication check. Software monitored the station setting and
the comm button for responses. Scoring was based upon time-to-respond as well as
completion/noncompletion of tasks. If the subject did not respond correctly upon
completion of the sequence, he was redirected with one repeat of the message after
ten seconds. Each successive direction for the side task commanded a different set-
tina recuirement. Command for the side task was derived from a segment word in the
TE3. I other VOTRAX messages (alerts) were in the process of being spoken, the
side task direction was delayed until the alert was completed.

Data Collection - The data collection technique was changed from the original
lan of writing data in real time directly from a buffer to magnetic tape to direct-
ng the data to the online disk. This method was used for conservation of time as
‘he disk was faster than the magnetic tape in responding to computer action.
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During a test period data were gathered on a cockpit basis in raw form at variable
rates, over a two second period, in the form of a logical record. After the two
second collection, the data records were transferred to an output buffer holding
S5 10 logical records. After 20 seconds, this buffer was output to disk as a physical
record. Each disk track would allow six records (or 2 minutes) of time history
data (see Table 3-2, Appendix B, for the data picture).

Data Management. After a session was completed for all four cockpits, the
data gathered on the disk were spooled to magnetic tape via the Data Management
& Program. These data were again in raw form as they had been collected in real
time for the disk. This tape record matches the disk physical record. When the
spooling process was complete, a TTY (teletype) bell rang signalling that an
operator could dismount the tape from the tape unit and enter it as input for
data analysis.

See Appendix G for math flows for above modules.

General Information. Program modules were removed to allow space for the new
module development, or for buffer space for data transfer to peripherals. Other
modules had to be modified to implement functions needed by PASS, e.g., recycle

v capability during practice unacceptable conditions and during testing when sequences
were being repeated or forcing end conditions by time or other requirement. The
data dictionary was also modified to allow new permanent variables and Booleans
required in program execution.

Load Module and Data Creation. Source decks for the #2 computer system,
including Auto training, rotor, and display modules. A BOS (Basic Operating Sys-
tem) disk was generated to operate upon the source files. Using the UH-1FS
Device #1, which has a card reader and a line printer peripherals, the source
input was assembled using the BOS assembler. Listings of the assemblies were
output as well as object paper tapes. The paper tapes were then read to create
a load module, which in turn, was stored for permanent use on an operational disk.
This operational disk also contains utility programs to control loading of pro-
grams and the problem formulation assembler to create the syllabus problem data
in segment form. Profiler listings of these data are also available at the UH-1FS
site.

|
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SUMMARY OF PASS HARDWARE COMPONENTS

The hardware requirements for the reconfiguration of the simulator device were
dictated by the need for a quick-response, voice feedback capability. This need
was satisfied by the ML-1 VOTRAX voice synthesizer. It is a multi-lingual capa-
bility voice system which produces electronically synthesized speech from digital
inputs supplied by the computer. A1l hardware supplied and installed by McDonnell
Douglas was required to interface the four VOTRAX units to the Honeywell DDP-516
Computer and to the cockpit headphone audio system. The required components were
four ML-1 VOTRAX voice synthesizers, four Honeywell parallel output channels, an
audio switching junction box and all of the associated interconnection cables.

A1l references to Appendix H of this document refer to the Hardware Reconfiguration
Document submitted to ARI on 3 January 1978.

VOICE SYNTHESIZER

The Model ML-1E-1920-1949 VOTRAX units were purchased from the Vocal Interface
Division of Federal Screw Works, Troy, Michigan. The units have a parallel first
in - first out (FIFQ) buffered interface with a buffer capacity of 64 characters
or phonemes. Information describing the interface control signals, schematics
and connector pin assignments can be found in Appendix H.

HONEYWELL PARALLEL OUTPUT CHANNELS

The interfacing of the VOTRAX voice synthesizers to the DDP-516 computer was
handled by the installation of a new option drawer containing four Model 516-33
parallel output channels (POCS). This drawer was mounted in System #1 cabinet,
but it was connected to power and the Input/Output (I/0) and Direct Multiplex
Control (DMC) control buses of System #2. The drawer contained some additional
circuitry required to provide full compatibility between the POCS and the voice
synthesizers. The assembled drawer, all circuitry and wiring inside the drawer,
and the interconnection cables were purchased from Boudreau Consulting of Holliston,
Massachusetts. Schematics, wire lists, cable drawings and interconnection diagrams
can be found in Appendix H.
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