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ABSTRACT

This paper presents a methodology developed through research, trade studies,
and past experience for generating a specification for a "user-friendly" instruc-
tional system, taking proper account of specific training objectives, the training
syllabus, crew tasks, and aircraft configuration. Instructor control/display
requirements are established for each element of each training exercise. The con-
trol/dispiay data are then converted into task-oriented formats that fit the
overall schematic of the instructional system, task-oriented display and control
being the basis of user-friendly instructional system development. At any given
time during a training mission, the instructor is confronted only with the data
and control options that are pertinent for that particular phase of the training
exercise. Factors such as human engineering, decision-making, and workload of the

instructor enter into the analysis.

INTRODUCTION

A review of flight simulation 1iterature re-
veals that the history of flight simulation has
been one of constant technological improvements
from enhancing fidelity to optimizing simulator
utilization. Methodologies for maximizing simu-
Tator utilization have heen the focus of present-
day research for both the simulator industry and
the Department of Defense. “Simulator Training
Requirements and Effectiveness Study (STRES)"
sponsored by HQ Air Force Human Resources Lab-
oratory (AFHRL) is just one example. Since the
optimization of simulator utilization is the
focus of this paper, it 1s appropriate to quote
from a published paper to establish %qe existing
ideas. For example, Stark and Puigl presen-
ted a paper at the NTEC/Industry Conference, ten
years ago sumarizing many of the unique charac-
teristics of training simulators, anticipating
wuch of the effort expended over the next ten
years in utilizing these characteristics. The
authors said, in part:

"..training simulators are unigue tools with
unique capabilities and limftations. They can
support the development of skills which can be
effectively practiced in flight training, and
they can also support training in a variety of
ski1l11s and under circumstances which cannot be
safely and/or economically approached in the
aircraft. In addition, they have inherent
capabilities for ogtfmfzin Tearning which are
currently unavailable in the flight environment.
The role of simulators as an integral part of
current and future training Erogrlls has been
estab] ished beyond question.

*The aircraft, its environment, and its in-
teractions with the crew are represented in the
sfmulator by means of a computer. Because the
computer deals with a1l of the parameters de-
fining the state of the aircraft, the charac-
teris%ics of the environment, and the perform-
ance of the crew, it contains the basic data
required to support a highly flexible and effec-
tive interface between the student and the in-
structor. The quality and efficiency of train-
fng is largely a function of how well the simu-
Tator/instructor interface is implemented. The

quality of the interface, in turn, depends heav-
ily on the relevance of the displays and con-
trols at the interface, for the tasks performed
in the conduct of training. Many simulator in-
structor tasks are closely analogous to those
performed by the flight instructor, but some are
unique to the simulator. 1In each case, data are
available to the simulator instructor which are
not available to the flight instructor, and un-
usual capabilities are availabte for the control
of simulator training conditions. Properly me-
diated, these data can be used to greatly en-
hance teaching."

Stark and Puig defined nine basic instruc-
tional tasks for flight simulator instructors
and flight instructors in the promotion of
flight crew training. Optimization of training
in both ground and airborne settings requires
efficient task-relevant information exchange and
training control in each of these tasks:

a) Briefing

b) Demonstration

c) Performance Monitoring and Diagnosis
d} Coaching and Guidance

e} Evaluation

f} Critiquing

g) Simulator Setup

h} Program Modification

i} Communication

In an attempt to improve instructional capa-
bf;itiesdof training simuTaFors, a piethora of
"adva trajning features" have been intro-
duced?gﬁ-(3§-141s?5t (see Table 1). These
tasks have been accomplished in simulators, over
the years, in a variety of ways and the evolu-
tion in the implementation of thei? t?g%s is
well documented in the literaturell)s{(8},

Instructional System Status, Problem and Solution

Presently, strategic and tactical Weapon Sys-
tem Trainers (WST's) are becoming increasingly
complex, with sophisticated hardware and soft-
ware capabilities, both because of the implemen-
tation of high techmology in the design and de-
velopment of weapon systems like the B-52, B-1,
AH-64, etc., and because of the complex missions
which they support.



Designers of instructional systems are con- utilization (ease and frequency of use). The

fronted with ambiguities between “want" and primary reasons for this state are an increased
"need", and incompatible specifications Vike instructor mental workload and a lack of in-
‘minimum instructor mental workload" and "max- structor training in instructional system

fmum flexibility in system control®.(7} This utilization. These findings are dOC"TS'j'tEd in
has resulted in complex instructional systems the se(-v?raI re'ﬁasch studies by Coheni®!, Pol-
having minimal utility {training value} and zel1al97, carol10) and others.

Table 1 ADVANCED INSTRUCTIONAL FEATURES(9)

BRIEFING FEATURES

Recorded Briefing permits instructor to provide student with information about
the simuTator and/or a structured training mission through A/V wedia presentation.
Demonstration permits instructor to demonstrate aircraft maneuver(s) by
g;erecorafng and subsequently playing back a standardized segment of simulated
ight.
Instructor Pilot Tutorial provides IP with self-paced programmed instruction
in the capabiTities and use of the flight simulator.

TRAINING MANAGEMENT FEATURES

Total System Freeze permits instructor to suspend simulated flight by freezing
all system parameters.

Reset permits instructor to return the simulated aircraft to a stored set of
conditions and parameters.

Crash_and/or Kill Override permits instructor to allow simulated flight to
continue without Tnterruption following a “crash" or "kil11,"

Automated Adaptive Training computer-controlied variations in task difficulty,
compTexity, and/or sequence based on student's performance.

Programmed Mission Scenarios provide computer-controlled standardized training
missTons based on preprogrammed event sequences.

VARIATION OF TASK RIFFICULTY FEATURES . B

Automated Malfunction Insertion permits instructor to preprogram a sequence of -
aircraft component malfunctions and/or emergency conditions.

Environmental permits instructor to vary environmental conditions such as wind
direction and velociiy, turbulence, temperature, visibility, etc.

Dynamics permits instructor to vary flight dynamics characteristics such as
stabTTity, system gain, cross-coupling, etc. -

Mation permits instructor to provide student with platform motion system cues
such as roil, pitch, lateral, vertical, etc.

Flight System Freeze permits fnstructor to simultaneously freeze flight
control and propulsion systems, position, altitude, and heading.
] Position Freeze permits_instructor to simuitaneously freeze Tatitude and

ongitude.

Attitude Freeze permits instructor to simultaneously freeze pitcn, bank, and
heading.

Parameter Freeze permits instructor to freeze any one or a combination of

flight parameters.
INSTRUCTOR MONITOR AND FEEDBACK FEATURES

Closed Circuit TV permits instructor to monitor student's behavior from the
TnstrucTor console.

Repeaters/Annunciators provide fnstructor with replicas or analog
representations of flight instruments and controls at the instructor console.

Instructor Console Displays permits instructor to view alphanumeric and/or
graphic CRT displays of performance data at the instructor console.

Automated Performance Alert pravides instructor with visual and/or auditory
signals that indicate specific performance deficiencies.

Over-the-Shoulder Direct Observation by the instructor in on-board I0S .
implementation. o

STUDENT FEEDBACK FEATURES

Record/Playback permits instructor to record and subsequently play back all
events that occurred during a segment of simulated flight.. N

Automated Performance feedback provides student with visual and/or auditory
signals (inctuding verbal messages) that identify performance deficiencies.

Automated Voice fontroller computer-based technology which simulates the role
of controller by combining speech generation, speech recognition, and situation
awareness capabilities.

Hard Copy provides a record of alphanumeric and/or graphic performance data
from the automated performance measurement system. o
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The present day status, problems, and search
for solutions in the design of irstructional
syshmﬁ% qre summarized in a recent internal
memo; (11

"Simulator instructor stations are sometimes
criticized for the workload they impose and the
information they conceal, and for their tendency
to make simulator training less rather than more
efficient and effective. Many of the criticisms
are well-founded and while some relate directly
to the quality of the processes by which in-
structor stations are designed and developed,
many circumstances are involved in the failure
of instructor stations and instructional systems
to meet universal and uncritical user acceptance.
Most of these circumstances can be modified,
given sufficient insight into their etiology and
dynamics and when the simulator developer and
the customer recognize the uitimate value of
good instructional systems and good instructor/
simulator interfaces.

“The instructor station is not only one of
the user's primary interfaces with our equipment
and our design philosophy, but it is also the
interface receiving the greatest concentration
of attention on the part of the customer, the
user, and the casual observer. Equaliy im-
portant, it is the focus of most of the char-
acteristics which transform the simulater from a
surrogate for a prime system to a device capable
of supporting practice, training, learning and,
ultimately, mission effectiveness on the part of
the individuals and crews who use it. The in-
structional system can add to and standardiza
the conditions under which practice takes place,
provide information nct otherwise available in
the guidance and facilitation of learning, free
the instructor from routfne administrative and
'housekeeping' functions, and even perform some
of the instructional functions he might other-
wise have to perform himself given the necessary
time, imagination, and motivation.

"The instructional system can also detract
from the value of the simulator by increasing
the instructor's workload, by providing him with
{00 much, or irrelevant information or by auto-
mating functions requiring the insights and
flexibility available only through the personal
intervention of the instructor. We have all
attempted to optimize the instructor/simulator
interface through the use of human engineering
guides, instructional analyses, and advanced
computational, control and display technologies:
but we all operate within an impressive set of
constraints. The result 1s sometimes a Tess-
effective system than we all would 1ike, a dis-
satisfied customer, and a resolve on both sides
to 'do it differently next time,'"

What the procurer, user, and designer are
seeking is a systematic methodology for design-
ing an instructional system which maximizes the
utility and utilization of the training device
by decreasing both the instructor mental work-
Toad and the need for his training. Instructors
should have continuous proficiency training to
accomplish their work {instructional tasks) just
1ike any professional person -- doctor, engineer,
professor. However, it is the minimization of
training required in the operations of the I0S
{interactions with hardware) that will maximize
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the utilization of the simulator. A methodology
of design of instructional systems which meets
this specitﬁc?tion is what we define as “user-
friendly."{12),013) 1his is the term which
some branches of DOD have recently introduced in
the specifications for WST's and we assign the
above definition to the term “user-friendiy:*

TRAINING DEVICE STRUCTURE

The exampie to be used in this paper is that
of an aircrew training device {ATD). An ATD may
be partitioned into various trainee stations, as
shown in Figure 1. These stations may operate
independently or in various stages of integra-
tion. The partitioning defines distinct train-
ing requirements for each station, and allows
for fully integrated crew training missions or
isolated station training.
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Figure 1 TRAINING DEVICE STRUCTURE

A user environment and a training system en-
vironment exist within each station. The former
supports the instructor(s) and crew. The latter
supports the instructional and simulated ajir-
craft systems., Figure 2 identifies four inter-
faces which provide for communication among the
elements. The horizontal lines represent data/
information transmission. Line 1 defines the
communication which occurs between the instruc-
tor(s) and crew, The vertical lines represent
control and feedback occurring throughout the
system. Line 2 defines interfaces for the
maniputation of aircraft controls which affect
the simuTated aircraft systems, resulting in
feedback being sent to the crew (e.g., motion
and visual cues, instrument readings, etc.).

Line 3 represents the data transferred be-
tween the instructional system and the simulated
afrcraft systems. The data transferred from the

STATION &

e e o .
" oeoiifiono T R GRS e e
- M ]
« EXTEMN, :lANSF
- COMMUNICATION
« EXTERANALCREW
» COMMERTARY
- Iﬂmu"mﬂ“

v MISAD
DEERIEF NG

SMULATED

AIRCAMFT
SYSYEMS

41 CREWAIRCRAFT
EYSTEM

INYEAALTION

» AIRCAAFT SYSTEM
CONTAGLS

» [HSTAUMENTATION
FEEDRACK

a AURAL CUE FEEDBACK.

a MOTH  CLE FEEDEACK
@ VISUAL CUE FEECDACK

» ATMOSPHERE
ENVIAONMENT
NTADL
n MISSION CONTROY,
a VISUAL CONDITIONS
CONT!
= RADID FACILITY
IRONMENT EONTROL
# ELECTACNIG WARFARE
EHVIRQNMENT CORTROL
» STATION MODE CONTROL

Figure 2 STATION STRUCTURE



instructional system to the simulated aircraft
affects the performance (e.g., malfunctions,
winds, etc.) and environment(s) which exist in
the simulated aircraft systems (e.g., visual,
aural cue, motion, etc.). The data transferred
from the simulated aircraft systems to the in-
structional system provides status information
as it relates to afrcraft systems and envivon-
ments. Line 4 represents the interaction be-
tween the instructor{s) and the instructional
system, These interactions relate directly to
the instructional features provided through the
{nstructor/operator station (I0S). It is this
set of interactions which must be examined to

. define the attributes of a user-friendly system.

THE USER~FRIENDLY SYSTEM

In any man-machine interaction system, the
properties of a user-friendly system are under-
stood to be: 1)} ease of use, 2) naturalness, 3)
ease of understanding, 4) helpfulness, and 5)
increased performance (speed and accuracy).

These subjective properties are embedded in our
guantified definition of a user-friendly instruc-
tional system: minimization of both the instruc-
tor mental workload and the requirement for spe-
cial training for maximization of utility and
utilization of the ATD which in turn results in
training effectiveness of the ATD. The term
"mental workload" is multidimensional owing to
the complexity of human information processing
and decision-making systems, and it can encom-
pass a variety of environmental, procedural, and
?per?tor factors which interact %o determine the
eve i uctor performance {speed and accu-
racy)(?z}s??gs. pe P acct

The activities taking place at the I0S are
exchanges of information between complex sub-
systems {i.e., human, machine and task) across
an interface. This concept presumes the inter-
face to be continuous, and that all necessary
and pertinent information is available to the
instructor in the appropriate format at any time
in the training session. In return, the oper-
ator must decide on tha pature and timing of
inpuis to be made to achieve instructional ob-
Jectives by appropriata machine activity, and %o
deliver the necessary commands to the machine
subsystem by means of suitable control devices.

The 1ogical, task-oriented placement of sev-
eral of these devices is more effective than sim-
ply accumu}?tin? them in a complex conglomeration
on an 10S.416),117) " an 105 extremely well
suited for basic flight training may be totally
unfit (although all necessary instrumentation is
present) for advanced tactics training. The
reason for this suitability or lack of suitabil-
ity is the workload stress imposed upon the
operator.

Simply stated, workload stress is the time
pressure imposed on an operator by a discrepancy
between the amount of work to be done and the
time remaining in which to do it. This time
pressure depends on parameters such as the task
complexity and the importance of the task,

«5tress affects operator performance. Thus, an
operator may be able to easily conduct a fiight
training mission on an I0S, but in conducting an

advanced tactics training mission on the same
105 the operator may be confronted with an ar-
rangement of interface devices which needs more
time to operate than the operator can give.

An axiom developed for the analysis of space-
craft crew workloads has been:

"A qualified person, that is, a proper-
iy trained and prepared simulator
instructor or operator, cam, and will
achieve, error-free performance in any
108 task, using almost any interface
equipment, provided he/she has un-
lTimited time, In all other cases,
his/her performance and the probability
of achieving the objectives defined by
the training requirements will be a
function of his/her total {physical and
mental) workload arising from the in-
structional, operative, and monitoring
tasks assigned to him/her and from the
physical and temporal relationships
applicable during the performance of
these tasks."(23

Thus, time and the effects of excess time or
insufficient time are the principal criteria in
the development of the evaluation methodology.

Whether or not optimal or even essential com-
patibility exists at the I0S is by no means obvi-
ous from its physical appearance derived from an
ergonomic analysis. The designer needs a tool
to systematically assess the suitability of I0S
equipment and functional features for each typi-
cal task that may be assigned to the instructor,
and to test this suitability in the context of
the activities of a representative task profile.
This approach permits the analysis and compari-
son of all functional aspects and design details
of the I0S as conservers or consumers of time,
or more precisely, uncommitted instructor work-
load capacity. The "cost" of insufficient
information or inadequate machine support ap-
pears as excessive time required to complete a
given task, since the instructor has to perform
additional work to establish the necessary con-
ditions for satisfactory system performance.

The considerations of man-machine compati-
bility and performance are almost endless. Most
10S activities, however, may be grouped accu-
rately into the following five categories:

1} Perception.
information

Becoming aware of new

2) Recognition. Evaluating, under-
standing, or decoding information

3} Decision making. Intellectual
activity leading to a change in behavior

4) Action. Physical activity leading
to a command Tnput to the machine

5) Monitoring. A combination of per-
ception and recognition to ascertain that the
desired activity is being obtained.

The effects the interface devices, or the
tayout of the interface within an I0S, have on
the instructor are of great importance in eval-
uating the design of an I0S.
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In order to carry out the instructional
tasks, the instructor interacts with the hard-
ware (usually a keyboard, CRT, etc.) at the
105, These interactions may be complex or
simple and correspondingly consume his time.
Therefore each function within the system must
be evaluated to determine which level of inter-
action is required. Interactions may be exam-
ined by identifying the level of automation,
feedback, keystrokes required {assuming a
keyboard is used}, and required operational
training.

Figure 3 describes instructor interactions
with the hardware aspects in terms of several
levels of complexity of the interactions. The
complex interactions providing feedback require
& moderate level of automation, a high level of
feedback, and a high level of keystrokes. The
simple interactions providing minimal actions
require a high level of automation, a low level
of feedback, and a Tow level of keystrokes.
This approach may confuse the instructor due %o
lack of feedback. It requires minimal training
but lacks flexibility because it is totally
automated. The simple interactions providing
controlled action require a2 high level of auto-
mation, a moderate level of feedback, and a
moderate level of keystrokes.
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Figure 3 USER-FRIENDLY INTERACTION

Of these four alternatives presented, the
instructional system with simple interactions
providing controlled actions manifests as a user-
friendly instructional system. This approach
drives the designer to embed the user's require-
ments into the interface. The implementation of
2 user-friendly instructional system is accom-
plished by a delicate balance of automation and
manual control. Automation calls forth the
structuring of the missions {Figure 4). How the
instructional system {s automated is the founda-
tioft for the implementation of user-friendly
cohcepts.

IMPLEMENTATION OF USER-FRIENDLY CONCEPTS

The philosophy underlying the implementation
of user-friendly concepts for instructional sys-
tems requires the designer to acquire a deep in-
sight into planned aircraft missions and train-
ing scenarios. This 15 because the primary goal
is to minimize formal instructional training and
alse to minimize instructor mental workload.
These attributes can be provided by requiring of
the instructor, at any given time in the mission,
the minimum amount of information processing and
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decisfon-making. This yltimately requires a
clear understanding of the missions and training
scenarios which the user intends to carry out in
the ATD so that they can be partitioned into seg-
ments containing just enough instructional fea-
tures which are synthesized by the appropriate
parameters (see Figure 4). Without the deep
knowledge of the intended missions and training
scenarios, specific training objectives, the
training syllabus, crew tasks, and aircraft
configuration, the designer will be at a loss.

The literature search revealed a common
thread expressed by glmost everyope: Caro and
Po?; nnf?B?, Fu11er?19?, Cohen¥8?, Polzel-
la and others recommend that the user
should communicate with the designer from the be-
ginning in the design and development of the IS
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Figure 4 INSTRUCTIONAL SYSTEM STRUCTURE

Figure 5 portrays the synthesis of the
model of user-designer communications in the
development process of the user-friendly instruc-
tional system. It illustrates the hierarchy of
states of knowledge of missions and training
scenarios and the evolutionary course of user
and contractor awareness of knowledge states
during the design and development of instruc-
tional systems. In the beginning of the design
process, the user's awareness of the intended
missions and training scenarios which the in-
structional system should implement is highest,
whereas the designer's awareness is minimum.
Based on the minimum knowiedge of missions (11t-
eral specification may be understood but its
intent may not be revealed), the contractor
starts designing and hence his awareness of the
parameter state of knowledge is maximum and that
of the user is minimum. As the design progres-
ses, awareness of the hierarchy of states of
knowledge on the part of both the user and the
designer increases. As the scheduled design
milestones are met, the user's awareness of the
states of design increases and the feedback te
the designer (of the intentions of the specifi-
cation) will be timely. This process of inter-
action results in the enhancement of the aware-
ness of each other's states of knowledge through-
out the design and development phase, and this
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is essential to the achievement of a user-
friendly implementation of state-of-the-art
technology in the instructional system.

Mission Generation

Based on the user's information, a mission
analysis must be conducted in order to produce
training mission scerario requirements, mission
functional performance requirements, and mission
file data requirements.

Operational mission requirements are anal-
yzed as a first step toward defining the simu-
Tator mission capability. The structuring of
these requirements within the framework of a
training timeline helps reveal the significant
functions, operations, and procedures to be
simulated.

The training mission scenario analysis
generates:

&) Mission segments and major func-
tions/operations.

b) A tabulation of crew tasks and pro-
cadures related to functions/operations.

¢} Simulator operational requirements
(modes, controls, ...} related to the training
mission,

d) A mission event sequence patterned
after an operational mission timeline, but re-
duced in simulator time (See Figure 6).

e) Simulator operational requirements
correlated with the mission event sequencae,

f} A training mission flight profile
detailing the event sequence from take-off to
Tanding.

g} Mission scenario activities, high-
lighted with training modes of operation related
to each mission segment.

Once the mission system and missions
are defined, attention is directed to the on-
Tine and off-line systems which support and work
in conjunction with the mission system. Instruc-
tional systems are composed of both on-1ine and
off-line systems. The primary off-1ine system
is the mission generation system., It is a very
important tool in defining, checking, and flying
an error-free simulator mission segment. Soft-
ware modules that can be used to slew the simu-
lated aircraft through the mission to verify
that mission data will be activated at the appro-
priate time are extremely useful (Figure 6).
Graphic depictions such as that in Figure 7 can
also be used to aid the instructor in verifying
mission-related features and parameters. On-l1ine
instructional features may be classified as
supperting display control (manual interaction)
mode or mission control {automated) mode. The
display control mode provides the instructor
with the ability to monitor and initiate actions
which have been defined in the mission genera-
tion system environment.

To effectively use the simulator, a series

of different missions are collected and made
available for use during training. The instruc-
tor has the option to salect from a menu of
missions and the trainer can be initialized to
the training exercise desired. Once the trainer
is initialized, the mission execution can begin
with minimal interaction by the instructor, thus
allowing the instructor to carry out the intend-
ed instructional tasks {freed from control of
the simulator, etc.).

Figure 4 i1lustrates the structure of the
display control (manual} mode and the mission
control (automated) mode. The instructional
features available in the display control mode
should alse be available in the mission control
mode, The simplicity of the interaction with
the instructional system establishes severe re-
quirements for the hardware and sofiware ele- .
ments of the system.

16 HOUR OPERATIONAL MISSIDN

JQ;PRGCEEURES ALEAT PRODEDURES

START WST
TRAINING i

4 HOUR TAAINING MISSION

ALERT REAleDN MISSIon 00 ALERT REACTION
START = 0 4 TAXITAKEQFF ) - - | TAX{/TAKEDFF
GRAOUND ROLL T : CLIMB
14 Wy
MISSI0N TIME
COMPRESSION CRUISE
-y
24
CRUISE
AEAIAL
L REEUELING
3
W mission Tive M9 grsiyLoreR
COMPRESSION
al PEKETRATE HA/HS
MISSION TIME
COMPRESSION | WPM. DEL.
AERIAL REFUELING
5k V5 sescent
ORBIT/LOITE R
el
AERIAL REFUELIKG 2.0m=
T renisTRATE HAYHS
G WPH, DEL. TIME PENETRATE LOW
sl REDUCTION LEVEL + WPN. DEL.
NT FAOM SELECTION 55|
DF ALTERNATE '
PENETRATION
ot PROFILE
PENETRATE LOW LEVEL
& WPN. DEL,
el 10+
11 |
MISSION TIME

THOAAW & WPN. BEL.

1z
=

T

COMPRESSION 3.5

124 wiTHoRAw -
DESCENT TO LAND
+3JDESCENT Ta LanD LAND
SHUTGOWN —ﬁ?— M T
END WST
POST FLIGHT TRAINING—— | POST FLIGHT CAITIQUE
MISSION
MISSLON TINE FISSION TIME
(HOURS) {HOURS)

Figure 6 OPERATIONAL AND TRAINING MISSION
TIMELINES .

—

-



ENROQUTE MAP

PRESENT POSITION

N 47 37,43 Wi? 3. 16 SEGMENT 2
MHOG 317 THDG 314 CLINBL.O.
1AS kLS ALT
MSL 12837
ABL 10000

MisSien 11 SEGMENT 1
MANEUVER 3 TAXUT, 0.

COMMON DATA
ALLSTATIONS SEGMENT 4
HIGH CAUISE

TAKEOFF
ATA
ISP A

SEGEMENT 7

MWITHORAWL .
ATB X
SEGMENT §

AL LOW LEVEL PEN

BEGMENT & -

TFAMPN DEL

Figure 7 GRAPHIC MISSION DISPLAY
Software

The non-real-time {non-training) mission
generation system must provide the environment
and events associated with each segment. Thus
most of the instructional system complexity is
embedded within the mission generation system
software. In order to provide controlled inter-
action (see Figure 3), special I0S software must
be in place to operate in conjunction with the
preprogrammed mission with verification of the
syntax {e.g., range) and semantics (e.g., inter-
relationships) of the data entered via the IOS.
The controlled interactions also depend on mis-
sion-related data to dictate which instructional
features are available to the instructor during
a particular segment.

The instructional system software has the
task of interfacing with the selected hardware
and implementing the display/control and mission
control modes. The requirements which the user
defines must be embedded within the software to
such a Tevel of detail that the user will have a
controlled interaction with the hardware,

Hardware

The selection of I0S hardware is critical to
the design of a user-friendly system. The pri-
mary Timiting factor in computer-based control
panels has been the human being operating the
system. The problem was not that the operator
was incapable, but that the communication be-
tween the person and the computer could be slow
and difficult and often required a good deal of
operator training. The vast array of controls
necessary in a complex system could be overwhelm-
ing -- even to a highly trained operator -- and
confusion and possible error were often the obvi-
ous, though unwanted, results. Our research and
analysis recommends a multifunction interactive
proggammable pushbutton panel {or equivalent}
{MIP3) with an ?gﬁ]ementation of three hier-
archical levels of keystrokes which suc-
cessfully lead the instructor step by step in
carrying out his preplanned instructional tasks
with minimum workload.

MIp3 provides an interface that promotes
the best possible communication between the op-

erator and the system. This type of system of-
fers unlimited programmable multifunction capa-
bility. Because each device can display multi-
ple legends within a system, the operator only
needs to be concerned with the specific legends
which require attention at a given time. Con-
trol legends dealing with other functions will
not clutter his scope of concentration until
they become necessary.

MIP3 devices are programmed to take the
instructor through each segment of a mission in
sequence, beginning with pre-~flight {nstrument
checks and concluding with engine shut-down pro- -
cedures. The instructor doesn't need to memo-
rize a checklist or consult a printed one -- the
computer software can now handle those details
and quide the instructor through the proper
sequences. :

Using the appropriate legends, the instruc-
tijonal system can lead the instructor through
the necessary operations one step at a time.
And since the actual number of controls can be
greatly reduced with MIP®, distracting visual
clutter can be cut to a minimum, allowing the
instructor to devote his complete atiention to
the communication at hand. This feature can be
especially useful when programming priority func-
tions into the mission.

For example, if the compuier detects a mal-
function — 1ike a change in cabin pressure --
it can alert the instructor by signailing him in
a mode reserved for just such a situation. It
can then guide him through an appropriate series
of operations. When there is no problem, this
data does not need to be taking up space, where
in an ordinary control panel system warning con-
trois must always be visible even though used
infrequentiy.

In a situation such as the above MIP3 push=
buttons could be programmed o ignore all signals
from the instructor until he has responded to the
priority function. He cannct make an error be-
cause the computer -- through MIP3 -- leads him
through each step, offering only alternatives
involving the problem at hand and excluding in-
correct and frrelevant options. :

Dedicated controls simply cannot handle the
sheer volume of information that would be in-
volved, to say nothing of the resulting chaos on
the control panel.

The majority of control functions can be
handled with 16 programmabie legend switches.
The ilegends on the programmable legend switch
matrix, two lines of four characters each, are
under computer control, and depressing one of
them changes one cor more of the following:

¢ The simulator state
¢ The CRT display

& The legends on the unit's two-line
display

¢ The legends on the unit's switch
matrix itself

Programmable switches help instructors com-
ing off the flight line with minimal training to



teach effectively, while giving more experienced
instructors access to an extensive array of in-
structional features. To meet both of these
keretofore contradictory requirements, the de-
sfgn of a user-friendly instructor station
provides that:

¢ All the actions or choices that are
plausible and Jegal at a given time
are represented by legends on the
matrix

¢ No other actions are possible;
there are no legends for them

¢ Depressing any switch with a legend
effects a useful action, as all of
the legends are oriented to action,
not fnformation

Generally, fewer than 16 switches have
legends on them; depressing a switch with no
tegend will have no effect.

The instructor, instead of being intimidated
by a huge, complex control panel, has no more
{and usually fewer) than 16 switches to choose
from for primary simulator and display control.

MIP3 allows access to the maximum capabii-
ity of a system and transmission of messages in-
volving 1ts many operations in a clearly under-
standable, easy-to-follow way. Many addftional
programs never before possible can be incorpo-
rated, and often in less space than before,

Here is where the creativity of the system de-
signer really comes into play ... 1f only he
knows what the user intends to do. This is what
we envision as a user-friendly system.

RECOMMENDATIONS

The problem of engineering the flow of
events which present information to instructors
and allow them to exert control over the ATD
seems to be at the heart of deficiencies in
today's complex trainers. In future systems,
probably nowhere will the conflicting require-
ments of aliowing for flexible usage and of
providing for standardized instriction need to
be more delicately balanced than at the in-
structor's interface to the device. System
designers will have to be both selective and
efficient in their choice of what to display at
a given time and !qit information to require
from instructors(2l),

We have presented a methodology for design-
ing such an instructional system, with a deli-
cate balance of automation and manual control,
automation being cooperative, 1ts performance in
consonance with that of the user, providing at
any given moment of the m1s?&g? appropriate rec-
ommendations, not commands. Acceptance by
the user fs a critical factor in determining the
economic viability of the system, and this in-
structional system turns out to be an accepting,
"forgiving," nonautocratic, and, above all,
adaptive and wotivating system -- in short,
user-friendly.

The user-friendly aspect of the instruc-
tional system results in efficient resource
utitization of the ATD with minimum instructor
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mental workioad and training. For its imple-
megtatinn, the following recommendations are
made: .

1) The user should have well defined
typical mission scenarios in the information
available to the design team in the beginning of
the design phase. (Figure 6)

2) Realistic design criterla should be
generated by the user-designer team, ) directed
iowards maximum effectiveness in mission train-

ng.

3) The dasign and development of in-
structional systems should be considered as an
iterative process and an operational mockup
model based on the front-end analysis should be
made available for a continucus evolutionary de-
sign process by the designer, The user training
team should remain involved with the designer
team throughout the engineering design, construc-
tion, and user acceptance processes to ensure
the implementation of training requirements.

4) The user-designer team should de-
velop a low-cost model based on instructional
mission and task analysis which reflects the
Tevel of interaction required by the user and
should serve as a basis of development for the
designer. Such a model will help avoid the bar-
riers between the user's awareness and the de-
signer's awarsness and encapsulates the team
development process. This model should be
available for examination throughout the 105
development and user acceptance.
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