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Abstract

Flight sinmulators play = key role in the
training of military aircrew. They provide an
environment in which the aircrew may train and
practice procedural and flight tasks under the
close observation of qualified instructors. The
instructor 1s reaponsible for controlling the
training event, evaluating performance, and providing
feedback., As training requirements increase and
simulators bacome mora complex, so does the task of
operating and interacting with them, Most of this
complexity involves the Instructor Operator Station
{105}, the interface between the instructor and the
simulateor and between the insiructor and the
trainee. The quality of training received from
thase devices depends a great deal on the instruoc-
tortas ability to monitor aircrew activities. Thus,
these devices incopporate instructional support
features to aid the instructor, but their utilization
is the exception rather thar the rule. This is not
because instructors are Iincapable of the %ask,
but because the complexities of operation require
substantial training and experience in order for
these features to be used effectively.

This indicates a failure to properly analyze
the task of the instructor in designing the I03
around his needs. The purpose of this paper is to
proyide a general overview and discussion of
instructional features from a user's standpoint,
The intent is not to document the merits of instruc-
tional features, but provide Insight into user
needs. The infermation presented 13 based on
inteprviews with simulator instructors and observation
of simulator tralning sessions at numerous Navy and
Air Force simulator training facilities.

introduction -

Flight simulation technology has kept pace
with the ever increasing advancements in military
aviation. However, most recently the instructor
has become overloaded and undertrained in the
operation and training application of some of the
more ocomplex simulators, This aituation has
avolved as the result of the thanging role of the
simulator instruector over the years combined with
drematic advancements in technology. This paper
presents a brief history of how this situation
evolved and suggeats the first steps toward a
solution,

Background

One of the first major training appllcations
of the simulator was instrument flight training. The
student was taught the dynamics of aireraft control
using flight instruments as his only reference,
The simulation was basically a gekpric system which
provided the dynamieas of flight controls. Basic
instrument flight skills were monitored by a set of
duplicate flight inatruments mounted on the simulator
control console. The instructor’s main role was to
provide Jmmediate feedback with respect to the
atudaent's ability to fly basic instrument patterns.
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In wmost cases this instructor was a simulator
specialist and the student galned most of his
ingtrument skills from practice.

A noticeable change irn simulator requirements
came with the jet age. Not only did things hapren
more quickly in the cockpit, but the aireraft
systems became more complicated with high pressure
hydraulie flight control =systems, stability
augmentation systems, complicated fuel systems,
ete. As a result, cockplt procedures became more
complex and demanding. To meet these additicnal
training requirements, simulators had to incorpore
ate gipcraft specific design. Cockpit and control
response fidelity became important, and the rele
of the instructeor required that he have knowledge
of the actual aircraft. Thus entered the flight
instructor. The simulator console took on an
expanded role and became the Inatructor Operator
Station., The design of the IT0S used actual
aireraft instrumentation and layout as a criteria.
The f£light instructor used his famfliarity with
the layout to meonitor student performance. So far
so good. The instructor became familiar with and
accepted this type of deviee with little more than
some Pon~the-job® training. He could effectively
control the exercise. The variables pertained to

‘fairly straightforward environmental conditions,

and the procedures tralined were structured and
standardized as they had evolved easentially as
extensions of flight-line procedures.

A recent nobticeable change in aviation came
with the advancements ln computer technology. The
digital computer became more powerful, <ompact,
and economical. Alreraft and weapons aystem
degign benefitted from these advancements.
Mroraft systems have been simplified with respect
to pilot procedures. Cockpit inatrumentation and
controls have been designed using the latest in
human factors engineepring. In general, the
pilot*s workleoad with respect te flying the
aireraft has decreased, However, the military
pilot!s workload with respect to successfully
accomplishing a mission has not. The sources of
information to monitor and the number of decisions
the pilet has to make have dramatically increased.
Airorew dutlies in the cockpit are slanting more
toward data monitoring and management. Interaction
with the aircraft and weapon systems is through a
computer ionterface rather than the direct manipu-
lation of controla,

The simulator irdustry has alao taken advantage
of computer advancements. Simulatlion ia now
capable of creating the total enviromment for full
mission training. The pllot may now be exposed to

“"amart? adversaries and make decisions bazed on

dynamic "real world" scenarios with all of the
reagurces and data presented to him with precise
fidelity. However, problems have recently arisen.
The complexity of coantrol and evaluation 1in
similator training has progressed far beyond the
traditional methods of f£light line and flight
instruction transfer, Recent studies and swrveys
conclude that the total training effectiveness of



the more recently designed simulators (especially
WST's) is poar112:3. The systems are not being used
effactively nor to their fullest extent, Instructors
find the I0S difficutt to use. They claim the ICS
iz too complicated and the information required to
conduat an exercise and evaluate student performance
is elther not available or too difficult to find.
The simulation engineers claim that all the features
have heen designed, developed and tested in accor=
dance with specifications. Instructional personnel
claim that formal and extensive training is required
to properly utilize these devices, Operational
companders ¢laim that they can't afford the time to
train simulator instructors.

A solution to this problem has been to apply
the advancements in human/computer interface
technology to develop a more functionally useful
I0S. The inecrease in computationazl power and
performance/cost ratio means that an lncereasing
amount of the computatiopal resources are now
available to be applied to the instructor/simulator
interface. The new devices are now using state-of-
the-art in I0S design {(e.g. multi-function CRT's,
light pens, touch panels, ete), and a greater
percentage of the computatiopnal power iz being
allocated to instructional features. However,
there still seems to be a lacking ingredient to
successfully implement these advancements.

Identilvine the Instructor Needg -

Just as modern training systems are depsndent
on a thorough analysiz of the student training
requirements, ard modern cockpit design iz dependent
on human factors engineering and analyses, this
approach also depends on an analysis of the primary
user's needs. It depends on the tasks ard functions
the ipstructor wiil ba requiraed to perform.

Airorew training devices may be conceptualized
as consisting of two main components; the simulation
system and the instruotional system, The simulation
system provides the capabllity to replicate the
training environment, while the I1nstructional
syatem transforms the simulator into a training
daevice., The goal of the instructional system I1s
to inerease the instpuctor's efficlency and effect-
iveness by providing instructor support features
and thus reducing the instructor's worklcad. This
workleoad includes such taska as student briefing,
exercise preparation, simulator control, performance
measurenent and recording, and student performance
feedback both during training and during debriefing.
Instructor support features can be designed to aid
the instructor in all these tasks. The combined
set of these features makes up an instructional
support system, A properly designed instructional
systen facilitates tralning and allows the instructor
to devote wore attention to providing personal,
high quaiity, one-on-one instruction, rather than
dividing his time among the student and countleass
other required activities.

Moat simulator specificationa have been
developed as part of the Instructional Systems
Development (JISD) process, The training analysis
conducted as part of this process addressss the
atudent interface with the training device, not the
inatructor's, Training device characteriatics are
based on specific operational tasks to be trained,
but do not consider functicnal requirements of the
instructor. The resultant I0S may be inappropriate
for the application and may be difficult and
cumbersome to use., Many instructor support features
¢t such aystema are seldom, if ever, used.
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Interviews and on-site observations recently
condueted at Alr Force and Navy aircrew trairing
sites reveal that with very few exceptions similator
training events follow one patternd, As the
instructor conducts the training event, he proceeds
through pre-training, training, and post-training
functions., Thus a convenient and complete way to
analyze iestructor functions is to atep through
the training event from the instructorts point of
view.

Loatruckor Functlona

Pre-training requirements are those instructor
functions which must be conducted prior to active
training on the sairerew training device (4ATD).
Pre=-training requirements include preparing for
the training event, simuwlator set-up, and briefing
the student. The regquirement to keep the training
materials up-to-date and the requirement for
instructor training are alsc included in this
category.

. The training requirements phase includes
tkose functiona performed to accompliak the
trainling activity. The imstructor's support nheeds
will depend on the ATD configuration, instructor
location, level of training and the training task
to ba performed. These support needz are getierally
expressed in terms of control and informational
requirements, and are a key factor in the effective
design of the instructor atation. Training
requirements inreiude controlling the simulation,
monitoring student activities, instructing the
student, and evaluation.

Post-training requirements are funrotions
performed to complete the tralning event. These
functions ifnclude debriefing the student and
recoprding grades.

An snalysis of iInstructor requirements should
step through the functions in each phase. These
functions are described below along with common
problems obzerved for instructors performing the
funetion,

Instructor Iraindneg Funoiion

Instructors require formalized initial
training on the effective utilization of the
device, and a capabllity to refresh this lmowledge
at periodic intervalg, Several surveys have shown
that instructional support features installed in
ATDs are often not used because instructors either
do not know the features are present, or how and
why to use them. It was noted that "casual™ users
(i.e. operational squadrons) and qualified instruc-
tors who have not utilized the device for prolonged
pericds, have nc acceptable meanz of quickly
refreshing their knowledge. Instructor handbooks
do not provide system documentatiom which is
relevant to the effaective accomplishment of
training,

Erepare Fupction . . .

The instructor must be familiar with all
aspects of the plenned training event prior to
briefing the trainee. This inoludes a review
of the event description, specific training objec~
tivea, performance criteria, procedures to be
followed, and current status of the ATD. Trainees'
rocords should be reviewed to determine training
progresa and to diagnose any aspects of performance



which may affect the current training event, This
process 1ls necesszary so the imstructor can plan how
the training event will be conducted, identify
cortrol requirements, training methods, and possible
event tailoring to meet the needs of the trainee,

Training Sef-up Funation

It has been observed that training set-up is
normally performed at the IOS at the start of the
training event. This activity iz generally time
consuming, and involves the instructorfs complete
attention to access information, enter data and
configure the I0S for the upcoming training event.
Theae administrative tasks are performed zat the
expense of valuable training time, and occasionally
concurrent with student training activities in the
coekpit. The instructor requires the capability to
minimize the training set-up requirementa at the
I05.

Develon Tralning Fuypction

The instructor not only needs the capability to
tajlor training to meet the student's needs, bui
must be able to develop new training scenarios to
neet operational requirements., In corder to maintain
an up-to-date training program, the means %0
develop new training objectives, e.g., to meeb
changes in aireraft equipment, and defined mission
requirements should be provided in a convenient and
timely manner.

Brief Fupction

The training effectiveness of any =zystem is
directly related to the quality of the briefing.
The brief sets the tone for the entire training
event. Briefing should provide the student with a
complete overview of the training event, including
specific training objectlives, performance coriteria
and known discrepancies between the ATD and the
aireraft. Depending on the level of training, the
inatructor may be required to discuss common
difficulties, specific procedures, techniques,
di=plays and cues which would enhance the hands-on
training in the ATD.

Control Function

This function includes control of the content
and conduct of the simulation exercise as well as
control of the aimulator. It was observed that
manual control of simulation variables is the
method preferred by instructors for most training
situations. Automated control is ncrmally used to
establish initial conditions and perform some
integrated complex scenarios. But even during many
complex training events, the instructors maintained
control of simulation stimuli. Instructors indicate
the need for flexibility to tailor training in
resl-time, and time to configure I0S diaplays
to monitor and evaluate the tralnee's activities.
These control procedures can be cumbersome, time
consuming and often a distraction to the instructor's
primary responsibility of instructing. Careful
analysis of training requirements and I1nstructor
peeds will identify instructor effective and
training effiecient contreol options.

Monitor Function

This function refers to the presentation of .

information required by the instructor. It must
be relevant, easy-to-interpret, and readily avail-
able. GCraphic depictions of scenarios are widely
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used, but there are noted problems in the display
of salphanumeric data. In genersl, too much

_information is presented and at a rate that is

difficult teo interpret. Additlonally, displays
which deplet procedures are rarely used by instrue-
tors becauae they are usually out of date. It is
esgsential that effialent update features be
incorporated into the devices requiring procedures
monitoring displays for instructor suppert.
Instruct Function

This funotion involves instructor activities
during the training exercise that direct the
growth of skills and lmowledge of the student
while providing feedback in a systematic way. The
training analysis ldentifies what the student must
learn and the entry level skill and knowledge
base. Thiz ioformation must be considered when
defining faeatures to support the instructional
capability of the ATD. For example, entry level
flight students may benefit from various types of
parameter freeze options, while such options other
than a basic freeze function would not be required
for experienced airerews in advanced training.

Evaluzie Function

The values of specific parameters must be
observed and evalvated to determine if specifie
criteria are being met. In more complex training
scenarios, the number of pararweters, the spead
with which they change, and the dynamics of the
war gaming may far exceed human capability to
observe and properly evaluate, Effective evaluation
may reguire automated measurements of those
parameters which are difficult, if not impoessible,
to humanly interpret in real time. The resulting
information should be presented in a meaningful,
casy-to-interpret format.

Rebrief. Function

A very important part of training is student
feedback which must be provided during the trainoing
event and during the debrief. Immediate feedback
is necesaary during the asimulator event especially
for training motor skiils. During debrief the
instructor summarizes student performance, identi-
fies problem areas and recommends corrective
action for subsequent training. In many ocases the
instructor relies on hand written notes and his
menory to support the debrief function. This
method can be cumbersocme, detract from the active
training session, and possibly cause the lnstructor
to miss or omit key training polnts. Hardeopy
printout is avallable on many devices., However
this feature is seldom used because the design falls
short of meeting instructor debriefing requirements.

Conclusion

As previously stated, simulation technology
has kept pace with the increasing complexity of
aircraft systems, weapon aystems and the tactical
training environment. Due to many factors such as
operating cost, security requirements, available
assets and operating areas, more and more demands
will be placed on slmulators (WST'a) to develop
tactics and create the envirconment where judgmental
training plays a major role. It is our opinion
that the current gap that exists hetween the
simnlation and instructional systema will continue
to broaden unless more emphasis ia placed on the
needs of the instructor.



This paper does not provide the ultimate
‘solution to the ocomplexities of IOS design and
inatructor simulator interface. Rather, it has
identified a few of the neceasary characteristics
of the =olution. The simulation system has been
auccessfully designed arocund student requirements
derived from a formal analysis procesa, Thi= paper
proposes that the design of the inatructional
system be bamed on instructeor requirements derived
from & similar formal analysis process.
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