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ABSTRACT

In this application of ARTT, 24 mission-capable F-16 pilots performed three tasks on o pori-tosk F-16A flight
simulator under varying levels of time compression (ie., 1.0x, 1.5x, 2.0x, and random). All subjects were then tested

in g real-time {1.0x) environment. The three tasks under study were an emergency procedure (EP) task, a 1 versus 2 )
air combot maneuvering fask, and g stern conversion or air intercept task. In the EP task, all ARTT pilots performed
the EP losk with 28% grecler accuracy, and were better at decling with o simultaneous MIG threal, reflecied by a six-
fold increase in the number of MIG kills compared to o real-time controf group. In the ACM task, those pilols trained

in the mixed time accelerations were foster to acquire lock, and were faster to kill both MIG fhreats than the other
groups. In the stern conversion task, there were no statistical differences between groups. :

These findings are generally consistent with previous findings that show positive effecls of task variation (including fime
variations) during training. Results are discussed in the context of expansion and evolution of ARTT research across
mulliple simulator plotforms ond different types of high performance tasks. Also discussed are reiated reseorch
findings thal support the benefits of ARTT. Further, @ synthesis of mutli discipline research outlining the underlying ,
theorelical busis for ARTT is presented. A proposed model of ARTT based on_an anglogy to Finstein's theory of special
relotivity is suggesied. Conclusions and an outline of future research directions are presented.
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INTRODUCTION

Above Real-Time Training (ARTT) refers.to o training
paradigm thal places the .operator in o simuloted
environment that functions af faster than normal time.
In the case of cir combat maneuvering, a successful
taclical air intercept which might normally take five
minutes, would be compressed into 1wo or three
minutes. Al operglions of ihe intercept would
correspondingly be accelerated such os airspeed, turn
and bank velogities, weapons flyout, and performance
of the adversary. In the presence of these time
constraints, the pilot would be required to perform the

same mission tasks to the some performance criteria—

os he would in a real time “environment. Such a
training parodigm represents .o departure from the
infuitive, bul not often supported, feeling that the best
praclice is determined by the iraining environment with
the highesl fidelity.
economically on existing simulators. It is importont 1o
reglize that ARTT opplicotions require the simylated
velocily of the iargets and olher entities to incregse,
NOT the updote rate. Over. 25 years ago NASA
Dryden’s flight test engineers recognized thot if one
could program a simulator to operate in "fost {ime",
one could give test pilots o more accurole experience
or "feel" of regi-world sfresses that would be present
in the aircraft (Kolf 1973, Hoey 1976).

The crigin of support for ARTI, in simulalors, comes..

from anecdotal reports from NASA. Reseorchers ai the
NASA Dryden Flight Research Center during the X-15
program in the late 1960°s needed o mechenism to
address the X-15 fest pilots’ post flight comments of
being "olways behind the airplane..” ond "... could
never catch up” (Thompson, 1965). Clearly, there
were some differences between the perceived time n
ihe well-procticed simulator flighis and perceived {ime

ARTT con “be implemenied -

in the experimental gircraft. The first time NASA used
fast time simulction was toward the end of the X~15
progrom.  Pilots compared praclice runs ot various

_ lime conslants with flights they had already flown. A

fast time constant of 1.5x felt closest to their fiigh
experience and was planned on betng implemented in

‘the lifting body programs, but lack of funding
precluded the_ progrom  from  fully developing the

capobility. Regardless, NASA's test pilols ot DFRC have

endorsed the use of "fost time" simulation as part of

the training process (Kolf 1973, Hoey 1976).

Viddlich, Yeh, and Schneider (1983) exomined the -

utility of time compression as a training aid for
training o basic air troffic control skil (a high

sperformonce skill). One group practiced the intercept
with the torget plane traveling ot 260 knots. The.
second group procticed the intercept of 5200 knols -~ . ..
20 times real time!
received between 7280 trials per hour during training.
:Both groups were then tesied in real time. The time

The subjects in this group

- compressed group was significanily better at identifying

- . Guckenberger, Uliaro, ond Lane (1992), using o teble
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~the turn point; there was no difference between groups

on estimating rofl out heading for the intercept.

top lank gunnery simulator, trained naive subjects on

‘three fank qunnery scenarios under five acceleration

foctors (ie., 1.0x, 1.5x, 2.0x, sequential, ond mixed).

Their results demonstrated that training time could be
-cut up to 50% with performance stoying equal to or

surpassing a real-time control group.

Further, in one ARTT group {mixed presentation) their
mean performance scores were 50% higher than the
control group {1.0X).



THEORETICAL UNDERPINNINGS

Psychophysical  reseorch inle lime perception hos
shown the relofivistic noture of time perceplion in
humans. (Jones 1976, Toumodge 1990, Skelly 1993).
Relativistic noture of time is defined os linking a
human observer's perception of lime 1o that particular
observer's "stimulotion staie" or "time norm";
analogous {o Einstein’s theory of special relafivity
finking relative velocities to a particulor observer frame
of reference norm. It is noleworthy that this analogy
wos orrived ol independently by Jones (1976),
Toumodge (1990) and Guckenberger (1992), from
{hree different fields. . Hohn and Jones (1981) hove
even developed working models  though their work is
primarily in the area of Audio training.” Dr. June Skelly
is gttempling to exiend the Audio finding to the areno
of Visugl training and hos already generoled some
impressive initicl results (Skelly 1993). This eévolving
multi-disciplinary reseorch forms a firm - iheorelical
basis upon which to build. The foundations for ARTT
ond Human perceplion ore well estoblished. Time
perception can be altered if ¢ particularly boring or
interesting lask Is introduced, or if the orousal state of
the subject is changed through external envirenmental
cues (Porasuromar, 1986).  Humans perceive time
differently depending upon the individual's “stimulation
stole” or “time norm". This stimulgtion state is bosed,
in part, on the sensory cues in the environment and
the interactivity level between the individual and his/her
environment. Perceived fime, therefore, is tied {o the
porticular individual at his/her particular stimulation
stale 1o form g "time frome of reference” for that
individuo!. Cohen (1964) discusses evidence for on
interrelationship  between one's “inner clock” and
sensory/molor functioning where each con influence

eoch other to ailer the perception of time. Most high

performance lasks involve both sensory/motor end
cogaitive skills, Schnieder sugqests a mild time stress
to enhance high perfermance skilis training (Schnieder
1985).  Further Wright-Patterson Researchers have
developed o method of Rapid Communication {RAP-

realization that the operator has more time may lead
to betler decision 'making and situational awoareness. |t

may give the operator the edge thet makes the

difference in loday’s modern battlefield. It is importont
to note thol when using ARTT more compressed

training trials can be performed in the some omount 7

of lime. Even ignoring the performance qains, more
training 1irials per unit time is reoson enough to
implement ARTT. As long 0s no peqgative training is

introduced,  more economic training can occur on

existing simulators.  The simplest case for ARTT is
improved simulator usage either by mare trials per unit
time per trainee, or higher trainee throughput.

RESEARCH OBJECTIVES AND HYPOTHESES

The objectives of this tesk is to conduct research
regording: (1) the relative effectiveness of ARTT versus
conventional troining on dfferent simulotor pletforms;
(2) ‘the relotive " effectiveness of  alternative

implementations of ARTT; and (3) the impoct of ARTT

versus conventional ftraining on total time.

Prior  research suggests thot training in ¢ time

accelerated  environment  should lead to  poor

_performance versus a control group, but should lead to

greater performence on a real~time tronsfer tosk.
Second, it is expected that there. will be group
differences In trgining as a function of the time
acceleration constant that.is used. Third, it is obvious
that training time will be reduced in direct proporlion
to the time acceleration constant used. Finally, it is
nol expected that training under
manipulotions will lead to negative transfer of training
to ¢ recl-time task.

METHOD

COM) which improved throughput and retention (Motin

& Bofi 1988).

When this subjeclive time reference is perceived as
long, it moy offer a unique advantoge for providing

training on critical high performance skills.  This

artificially accelerated frame of reference may give the
operator mare “perceived time" in which to aclually
perform key elements of the mission. The wvery
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- Twenty-four mission-capable F-16 Air' Force pilots

from the 56th Toctical Training Wing, MacDill Alr Force

Bose, Tampa served as subjects for this experiment,

This subject pool had 743 mean flight hours (range of

300-3400), and 134 meon simulator hours (range of

30-500).

Al subjects were recruited on a voluntory bosis in

accordance with American Psychological Association

~ (APA) Principles “for Research wifh Human Subjects.

various  time.



Prior {0 testing, subjects were given writlen instructions
informing them ¢s to the general nature of the
experiment.
inm n tigl

Two Avionics Situational Awareness Trainers (ASAT) were
used as the festbed for this study. The ASAT is @
tow—cost F-16A cockpit trainer designed primarily to
irain in the beyond visual ronge (BVR) environment,
The hardwore components that moke up the ASAT
consist of tnree personal computers (PCs). The host
computer is o PC—AT with an i386 CPU and o 1387-20
co-processor, which drive the head-up (out-the-
window) and rodar electro-optic (REQ) displays and
collect the date coming from ihe stick ond ihroille.
Another PC-AT computer (i286), drives the rador
warning receiver disploy. Sound and vibrational cues

are provided through the hird PC which drives o stereo

omplifier, seal and back cushion—mounted speckers,
ond sub woofers. Aural cues cvailoble in the ASAT
include radar sensor lones, engine and air noise,
missile Jounch, ond gqunfire, rodar warning receiver
(RWR) iones, and missile seeker head tones.

Graphics for the head—up disploy are high resolution,
1024 x 1024 RGB, with o 63.36_kHz horizontol
sconning frequency. The monitor for the head-up ond
visual display is @ 19-inch color CRT monitor which is
mounted in front of the pilot on top of the cockpil
enclosure, and gives the pilot a 23° X 23° field-of~
view, The REQ disploy simulotes thel of the F-16A
Block 155 AN/APG 66 radar, and is presented on a 5"
monochrome monitor. It is driven by the 1386 and is
controlled through switch aclivation on the throttle and
by o radar control panel located on the left side of the
simylator.  The panel conlains active switches to
contrel ontenng azimuth, antenna elevation ond target
nisiory selection. The radar warning receiver (RWR}

simulales the ALR-69 RWR, and the display consists of

g 9" EGA resolution color monitor.
generic and unclassified.

All symbology is

The side-stick controfler and throttle are high fidelity

copies of ihe controls used in the actual F-18A. The
stick can experience ¢ maximurn deflection of 0.23" in
each of the four axis (forward, backward, right, left),
ond is equipped with buttons that allow the perfor-
mance of different functions which include_ four way
trim, missile release, qun iriggering, missile select
button {AM 9-J/L), ond o return-to search switch.
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- 10-14 packets per second.

‘The throttle conirels thrust from idle to full military

power and beyond through five stages of ofterburner.
(It should be noted that no change in thrust results in
the ASAT from afterburner stage 2 through stege 3
the ofterburner hos only iwo stales: on and off)
Other throttle functions include: four way radar cursor,
UHF /VHF tronsmit switch, missile uncage button, speed
brake switch, antenna elevation knob, chaff/flare
release button, ond dog fight switch. B

The ASATs communicote via a PC-based ethernet
network at the gsynchronous rate of approximately
For the purpose of this -
experiment, the network was modified so that each
ASAT communicaied through o Hewlett-Packaerd 1336,
33 mHz PC which served qs the experimental interface.

This PC controlled task selection, trial start and stop ™
~ limes, durotion, data storage, and other experimental

information. In this design, the PC would clso send
messoges to either ASAT instructing the simulotor to-
activate or deoctivate certain functions (e.g., sound)

_that were required for a subject to perform q qiven
task. Special purpose £ and assembly software was

written to handle these special requiremenis.

Procedure

The subjects’ first mission wos to fomiligrize.
ihemselves with the simulator, including its disploys,
controls, ond hendling quolities. These aspects of the
simulgtor are probably different thon what the subjects
are normally accustomed to. Since the F-16A model _
is no Jonger in service with the U.S. Air Force, only
some of our subjecis hod ever flown it. Bosed on
prefiminary test subjects, we do not believe this to be
a problem since the F-16A ond F-16C models hove
sufficiently ~ similar  aqerodynomic  ond  gvienics
characteristics. The subjects were given approximately
forty—five minutes for familiarization across a wide
voriely of scenarios. During this” time, the subjects
were encouraged to test and experimeni with the
control and displays, ond the flying charecteristics of
the simulator. 7

After the familiorization period there was about a
fiteen minute breck.. The subjects then flew on

ossigned order of the three iosks ot an assigned ARTT" ~

valug. .
These ossignments hod been mode beforehond and
represant o complete counterbaloncing of the four ARTT

~ conditions, {hree tasks, and 24 subjects.



For each task, the subject flew 10 trials at the
assigned group, subjects were presented with a random
presentation of the first three lime constanls, The
within—group factor tested o frial effect with each
subject receiving 10 training ond 4 test tricls (ie.,
transfer of training iriols). Dependent variables included
varied flight performonce data such as iime~to-lock,
time~to-kill, hit/miss perceniage, mission performonce
times, ond emergency procedure checklist performance.
Specific dala collected were o function of the task
being performed

Trawwng Josks-ond il Condiions  The three tasks
used for this study are listed ond explained below. A
lask ended when the subject "killed" the targei(s) or
when the task timed-out. We limited any given task to
five minites to optimize data storage. For each hop
for each task, the subject had unlimited fuel. The
subject did not hove access lo any ground control

intercept (GCl) or airborne AWACS information. The |

following task briefings were the only  information
availgole. .

Tosk 1 —  One versus Two Ar Combat
Maneuvering. Two bogeys on the nose at
25,000 ft. Coat wos two volid foce shots on

the initial merge. Continue to engage the
bogeys until they have been killed, or until the
experimenier terminates the hop.

Tosk 2 - Stern Conversion. Bogey was 40
miles on the nose ot 20,000 fl. Goal wos to
perform stern conversion and position for a
possible AIM 9J missile or gun shot as quickly
as possible. Moximum distance for weapons
employment wgs 1500 fi.
required to maintain o 30 degree aspect cone
at no more than 1500 feel before permission
to fire was given. This allows for "adequate
data collection.  This hop ended when the

bogey has been kiled or when the
experimenter terminales the hop.
- rgency Pr re. In this

task, the subject was flying over enemy area
suspected of having energy pulse weapons
{better known as "power sucker").  The
subject must deal with two external threats.
Ngmely, the “power sucker® and an enemy
bogey. When the subject was pointed by are
of these weapons, he heard {and felt) g

The subject was
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constant low rumbling noise indicating an
imminent end colastrophic power loss. If this
happened, the emergency procedure (EP) to
defeat this weapon was as follows:

) fire enerqy decoy (missile);

} change heading left 10 degrees:
) hit energizer (flare);
)
)
)

]

2

3
4

5) fire energy decoy (missile);

6) hit energizer {flare).
If the subject performed the procedure above exactly,
and in the correct order, the “power sucker" would be
defeated ond aircraft power would be restored. [f not,
the subject would crash. The goal of this task was to
perform the EP above gs quickly as possible while ot
the same time successfully engaging a hostile bogey.

RESULTS

" Raw flight performance data ariginglly coflected at g

10-14 Hz iteration rate were reduced into trigl
summaries. Summary daig were then onalyzed using
the Slatistical Package for the Social Sciences {SPSS)
(SPSS, 1992). The multivariate analysis of variance

* (MANOVA) synlax for SPSS was iised as the overall

design structure for the analysis; however, univarigte /
tests were calculated for specific planned comparisons
of interest. These planned comparisons focused on

identifying statistically—refioble differences between the
performance of the four time acceleration groups in

training, and performance comparing the average of
the three training blocks (for a given task/dependent
voriable combinations) with the two transfer trial
blocks. =~ -

* For the emergency procedure (EP) lask, number of

MiGs killed, time to complete EP, and percent of EP
performed correctly were analyzed by group. Analysis

~of the EP flighl doto demonstrated ¢ significant

incregse in MIG kills from iraining to transfer for ll
acceleraled conditions (/390 = 10.87, p<.01) with
the 1.5« and 2.0x conditions slightly outperforming the
mixed group. The three accelerated groups, ot the
conclusion of the lost transfer block, had q better thon
six—fold odvantoge in the number of MG kills
compared to those trained ot real-time (see Fiqure 1.)
Furiher, the groups accuracy for the EP at reql-iime
was: Mixed-> 100% accurole, 2.0x~> 96.6% accurale,
1.5¢~> 90% accurele, 1.0~> 72% accurale

change heading right 10 degrees;



When comparing performance in ftraining on the
number. of MIG kills, there is dlso o significant
diff)erence between the groups (A39g9 = 3.95, o<
05).
in training when compared to_the 1.0x gnd mixed
groups. . This finding was not expected, and is not
consisient with what is known gbout the contextual
interference phenomenon.
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Figure 1. Mean Number of MIG Kills by Trial Block

Next, the fime io complete the EP procedure, and
perceni of EP procedure performed correct were
onalyzed. ~As time weni on, dll the groups completed

the EP checklist items quicker, although that difference_

was not statistically refioble  When comparing the

accurccy performance, however, both the 2.0x ond

mixed conditions peiformed lhe checklist task
significantly beller thon either the 1.0x or 1.5x groups,
when loter tested of real-time (/390 = 745, o<
002). I foct, subjects in the mixed group scored
perfectly in the transfer condiiion.
groups cclually saw a sfight decreose in “accuracy
performance from training to transfer. There were no
mentionable differences between the groups in training.

for the stern conversion task, fime fo reach criterion,
stern “score, and distance at lock were gnolyzed by
group.

Analysis of the stern conversion tgsk showed that the
1.5x group performed.only slightly better than the
other groups in ihe time to reach g preset position

Both the 1.5x and 2.0x groups performed betler -

The 1.0x and 1.5x"
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criterion. The 1.5x group performed the tesk foster in
training amo/in transfer but the reoder will note that
these findings are not statistically significant.

For the distance at lock varioble, which. represents o
measure of radar target acquisition performance. the
2.0x ond 1.5x groups performed slightly worse in
training, indicating that subjects in those two groups
took somewhat longer to locate and lock the bogey.
With this varicble, the greater the range at which the
bogey is identified and focked, the beiler opportunity @
pilot hos to make decisions. In transfer, the 1.0x and
1.5x qroups continued o improve, however, the mixed
group showed a significont decrease in the first
tronsfer trial block (#3399 = 37.64, o < .001)(see -
Figure 2). This latter finding could be due {o the
relative uncertainty of the initiol closure speeds and
range—to-target coused by mixing the occeleroted
conditions.
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Figure 2. Mean distance at lock by trial block

For the stern conversion score, there are no significant

_ differences  between_ qroups in training or between

training and transfer performance omong the four
groups. The scoring procedure used for the stern task

is based on a subjective roting that is often given by

instructor pilots (IPs) to students. The score is based
on ossessing both the closure speed and aspect angle
during the conversion. The ideq being that when the
pilot rolls—out behind the bogey (low aspect angle], the



pilot shoutd not be more thon three miles or less than
one mile behind the bogey. As a rule—of-thumb, the
closure speed should dlso be in proportion to the
distance (e.g., ‘al 2 miles, 200 knots closure speed).
Although not statestically different, there is an actugs
decrease in performance from the lgsi training block
to the first transfer black followed by q slight increase
in performance ot the lost transfer block. In the end,
performence for “the 1.0x group is higher then the
other groups. The results of the stern conversion,
token together, tends to suggest that piloting tasks
that involve well-learned (qi regl-time) and continuous
responses to both infernol (ownship) and externg!
(bogey) positioning  cues might not benefit from
above-real-time simulafion,

For the air combat maneuvering (ACM) task, iime fo
first lock, time 1o reach criterion, ond number of valid
missile shols were onalyzed by group. For time to
first lock, which is a- measure of the speed at which ¢

pilot acquires his adversary on radar, ol groups except

the 7.0x group sow g significant increase in lock time
fram the lgst training block 1o the first transfer block
(F300 = 292, p< 05). In comparing the groups at
the final tronsfer block, both the mixed and 1.0x
groups performed significanily better than either the
1.5x or 2.0x group. The 2.0x group also ouiperformed
lhe 1.5x group in transfer (see Fiqure 3).
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Figure 3. Mean time to first lock by trial block

For the time to reach criterion, there was no
significant difference between groups from training 1o
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tronsfer.  In comparing the lgst tronsfer block,
however, the mixed group performed significantly better
than either of the ofher groups (390 = 4.55, p<
.014) (See Figure 4).
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Figure 4. Mean time o reach criterion by rial block
(ACM)

Finally, the mean hil/miss percentoge were analyzed
and revecled no significant differences between group
n either troining or iransfer. Upon further inspection,
it was apparent that this metric wos somewhat bigsed
due to the performance of the missiles. This point is

. expanded in the discussion section below.

DISCUSSION

The £P resulls demonsiroted that all the groups {rained
under  accelerated  fime  conditions  produced
significontly ~ higher  accuracy  in performing  an
emergency procedure in the fransfer condition than did
a real-time control group. The mived and the 2.0x
groups gerformed the £P near perfectly {100% and
96.6%, respactively). The 1.5x qroup’s accuracy was
almost 90%, white the control group scored lhe lowest
ot about 72%. This fiading in porticular demonstrotes
thot ARTT may have pofential to train procedural fasks
with greater occuracy ond in less time. In the EP tosk,

the difficully of the task was incregsed by placing all
_groups  under the gdditiong! (simuioted) stress of




hoving to perform the EP during ¢ secondary air
combat {ask. An unexpecied result was in each ARTT
group, the number_of enemy MiGs killed was six limes
higher then the 1.0x groups when compared in the
regl-lime tronsfer blocks,  There was also no
significont  difference  between the groups when
analyzing the time lo complete the EP voriable. The
subjects, ofter a few trials, maslered the. procedure
ond lheir performance siabilized.
indicate thol ARTT does not necessorily effect the
speed with which pure motor tasks are performed..

Resulis of the stern conversion tosks are less clear,
and neither support or refute the ARTT concept. For
this tosk we ofiempted to implement ARTT by
incregsing the velocities of the ASAT and the bogey. In
relrospect, due to the physics ond geomelry of the
slern tosk, we falled io create o savings or reduction

This seems 1o

in lroining time which is a centrol tenet in ARTI. The

lask forced the ARTT groups lo lake essentiglly the
some iime in troining as the reol~time control group.
in oiher experimenis we hove been successiul by
speeding up targets, ownship, or both. This was not the
case for the stern task. Moreover, pilots differ greatly
in their approach to performing the task. Some would

perform g low/high or high/low vertical conversion

while some would initially offsel left or right ond
perform o “standard” conversicn. This made it difficult
lo estgblish useful measures of performance.  Tasks
such gs the stern conversion that could be performed
successfully using one or more dliernale strategies, did
not produce useful megsures,

The air combot maneuvering {(ACM) task diso produced
mixed results.  Again, the fact that pilots have_
different flying styles leads to difficult performance
ossessment.  The pilols were instructed o lake two
valid foce shots - one at each bogey. A "valid" shot
was one in which the range from the bogey was less -
{han or equal fo six miles and the aspect angle wes
between 135 and 180 degrees. The ASAT software
modeled only the older AIM-9J and AIM-9L missiles.
Unfortunately, when the raw data wos inspected, it
become clear that the pilots had__great difficulty
achieving "volid" missile shots, as lhey were defined,
reqordless of the qroup they were gssigned.  The
explanation  for  this  phenomenon lies in  the
pertormance of the missiles ond the attack profiles
preferred by the pilots.  Specifically, the AM-9L is
capable of a high aspect kills, but its performance is
significantly worse than the newer AM-9M which the
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“pilols are familior with,
_ metric, _ therefore, cannot be considered o true
__reflection of pilot/weapon performance. In oddition,

The hit/miss percentage

most pilois chose to "offset” or break right or left to

..create more of an odvaniogeous aspect angle. With a

less thon optimat high aspect kil performance of the

_ AM-9L missiles, the fight usuclly degenerated into a

tail chase with a time sovings disappearing since both
the ASAT and the MiGs were both occelerated.

There were some trends in the ACM task that, although
are not stalistically significant, begr some mentioning.
The mixed group were 11% foster in disposing of the
fwo MiGs. The mixed group also showed the fostest
reduction in time to first fock from training to transfer,
Finally, the hit/miss percentage score was highest in
the 1.5x and 2.0x groups.

CONCLUSION | .
Based on ihe results of this research, tosks that
contoin simple psychomolor or procedurcl components
such gs the emergency procedure task performed on
the F-16 ASAT clearly benefit from ARIT. Moreover,
this reseorch demonstrated_thol task type and tosk
content are differentially affected by ARTT. The ARTT
groups showed higher performonce scores when

_ compared to a real-time control group in transfer for

the EP task. For tosks with more complex cognitive
comperents such as the ACM and stern conversion,
there was no clear odvantege in the ARTT groups

compared to a recl-time control group. The stern and

ACM  tasks ollowed for clternctive  performance
strolegies that pose porticulor measuremant  ond
interprelation problems. :

The incregse accuracy of performing EPs bears. further
study because of the obvious implications for sofety
training. —Many real-world  emergencies  require
accurate performance of checklist procedures under

somelimes extremely stressful circumstances. in this

study those trained under an accelerated condition not
only performed the primary EP more gccuraiely, they
also were agble achieve o significantly greater number
of MIG kills {6x) on o~ concurrent secondary task.
With respect to the inilic! research objectives:
1. ARTT  wos more effeclive than
" conventional real-time  training in
the case of EP fask. The stern
conversion and ACM taosk
were mixed.

resuls



2. For those significont effects, the
group that provided the greatest
performance improvements was the
one thei mixed the presentation gt
different speeds. This supports the
contention that t{ask variely in
training ieods to higher performance.

3. The impoct of the ASAT study on

training time ts inconclusive due to

methodological considerations.

Finally, os expecled none of the ARTT groups
experienced ¢ny negative lransfer of training fo recl-
time transfer {osks.

The resulls of this experiment con be seen as further
support of the benefits of troining ot Above-Real Time.
The emergency procedure tosk results ilustrote the
performance increases obtainable using ARTT on
existing simulotors.  The other two tosks did not
resirict the pilot's acliens sufficiently to allow useful
measures to be obtained. American pilots are arguably
the finest pilots in the world, but their independence
and cunring that moke them great, also makes them
difficult to restrict ond “measure.  Consider the
evolution of resegrch listed below:

. The first use of "fost time" or ARTT in
simulolors was Jock Kolf af NASA Dryden over
20 years ago. (Kol 1973). )

. NASA'S initial success was foflowed by
successes in the lifting body program as well.
{Hoey 1976).

. the success of AIC by the FAA study.
(Vidulich 1983)

»  Success of ViGS time soving and performance

increase. (Guckenberger 1992)
»  Lfmergency procedure in F-16 accuracy
increase

Applications of ARTT {o simulators seems to have
merit. The theoretical frame work for ARTT continues
with synthesis from many diverse fields, most notably
audio perception who's relalivistic werking models may
transfer lo illuminate ARTT's working relotivistic model.

ARTT and the intrinsic time adaptability of man is o
vasl field of great potential.
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- FUTURE RESEARCH DIRECTIONS

Near—term work will focus on expanding the appl:cohon
of ARTT for emergency procedure training. We are olso
beginning” {o explore techniques to fest the
effectiveness of ARTT on subsequeni performance in

“the actual gircraft, |

The overalt aim of the ARTT concept is to exploit the

time adaptability of humaens and foster a new way of
thinking cbout time. manipulation in the man-machine
interfoce.
safety,  education, medical, and entertainment
applications.  For example, it would be possible to
increase the voice and data communication rate over a
network {o cllow crews or teams to train at faster thon
reol-time.  Time flow could be controlled for the
benefit of the trainee. New training” methods that are
time Hevile will change form, fit and function of the
man—machine interface. - ARTT programs are initially
planned In simulgtion and training with follow on to use
ARTT in the man-machine interfoce.  Emergency

procedure iraining for pilots, both commercial and ™

military is envisioned as the initial proving ground.

Current Research Projects include:

. ARTT for girborne weapons lrammg

o  Virtugl Time Adding the fourth
Dimension™ to Virtual Reality: Next
Genergtion Man—Machine Interfaces
Above Real Time Communicotion
ARTT theoretical model: Relotivistic
Time-Speed Reading=Speed
Listening ~> Speed Simulating
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