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ABSTRACT

The Above Real-Time Training (ARTT) concept is a unique and virtually untested approach to training high
performance skills. ARTT refers to a training paradigm that places the operator in a simulated environment
that functions at faster than normai time. Sucha training paradigm represents a departure from the intuitive,
but not often supporied, feeling that the best practice is determined by the training environment with the
highast fidelity. Such a training paradigm is hypothesized to provide greater “transfer value” per simulation
trial, byincorporating noveliraining techniques and instructional features into the simulator. These techniques
may allow individuals to acquire these critical skitls faster and with greater retention.

In this study, 25 naive male subjects performed three tank gunnery tasks under varying levels of time
acceleration {i.e., 1.0x, 1.6x, 2.0x, sequential, and random). The subjects were then transferred to a standard
1.0x condition for testing. Every accelerated condition or combination of conditions produced better training
and transterthan the standard reai-time or 1.0x condition. Most effective was the presentation of trials at 1.0x,
1.6, and 2.0x in a random order during training. These findings appear to be consistent with previous findings
hat show positive effects of task variation during training. Moreover, ARTT has merit in improving or
inaintaining transfer with sharp reductions in training time. Other implications for ARTT are discussed in this
paper, along with fuiure research directions.
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'INTRODUCTION

Training is big business. The armed forces alone
spend in excess of $20 billion annually. Mostofthe
-emphasis is on training high performance critical
skills which allow the individualto perform complex
real world tasks requiring smooth integration of
numerous subtasks and subskills. Computer-
based simulators and trainers are progressively
serving as the mechanism for imparting these
skills. Simulators are also expensive, with high
fidelity flight simulators costing about $30 million
each. The problem centers around waysto reduce
-training time and thus costs, or to obtain greater
“transfer value” per simulation irial, by incorporat-
ing novel training techniques and instructional
features into the simulator. These techniques
should allow individuais to acquire these critical
skills faster and with greatier retention.

Much of the literature dealing with skill learning/
skill acquisitionretates to learning relatively simple
and seii-contained skills (e.g., target tracking).
Other than continued and extended practice, we
-know very little about how to foster or accelerate
the -acquisition -of high performance skills.
-Schneider (1985) defines a high performance skili
asone forwhich (1) more than 100 hours of training
are required to develop proficiency; (2) a substan-
-tial numberof individuals failto develop proficiency;
and (3) there is a qualitative yet distinct difference
in novice and expen performances.

The Above-Real-Time Training (ARTT) conceptis
a unigque and virtually untested approach to train-
ing high performance skills. ARTT refers o a
training paradigm that places the operator in a
simufated environment that functions atfasterthan
normal time. In the case of air combat maneuvering, a
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successful tactical air intercept which might nor-
mally take five minutes would be compressed into
two orthree minutes. Alloperations ofthe intercept
would correspondingly be accelerated, such as
airspeed, turn andbank vefocities, weapons flyout,
and performance of the adversary. In the pres-
ence of these time constraints, the pilot would be
required to perform the same mission tasks to the
same performance criteria---as he would in a real
time environment. Such a training paradigm rep-
resents a departure from the intuitive (but notoften
supported) feeling that the best practice is deter-
mined by the training environment with the highest
fidelity. ARTT can be implemented economically
on existing simulators. It is imporiant to realize that
ARTT applications require the increase of the
simulated velocity of the targets and other entfities,
not the increase of the update rate.

The only known published study that investigated
the ARTT concept was conducted by Vidulich,
Yeh, and Schreider (1883). The researchers in
that study examined the utility of time compression
as atraining aid for training abasic airtraffic conirol
skill {a high performance skill).. The task required
the subjects to direct an aireraft through a single
turn in order to have the aircrait pass through a
specific point at g specific heading. The research-
ers trained two groups, each for three hours. One
group practiced the intercept with the target plang
travelling at 260 knots. The subjects in this group
received between seven and nine triais per hour
during training. The second group practiced the

-intercept at 5200 knots—20 times reakt time! The

subjects in this group received between 72-8C
trials per hour during training. Both groups were
then tested in real time. The time compressed
group was significantly better at identifying the furn
point; there was no difference between groups on



- estimating rollout heading for the intercept. The
authors stated that these resulits clearly supported
the utility of ime compressed training. They were also
- convinced that many other components of air intercept
- conrol skill could benefit from such training.

For years, the professional water skier has used
the ARTT principle. When practicing forthe slalom
event, the boat driver is instructed to-exceed the
required course speed, thereby decreasing the
skiers time to run the course and making the
practice runs more difficuit. During competition,
the course is then run at a perceived slower (and
easier) speed.

THEQORETICAL UNDERPINNINGS

Hurnans ¢an judge time extremely well. There is
nearly a perfect relationship (i.e., a 1:1 power
* function based on & log scale) between actual
versus perceivediime judgements (Stevens, 1975,
Fraisse, 1984). The ARTY principle is based in
pari on accelerated time frames of reference.
ARTT seeks to exploit human perception of ime,
and is analogous to Einstein’s space-time frame of
reference. Spedcifically, each person hasa time
norm frame of reference which links measures of
time and space to an observer. This norm is
relative and is set by the speed of events around
that individual. The norm can be moved up or
down by changing the speed of sensory cues. To
illustrate, Holubar {1969) was able to aiter human
. judgment of time using light flicker in a darkened
room. He was able o show that a temporally
conditioned galvanic skin response (GSR) can be
specifically alfered by changing the flicker rate of
the light source. Slower flicker rates of seven,
fourteen, and fifteen per second produced a de-
crease inthe GSRintarvals. The averageresponse
- decrease was onthe order of one half the originally
temporai condiioning. Holubar's findings support
the concept of a time norm and its adjustability
through environmental visual/perceptual cues. Also
considerthe example oftraveling at different speeds
in a car. When you first reach 120 miles per hour
{mph) inacar, it seemsfast, but after afewminutes
- your norm resets to the new time frame of refer-
ence and 120 mph now seems normal. When you
. slow down to 60 mph it seems slow, and you seem
to have long subjective times between events. The
large subjective time remains until the norm resets.

When this subjective time reference is perceived as
ong, & may offer a unique advantage for providing
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training on critical high performance skills. This
artificially accelerated frame of reference may give
the operator more “time” in which 1o actually per-
form key elements of the mission. ltis important to
note that when using ARTT, more compressed
{rainingtrials can be performedinthe same amount

. of time. The very realization that they have more

fime may lead fo better decision making and situ-

- ational awareness. It may give themthe edge that

makes the difference intoday’s modern baitlefield.

More training trials per unit time is reason enough

. to implement ARTT. As long as no negative

training is infroduced, more economic training can
occur on existing simulators. The simplest case for

" ARTT isimproved simulator usage either by more trials

per unit time per frainee, or higher trainee throughput.

There is virtually no literature 1o directly support or
refutethe ARTT concept. Thereis, however, some
well-rooted research in skill acquisition and, spe-
cifically, the phenomena of automaticity and

- coriextualinterference which provide indirectthec-

retical support for the benefiis of ARTT. Much of
the impetus to pursue this research came from
strong anecdotal evidence from NASA between
1860-1980 in which ARTT was implemented ona
few occasions with astounding success (J. Koif, per-
sonal communication, April 12, 1973). Uniorfunately,
the research was not formally documenied.

Implications for Skill Acquisition

The research literature dealing with very high skill
training suggests that such skills may be a sepa- -
rate and distinct class of skills. Infact, Lane (1987)
reports that much of the mainstream research on

- leaming and training does not generalize well to

the unique environmernits of military training. Shiffrin
and Schneider (1977) have provided us with the
“automaticity” of behaviorin which the execution of
a task has evolved over extended practice or
performance to a stage of highly integrated semi~
voluntary control of task activities. : Schneider
(1985) states that the acquisition of high perfor-
mance skills is very similar to the formation of

- automatic behaviors. Critical high performance
- skills that are practiced at ieast in part in an

ARTT environment could lead to a faster acquisi-
tion of automaticity patterns of performance, less

- opportunity for memory decay, and a sustained

level of motivation during training. Anatogously,
ARTT can be considered as over-training in the
time dimension,



Performing a new task that is inherently difficult will
. probably lead to poor task performance initially;
however, the transfer or retention of that skill may
be superior to:learning the same skill under real
time conditions. - This phenomenon is generally
referred 1o as “contextual interference” (Shea &
Morgan, 1979} and is well supported in the litera-
ture (see Lane, 1987 for an overview). With
respect to ARTT, & new task that is practiced and
leamed in accelerated time (i.e., a difficult task)
would require the learner to expend more than
. normal attention and effort, and hence accelerate
the development of automaticity patterns. When
the learner then performs the task in the real time
environment, less effort and attention would be
expended during a perceived “longer” than normal
time to perform the task; superior performance
would likely result. it could also be advantageous
fo provide varying levels of acceleration during
" training. Lee-and Magiil (1983), among others,
have suggested that a broader range of task con-
ditions can enhance both transfer and retention.

The bulk of support for ARTT comes from.anec-
dotal reports from NASA and Northrop.
Researchers at the NASA Dryden Flight Center
during the X-15 program in the late 1960’s needed
a mechanism to address the X-15 test pilots’ post
flight comments of being “always behind the air-
plane...” and feeling like they “... could never caich
up”. What was needed, the researchers thought,
was a way to provide afast time simulation. Unfor-
funately, the analog computers at the time were
- only simulating some instruments. The first time
NASA used fast time simulation was toward the
end of the M2F3 ifting body program. Pilots
compared practice runs at various time constants
with flights they had already flown. A fast time
constant of 1.5 felt closest to their flight experience
and was planned on being implemented, but the
program was canceled before the capability was
fully developed.

" RESEARCH OBJECTIVES

The objective of this task is to conduct research

- regarding: (1} the relative effectiveness of ARTT
versus conventional training; (2) the relative effec-
tiveness of allernative implementations of ARTT,
and (3) the i¥mpact of ARTT versus conventional
training on total training time.
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METHOD

Subjects

Twenty-five. male undergraduate students from
the University of Central Florida served as subjects .
for this experiment. The median age of the partici-
pants was 23 years. Allsubjects were recruited on
a voluntary basis in accordance with American
Psychological Association (APA) Principles for
Research with Human Subjects. Prior to testing,
subjects were informed as to the general nature cf
the experiment, and were required to read and sign
an informed consent form.  Subjects repotted them-
selves to be in good overall health prior to testing.

Apparatus

The M1 Videodisk Interactive Gunnery Simulator
(VIGS) was used for this experiment. The VIGSis
manufactured by ECC International Corporation,
and is designed as a table-top part-task gunnery
trainer for M1 or M1A1 tank gunners. The VIGS
utilizes computer generated imagery to present
engagement scenes to the user. These scenes,
along with target identification slides, are pre-
sented, modified, and stored via laser videodisc.
For the purpose of this study, four “missions™ or
tasks were selected (for a more detailed explana-
tion of the tasks performed, see the “Tasks” section
below). These lessons had previously beenstored
on the videodisc by ECC. Through the use of
synthesized speech, the subject is presented in-
formation regarding the target type, required .
ammunition, and fire instructions.

~ Experimental Design

This study used a transfer of training experimental
paradigm. Data were analyzed within a three-way
mixed Analysis of Variance (ANOVA) framework .
The between-groups facior was time acceleration
group. This factor had five levels: 1.0 (real-time),
1.6x, 2.0x, randoim, and sequential. Inthe random
group, subjects were presented with a random
presentation of the firstthree time constants. Inthe
sequential group, subjects were exposed to pro- .
gressively highertime constants (i.e., 1.0, then1.6,
then 2.0). The two within-group factors were
segment (either training or transfer), and task
{either training task 1, 2, or 3). For the training
segment, each subject received 20 trials, the first
five of which were considered famifiarization, and
were not subjected to further analysis. The transter



segment consisted of six trials. Dependent vari-
ahlesincluded agunnery index thatwas calculated
using the opening time (i.e. time to fire), time to kill,
azimuth and elevation emors, and hitmiss per-
centages (Hoffman and Morrison, 1987}. - Also
calculated individually were minutes of practice,
mean {ime to kill, and hit/miss percentage. All
dependent variables were collected after every
trial for every subject.

The power of this experimenta! design expressed
as1- B foragiveneffectwas calculated at.86. This
value exceeds the recommended power guideline
of .80 suggested by Cohen (1988).

Tralning Tasks

The three tasks that were used for this study are
listed and explained below. Atask endswhen the
subject “kills” the target(s) or when the task times-
out. Each task is normally about 45 seconds in
duration when performed at real-time. The VIGS
requires about 25 seconds to load a new task
regardless of the assigned time acceleration.

Yask1 In this task, the subject was pro-
vided with daytime color images depicling a
helicopter moving essentially from leftto right over
trees and grassy terrain at a range of approxi-
mately 2000m, and an altitude of 300 ft.

Jask 2 In this task, the subject was pro-
vided with night infrared images depicting a
helicopter resting on the ground amid some trees.
When the task begins, the helicopter takes-off,
climbs to about 200 ft. and begins to move essen-
tizlly from right to left at a range of 2000m.

JTask3 In this task, the subject was pro-
vided with night infrared images depicting a tank
moving essentially from left to right just beyond
some buildings and structures representing atown.
The view the subject sees is down a road and just
beyond and between two buildings. - The range of
the tank is 1600m.

Procedure

Subjects were randomly assigned to one of five
time acceleration groups (i.e., 1.0, 1.6, 2.0, mixed,
or sequential). Prior to participating in this study,
each subject read and signed aninformed consent
form. This form explained the naiure of the experiment
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- and the tasks thatwere to be performed, as well as

the basic operating instructions of the VIGS. The
experimenter then demonstrated the function of
the gunner’s control handles, and then asked the
subject if he had any questions. ‘The final part of
familiarization involved the subject performing five
practice trials at real-time (i.e., 1.0). In the familiar-

_izationtask, the subject was provided with daytime

color images depicting a desert-type terrain with
two tank moving essentially from right to left. The
terrain has gentle hills, but is otherwise without any
features. The range of the two tanks is approxi-
mately 2000m. The purpose of this familiarization
phase is to allow the subject to become acquainted
with the operation of the VIGS.

Next, the training phase was presented. In this
phase, the subject performed fifteen randomly
presented trials, with each of the three. training
tasks being performed five times under an as-
signed time acceleration. After the training phase,
the subjects were presented with six random
transfer trials at real time, with each of the training
tasks being presented twice. Finally, each subject
was debriefed regarding the precise purpose of the
experiment.

RESULTS

Data were analyzed using the GB-STAT statistical
package (version 3.0) for the personal computer
(Friedman, 1991). The design structure for analy-
sis is outlined in the Experimental Design section.
Four separate ANOVAs were conducted using this
design, one for each dependent variable. In the
presence of significant main effects or.interac-
tions, post hoc pairwise comparisonis among
means were performed using the least significant

“difference (LSD) method.

Separate analyses were first conducted using two
measures of tank gunnery proficiency, the gun-
nery index and the hit/miss percentage. Analysis
of the these twc dependent variables: showed a

‘significant group x testing phase interaction forthe

gunnery index (F, , = 2.8, p <.05), and the hit/
miss percentage (F, ., = 3.70, p < .02), respec-
tively. In both analyses, the group trained under

-random time accelerations performed significantly

better in transfer than either of the other four
groups, while the standard 1.0x group pericrmed
worse in transfer than in training. Table 1 provides
means on the gunnery index and hitmiss percentage



variables fortraining and fortransfer phases across
all groups. These data are aiso graphically por-
trayed in Figures 1 and 2.

Table 1. Means by group and testing phase
for gunnery index and hit/miss percentage '

- Testing Phase
Group - Training Transfer
1.0x 569 (45) 44.8 (35)
1.6x 522 (A7) - 56.5(.55)
2.0x 553 (57 60.2 (.56)
Sequential 55.5(.51) 58.2(.62)
Random 62.8 (56) - 66.5 (.80)

1 Means of the gunnery index are iz normal typeface; means
on the hit/miss percentage are in parentheses.
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There was also a significant main effect for task
type using two separate measures as indicators
task difficulty. First, using the gunnery index, Task
3 was the easiest, while Tasks 1 and 2 were more
difficult (F, ,,, = 12.8, p<.0001). Second, usingthe
mearn time to kill measure, the objective of the task
was met quicker in Task 3 while Task 1 and 2 took
significantly longer (F 2149 = 36.16, p <.0001}. For
this latter measure, there was also a signiticant
iask x testing phase interaction (F ,,,, =9.06, p<
.0008). Specifically, for the easier task (i.e., Task
3), there was essentially. no improvement from

-training to transfer; however for the other more

difficult tasks, there was a significant decrease in
the time-to-kili from training to transfer (see Figure
3). This finding may indicate that the effectiveness
of ARTT couldbe linked to task difficulty. This point
seems to be in line with what we know about high
performance tasks.

35
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Eigure 3. ' Time-to-Kili by task and testing
phase

Finally, as expected, those trained in the four time
acceierated groups receivedsignificantly less prac-
tice time than the real-time or control group (F, .,
= 9577862, p < .0001). Figure 4 shows actual
training fime as a function of group assignment.
The 2.0x group, for example, received 50% less
practice time than the 1.0x group. The sequential
and random presentation groups received roughly
25% less practice time than the 1.0x group. This
observation, taken with the results of the other
analyses, shows that a significant reduction in train-
ing time can be achieved with performance staying

-equal to or surpassing a real-ime control group.




. Figure 4. Tralning time by group .

DISCUSSION

A random assignment or order among ihe three
time accelerations (i.e., 1.0x, 1.6x, and 2.0x) ap-
pearsto bethe most effective condition for achieving
the highest performance, both during training and
transfer. ARTT also saves simulator time. It also
represents about a 25% reduction in training time
compared to the nominal or standard 1.0x condi-
tion. This is consistent with suggestions from Lee
and Magill (1983), among others, that increasing
the variability of task conditions during training
might produce greater transfer. However, these

findings show that improved performance for ac--

celerated conditions is not consistent with the
majority of literature in coniextual interference.
This literature base predicts degraded performance

in training that is then associated with greater.

transfer performance. Such adiscrepancy may be
due to a relatively extended training period (five

familiarization plus 15 training trials) during which.

the benefits of accelerated practice were suffi-
ciently realized to enhance performance during
the late trials of praciice. This discrepancy could
also be due to the fact that the accelerations used
were not large enough o cause the trainingAransier
conirast. Thisis an expected area of future research.

Findings on the hit/miss percentage generally con-
cur with those from the gunnery index analysis.
There is a steady trend of increasing performance
between the standard 1.0x condition and the ran-
dom condition, with both 1.6x ard2.0x also superior
to 1.0x, while 1.0x shows a performance decrease
from training to transfer. Restated, all the experi-
mental conditions involving accelerated trials
generally produced improved performance in both

training and transfer. Resuits from the gunnery

index analysis showed less differentiation of con-
ditions, both in training and intransfer, than results
using the hit/miss percentage. The gunnery index
is an extremely complex index involving calcula-
tions of ratios and ratio products, and may be
differentially sensitive to the accuracy effects re-

- flected in the hit/miss percentage. Part of our

further research in the area of ARTT wik focus on the
developmentof consistent and appropriate metrics. -

While these finding are strongly supportive of
enhanced transfer frem ARTT, it should be noted

- thatthe presenttank gunnery tasks usingthe VIGS

involved largely psychomotor coordination, with
minimum demand for planning or for higher-order
cognitive functioning. These results, while highly
encouraging, are not necessarily generalizable to
all other tasks regardiess of content. Other ARTT
work in progress is examining the effects of accel-
erated training on a series of pilottasks in an F-16
part-task simulator. Results of these studies will
provide important information about the tasks and

- task content for which ARTT is most likely to be useful.

- CONCLUSION

ARTT worked fortank gunnery training using naive -
subjects with-a part-task tank gunnery simulator.
Every accelerated condition or combination of

- conditions produced better training and transfer
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than the standard reai-time condition. Most effec-
tive was the presentation of trials at 1.0x, 1.6x, and
2.0x in a random order during training. This is
consistent with previous findings regarding the
positive effects of task variation during training.

The theoretical implications of these findings are

not entirely clear at this point. That is, we cannot

at present explain why ARTT works. Further study

with a broad range of task content and task difficul-

ties would be required to develop a more refined -
group of theoretical underpinnings. This iniial

study, however, suggests strongly that ARTT has

merit in improving or maintaining transfer with

sharp reductions in required training time.

FUTURE RESEARCH DIRECTIONS

Some future research areas for ARTT include:

»  Applications for emergency procedure
training.

»  “Intelfigent” simulators that can be made “time



adaptive”. - A slower than real-lime training
environment can give a novice the needed
positive reinforcement early in the learning
curve, andfor give the instructor the ability to
slow the simulation to stress important leam-
ing events. Faster than real-time can be used
to challenge the performer who may have
- achieved performance asymptote.

= Development of a model that relates task difficulty,
. trainee proficiency level, and desired performance
level for optimal ARTT acceleration rates.

=  Some basic research assessing the area of
human time adaptability.

»  ARTT applications for mission rehearsal.
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