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ABSTRACT

Military skills often have perceptual and motor components that need to be trained and measured. An emerging
approach for doing so is temporal occlusion. In this approach, videos are played and stopped just before a key event,
and the participant is asked to make a judgment about subsequent events. The term temporal occlusion refers to the
blacking out of the time period following the key event, forcing the participant to use available perceptual cues to
correctly anticipate what will happen next. The paradigm has been used successfully in research on sports such as
tennis (Ward, Williams, & Bennett, 2002) and baseball (Fadde, 2006) but has not yet found widespread use in
military training (Williams, Ericsson, Ward, & Eccles2008).

In this paper, we will discuss the use of a temporal occlusion paradigm to assess the perceptual skills of expert and
novice pilots as they land on an aircraft carrier. Videos were created from expert landings in a simulator, and subject
matter experts (SMEs) identified the situations that would most clearly require either standard or aggressive
corrections in order to stay on track for a skilled and safe landing. The resulting stimuli were used in tests
administered on an ordinary laptop computer before and after training sessions. The temporal occlusion test was
embedded in an overarching experiment concerning the relation of simulator fidelity to training effectiveness, and it
was used to assess pilots’ implicit perceptual learning during the experiment.

Test results were used to measure the degree to which expert-novice differences on the pretest were reduced in the
posttest; that is, the degree to which novice perceptual performance moved in the direction of expert perceptual
performance. We will discuss the temporal occlusion results from the experiment and will conclude by discussing
several other promising uses of the approach.
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The cortex is an organ of prediction.
--Jeff Hawkins, 2004.

What do soccer players learn as they gain experience executing a soccer play? What do
physicians learn as they gain experience reading real Echo Cardiograms (ECGs)? What do
pilots learn as they gain experience landing on a carrier? In the laboratory, the evidence
(Williams et al., 2008; Reber, Beeman, & Paller, 2013) shows that a major component of what
is learned while practicing such complex perceptual motor skills is implicit, that is, learned

i . 2 outside of the awareness of the individual. Soccer players learn implicit relative locations of
other players, physmans learn patterns in ECGs that are not explicitly taught beforehand, and pilots learn to
perceive and respond to cues that they may not have encountered in flight school.

Psychologists have long known that skill learning involves multiple stages that are increasingly autonomous and
decreasingly cognitive (Fitts & Posner, 1967) Recently, it has become clear that implicit memory—which
corresponds most directly to the autonomous level—involves a different brain network than explicit memory (Chien
& Schneider, 2012; Kim, Ritter, & Koubeck, 2011; Sanchez & Reber, 2013;). This means that people who have
developed and who use perceptual motor expertise, such as those in the examples above, exercise different brain
networks than those without the expertise. The implication is that the acquisition, decay, and measurement of
perceptual motor expertise is different from the acquisition, decay, and measurement of more explicit forms of
knowledge.

Mental life regularly involves prediction (Bar, 2011; Hawkins & Blakeslee, 2004), and this is particularly true about
perceptual and perceptual motor expertise (Cheung & Bar, 2012; Grossberg, 2011). Perceptual motor expertise
involves implicit learning of patterns in the environment, and recognizing those patterns generally involves
prediction of a complete pattern from a partial pattern. The soccer player will implicitly know where an opposing
player will be headed on the field, the physician will implicitly know that certain features of the ECG are likely to be
followed by certain others if the patient has heart disease, and the pilot will learn that certain configurations of cues
will result in the need to manipulate the throttle in a certain way. F/A-18 pilots regularly talk about “proactive
flying” for this very reason.

The experts’ ability to (implicitly) predict these patterns gives rise to an opportunity for measuring that expertise,
namely to tap into the experts’ ability to predict what is going to happen. An emerging approach for doing so is
temporal occlusion. In this approach, videos are played and stopped just before a key event and the participant is to
make a judgment about subsequent events. The term temporal occlusion refers to the blacking out of the time period
following the key event, forcing the participant to use available perceptual cues and implicit patterns to correctly
anticipate what will happen next. The paradigm has been used successfully in research on sports such as tennis
(Ward et al., 2002) and baseball (Fadde, 2006), but has not yet found widespread use in military training (Ward et
al., 2008, Williams et al., 2008).

LANDING A JET ON A CARRIER

Carrier landing is one of the most difficult and dangerous tasks a pilot must perform. The runway is very short and it
moves. There is very little room for error. Although pilots who have successfully landed on carriers represent a
variety of experience levels, even the least experienced of them is very skilled. Thus, it is extremely likely that they
are relying on implicit expertise when they land.
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As an example of the kind of perceptual patterns
they internalize, consider Figure 1. It shows a
typical view of a carrier. Non-pilots might notice
the aircraft on deck or the antennas on the tower.
To an expert pilot, however, other features are
more salient when landing. In particular, the sea
around the carrier is calm, there is significant
churn in the wake, and there are four or five bow
waves. This indicates that there is little wind in
the environment and that the carrier is moving at
25-35 knots to create its own wind in order to
make it easier for pilots to land. The carrier-
generated wind over the deck, however, has a
direction parallel to the carrier’s travel and not

g down the angled landing area. Experienced
Figure 1. Carrier Landing Situation. Calm seas, wake churn, and pilots will know that this will require them to

how waves indicate that the pilot will need to keep the right wing low  keep their right wing low during landing to
during landing. ensure proper lineup with the landing area.*

Learning Carrier Landing in a Simulator

Carrier landing skills require a fair amount of implicit skill, and currently, a great deal of that implicit skill is
acquired in live aircraft. Live aircraft, of course, present many of the implicit perceptual and motor patterns that the
pilots will encounter after training, so in many ways present a useful training environment. However, there are three
challenges with live aircraft as a training environment. First, the opportunity to practice landing on a carrier is
limited; carriers have many missions to accomplish and training pilots to land is just one of them. Second, there is a
limited ability to control environmental and other factors. Wind, sea-state, visibility, equipment status, and a variety
of other factors are generally not under the instructor’s control. This may present students with situations that are
either too easy or too challenging for their current level of development. Finally, flying live aircraft is expensive,
both because of fuel costs and equipment fatigue.

Using simulators as training environments for carrier landing could address many or all of these challenges.
Simulators are (or could be) generally more available than live aircraft, the environment and the state of the aircraft
are certainly controllable and are considerably less expensive than live aircraft. But there is uncertainty about the
level and quality of fidelity required to support training carrier landing. That is, there is a question about what kind
of simulator environment would provide a meaningful subset of the implicit patterns that are encountered in the live
aircraft (and would avoid implicit patterns that would interfere with skill transfer.

THE INVESTIGATION

The Overarching Experiment

Stacy, Walwanis, Wiggins, and Bolton (2013) provided a layered framework for assessing the effects of fidelity on
training effectiveness. Using this framework, an experiment was designed to assess the effects of improved image
generation and of providing motion in the simulator. The study described here is not for the purpose of evaluating
temporal occlusion in pilot training; rather it uses a temporal occlusion paradigm as one of the techniques to
measure the outcome of fidelity manipulations.

To understand the way that the temporal occlusion measurement technique was deployed, though, it is first
important to understand the overarching experiment that involved investigating training effectiveness as a function
of visual fidelity, motion fidelity, and condition difficulty.

The overarching experiment involved a 2 (improved visuals vs. standard visuals) x 2 (motion vs. no motion) x 3
(low vs. medium vs. high difficulty) experimental design. Video resolution and scenario difficulty were within-
subjects, experimental manipulations and motion was a between-subjects experimental manipulation. Scenario

! This account is from personal communication with a subject matter expert (SME). Astute readers will wonder why
the SME could articulate the account if the knowledge is implicit. The best answer is that the SME had been a pilot
instructor, and so had previously reconstructed this particular kind of reasoning in order to explain it to students. The
SME believed, consistent with implicit expertise, that in the field, “right wing low” pops into the pilots’ heads
quickly and does not result from elaborate reasoning.
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difficulty was manipulated by systematically altering the environmental conditions of the landing approach.
Institutional Review Board approval was obtained for all aspects of the research.

We planned to recruit a sample of 16 active duty F/A-18 C/D pilots, but logistical and other factors required us to
delay running eight of them. Hence the results reported below are for the eight pilots we were able to run. There
were equal numbers of expert and novice pilots. The entire experiment lasted approximately three hours,
decomposed into two blocks of equal time (approximately 90 minutes per day x 2 consecutive days).

At the beginning of day one, participants were provided with informed consent and completed a series of pre-
experimental measures in an empty office. The measures included a series of demographic items as well as the first
half of the temporal occlusion study, described below. Next, pilots moved to the F/A-18 simulator, where they were
outfitted with a series of physiological monitors, such as heart rate monitors and eye-tracking devices. Participants
then engaged in “free flight” for five minutes and practiced three simulated carrier landings. Each participant then
flew two blocks of six landings each, with a five-minute break in between each block. With the exception of the
simulated night landings (which are always flown as “straight in” approaches for safety reasons), pilots started their
landing passes from a position abeam of the carrier. This allowed them to set up the approach and land as they
would normally.

On day two, as before, pilots flew two blocks of six landings, with a five-minute break in between. At the end of day
two, participants completed a total of 12 landings. Unlike day one, however, there was no free flight period prior to
commencing the landing runs. The order of presentation for the visual display manipulation was counterbalanced
across days. All participants completed a post-simulation questionnaire and the second portion of the temporal
occlusion study. Finally, all participants were debriefed about the purpose of the study and thanked for their time.

In addition to the pre- and post- questionnaires and the temporal occlusion study, three categories of pilot
performance measures were collected: 1) Observer-based ratings from expert Landing Signals Officers, whose
duties on the carrier include providing such ratings; 2) Simulator-based data describing the pilot’s deviations from
the ideal path during landing; 3) EKG-based workload measures; and 4) eye-tracking measures. We do not discuss
the results of the experiment here in order to focus on the temporal occlusion study, but Beaubien, Stacy, and
Wiggins (submitted) provides a good account of them.

THE TEMPORAL OCCLUSION STUDY

The temporal occlusion study involved showing pilots brief videos of simulated landing situations and asking for
their judgment about whether the situation called for a standard correction or for an aggressive correction. This
addressed the pilots’ ability to discriminate nominal landing situations from those that were somewhat off-nominal.
With experience, this discrimination improves, as discussed in the results section. For the overarching experiment,
the question was whether the discrimination improves with training, and, if so, how much the improvement depends
on simulator characteristics and on prior experience. For this reason, the temporal occlusion test was administered
prior to training and then again after the end of the two-day experimental training session.

In the overarching experiment, two simulator characteristics were varied; 1) the quality of the visual images on the
screen and 2) the presence or absence of motion. Motion was a between-subjects variable, so it was easily
incorporated in the experimental design of the temporal occlusion study. Unfortunately, since visual quality was a
within-subject variable in the overarching experiment, every pilot had encountered both high- and normal-quality
visual conditions by the end of the second day. For this reason, it was not possible to use the temporal occlusion
study to analyze the effects of visual quality in the simulator.

Participants

Participants were 8 active-duty Navy F/A-18 pilots with a variety of levels of experience. The four novice pilots had
a mean service time of 5.75 years and an average of 27 landings on the carrier in the F/A-18, while the four expert
pilots had a mean service time of 8.75 years and an average of 112 landings on the carrier. No novices were
instructor qualified, but one was qualified as an LSO. Two experts were instructor qualified, and all were qualified
as an LSO.

Materials
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Videos for the temporal occlusion study were created
by recording the visual simulator output of a number
of landings flown by a SME. The SME was asked to
fly some landings as if he were a novice, and to fly
others as an expert would. The SME was a test pilot
and was accustomed to commenting while flying, so
he was asked to comment about the situation while
landing for both the ‘“novice” landings and the
“expert” landings. The session resulted in 90 minutes
of video (including the audio commentary.)

This video was then edited into 54 video clips (with
audio removed) that were approximately eight
seconds in length. Four SMEs subsequently rated each
video clip for: 1) whether the clip represented a
standard or an aggressive correction and 2) how
obvious the answer was. Clips about which there was
not a consensus answer or for which half or more of
the SMEs did not think the answer was obvious were
discarded. To preclude the effects of prior exposure to the stimuli, different clips were used in the pretest and in the
posttest. There were equal numbers of clips for standard and for aggressive corrections; and there were an equal
number of clips in the pretest and the posttest. Figure 2 shows a screen shot from one of the clips.

Figure 2. Screenshot from a video clip used in the
temporal occlusion study. Pilots were asked whether the
situation called for a standard or for an aggressive correction.

Procedure

Video clips were presented in an office setting, away from the simulator, on a laptop PC using an open source
software package for building and running experiments called Open Sesame (Mathét, Schreij, & Theeuwes, 2012).
Subjects were briefed on study procedures and detailed instructions were presented on the screen. Participants were
asked to respond using the left or the right mouse button (depending on their judgment) at the end of each clip as
quickly and as accurately as possible and were given four practice trials to allow them to understand the task fully.
There were 17 standard correction and 17 aggressive correction video clips for each session. Clips were presented
in random order.

Data Cleaning

Both reaction time (RT) and the correctness of the pilot’s response were recorded. There were two between-subject
conditions: 1) whether or not the pilots were trained on the motion-based simulator, called the Motion condition, and
2) whether they were novices or experts, called the Expertise condition. There were also two within-subject
conditions: 1) the pre-training vs. the post-training condition, called the Pre/Post condition, and 2) whether the
correction was standard or aggressive, called the Correction Type condition.

As a first step, pilot responses were filtered in the following ways:

1. RTs quicker than 200 milliseconds were discarded from all analyses because they almost certainly
represent blindly anticipatory responses and, necessarily, guesses. RTs longer than 2.5 times the standard
deviation of all RTs were discarded because they almost certainly represent some decision process other
than the one under study. Elimination of these outliers follows advice from Ratcliff (1993).

2. Clips for which the aggregate correctness over all pilots was worse than chance were discarded from all
analyses because there was probably an ambiguity that rendered them inappropriate for the study.

3. RTs for error responses were eliminated from the RT analysis, leaving only correct RT. This is common
practice in the analysis of RT. For obvious reasons, these responses were not eliminated in the analysis of
error rates.

4. A logarithmic transformation was applied to RTs. RTs generally have a distribution that is never smaller
than 0 and that has a long tail. One distribution that has these characteristics is a Log-Normal distribution,
and variables with that distribution become normally distributed under a logarithmic transformation,
yielding some beneficial statistical properties. Discussion of these issues may be found in Luce (1986).

As mentioned above, for logistical reasons these results represent the first eight subjects of an experiment that will
eventually involve 16 subjects. As a result, the power of the analysis based on these initial data is not what it will
eventually be. For this reason, below we report both the traditionally significant results (that is, those whose
probability of a Type Il error is less than .05) as well as trends that might develop into significant results when data
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from the additional eight pilots are available. In these
cases, the computed probability of a Type Il error is
reported directly. Further, to avoid stretching the
analytic technique inappropriately, we omitted the
least theoretically interesting variable (Correction
Type) from the analyses below.

RESULTS and DISCUSSION

The results discussed here represent one of the
outcomes of the overarching experiment that is
investigating the relationship between simulator
fidelity and training effectiveness. Temporal
occlusion was not used as a training technique in the
experiment; instead, it provided one of the dependent
variables in the experiment. This means that the
results described here do not bear directly on the
value of temporal occlusion training. However, as
will be seen, temporal occlusion can be a meaningful
approach to the measurement of perceptual motor
skill development.

An Analysis of Variance (ANOVA) revealed a
significant effect of expertise on both RT (F (1,139)
=4.81, p <.05) and error rate (F (1,175) = 7.01, p <
.01). Figure 3 shows the nature of this effect.
Unsurprisingly, experts were faster and more
accurate than novices. The error bars in the graph
(and in all subsequent ones) represent the associated
standard error of the mean. It appears that both
experts and novices became more accurate after
training, though in the analysis the interaction
between Pre/Post and expertise does not approach
significance.

The fact that the study shows that experts are faster
and more accurate than novices indicates that the
study is getting at an expert perceptual skill of
interest, and in that sense it serves to validate the
study. Further, there was a trend in the Pre/Post error
rates (F (1,175) = 245 , p = .119) that showed
improvement in accuracy after training, further
validating the idea that the two-day training in the
simulator had an effect that showed up in the
temporal occlusion study.

The ANOVA also revealed a significant expertise by
motion interaction (F (1,139) = 4.30, p < .05) in RT
and a trending expertise by motion interaction in
error rates (F(1,175) = 2.133, p=.146.) The nature of
this interaction can be seen in Figure 4. RTs for
experts in both motion and no motion conditions and
for novices in the no motion condition were about the
same, but novices in the motion training condition
were considerably slower. Error rates add an
interesting dimension: They were approximately the
same for experts in both training conditions, but were
very low for novices in the no motion condition but
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Unsurprisingly, experts were faster and more accurate. Error
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improved considerably for novices in the motion condition.

The interaction of expertise by motion by Pre/Post conditions was not significant. An examination of the Pre-only
RTs and error rates showed that there were no significant differences in RTs or error rates between the pilots
assigned to the motion and the no motion training condition, so the interaction is probably not due to pre-existing
differences.

One explanation for the increase in accuracy accompanied by a slower response might have been a speed-for-
accuracy tradeoff (Fitts, 1954)—pilots may have been more careful in responding. However, as discussed more
below, the evidence does not support this hypothesis. In all conditions in this experiment, RTs of error responses
were slower than RTs of correct responses--there was actually a speed disadvantage to less accurate responses.

To cast more light on this interaction, we now turn to the effects of Motion itself. Though there were no significant
or trending effects of motion on RT or errors, it is still interesting to look at the effects of motion as shown in Figure
5. The trend appears to be that pilots in the No Motion condition—those whose training sessions in the simulator did
not involve simulated motion—got faster and more accurate, while pilots in the Mation conditions did not. If this
result holds up when more data are collected, it will be of great interest, because there will two competing
hypotheses with wildly different implications.

The first hypothesis is that the training sessions are, to some extent, modality-specific. Under this hypothesis, the
performance of the pilots in the Motion condition may have improved a great deal, but since they had both motion
and visual cues present, implicit visual cues played a reduced role. If this hypothesis holds up, then it will be
especially important to identify and control the implicit learning required to develop skilled perceptual motor
performance, and the fidelity of the entire system (Stacy et al., 2013) is critical for improving performance.

The second hypothesis is that the motion base interferes with learning. Under this hypothesis, the pilots in the
Motion condition simply had additional distracting, motion-based stimuli to deal with. If this hypothesis holds up, it
will not necessarily imply that motion based simulators do not help improve carrier landing performance; after all, it
could have been something about the specific configuration of this motion system—but rather that additional
research will be needed to understand more of the specifics of the relationship between motion-based systems in
simulators and perceptual motor performance.

To some extent, the results of the overarching experiment will begin to help test these hypotheses. Performance
improvement in the motion conditions—as measured by critical variables in the simulator, by LSOs, and by
physiological measures of operator state—will support hypothesis 1, and its lack will support hypothesis 2.
Ultimately, however, the competing hypotheses can be strongly tested only by performing a temporal occlusion
study in the simulator itself, using either the same or different conditions from the ones the trainee has already
encountered during training.

No Speed-for-Accuracy Tradeoff

A notable feature of RTs in the temporal occlusion study is that error RTs were consistently slower than correct
RTs. Overall, the mean correct RT was 973.95 milliseconds and the mean error RT was 1334.19 milliseconds This
difference was about 360 milliseconds large and significant (t(184) = 2.466, p < .05, two-tailed), and similar results
obtained for almost all conditions. The phenomenon has been deemed “slow errors” (Luce, 1986) and it usually
happens when the required discrimination is a difficult one. This is very likely the study described here.

Slow errors preclude the more common possibility that errors represent a speed-for-accuracy tradeoff. The reason is
that there is nothing to trade off: tolerating a higher error rate will simply make the response slower. This makes
taking both RT and error rate into account at the same time more difficult. The most likely model is that pilots have
an internal deadline for responding. If they generate an answer they think is correct before the deadline (and it
usually will be correct if they believe it so), they respond normally. However, if they cannot generate an answer
before the deadline, they simply guess.

Often, in behavioral experiments that involve both speed and accuracy, one or the other is the primary focus. In
many situations, for example, error rates don’t change very much from condition to condition, so they can be
ignored when comparing conditions. In other situations, the responses are involved enough that error rates
predominate over speed.

Because of the focus on quick and accurate reactions, it is necessary that investigations into perceptual motor
expertise consider both speed and accuracy. For this purpose, it will be interesting to develop a single metric that
accommodates both. In the present study, having a single measure of “goodness” would simplify our understanding
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of, for example, motion effects, and it would increase the power of any statistical tests as a side benefit. It is not
simple to develop a single measure however, because both speed-for-accuracy tradeoffs and slow errors must be
addressed. Glickman, Gray, and Morales (2005) and Plesac and Busmeyer (2010) have begun to create models that
approach this ideal, and application of those models to temporal occlusion, and to perceptual motor expertise in
general, will be rewarding.

Using temporal occlusion to measure learning during this fidelity experiment was a success. In particular, the fact
that pilots became both faster and more accurate in the no-motion condition than in the motion condition suggests
that either the implicit learning during training was modality specific or that motion hampered learning. These
competing hypotheses, with important but opposite implications for fidelity would not likely have surfaced without
the temporal occlusion paradigm. Subsequent analyses of other performance measures gathered during the
experiment will provide additional insight.

FUTURE WORK

The immediate next step will be to run the remaining eight pilots in the temporal occlusion study to increase its
power and to be able to discover whether the main results—the effects of expertise and the expertise by motion
interaction—hold up, and to discover whether the effects of motion itself become significant. If so, it will be
important to understand whether the relatively larger gains in the no motion condition are due to better implicit
learning of visual cues (possibly because the motion pilots had better implicit learning of motion-based cues), or
whether the motion condition somehow interfered with implicit learning in general. As mentioned, some of this can
be tested by examining other performance measures in the overarching experiment, but a careful follow-on temporal
occlusion study performed in the simulator itself will provide the clearest test of the two hypotheses.

The notion of modality-specific implicit learning has important implications for fidelity. Sanchez, Yarnik, and Reber
(in press) have quantified the transfer-of-training when the temporal, perceptual, and motor elements of perceptual
motor skills were disrupted relative to how they were implicitly trained, and found that while transfer was not all-or-
none, there were definite performance deficiencies. Of course, outside the laboratory, the implicit patterns
encountered by people learning perceptual motor skills implicitly are not rigidly controlled, and it will be interesting
to discover empirically whether varying the implicit patterns during training leads to better transfer perceptual motor
skills. The implications for simulator-based training and the fidelity of the training environment that includes the
simulator are enormous. To maximize transfer, it will be important to know not only what class of implicit patterns
must be reproduced faithfully, and what systematic variations of those patterns leads to the most flexible and
transferrable skill acquisition. These effects will best be assessed by taking into account the training environment
and human response factors discussed in the Layered Fidelity Framework as discussed in Stacy et al. (2013).

This paper discussed the use of temporal occlusion for skill assessment. Temporal occlusion can also be used
directly for training. For example, Fadde (2006) reports successfully teaching baseball batters to recognize pitches
before the ball is thrown using temporal occlusion. In the training, he showed the batters videos of a pitcher
throwing a ball, stopped the video just before the pitcher was released, and asked the batter to identify the category
of pitch. College baseball players showed significant improvements in their batting average and a number of other
measures of batter performance. Similarly, it would be possible to use stimuli such as those generated for this study
for training in a kind of part-task trainer. For example, imagine that there were a large set of such videos available
on a laptop. Pilots in training could watch, respond, and receive feedback. If the implicit patterns they responded to
were even partially transferrable to real-world perceptual (and perceptual motor) skills, this could provide an
inexpensive, convenient, and low-cost approach.

CONCLUSION

The development of perceptual motor skills is an important part of military training and key components of those
skills are implicitly learned perceptual motor patterns. Training environments for these skills should strive to
reproduce key implicit patterns in a way that maximizes their transfer to skills in the field. Temporal occlusion is a
tool to measure the acquisition of these skills. In this study we have used that tool to begin to understand the nature
of those patterns as generated in a simulator and in the field. We hope it has advanced the understanding of
perceptual motor skills in some small way, and we look forward to the scientific discovery of new ways to enhance
their acquisition effectively and efficiently.
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