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CHAPTER 1

INTRODUCTION

It is generally agreed that baseball batting is one of the most difficult visuo-motor
tasks in sport [1]. Ted Williams —one of the greatest and most celebrated hitters in
baseball history— declared, “I think without question the hardest single thing to do in
sport is to hit a baseball” [2]. Not surprisingly, “keeping your eye on the ball from the
time it leaves the pitcher's hand until the moment it hits your bat” has been a long-
standing tenet in teaching (and learning) baseball batting [3]. But an equally long-
standing and persistent question that has remained unresolved is, “how does one go about
doing this?” How does one go about training the eyes to cope with this difficult task the
way other parts of the body are trained? Numerous coaches, as well as baseball books
and articles, promote the notion that a batter should “keep the eye on the ball until it hits
the bat” but they do not elaborate on how to train for visual tracking of baseball

trajectories in an objective, measurable, and repeatable way [4-6]*.

1.1. BACKGROUND AND CONTEXT OF THE STUDY

The lack of established and objective eye-movement training paradigms for
baseball batting is understandable given that even scientific researchers have been unable
to explain the perceptual-motor intricacies of this task [7]. In fact, theoretical
computations, validated at least partly by eye-movement research, suggest that humans

are incapable of continuously tracking the entire trajectory of a pitched baseball from the
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pitcher’s hand at the mound to the back of home plate in the strike zone due to angular
velocity limitations of the smooth pursuit system in the oculomotor plant [3, 8-13]. Is
“keeping the eye on the ball”, then, an exercise in futility?

Notwithstanding the findings of smooth pursuit limitations, the human
oculomotor plant has evolved, and works in tandem with the central nervous system, not
only to avail other types of eye movements that enable coping with targets exhibiting a
variety of speeds, directions, and patterns, but also to program experiential eye-
movement responses in memory that serve as a predictive mechanism that adjusts or
guides sensory detection when tracking familiar target patterns [14-23]. Further, research
on human adaptability alludes to the concept of “techno-adaptability”, which is the ability
of humans to compensate for their limited or declined physical abilities with technical
support [24].

As such, it may be that professional (i.e., expert or more experienced/capable)
baseball batters who are adept at tracking pitched baseballs employ a combination of
continuous and discontinuous eye-movements [8, 10] and that their expertise may be due
to superior adaptive alterations in physiological functions (i.e., functional potentialities)
[24], substantially greater experiential perceptual models that inform and trigger eye-
movement sequences and/or greater access to resources (e.g., facilities, training,
technologies, etc.) that enable techno-adaptability, any and all of which may sub-serve
swing/no-swing decisions and bat-swing-direction motor responses.

While baseball batters may not be able to continuously keep their eye on the ball
every instant for the entire trajectory of a pitched ball, the accumulated research on eye-

movement characteristics, predictive mechanisms, and even cognitive psychology



suggests not only that expert batters are capable of elaborating and employing strategies
for following a pitched baseball trajectory proficiently (albeit in a piecemeal
discontinuous way) but also that it is possible to train the eyes to do so [25-30]. So, why
hasn’t the baseball community taken advantage of these available research findings to
develop corresponding eye-movement training paradigms for the batting task?

A notable emergent alternative to traditional baseball batting instruction —one
attempting to leverage eye-movement research— has been the use of simulated
environments. For instance, the visual-search research community has explored the use
of still photographs, video clips, and animations, along with eye trackers for capturing
eye movements [7, 31-38]. Video games have also been under consideration as an
economical alternative for some types of visual training, albeit with limited and mixed
results. In sport contexts, these “serious games” may be used in the same manner that
video clips have been used to simulate situations in the field of play to train and measure
the performance of athletes. For example, video games of the baseball batting task for
the Wii (Nintendo, Kyoto, Japan) and Xbox/Kinect (Microsoft, Redmond, WA) consoles
present animations of the pitcher wind-up followed by the pitched baseball which
increases in size to simulate its approach. Users attempt to hit the ball through batting
motions which are registered by hand-held controllers and/or motion-sensing input
devices.

Why is it then that —given the proliferation of and access to high-end simulation
technology, as well as the use of the knowledge base on eye movement,
cognitive/education psychology, and baseball expertise, among other scientific

research— more sophisticated and robust eye-movement training technology has yet to



emerge that can enable baseball players to train to “keep their eye on the ball” in a

methodical way, so as to better cope with “... the hardest single thing to do in sport?”

1.2. PROBLEM STATEMENT

In spite of the advances in eye-movement research, eye-movement challenges that
make the baseball batting task difficult make it also difficult to implement eye-movement
know-how into paradigms for eye-movement training. Most notably among the
difficulties of this task is controlling an event (i.e., the pitched baseball trajectory) which
lasts in the order 450-700 milliseconds (ms) from youth to adult competitive baseball,
and managing it into pedagogical building blocks that are conducive to measurable
positive transfer-of-training (ToT). This explains, at least partly, why the baseball
community at all levels continues to rely on traditional (available, convenient, and
economical) methods, consisting of soft-toss labeled balls and batting tees (among others)
for visuo-motor coordination, and on hitting statistics and measurements of full- or
partial-body kinematics to infer eye-on-ball coordination proficiency [7, 9].

Although the aforementioned video games have been intended for entertainment,
the proliferation of their platforms and development environments facilitates their use in
instructional design experimentation with virtual environments. But so far, these
simulated environments share a significant shortcoming in that they are not in keeping
with the long standing tenet that a batter should “keep his eye on the ball from the time it
leaves the pitcher's hand until the moment it hits his bat.” That is, when viewing these
2D formats, the ball never leaves the screen so there is no ball coming toward the batter

that he or she may follow with the eyes into making contact with the bat. This format



causes batters to maintain their gaze on the screen, not only preventing them from
developing the skill to track a ball into contact with the bat but also risking the
development of bad habits (i.e., negative ToT) as it would reinforce looking straight
ahead in the pitcher’s direction throughout the trajectory of the ball.

Indeed, a significant shortcoming of serious games and of simulation-based
training in general is the lack of established ToT validation paradigms [39]. Having
employed these simulated formats, the visual-search research community has obtained
inconsistent results, citing problems with the lack of realism and ecological validity in
sport scenes —including those directed at training for anticipatory tasks that involve a
ball traveling in depth (as in the baseball batting task, the tennis serve return, and the
soccer penalty kick)— prompting more research that examines the effects of fidelity and

dimensionality within applied sport contexts [40].

1.3. PURPOSE OF THE STUDY

The purpose of this exploratory modeling and simulation (M&S) research study
was to examine the extent to which configurable 3D stereoscopic (3D stereo) virtual
environments are conducive to more ecologically-valid synthetic sport scenes that enable
objective and repeatable eye-movement motor-skill performance measures as well as
innovative training paradigms afforded by artificial sport-scene manipulations not
possible in live environments. Specifically, the study selected the baseball batting task
subject to 60-mph fastballs to measure how well batters “keep the eye on the ball”, and a
novel training paradigm that repurposes/adapts the occlusion method (from the expert-

novice paradigm) and the incremental rehearsal flashcard method (from educational



psychology) to examine whether manipulating the sport scene in 3D stereo conduces to
instigate and modulate eye movements. The descriptive research questions addressed in
this study lend insight into the disciplinary and technological specifications that should be
addressed in order to promote the advancement of simulation-based eye-movement
training technologies and corresponding ToT validation protocols.

For example, although extensive research has been conducted on eye-movement
in a variety of medical and other contexts, much of this has involved horizontal-plane
target stimuli eliciting conjugate eye movements rather than convergent/divergent eye
movements. That is, the study of eye-movements involving objects moving in depth has
not been explored sufficiently. This deficiency is especially pronounced as it pertains to
eye-movements subject to 3D stereo graphics stimuli in which eye-movement
convergence/divergence takes place, but accommodation does not. Accommodation
refers to the process by which the eye lens is adjusted to change optical power and
maintain focus on an object as its depth distance varies. When viewing 3D stereo
displays, accommodation is largely maintained on the viewing plane and the resulting
accommaodation-convergence disparity is believed to be responsible for adverse
symptoms such as dizziness, vertigo, etc. The limited research in eye-movement, subject
to 3D stereo stimuli, translates to limited knowledge and understanding, especially in
terms of contextual applications (such as the baseball batting task), and to more
pronounced limitations as one ponders the possible adverse effects on convergence eye-
movement accuracy and reaction times in the absence of active accommodation feedback

(and vice-versa) —especially in time-sensitive tasks, such as the baseball batting task.



In addition, the absence of ToT validation standards and protocols for simulation-
based training applies across all domains that employ M&S technology, but is
particularly inconspicuous in the social and cognitive sciences, in which behavioral
phenomena dimensions are more difficult to specify, quantify, and validate. The
configurable simulated 3D stereo virtual environment conceived and developed for this
study was intended to facilitate the creation of ecologically-valid virtual environments
that enable training strategies which emphasize part-tasks and perceptual cues conducive
to the modulation of expertise programming. For example, the occlusion method used
frequently in expert-novice paradigms to isolate the sources of expert advantage may be
readily implemented in a virtual environment. But, in addition, the occlusion method
may be repurposed in a virtual environment to accentuate identified sources of expert
advantage in training protocols administered to experimental novice groups.

Manipulations of the experimental scene, such as the spatial-temporal kinematics
of a pitched baseball trajectory, are not always possible in the real world and limit the
possibilities of instructional design and expertise-based training. For instance, this study
was interested in examining the smooth pursuit threshold of subjects when tracking a 60-
mph fastball. That is, it was of interest not only to know how well a subject could track a
60-mph fastball, but also at what speed the subject fails to keep up with the ball. Such a
measure is possible in the virtual world by preserving the geometry of a 60-mph fastball
trajectory while reducing the speed (basically presenting the 60-mph fastball at various
slow-motion speeds). Such spatial-temporal manipulation is not possible in the real
world, since reducing the speed of the ball results in a different geometric trajectory

—which is a different task. By manipulating the spatial-temporal kinematics of the



baseball trajectory, a researcher can measure the smooth pursuit threshold of a subject
relative to a specific task in an incremental and deliberate way. Such information would
be very valuable in learner analysis and corresponding training plans and training
evaluation.

Data collected in this study provided contextual evidence and insights not only into
eye-movement strategies employed by baseball batters of various skill levels but also into
the demands of the baseball batting task itself. The insights prompt a variety of questions
for future hypotheses and corresponding research —a desirable outcome for an

exploratory research study.

14. EXPERIMENTAL FRAMEWORK

In response to the need for ecologically-valid, simulation-based training protocols
for sport in general, and for the baseball batting task specifically, this exploratory
research study designed a part-task, virtual-fastball simulator implemented in 3D stereo
along with a rotary pitching machine standing as a proxy for the live-pitch referent. The
virtual-fastball and live-pitch simulation couple was designed to facilitate objective eye-
movement response measures to live and virtual stimuli. These objective measures 1)
served as a basis for assessing the ecological validity of the virtual fastballs, 2) informed
the characterization and comparison of eye-movement strategies employed by expert and
novice baseball batters, 3) enabled a treatment protocol relying on repurposed
incremental-rehearsal and partial-occlusion methods and intended to instigate and

modulate strategic eye movements to 60-mph fastballs, and 4) provided evidence to



examine if the simulation-based treatment results in positive (or negative) ToT to the real
task.

The simulation-based protocol design relied on selected findings and premises
from baseball physics, simulation-based training, eye-movement, expert-novice,
cognitive load theory, education psychology, and expert-performance research. The 3D
stereo virtual environment was selected to explore and afford a more ecologically-valid
presentation of the sport scene (as called for by the visual search researchers in sport [40,
41]) and to enable manipulation of the spatial-temporal kinematics of the sport scene in
order to influence and/or take advantage of the adaptive properties of the human visual
system. Manipulating the sport scene to instigate and modulate eye movements was
motivated by findings in eye movement research which assert not only that eye
movements are adaptable [20, 42], but also that some eye movements are driven by
experiential prediction as much as by sensory perception [28]. Eye-movements driven by
experiential predictions appear to be aligned with cognitive load theory (CLT) and
expertise-based training (XBT), which postulate that acquisition of expertise is task-
specific [43-48]. The format of the virtual-fastball and live-pitch simulation couple is a
part-task trainer in that it is concerned with and addresses only the eye-movement
training component (i.e., sub-task specific) of the overall batting task, which involves

many degrees of freedom in musculoskeletal dynamics.

1.5. AIMS OF THE STUDY AND RESEARCH QUESTIONS
The following aims and descriptive research questions were addressed to

determine measures of ecological validity for the virtual environment, measures of
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comparison between novice and experienced baseball batters, and measures of
comparison before and after simulation-based treatment for adaptability and ToT

validation.

1.5.1. FIRST AIM AND RESEARCH QUESTION

The first aim of the study was to explore and obtain objective eye-movement
measures that would serve as evidentiary basis for the validation of a 60-mph fastball
virtual simulation presented in 3D stereo life-size theater format. Obtaining a measure of
validity that establishes an acceptable similarity between the perceived trajectory
kinematics of a computed/synthetic 60-mph fastball trajectory in 3D stereo and the
perceived trajectory kinematics of the actual flight of a live 60-mph fastball is an
essential criterion to the administration of ecologically-valid, simulation-based treatment
conducive to positive ToT.

Although various 2D simulation formats have been attempted in training for the
baseball batting and other sport tasks [1, 7, 31, 32, 34, 35, 37, 40, 41, 46, 49-58], and eye
tracking of 2D gaze position in laboratory and sport settings is not uncommon, eye
movement of 3D gaze in 3D stereo displays has not been studied sufficiently, and
validation data of standard binocular trackers using active stereo displays is limited [33-
35, 40, 41].

This aspect of the study concentrated on the types, durations, and sequences of
eye movements employed by novice and experienced batters when tracking isolated
fastball trajectories. The protocol of the virtual-fastball and live-pitch simulation couple

employed in this exploratory study was intended to enable collection of batter spatial-
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temporal eye-movement responses subject to both live and virtual stimuli, thereby
providing a quantitative basis for comparing the two environments and deriving a
measure of ecological validity of the virtual stimuli and its appropriateness for use in eye-
movement training for the batting task (even as this evidence is limited or is applicable
only to 60-mph fastball trajectories).

The protocol for this part of the study was guided by basic baseball-physics and
eye-movement premises. In general, a 60-mph fastball takes approximately 685 msec to
travel 55 feet (ft) —the approximate length of a pitched baseball trajectory from the
pitcher’s point-of-release to the back of home plate. The young human eye can
accommodate (i.e., change focus) from 55 ft in less than 300 milliseconds [59] (relevant
to the live pitch but not to the virtual pitch, since accommodation is always maintained on
the viewing plane of a 3D stereo display). Large convergence eye movements (i.e.,
simultaneous inward movement of the eye balls toward each other) when tracking objects
moving in depth from 55 ft (such as an incoming baseball pitch) require approximately
less than one degree of convergence; therefore, in this study, ball tracking was expected
to occur mostly with conjugate eye movements (i.e., parallel movement of the eyes when
following a moving object) [10], but possibly resorting to some contributing response
from the vergence system in the terminal phase of the trajectory (final 10-15 ft of
trajectory).

Gaze depth has been found to respond to target depth under stereoscopic
conditions [60], even though it has not been explicitly measured under the batting task
conditions. Therefore, from the perspective of ascertaining ecological validation of the

virtual environment, this study was concerned with obtaining evidence conducive to
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establishing that the eye movements of batters interacting with live and virtual
trajectories would be significantly similar and/or would uncover any evidence that would
provide insights to the contrary.

Isolated fastball trajectories propelled by a rotary pitching machine and devoid of
pitcher-movement visual cues (cues which potentially afford an advantage to expert
batters) offer ecologically-valid trajectory kinematics (i.e., obey physical laws) in
contrast to those that have been produced by mechanical or virtual simulations in
previous studies [7-10, 12, 13, 31-38]. In those studies, the mechanical simulations
amounted to a plastic ball attached to a fishing line and propelled by a falling
counterweight or by an electric motor. The mechanical simulations were devoid of valid
kinematics (e.g., projectile motion due to gravity, ball rotation) and neither mechanical
nor virtual simulation incorporated the Magnus force due to ball rotation and its effect on
projectile motion and the deceleration of the ball due to air drag.

This study postulated that the ecological validity of live 60-mph fastball
trajectories launched from a pitching machine would necessarily elicit and establish a
valid batter eye-movement referent which would be instrumental to the validation of
trajectories generated in the virtual environment. Consequently, objective measures were
sought to validate or invalidate the virtual environment.

The descriptive research question associated with this aim was: How do the eye-
movement responses of baseball batters of various skill levels differ when tracking 60-
mph fastballs in 3D stereo virtual environment compared to when tracking live machine-

pitched 60-mph fastballs in the baseball batting task?
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1.5.2. SECOND AIM AND RESEARCH QUESTION

The second aim of the study was to implement an expert-novice protocol to
distinguish between the eye-movement strategies employed by experienced batters and
those of novice batters. The specific objective was to obtain objective eye-movement
type, duration, and sequence measures, with particular interest in smooth-pursuit
thresholds and transitions from smooth pursuit to saccadic eye movements, as the angular
velocity requirements on eye movements exceeded smooth pursuit thresholds in the
critical terminal phase of the 60-mph fastball trajectory. Determining the eye movement
strategies employed by experienced batters complements theoretical computations
postulating optimal sequences and triggering of smooth pursuit and saccadic eye
movements instrumental to the design of simulation-based treatment.

Strategies of eye-movement sequences employed by novice and experienced
batters have only been studied and documented nominally, in laboratory settings with
procedures affording only limited ecological validity [8, 10, 12]. Although theoretical
computations of the angular velocity limits of smooth pursuit in the baseball batting task
have been verified, at least partially, in controlled laboratory studies [8, 10, 12], the
theoretical limitations of saccades —and especially the theoretical optimal sequences and
transitions of smooth-pursuit and saccadic eye movements in the baseball batting task—
have not been explored or verified. The theoretical computations of optimal eye-
movement sequences considered in this exploratory study were based on the general
smooth pursuit and saccadic eye-movement thresholds documented in the literature [61].
An expected outcome of this study included the validation of the theoretical computations

based on measurements of eye-movement strategies employed by experienced batters.
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Based on observations from previous studies involving the baseball batting task
[8, 10, 11], anecdotal experience in baseball batting by the study proponent and his
teammates, and evidence from eye-movement research [62], the study postulated that all
batters would employ a sequence of smooth-pursuit and saccadic eye movements, but
that the eye-movement thresholds and strategies (i.e., eye-movement types, sequences,
transitions, durations) employed by experienced batters would be superior and more
efficient than those of novices. The initial and early-middle phases of the trajectories
would elicit smooth pursuit due to the slower angular velocity requirements, and the late-
middle and terminal phases of the trajectories would elicit saccadic responses when
angular velocity requirements exceed batters’ smooth pursuit threshold [8, 10, 12]. The
expert advantage would be attributed to perceptual models developed through extensive
experience [36, 43-45, 47-49, 63-67].

Consequently, this study sought to obtain objective measures to confirm or refute
that the advantage of experienced batters would be manifested in higher smooth-pursuit
thresholds with spatial-temporal characteristics more closely aligned to the contour of the
trajectories, followed generally by a catch-up saccade that would maintain the AOV on or
slightly ahead of the ball in a coherent way. The objective would also confirm or refute
the proposition that novice batters would have lower smooth-pursuit thresholds, followed
by late and/or chaotic saccades that would reflect a non-coherent tracking of the fastball
trajectory.

The descriptive research question associated with this aim was: What eye-
movement strategies distinguish more-experienced from less-experienced baseball batters

as they attempt to track 60-mph fastballs in the baseball batting task?
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1.5.3. THIRD AIM AND RESEARCH QUESTION

The third aim of this study was to implement a treatment protocol in 3D stereo
virtual environment using repurposed incremental-rehearsal and partial-occlusion
methods to instigate and modulate a theoretically optimal and deliberate smooth pursuit
and saccadic eye movement sequence to cope with the 60-mph fastball task. The
theoretically optimal eye-movement strategy relied on general eye-movement threshold
limits documented in the literature and tempered by empirical observations of eye-
movement strategies employed by novice and experienced batters obtained as part of the
second aim of this study.

In the laboratory, voluntary control of saccades and smooth pursuit was achieved
using a few points of light moved in stereotypical fashion [25, 68]. Similarly,
experiments using monkeys indicate that smooth pursuit training induces shortened
latencies and increased initial eye velocities [69]. Goal selection modification of smooth
pursuit or saccades for visual-search training in the tracking of isolated pitched baseball
trajectories using stereoscopic 3D has not been studied, to my knowledge.

Expertise research asserts that expertise is task-specific, such that expert
advantage is not innate but is, rather, a largely unconscious experiential cognitive sub-
skill amenable to targeted systematic training, and that repurposing tasks used in expert-
novice research (such as detection, categorization, and prediction) enhances sensory
perception and decision-making skills [46]. This suggests that while traditional eye-on-
ball coordination exercises, such as slow pitch, soft-toss, and t-ball exercises are useful to

the development of general batting fitness, they may not be effective to the development
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of specific tasks such as eye-movement competence and expertise in tracking fastballs
and/or other specific types of baseball pitches. That is, in terms of eye-on-ball
coordination, soft-toss drills are conducive to developing expertise in “keeping the eye”
on soft-toss balls, but not necessarily to developing expertise in “keeping the eye” on
fastballs.

Contingent upon validation of a fastball virtual pitch presented in 3D stereo, it
was postulated that implementation of repurposed incremental-rehearsal and partial-
occlusion methods would facilitate improvement in eye-movement skill directed at the
specific task of tracking a 60-mph fastball. In contrast to live 60-mph fastballs, the
kinematics of virtual 60-mph fastballs can be manipulated to emphasize features that
would be conducive to increased task perception as well as to deemphasize features that
would reduce the cognitive load in working memory. For instance, accentuating the red
stitches of a baseball to make them appear larger resulted in improved batter performance
at recognizing the type of pitch (i.e., fastballs vs. curve-balls) compared to occluding the
the stitches with white paint to camouflage them against the leather coloring of the ball
[37].

Following that line of reasoning, it was postulated that the validated virtual 60-
mph fastball presented in 3D stereo format would be instrumental to ascertaining batters’
smooth pursuit thresholds by decreasing the speed of the ball while maintaining the 60-
mph spatial kinematics (i.e., motion geometry) of the trajectory until their eye-on-ball
coordination mapped to an ideal tracking of the ball. The same approach in reverse
would enable implementation of a treatment protocol such that the 60-mph fastball would

be presented at increasing speeds to promote increased smooth pursuit thresholds.
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Similarly, it was further postulated that occluding a segment of the virtual 60-mph
fastball trajectory would instigate a strategic saccade at a theoretical optimal location.
Adding such strategic occlusion to the incremental rehearsal protocol would also promote
modulating strategic saccadic movements. In general, repurposed incremental rehearsal
and occlusion methods in tandem with the 3D stereo virtual environment were considered
as a viable approach to improve or facilitate clarity of perception [57, 70] during
treatment.

Although it has been established that the terminal phase of a pitched baseball
trajectory cannot be followed continuously with smooth pursuit eye movements [8, 10,
11], saccadic eye movements are characterized by high accuracy and high angular
velocities [62] well above the 40-70°/sec angular velocity threshold of smooth pursuit.
Given that gaze depth has been found to respond to target depth under stereoscopic
conditions [60], and that parts of the brain can act as an adaptive control system that
advantageously alters critical parameters within the saccadic system [20, 25, 42, 68, 69],
it was of interest to explore if eye-movement goal selection would respond similarly to
3D stereo virtual environment stimuli. It was therefore postulated that smooth pursuit
and saccadic eye movements may be conditioned to align with the contour of a 60-mph
fastball trajectory by way of treatment that implements repurposed incremental-rehearsal
and partial-occlusion methods in 3D stereo virtual environment. This study sought to
obtain objective measures to confirm or refute the proposition that a treatment protocol
based on repurposed incremental-rehearsal and partial-occlusion methods would improve

smooth pursuit thresholds and make saccades timelier.
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The descriptive research question associated with this aim was: Is modulation of
smooth pursuit and saccadic thresholds achievable in novice batters, using 3D stereo 60-
mph virtual fastball stimuli with an incremental-rehearsal and partial-occlusion treatment
protocol, to moderate task difficulty and instigate strategic eye-movements in the baseball

batting task?

1.5.4. FOURTH AIM AND RESEARCH QUESTION

The fourth aim of this study was to implement a rotary pitching machine server to
stand as proxy for the live fastball referent and as stimuli for real-task responses. Real-
task responses were necessary to determine whether modulation of smooth pursuit and
saccadic eye movements obtained from simulation-based treatment (in the third aim of
this study) transferred to tracking a live 60-mph fastball real task. Determining if eye
movement conditioning acquired through the simulation-based training transferred to the
real task would provide foundational evidence instrumental to the establishment of
validation paradigms for 3D stereo and other virtual environments in sport training
contexts.

Although video games and other simulation environments have been used in a
variety of training domains, validation paradigms for objectively measuring ToT have
remained an elusive challenge [39]. Eye-movement measures may be instrumental to this
end, since eye-movements suggest at least some degree of overt visual attention such that
eye-movement measurements arguably provide quantifiable evidence from which to draw

reasonable inferences about training effectiveness.
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According to information-processing theory, eye movements and interspersed
fixations reflect the processing of information and are organized into visual-search
patterns that fixate on important aspects of the environment and ignore unimportant ones
[31]. According to Cognitive Load Theory (CLT), minimizing extraneous cognitive load
while emphasizing germane cognitive load facilitates domain-specific cognitive schema
construction in long-term memory, which is the essence of expertise and expert
performance [71, 72]. This study postulated that a treatment protocol consisting of
isolated 60-mph fastball trajectories presented in 3D stereo and moderated by repurposed
incremental-rehearsal and partial-occlusion methods (as described in the third aim of this
study) would be conducive to construction of cognitive schema in working memory. And
it also postulated that, once this schema is committed to long-term memory, it would be
manifested in other similar tasks, such as when viewing a live 60-mph fastball.

This study sought to obtain objective measures of positive or negative ToT from
which it could be inferred whether or not the modulation of smooth pursuit and saccadic
eye movements derived from the simulation-based treatment in the third aim of this study
had occurred. The study did not explore other more-specific measures of working or
long-term memory effects.

The descriptive research question associated with this aim was: Does positive (or
negative) ToT occur following an incremental-rehearsal/partial-occlusion treatment
protocol implemented in a 3D stereo virtual environment to moderate task difficulty and

instigate/modulate strategic eye-movements in the baseball batting task?
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1.6. SIGNIFICANCE OF THE STUDY

The study examined the effectiveness of a 3D stereo virtual environment used in
conjunction with repurposed incremental-rehearsal and partial-occlusion methods for
modulating the smooth pursuit and the saccadic eye-movements of novice and
experienced baseball batters to expedite their proficiency in the baseball batting task.
Improving smooth pursuit and saccadic eye-movement thresholds is important not only to
“keep the eye on the ball” in and of itself, but it also to afford a more stable and coherent
parabolic tracking of the fastball trajectory. This potentially reduces visual distortions
and optical illusions caused by oscillating eye movements that transition between
peripheral and central vision [73], and enables better use of the motion-detection
sensitivity inherent to peripheral vision, thereby enhancing the batter’s ability to track the
entire trajectory of the ball —especially the terminal phase of the trajectory when contact
with the bat is desirable.

As such, this exploratory research study responds to calls from the visual-search
research community expressing the need to explore the effects of fidelity and
dimensionality on visual-search strategies, and to increase understanding of peripheral
vision within sport contexts [31]. It also carries significant implications for the use and
extension of 3D stereo graphics used for training in general, and for objective ToT
validation of serious games and other simulation-based training paradigms [39].

The implications of eye-movement goal selection acquired through treatment in
the 3D stereo virtual environment examined in this exploratory study extend to a variety
of sport tasks beyond the baseball batting task, as well as to industrial and military tasks

that involve attending to objects moving in depth, and to other visual search tasks. In
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APPENDICES

Appendix A — Study Participant Recruitment Flyer
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Appendix B — Study Participant Informed Consent Form
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Approved [nsbi itlonal
Revyidw Rerard - O0DU

NOV B9 2015

INFORMED CONSENT DOCUMENT | _ .
OLD DOMINION UNIVERSITY Questrons: (72

PROJECT TITLE: Repurposing the occlusion model in 30 stersoscopic virtual environment for
manipulating the adaptive properties of the cculomotor system for visual skill development invalving
pitched baseball trajectories in the batting task,

R 10N
The purposes of this form are to glve you information that may affect your decision whether to say YES
or MO to participation in this research, and to record the consent of those who say YES. The study
“Repurposing the Occlusion Method in 3D Stereoscopic Virtual Environment for Manipulating the
Adaptive Properties of the Oculomotor System for Visual-Search 5kill Development Involving Pitched
Baseball Trajectories in the Batting Task” will be conducted at 9298 Bailey Ln., Fairfax, WA 22031,

RESEARCHERS:
Responsible Project Investigator:
Stacie Ringleb, Ph.D,, Dept. of Mechanical and Aerospace Engineering

Co-lnvestigator:
Ric Roca, Dept. of Modeling, Simulation and Visualization Engineering

DESCRIPTION OF RESEARCH STUDY:

Several studies tried to determine where people look during the baseball batting task. If you decide to
participate in this study, your eye movements will be measured while watching live-pitch baseballs
launched by a rotary pitching machine as well as while watching virtual baseballs presented in a 3D
stereoscopic virtual environment, You will be asked to participate in 1-3 sessions that last 1-2 hours
each.

If you decide to participate, you will be asked to complete a questionnaire to determineg your baseball
experience, baseball batting experience specifically, and other information conducive to inferring
subjects’ eye movernent dexterity in the baseball batting task. Your vision will be tested. Additionally,
your eye-movements will be measured while you view live 80 mile per hour [mph) fastballs launched by
a rotary pitching machine as well as virtual fastballs of various speeds from a 3D stereo simulatar. The
eye-movement measurements will be obtained using three non-invasive electrodes {attached to the left
and right temples for horizental movements and to the forehead for reference) instrumented with
adhesive conductive jell and further secured with medical tape to mitigate electrode detachment.

If you are in the treatment group, you will underge eye movement measurements while viewing 80 mph
fastballs as well as calibration events in a 3D stereoscopic virtual environment for obtaining eye-
maovement threshold baselines. You will observe 100 to 200 80 mph fastball pitches in slow motion from
10% to 100% of full speed in 10% increments. The treatment may also include trajectories that are
partially cccluded to Instigate fast catch-up eye movements. Following the treatment, you will undergo
eye-movement measurements while viewing 80 mph fastballs in virtual environment as well as live
fastballs launched from the rotary pitehing machine for a second time,

At the end of the session, you will be asked to complets a Virtual Environment Evaluation questionnaire.
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If you say YES, then your participation will consist of 1 to 2 sessions (1-2- hours per session) at 9298
Bailey Ln, Fairfax, WA 22031, Up to 60 batters may participate in this study.

EXCLUSIONARY CRITERIA:

If you do not have 20/40 corrected (or uncorrected) vision or better, or if your eyes do not have proper
depth perception, you will not be allowed to participate. You should not have a history of eye injury or
eye-related illnesses (nerve, orbital, or muscular) that would result in abnormal eye movements and
keep you from participating in this study. In addition, you should be: a healthy male or fernale between
the age of 18 and 55; 5.0 to 6.5 feet in height, actively participating or recently having participated in an
arganized collegiate or community baseball program; bat right-handed; not have a history of motion
sickness or similar sickness induced by virtual environments; not be undergoing medication therapies
that would have enhancement or depressant effects.

RISKS AND BEMEFITS:

RISKS: If you decide to participate in this study, them you may face a risk of physical discomfort and even
injury. You may get hit by a ball from the pitching machine, although the observation deck includes
wooden, netting and acrylic protective shields to block potential stray balls making such a risk negligible.

There is a risk that you may experience dizziness, motion sickness, or some other symptom induced by
the virtual reality scenario. It is expected that such symptoms will be minar oF non-existent since the
observation of a fastball pitch event presented in 30 stereo lasts approximately less than one half of one
second and the total observation time af 100 to 200 pitches will last approximately 15 to 20 minutes
noen-continuous since there will be several seconds or minutes between pitching events. You will be
allowed to take a break or stop participation if you experience these symptoms.

There is a risk that you may experience vertigo or other optical illusion effects after your participation in
an experimental session thereby affecting your semse of balance or orientation and therefore your
ability to walk or drive. These effects are also expacted to be negligible because the duration of the 3D
stereascopic experience is very small. You will be allowed to rest after the sessian to determine if you
are ok to drive and/for call someone if you need a ride home,

BEMEFITS: There are no benefits for participating in this study.

COSTE AND PAYMENTS:

The researchers want your decision about participating in this study to be absolutely voluntary. Yet they
recognize that your participation may pose time commitments and disruption to your personal
schedule. Unfortunately, the researchers are unable to provide any payment for your participation in
this study.

MEW INFORMATION:
If the researchers find new information during this study that would reasonably change your decision
about participating, then they will give it to you,

CONFIDENTIALITY:

An additional rigk to participation in this research is release of confidential test information acquired
about the participant, However, the only personal information collected from you will include your
narne, age (no birth date), height, gender, race/ethnicity, and general information about your baseball

Approved Institutiona

ey ~ 1
2 zevien L




batting experience and performance. Notwithstanding the limited personal information, in erder to
avold breach of confidentiality, participants will be assigned a random code number [e.g., Subject 0001}
and no identifying infarmation will be associated with the data. Research data will be stored [n a locked
file and any data stored online will be accessed through a secure server, All investigators will be current
iri their human subjects training. As with any research, there is a possibility of risks that we have not yet
identified or anticipated.

The results of this study may be used in reports, presentations, and publications but any reference to
your data will use your code (e.g., Subject 0001) 2nd you will not be identified by name. Of course, your
records may be subpeenzed by court order or inspected by government bodies with oversight authority.

WITHDRAWAL PRIVILEGE:

It is OK for you to say NO to participation in this study. Even if you say YES now, you are free to say NO
later, and walk away or withdraw from the study at any time. Your decision will not affect your
relationship with Old Dominion University or otherwise cause a loss of benefits to which you might
otherwise be entitled. The researchers reserve the right to withdraw your participation in this study, at
any time, If they observe potential problems with your continued participation.

COMPENSATION FOR [LLMESS AND INJURY:

If you say YES, then your consent in this document daes not waive any of your legal rights. However, in
the event of injury arising from this study, neither Old Dominion University nor the researchers are able
to ghe you any maney, insurance coverage, free medical care, or any other compensation for such
injury. In the event that you suffer injury as a result of your participation in this research project, you
may contact the investigator, Dr. Stacie Ringleb, at 757-683-5934, or Dr. George Maihafer, Chair of the
Old Dominion University Institutional Review Board (757-683-4520), and they will be glad to review the
matter with you.

YOLUNTARY COMSENT:

By signing this form, you are saying several things: You are saying that you have read the information in
this form or have had it read to you, that you are satisfied that you understand the information in this
form, the research study, and its risks and benefits. The researchers should have answered any
guestions you may have had abeut the research. If you have any questions later on, then the
researchers should be able to answer them: Dr, Stacie Ringleb (757) 683-3934.

If at any time you feel pressured to participate, or if you have any questions about your rights or this
form, then you should call Dr. George Maihafer, the current IRB chair, at 757-683-4520, or the Old
Dominion University Office of Research, at 757-683-3460,

And importantly, by signing below, you are telling the researcher YES, that you agree to participate in
this study. The researcher should give you a copy of this form for your records.

Approved Institutional ?
Revigw Brard - JDU i
NOV 7 92015 1

Subject's Printed Mame & Signature Expires 1 yos Diate

Questions: (757
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INVESTIGATOR'S STATEMENT:

| certify that | have explained to this subject the nature and purpose of this research, including benefits,
risks, costs, and any experimental procedures. | have described the rights and protections afforded to
human subjects and have done nothing to pressure, coerce, or falsely entice this subject into
participating. | am aware of my obligations under state and federal laws, and promise compliance, | have
answered the subject's guestions and have encouraged him/her to ask additional questions at any time
during the course of this study. | have witnessed the above signature(s) on this consent form.,

Investigator's Printed Name & Signature Date
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Appendix C — Subject Profile Questionnaire

SUBJECT PROFILE
QUESTIONNAIRE

Please answer the following questions to the best of your availability:

1.

2.

10.

11.

12.

13.

14.

How long have you played baseball (since what age, how many years)?

Did you play competitive baseball at the high school, collegiate, industrial, or
professional levels? How long?

Have you played competitive baseball within the last year? Did you pitch? Did you
catch?
How long has it been since you played competitive baseball?

Are you a right-handed hitter, left-handed hitter, or switch hitter? If switch, what
percentage do you hit right handed?

If you are a right-handed hitter, do you throw right or left handed?

If you are a right-handed hitter, do you prefer hitting against a right-handed or left-
handed pitcher?

Are you or have you been able to determine the type of pitch based on the rotation of
the ball?

When facing a pitcher, what visual cues do you look for during the delivery of a
pitch?

Where is your point of gaze during a pitch delivery?

Do you consider yourself a contact hitter or power hitter? Consistent or inconsistent?

Based on your experience, how often (%) did you make ball contact even if it resulted
in an out?

Where would you put yourself in the batting order (1 thru 9; 1 = top, 9 = bottom)?

Rate your hitting (1 = novice, 2 = beginner, 3 = competent, 4 = proficient, 5 =
expert)? What batting average would you designate to yourself?



15.

16.

17.

18.

19.

20.
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What exercises or methods have you specifically employed to help you improve your
hitting ability?

From 1 to 10 (1 = not proficient, 10 = very proficient), how well do you keep your
eye on the ball?

Have you ever received any specialized training (other than traditional batting
practice) designed to help you train your eyes to “keep your eye on the ball” in the
batting task? Explain.

How tall are you? What is your age (do not provide birth date), race/ethnicity, and
gender?

Is your vision acuity at least 20/40 uncorrected or corrected with eye-glasses or
contacts lenses?

Have you ever experienced dizziness, vertigo, or other disorientation while viewing
3D stereo displays?
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D. Appendix D - Virtual Environment Assessment Questionnaire
Virtual Environment Evaluation
Questionnaire

Environment Factors

1. The shape of the virtual pitch trajectory resembled the shape of the live pitch

trajectory.

@ @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

2. The movement of the virtual pitch resembled the movement of the live pitch.

@ ©) ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

3. The speed of the virtual pitch resembled the speed of the live pitch.

@ ©) ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

4. The height of the virtual pitch resembled the height of the live pitch.

@ @ ® O, ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

5. The initial and final locations of the virtual pitch resembled those of the live pitch.

@ @ ® O, ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

6. The distance of the virtual pitch was comparable to the distance of the live pitch.

@ ©) ® @® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree
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7. The rotation of the virtual pitch resembled the rotation of the live pitch.

@ ©) ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

8. The size and look of the virtual baseball resembled the real baseball.

@ @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

9. The sound of the traveling live pitch helped my visual ability to track the ball.

® @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

10. The lack of sound of the traveling virtual pitch helped my visual ability to track

the ball.

® @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

Equipment Factors

1. The protective shield at the viewing dock did not adversely affect my ability to
track the ball.

@ @ ® O, ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

2. The 3D glasses were not cumbersome and did not adversely affect my view of the

ball.

@ @ ® @ ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

3. The 3D stereo display was adequate for viewing a fastball traveling in depth.



187

® @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

4. The live pitch environment was adequate for watching live fastball pitches.

@ ©) ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

5. The virtual pitch background resembled the live pitch background.

@ @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

6. The live pitch lighting resembled the live pitch lighting.
@ @ ® O ®
Strongly Agree Neutral Disagree Strongly
Disagree

Agree
7. The live pitch environment had distractors that affected my viewing

concentration.

@ @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Disagree

Agree
8. The virtual pitch environment had distractors that affected my viewing

concentration.

@ @ ® @ ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

9. The three-tone pitch alerts helped me anticipate and track the live and virtual
pitches.
® @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Disagree

Agree
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10. The timing of the three-tone pitch alerts of the virtual pitch and live pitch were

comparable.

@ ©) ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

Visual Perception Factors

1. The virtual pitch in 3D stereo appeared to travel in depth towards me/beside me.

@ @ ® @ ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

2. As the virtual pitch approached me it caused me to want to follow and/or grab the
ball.

©) @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

3. Viewing the virtual pitch evoked similar visual sensations as when viewing the
live pitch.

@ @ ® O, ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

4. Tracking the virtual pitch felt similar to tracking the live pitch.

@ @ ® @ ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

5. Progressing from slow-motion to full-speed virtual pitches seemed to improve my
tracking.

@ ©) ® ® ®
Strongly Agree Neutral Disagree Strongly
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Agree Disagree

6. The more | viewed virtual pitches the better | was able to track them.

@ @ ® @ ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

~

When the ball disappeared and reappeared, it made me track the ball better at the
end.

@ @ ® O ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

8. After tracking the virtual pitches | felt more comfortable tracking live pitches.

©) @ ® ® ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

9. When I am batting I directly face the pitcher so my initial gaze is about zero
degrees.

@ @ ® O, ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree

10. When | am batting | gaze at the pitcher looking to my left between zero and 20
degrees.

@ @ ® O, ®
Strongly Agree Neutral Disagree Strongly
Agree Disagree
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E. Appendix E — 3D Stereo Screening Questions/Recommendations

Phone Screening Questions

1. Onascale of 0 to 10, how frequently do you experience motion symptoms in
common modes of transportation (car, plane, boat) where 0= never and

10=always?

2. Onascale of 0 to 10, when you do experience motion symptoms in common
modes of transportation, how severe are the symptoms where 0=none and

10=incapacitating?

Test Session Monitoring Questions/Recommendations

1. Are you experiencing any discomfort or symptoms?

2. Take a break if you observe, increased swallowing, burping/belching,
sighing or heavy breathing, change in skin pallor (becoming pale), touching
stomach, heavy blinking, closing eyes, shaking head, or combination of

these symptoms.
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