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T

he Olympic motto1, introduced
in 1924, was extracted from a
sermon during the 1908 London
Games and has provided a tribute to the
aspirational goals of human achievement
and peak athletic performance ever since.
It was also during this time period that
athletic performance data had begun
to be collected —which was gathered
from 1900 to 2007 from the International
Olympic Committee database by
Giuseppe Lippi— to conduct a study
on the various factors that could be
influenced for improvement of human
athletic performance2 . The outcome of
this research was thought provoking,
compelling and has shaped the way that
modern athletic performance training is
conducted today.

“Future limits to athletic performance will
be determined less and less by the innate
physiology of the athlete, and more and
more by scientific and technological
advances and by the still-evolving
judgment on where to draw the line
between what is ‘natural’ and what is
artificially enhanced,” he wrote in his
2008 research paper, published in the
British Medical Bulletin.
A human being’s athletic performance is the byproduct of
genetics, training, hard work and increasingly, the contribution
of science. Athletes today are stronger and faster but there
is a limit to the physical conditioning that an elite athlete can
achieve. Elite athletes are already squeezing every ounce of
advantage from physical training programs carefully developed

by trainers, physiologists, nutritionists, biomechanists, and even
physicists. Together, they have applied their knowledge to the
benefit of athletic performance where today, simply practicing a
sport for hours or rigorous training in a gym is no longer enough
to enable an elite athlete to win.
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Advancement in science is where many elite athletes and sports
teams are now looking for their next big breakthroughs to unlock
the next level of human performance. This body of science extends
well past the realm of the historical focus on physiology, nutrition,
and applied techniques in an athlete’s respective sport that have
made athletes bigger, faster, quicker, and with more endurance.
One of the most promising areas of scientific research in pursuit
of increasing human athletic performance is in the area of
neuroscience, and more specifically its application in sport vision
training by increasing the capabilities of an athlete’s brain. Sports
vision isn’t about having 20/20 vision; athletic performance at
the elite sports level requires that all cognitive functions —such
as attention, visual interpretation, decision making, and working
memory—be functioning at the highest levels in demanding
game-day environments. Sports vision training incorporates
neuroscience to improve these functions into both general
vision training regimens that maximize eye-brain collaborative
functions, and specialized vision performance training that is
custom tailored to a specific sports environment and the athletic
performance a human being needs to be most successful in it.
In short, increased athletic performance is now being linked to
increased brain performance at a neurological level.

“Future limits to athletic performance will
be determined less and less by the innate
physiology of the athlete, and more and more
by scientific and technological advances and
by the still-evolving judgment on where to
draw the line between what is ‘natural’ and
what is artificially enhanced.”
This white paper will examine the impact of vision training regimens
on athletic performance based on neuroscientific research, along
with historical case studies that have provided anecdotal insights
and evidence of its successful field application in various sports
throughout the past few decades. For today’s modern athlete
to be an elite performer, it is necessary to unlock every potential
advantage possible to maximize human performance in pursuit of
being not just “Citius, Altius, Fortius” (“Faster, Higher, Stronger”) but
also smarter, better, and more effective in each respective sport’s
ultimate measurement of success.
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The History of
Science and
Athletic Training

S

cience and athletic training have a long history of
working in tandem in the pursuit of improving athletic
performance. Athletic training in the United States is linked
back to 1881 when Harvard University hired James Robinson
to work with its football team on conditioning3 . Over the years,
athletes participating in a wide variety of sports have benefitted
from advancements made in kinesiology, exercise physiology,
movement science, and fitness & wellness research.

It is only in the past few decades, however, that neuroscientific
research has revealed the role that the brain plays in overall
athletic performance, and much of this insight is still emerging. The
qualities that set an elite athlete apart aren’t just muscles, skills,
and endurance, but also the brain’s decision-making capacity.
These decisions, combined with muscle control and coordination,
enable an athlete to make the right movements at the right
time, which leads to more points scored, more successful plays
completed, and ultimately more wins in the record books.
Of all the organs in the human body, the eyes are the most vital
to the brain. While human beings have five senses —the eyes to
see, the tongue to taste, the nose to smell, the ears to hear, and the
skin to touch— humans receive up to 80% of all input by means of
eyesight; this is why an athlete’s eyes, and the ability to maximize
their use, are so important. To date, however, research that focuses
on sports vision and an athlete’s eyes is relatively limited, but
increasing rapidly as this domain provides significant opportunities
to create new breakthroughs in athletic performance.

Today’s Modern Athlete and the Impact of Science and Vision Training on Athletic Performance in Sports

3

How the Human Eye Works

T

here are many different parts of the eye that help to create
vision. The cornea —the clear, dome-shaped surface that
covers the front of the eye— bends (or refracts) incoming
light, passing it through the iris (the colored part of the eye),
which regulates the size of the opening of the eye, controlling the
amount of light that enters the eye.
Behind the pupil is the lens, a clear membrane that further
focuses light (which becomes the image) onto the retina. The
retina is a thin, delicate, photosensitive tissue that contains
special “photoreceptor” cells that convert light into electrical
signals. These electrical signals travel directly from the retina
to the brain through the optic nerve to be processed. The optic
nerve is made up by a bundle of about one million nerve fibers
that carry these signals.

The Human Eye
1.

Incoming Light

2.

The Cornea

3.

The Iris

4.

The Pupil

5.

The Lens

6.

The Retina

7.

The Optic Nerve

Human beings “see” with their brains: eyes collects visual
information, sending signals to the brain and this begins the
complex process to leads to decision making.
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The Eyes and Brain of an Athlete
An athlete’s brain has a lot of work to do to process all the raw data that it receives.
It must stitch together literally millions of bits of information per second in a dynamic
and rapidly changing, high stress, competitive environment to make the right decisions
during an athletic event.

T

he eyes play the most critical role in the gathering of all
this essential data. Vision as a primary sense used by
athletes may account for as much as 90% of the sensory
processing demands in a typical sports environment. These are
often filled with a lot of motion, requiring the athlete to shift
their gaze constantly to take in all the necessary visual inputs.
Being able to control the movement of one’s eyes, including the
accuracy, speed, and the attention to a select relevant information,
all factor into an athlete’s overall performance success.

In an MIT study, a team of neuroscientists found that the human
brain can rapidly process entire images that the eye sees for as little
as 13 milliseconds4 , which is far faster than the 100 milliseconds
that previous studies had suggested. According to Mary Potter, an
MIT professor of brain and cognitive sciences and senior author
of the study, “this rapid-fire processing may help direct the eyes,
which shift their gaze three times per second, to their next target.”
Additionally, “the job of the eyes is not only to get the information
into the brain, but to allow the brain to think about it rapidly
enough to know what you should look at next. So, in general we’re
calibrating our eyes, so they move around just as often as possible
consistent with understanding what we’re seeing.”
It is this understanding of the brain’s interpretation of what an
athlete’s eyes are seeing and the immediate decision-making
sequence combined with movement that can be impacted by vision
performance training. An athlete’s ability to maximize their eyes as
a human organ is critical to maximizing their athletic potential.

“The job of the eyes is not only to get the
information into the brain, but to allow the
brain to think about it rapidly enough to
know what you should look at next.”

The eyes are subject to a wide variety of skills and dynamics
that all affect how well they perform. In fact, there are at least
10 vision skills that are used by people, in daily life and in sports.
Seeing “20/20” —visual acuity— is just one of those vision skills.
These skills and dynamics can reside in a “normal and healthy”
eye, to an eye that has been affected by injury or disease. For
discussion purposes, we will focus primarily on operational
dynamics that are present in a normal eye.
Some of these dynamics have been studied with research
to support that improvements can be made through training,
nutrition, or physical adaptions, while other dynamics do not
have clear evidence that they may be able to be improved, based
on the data available today. It is worth noting, however, that
advanced research and science continues to explore, identify, and
uncover new ways to make improvements in vision performance
and it is likely that new scientific breakthroughs will continue to
occur in this relatively young field of medical science research
specific to vision performance.
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Key Vision Skills
Some of the vision dynamics below are examples of eye skills that are related to
neurological functions. Some of these skills will be discussed further in case studies.
Visual Acuity

Eye Movement

As mentioned, visual acuity is based on how
clear and sharp an image is when projected
onto the retina. Generally, issues with acuity
are treated with prescription lenses (glasses,
contact lenses) or through laser-eye surgery,
or even a combination of the two.

Ensuring that both eyes move together in
harmony is a key first step in establishing
and improving other key vision skills that
rely on the binocular nature of human
vision. If the eyes don’t move together to
locate and track targets, other skills suffer.

Focus

Alignment

Binocular vision doesn’t end at movement:
overall vision can depend on the eyes
working together and focusing in the same
way as well. Athletes need to be able to
achieve and sustain focus on targets at all
times, even when their positions shift.

Part of being able to properly track targets
is ensuring the eyes are properly aligned to
ensure they can work together effectively
to move together and focus properly.

Depth Perception

Peripheral Vision and Awareness

Being able to track a single object is one
thing, but keep tracking of teammates,
opponents, and other possible
distractions, can ensure athletes stay out
of harm’s way —especially true in contact
sports like Football and Hockey, where
collisions are part of the game.

Colour Perception

Discerning between colours can be crucial
in determining friend from foe, or deciding
whether to speed up, slow down, or stop.

Determining where objects are in 3D
space is crucial to all, whether it’s tracking
a ball or puck. Accurately judging distance
can mean getting an out, saving a goal, or
hitting that perfect launch point for a jump.

Visual Perception

Sports are never played in a vacuum:
athletes have to be aware of their
environment and what is going on in their
entire visual field to be able to make good
decisions in a split second.

Visual-Motor Control

Visual Integration

Vision is one thing, but it’s only a part
of the senses that make up the entire
spectrum of inputs for athletes, being able
to combine vision with auditory and verbal
signals is crucial for team sports, and
properly integrating touch with vision can
have an impact on overall performance at
the micro and macro levels.

Divided into gross motor control (running,
jumping) and fine motor control (flick of
the wrist, angling of a foot), visual motorcontrol is absolutely essential in all sports.
Whether it’s to avoid a hit, catch a ball, or
ensuring just the right twist and angle of
a shot, this kind of coordination between
the eyes and the body can mean the
difference between a game-winning goal,
or a swing and a miss.
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Case Study

Baseball
It has been said that hitting a fastball is one of the
most difficult feats in all sports. The ability to see
the ball as it is released by the pitcher, make a splitsecond decision whether or not to swing, and be able
to track the ball all the way to the point of impact is
one of the most challenging and complicated series
of sports vision events possible.
Over the years, many baseball enthusiasts —along with “experts”— regarded
batting average as one of the most important measurements of baseball
athletic success. This statistic, however, falls short of the total impact that “hits”
(denoted as “H” in a player’s statistical view) have in the outcome of a game.
Rather, it is focused too closely on the player himself without regard for the
situation they are hitting into. Instead, with the introduction of Sabermetrics,
originally defined by Bill James in 1980, we have “the search for objective
knowledge about baseball.”8 James coined the phrase in part to honor the
Society for American Baseball Research, and is a more advanced view of the
statistical analysis of baseball. Statistical analysis has been around as long
as baseball has been played competitively, but only in the past few decades
has there been both available data and the intellectual curiosity fueled by
the desire to create more successful baseball teams. Sabermetrics has
produced deeper insight into what really matters most to teams who want
to win. One of these metrics is “OPS,” or on-base percentage plus slugging,
which takes a better view of the athletic performance for a baseball player
in determining how helpful they are to win their team more games. OPS
includes successful contact with the ball in the form of a hit, but also
rewards strong vision skills that can be reflected in walks (W) received,
along with the ability to get a hit and place the ball in the best place
possible to move players around bases, driving in runs (slugging).
It should be noted that the most striking examples of vision performance
training making an impact can be seen at the collegiate and minor
league levels. This is because the marginal differences are so slight at
the major-league (MLB) level, and any significant levels of performance
improvement are measured differently on a relative basis. This is not
to suggest that the value is less for major league players. In fact, vision
performance training can be even more important as even a slight
increase in performance can make an elite athlete stand out from his
peer group and the very tight statistical bell curve distribution that their
stats are compared against.
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United States Air Force Academy

I

n 1995, the Human Performance Laboratory at the United States Air Force Academy
(USAFA)6 implemented a six-week training regimen that was largely based on sports
vision training concepts and improving the cognitive skills of its baseball players
through better “eye-based skills.” The results were striking: Based on the data collected,
athletic performance improved between 24% and 114%. The improvement in visualmotor performance skills over the course of a player’s career was notable: athletes
reported their ability to “pick up the spin of the ball coming out of the pitcher’s hand”
was better (earlier and with better perceived clarity) and they had reduced eye fatigue,
increased performance based on enhanced visualization, and more. To date, the research
data collected exceeds over 2000 athletes, with longitudinal data available in many
cases covering their entire 4-year career.

Air Force Falcons
NCAA Div I, Mountain West Conference

The USAFA chose six specific focus areas for their athletes to develop better vision
performance skills to develop “enhanced sport vision” on the playing field:

Saccadic Eye Movements

Saccade exercises help athletes improve their ability to shift their
gaze quicky and accurately to focus on a single spot or object
that is rapidly moving, enabling the brain to process the visual
information at the maximum level. These exercises also improve
eye muscle endurance, reducing eye fatigue that can diminish
performance when an athlete gets tired.

Stereopsis and Depth Perception

These are skills that focuses on binocular vision, which results in
better depth perception and stereopsis. Stereopsis is extremely
important for athletes as it is the processing of the different
images (of the same object) each eye sees while looking at
something for visual cues to determine depth.

Accommodation

This skill combines looking at several things that are at various
distances and locations and being able to transition back
and forth from each object while making decisions about the
developing situation.

Hand-Eye Speed and Coordination with CentralPeripheral Awareness

This skill is used primarily for catchers when tracking a pitch from
the mound, being sure to position themselves and their glove
correctly, but is also applicable to pitchers picking off baserunners, or even to third basement (the “hot corner”) tracking
balls as they come off the bat on a line-drive.

Dynamic Visual Acuity

This skill is the ability to accurately see moving objects, be
they athletes or the ball. This is particularly crucial for batters
trying to determine the path and spin of a pitch by tracking the
seams on the baseball.

Visual Memory

Athletes that can develop sport-specific visual memory can
develop more efficient processing of complex available visual
information which helps improve concentration, reaction time,
and the ability to focus in high-activity sporting environments.

USAFA used a variety of exercises that employed a wide range of equipment and data gathering techniques, including
tachistoscopes, the Wayne Saccadic Fixator board (and similar devices), Brock string, variable speed rotator scanners, and more.
These were also combined with software systems that added additional training. Ultimately USAFA saw measurable and dramatic
improvement based on vision performance training that was used to enhance their athlete’s sport vision.
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Case Study

Football
Larry Fitzgerald, Arizona Cardinals

L

arry Fitzgerald is a wide receiver for the Arizona Cardinals and can catch a football
with his eyes closed7. Fitzgerald, arguably one of the best wide receivers in the
NFL, occasionally catches passes in games with his eyes closed, almost as if he
has a sixth sense. These impressive skills, however, did not come from innate talent
or by accident: his skills are the by-product of years of rigorous training that started
with a habit developed in his childhood. As a child, Fitzgerald suffered from a vision
problem that made it difficult for him to pay attention in school. His grandfather was
an optometrist who worked with him to overcome his disability through vision therapy.
Fitzgerald believes that one of the biggest secrets to his success in the NFL stemmed
from the exercises that he did as a child to strengthen his visual system. Fitzgerald was
Inspired by his grandfather’s initial visual acuity drills and turned them into his own
vision training regimen. At night, Fitzgerald would throw a football up in the air while in
his dark bedroom at night, catching it over and over. Fitzgerald believes he developed his
unique skill and enhanced athletic ability by performing vision training exercises, and the
science related to his drills (albeit originally developed on a combination of science and
gut instinct) support much of this belief system.

The drills that Larry Fitzgerald developed incorporate perceptual-cognitive processing
skills. Additional research conducted by Dr. Jocelyn Faubert of the University of Montreal
in 20128 found that the ability to increase perceptual-cognitive processing “may be one
of the main determining factors as to whether athletes will […] function well at superior
levels.” Dr. Faubert also found that the ability to process movement quicker is a trainable
skill and sports vision training can be an effective method to produce the desired results.
Cognitive processing training represents one the greatest opportunities for both amateur
and elite athletes to increase their athletic performance given that there is a wide margin
for improvement with a potential high ceiling and commensurate impact especially for
professional athletes. NFL teams are increasingly becoming aware of this impact. Teams
such as the Washington Redskins, Pittsburgh Steelers, Arizona Cardinals, Indianapolis Colts,
and more have seen results from individually driven initiatives that have now manifested
themselves into sports vision skills development driven by the teams at various levels.
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Case Study

Hockey
Dwayne Roloson, Tampa Bay Lightning

F

ormer Tampa Bay Lightning goalie Dwayne Roloson is a believer in sports-vision
training9 . As a goaltender, hand-eye coordination, reaction time, and the ability
to process complex information were essential to his successful NHL career. Dr.
Mark Gordon, a developmental optometrist, is credited with this impact: years ago, he
implemented various vision performance training regimens into his overall athletic
training routine. This was especially important and designed to help Roloson, given
that as an “early 40’s” goalie in the NHL, he needed to gain any competitive edge over
younger players with better physical conditioning. This training helped him extend his
career, with impressive statistical results.

“We take a look at eye-hand coordination, reaction time, processing speeds, peripheral
awareness,” Gordon said. “Do we know where our teammates are? Do we know where
the opponents are? Do we know where the puck is? Do we know how fast the puck is
moving? Can we make sense of not only where the puck is at this moment but where it’s
going to be a half-second from now?”
Roloson credits his success to the science behind the training and the exercises developed
that he used. “I started using (this training) when I was in Buffalo and we did things that
are related to hockey. One of the things I did early on was see a sports vision specialist.”
Hockey skills rely on many vision skills but also add additional complexity in balance,
seeing as it’s played on a sheet of ice. Sports vision performance training can also help
enhance balance, because the eyes provide the brain such a large amount of input.
Vision skills combined with specific sport related movements can help athletes optimize
their performance and even further extend their playing careers, making for extended
ROI for both the players’ investment of time and a team’s investment of money into
training like vision performance training.
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Case Study

Basketball
Steph Curry, Golden State Warriors

S

teph Curry’s NBA story is especially compelling in the realm of sports vision
training, not only because of his consistently impressive performance, but
also because of how he arrived at the training routines that make him one
of the best NBA athletes and 3-point shooters that ever lived. Not every person
knows that Steph Curry has a degenerative condition called Keratoconus10: this
disease manifests itself as the cornea thinning out over time, later morphing into a
cone shape, deviating from the circular shape that a normal cornea should be. As a
result, Curry has an astigmatism that makes his vision blurry. It is hard to believe
that a technology exists that would allow Curry —who holds the NBA record of
hitting 402 three-pointers in a single season (2015-2016)— to overcome his
disease, but the roots of his training program date back to an unexpected source:
NBA great Michael Jordan.

Jordan provided some early insight into
this type of training, albeit perhaps
“Go watch old clips of MJ at the accidentally11: while at the peak of his
athletic career, Michael Jordan found that
free throw line. Make sure it’s
every free throw shot that he attempted
was met with the blinding flash of
in-game. OK, do you see it?”
photographers taking pictures using
strobe flashes. Consequently, he decided
that he wanted to train with strobe lights, just like those that might be found
in a nightclub —in fact, some of the initial strobe lights used were like ones
in an actual nightclub! His longtime trainer, Tim Grover of Attack Athletics,
says that to understand why, you only need to watch old videos of Jordan
shooting free throws. “Go watch old clips of MJ at the free throw line,”
Grover said during a phone interview with a major magazine. “Make sure
it’s in-game. OK, do you see it?”
What he describes was the blinding light of photographers’ flashes that
takes over the screen. You can see the strobes flashing, distracting if not
almost blinding Jordan while he was trying to shoot. To say that this made
his athletic performance more difficult would be an understatement.
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I

n an effort to help Jordan overcome
the distractions created by all those
unavoidable camera flashes, Tim Grover
set up strobes in the gyms where Jordan
would practice. He later found “Strobe
Spex” glasses that Jordan could wear
that would take the place of the nightclub
strobes originally used. Then an unintended
result occurred from this unconventional
training regimen: Jordan noticed that “the
game seemed to slow down,” reported
ESPN in an interview. “He picked up on
visual cues he wasn’t seeing before. For
reasons he couldn’t quite explain, it was
making him better, even beyond tolerating
photographer’s flashes.” This phenomenon
is similar to what Steph Curry based his
sports vision training on.

Based on Jordan’s experience, Nike
commissioned Duke University to conduct
a research study12 on the phenomena
and associated technology. Their study
revealed that the stroboscopic glasses
boosted short-term memory and
perceptual ability. From there, players like
Steph Curry have continued to adapt it to
impact specific game conditions and other
vision skills that translate to improved
athletic performance.
Steph Curry conducted drills in which he
dribbles a basketball with one hand and
tosses a tennis ball back and forth with
his trainer with the other13 . While doing
this, he’s also wearing specialized goggles
that have lenses that provide flashes of
light. He is maximizing his visual system
by overstressing it during training, and
conditioning himself to perform at a higher
neurological level come game time.
The human body is full of sensory
receptors: more than 70 percent are in our
eyes. That’s 130 million receptors taking
information in through each eye and then
sending it directly to the brain. For Steph
Curry to become one the best 3-point
shooters in the history of the NBA, he has
learned to maximize his neurocognitive
efficiency through sports vision training.
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Impacting
Industries
In addition to the many sports examples
provided, the role of vision performance
training can be extended to many other
non-sports related professions. Based on
research that has suggested that up to
90% of a brain’s decision-making function
can originate from visual inputs, many
other industries can be greatly affected by
performance vision training.

Pilot

Professional, non-military and military pilots can benefit tremendously as their
profession requires strong vision skills to perform their jobs well. Shifting from
observing instruments to tracking targets or other visual cues, maintaining
strong peripheral vision, and being able to pick out other objects in the air and
on the ground are all key stressors that vision training can address.

Air Traffic Control

ATC professionals often face both task saturation in a high-stress
environment with visual cues providing a bulk of the information necessary to
maintain safety and regulatory compliance. Strong vision skills and enhanced
neuroprocessing functions can help provide enhanced and sustained levels of
job performance, and can actually help decrease stress.

Public Safety

Both firefighters and police officers face dynamically changing, high-stress,
and dangerous work environments in which enhanced vision skills help them
perform their jobs as safely and effectively as possible, while managing risk to
both the lives and property they are charged to protect and managing their own
safety. For police officers, there is the additional risk management that comes
with firearm decision skills that rely on split-second decision making with a
limited number of cues in high-distraction environments. Additional professions
include emergency medical technicians (EMTs) and paramedics, security guards,
prison guards, and lifeguards.

Looking Ahead

The advancements in neuroscience are increasing rapidly as a result of both
an increased understanding of the finite limitations that exist in maximizing an
athlete’s physical condition —and teams wanting higher levels of performance—
and an appreciation for the relatively unchartered territory that exists in the field
of vision performance science (neuroscience) and the training regimens that can
unlock enhanced performance.
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In closing

A

s medical and technology companies work closer together,
and with access to more data concerning the various types
of training regimens and their effects in actual athletic
performance, more insight will be gained. Some of these insights
will be “accidental”, much like Michael Jordan’s experience, while
others will be the result of companies developing technologies in
tandem with teams and the athletes that play for them. There is
much to be learned between the correlation that cognitive skills
have and the neuroplasticity that exists that allows new skills to
become second nature to athletes when properly trained and
understood by trainers to maximize their effectiveness.

Professional Sports are a $70 billion industry: today’s modern
athlete must maximize both their skills and their career longevity
to achieve maximum financial results. These results require
investments in time, money, and research to expand the ways we
consider the athlete as a vessel for human performance. The eyes,
combined with the brain, represent the richest opportunities for
advancement and merit the strongest commitment to research to
obtain results beyond imagination. There is no doubt that the future
of sports and athletic performance is closely aligned to the training
given to the athletes that are required to perform at elite levels.
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