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ABSTRACT
Visual processing, visual fields, and visual reaction times are essential to the performance of numerous
sports and play a role in athletic injuries. Vision training, a process using visual exercises as part of a struc-
tured sports conditioning program, can be used to both enhance sports performance and prevent injury by
improving neurovisual processing.

In this review, evidence and methods concerning vision training programs are presented with the results
suggesting performance enhancement and/or injury prevention, primarily concussion. Multiple studies are
reviewed and utilized as examples that vision training programs designed to improve athletic performance
or prevent injury are effective.

We conclude from the collected evidence and theoretical considerations that vision training for numerous
sports can be implemented with goals to improve performance and/or decrease injuries, specifically concussion.

Key Points

(1) In this opinion paper, we believe that vision training improves neurovisual processing. The vision train-
ing improves certain brain functions. (2) That vision training programs as part of athlete conditioning can
improve athletic performance. Eye-hand coordination, reaction times and peripheral awareness improve on
the field of play. This benefit can be sport specific with some sports benefiting more than others. (3) There
is emerging evidence that concussion rates can be decreased following pre-season vision training programs.
The cause and effect need to be better established and future research should address this opinion.
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Approximately 80 percent of the sensory input to
the brain comes from the visual system and systems
to process visual information. Multiple pathways in
the central nervous system process visual inputs to
determine where and what the eyes see, allowing the
brain to analyze the location and movement of visual
objects in space.' This visual-spatial analysis of the
brain is a critical component of numerous sports and
athletic skills. Conditioning and training for most
sports focus on known methods for improving play-
ers’ skills. According to the principle of specificity,
a general principle of athletic training, the “training
program must stress the physiological systems that
are critical for optimal performance in a given sport to
achieve specific training adaptations and goals.””” Based
on this principle, it would seem to that to optimize
a player’s skill, the visual-spatial analysis system—
that is the eye-brain axis—should be an emphasis of
conditioning and training. This is especially relevant
in sports involving multiple players and a dynamic
range of visual activity. The assumption being that
the training is transferable to the sport’s activities.

There is an emerging discipline of vision training
for performance enhancement in sports—the theory
being that if an athlete can see and process visual in-
formation Dbetter then their performance will
improve as well.** This discipline is gaining traction
with some professional sports teams as well as
college teams using vision training methods with
their athletes.”’ There are of course exceptions in
that the visual abili-ties of a traditional wrestler may
not be as critical as a football quarterback. The
wrestler can do a lot of his/her sport by “feel”
whereas the quarterback must be aware of and
track up to 21 people on a football field.

In the process of using vision training to
improve performance, it has been found that vision
training may impact injury prevention.® For coaches
and athletes, preventing injuries that threaten a
player’s career of long-term health is paramount.
Particularly with a growing body of research
focusing on the neurologic sequelae of sport-related
concussion, a growing em-phasis is being placed on
the prevention of traumatic brain injury from sport.
The theory that vision training could help prevent
injury, especially head trauma, is actively being
elucidated in the literature. We believe that the brain
training conditions the brain and helps

prevent the concussions by being more field aware and
helps recovery by having experience in brain training
for rehab post-concussion.

There are several studies using vision training pro-
grams and methods to improve athletic performance
as well as injury prevention. The studies reviewed
involve various sports, including baseball, football,
softball, soccer, basketball, and table tennis, and vari-
ous proficiency levels of athletes, from high school
to elite professionals. While the studies often focus
on performance enhancement or injury prevention,
this opinion paper presents both to link the two and
as similar vision training methods seem to improve
both endpoints based on the studies reviewed. By
implementing vision training as part of athletic
conditioning, performance enhancement and injury
prevention can be improved together, thus giving it
value for the entire sports team—athlete, coaches,
medical staff, and parents.

METHODS OFTEN USED FOR VISION
TRAINING

Vision training incorporates the concept of “light-
ing up” complex pathways of cortical function.
The goal is to train or “stress” those pathways.
Visuomotor skills require the processing of sensory
information and coordination between the occipital
lobe and motor cortex. Goodale and Milner
introduced an influential model of visual processing
in 1992, which incorporated two distinct anatomic
visual processing pathways in the primary visual
cortex. They postulated a dorsal and ventral stream
—the “what” and “how” pathways, respectively.
The dorsal stream involves “conscious perception”
or the “what” component which includes
characterization of objects with long term, action plan-
ning of remembered information; while the
ventral system controls real-time guidance,
immediate action, and reaction to visual input or the
“how” pathway. It has also been postulated that
the ventral system is critical in “object vision”
while the dorsal system is crucial in “spatial
vision.””!* For a football quarter-back tracking 21
objects on the field of play requires the integration
of both systems. The independence of these
pathways has been debated since the concept was
introduced, with newer theories suggesting a more
dynamic interplay that guides perception and action.'!

J Sports Perf Vis Vol 1(1):e8-e16; May 19, 2020.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©Clark et al.

e9



Vision Training and Reaction Training for Improving Performance and Reducing Injury Risk in Athletes

These pathways and coordination with the motor
cortex are critical for optimal athletic performance.
While immediate reaction to visual sensory informa-
tion plays an important part in athletic competition,
the conscious perception of recognized patterns of
visual information is also important.

Several vision training methods have been used both
for performance enhancement and injury prevention.
The following is not comprehensive but is designed
to give a short overview of some of the methods used
in studies referenced here.

Dynavision D2 light board (Dynavision International
LLC., West Chester, Ohio): This is an FDA-cleared
device used to train reaction time and implement ex-
ecutive processing. In this exercise, the athlete stands
in front of the Dynavision board and uses peripheral
and central vision to press flashing lights as they ap-
pear. They also simultaneously complete executive and
verbal tasks, such as calling out or adding numbers,
word-finding, or memory tests.

Tachistoscope: This is a device used to train the
brain to recognize images faster and improve con-
scious perception. Sports-related images are flashed
on a screen for 0.3 seconds with numbers. The athlete
must call out the numbers. As the training progresses,
the amount of numbers increases with varying back-
grounds to work on contrast sensitivity and executive
processing. The athletes are then required to recall the
numbers and describe the images associated. When
an alphanumeric and image description is the output
task it is thought that the athlete is training left and
right brain executive functions to improve speed and
ability to process said visual information.

Strobe glasses: These stroboscopic glasses are
designed to improve visual processing, specifically
coordination between the occipital and motor cortex.
They have an LED lens that flashes on and off with a
prescribed duty cycle, blocking visual input during
catching drills. For example, a ball is thrown to the
glasses-wearer and the image of the ball coming to-
wards the wearer appears and disappears rapidly. The
lenses speed of flash is highest in the initial training
stages, allowing more visual input. The rapidity with
which they flash slows as the athlete adapts, forcing
the athlete to rely on less visual input to process spatial
information of an object in flight. People with a seizure

disorder or seizure susceptibility should consult their
physician before using strobe glasses.

Saccadic eye charts or Hart charts: This equipment
consists of two charts of rows of letters, one small
and one large. These can be used in varying ways to
improve accommodation, eye movements (saccades),
and visual attention. For example in one method, the
participants stand approximately ten feet away from
the larger chart and hold the smaller chart in hand.
The participant then alternates reading a line from
the distance chart and near chart. Overtraining, the
distances of these charts are altered. This activity
trains eye discipline in that the eyes need to use muscle
memory to go between two sites. The task also trains
the athlete to scan the field faster and more effectively.
The complexity can be progressed as subjects train
to include pattern recognition, word-finding, etc."?

Brock string: Different colored beads (red, green,
and yellow, etc.) are placed on along a string. One
end of the strings is attached to a fixed object (i.e.,
a wall) and the participant holds the other end up to
his/her nose. The participant focuses on one bead, he/
she should see two strings coming in and out of the
bead forming an x — physiologic diplopia. This tests
suppression (one eye not being used) and convergence
(both eyes focusing on the same object). By moving
the beads or focusing on the beads, in turn, suppression
and convergence can be improved. Accommodation
is also trained with this task. The ability to change
focus (focal length) is important in several sports and
the brock string can aid in such training. As this drill
tends to be a convergence type of drill with the me-
dial recti muscles doing much of the work it is often
contraindicated for people with esophoria.

These devices and techniques, along with others
not described here,>® were combined in most studies
into training and conditioning programs of various
lengths and designs.

PERFORMANCE ENHANCEMENT AND
VISION TRAINING

Visual performance has been anecdotally con-
nected to sports performance since the early 1920s.
In “Eye, Ear, Brain, and Muscle tests on Babe Ruth,”
Fullerton attributes a link between Ruth’s visual acuity
and reaction to his athletic prominence.'*'* However,
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the exact role of vision and vision training on athletic
performance continues to be debated.'*™"”

Sports vision refers to the dynamic visual func-
tioning including depth perception, peripheral vision,
dynamic visual acuity, and visuomotor skills. It also
incorporates complex cognitive processing functions
as well. Studies have shown that dynamic visual acuity
is superior in skilled athletes in various sports, includ-
ing softball, volleyball, basketball, and tennis.'® !
Goa et al. found increased visuomotor skills, conver-
gence, accommodative facility, and dynamic acuity
in athletes when compared to non-athletes with the
largest differentiation in “critical visuomotor skills”
which included manual interception, visually guided
locomotion, and depth judgement.?> When evaluating
the mean visual reaction time of professional baseball
players, Classe et al, found a statistically significant
association between visual reaction time and batting
skill as represented by batting average. Visual reac-
tion time had no association between pitching or
fielding skills in these players.*® Similarly, a study of
Division I collegiate hockey players found that using
a Nike SPARQ sensory training station to measure
reaction time, visual memory, and visual discrimina-
tion could successfully predict a higher proportion of
goals scored.*

At the same time, many studies have shown that
visual performance itself can be trained and improved
with practice. A small study with collegiate athletes
showed that with training sessions, simple eye-hand
reaction time could be reduced, as well as binocular
vision training for spatial orientation.”* Studies of
the University of Cincinnati baseball team’s vision
training program found that vision training produced
not only demonstrable improvements in stereopsis
but also improvements in eye-hand coordination and
tracking that lead to better batting averages.”° These
studies were done from 2010 to 2013 and demon-
strated improved depth perception using stereopsis
measurements before and after participation in fall
and pre-season training periods. Similarly, the team’s
batting average increasing from 0.251 to 0.285 from
the 2010 to 2011 seasons. The University of Cincin-
nati baseball team changed coaches after 3 years of
vision training and discontinued the vision training
under the direction of the new coach. The year vision

training was discontinued the batting average of the
team fell by 25 points (unpublished observations of
Clark et al.). Similarly, in a study by Mazyn et al,
stereovision was evaluated as it related to a catching
skill. Poor catchers, who scored less than 50 percent
on a standardized catching activity were evaluated for
performance in stereovision and divided into groups
with normal or abnormal stereopsis. All individuals
participated in an intensive training program practicing
ball catching. Results showed that individuals with
abnormal stereopsis did not significantly improve
their catching rate after training, while individuals
with normal stereopsis improved significantly from
18% to 59% catch rate.”” These results indicate that
although stereopsis and perhaps other visual perfor-
mances can be learned, the heterogeneity of baseline
characteristics may influence the ability of learning.

Abernathy and Wood have published multiple
studies debating the efficacy of visual training pro-
grams.?®? In one study, groups were randomized to
with vision training (experimental) or without vision
training (control). They found that both control and
experimental groups had improved visual performance
characteristics in static visual acuity, accommodation,
choice reaction time, static visual field sensitivity
and peripheral response time. Similarly, motor and
sport-specific tasks were tested with significant im-
provements in both groups without respect to visual
training, indicating that the test results could be the
result of test familiarity.?**

However, despite debate and some negative stud-
ies, many studies have found the positive effects of
visual training. McLeod tested nine female Canadian
University soccer players by placing them in a vision
training program to test its ability to improve sport-
specific motor function. After a four-week vision
training program, visually trained athletes had better
performance in eye-hand coordination, balance, and a
sport-specific dribble test when compared to controls.*’
Hopwood et al found that the addition of visual percep-
tion training led to increased testing scores in fielding
success in skilled cricketers when compared to players
who received only on-field training (increase 21.7%
in experimental vs. 16.2% in controls).'" Similarly,
in a study by Clark et al, collegiate baseball players
at a Division I university were placed into a six-week
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visual training program before the 2011 season. The
training program included thrice-weekly sessions
including training with eye-hand coordination (Dynavi-
sion D2 device), convergence, rotary device, strobe
glasses, saccades, and near-far training. Training then
occurred twice weekly during the season. Batting
statistics were then compared between the 2010 team
and other Big East Conference competition in 2011.
The baseball team improved their batting average from
0.251 to 0.285 after vision training, a rise of 0.034
points, while the rest of the Big East batting average
fell 0.034, a statistically significant improvement in
the experimental group.’

Vision Training an Injury Prevention

Vision training is an easily implementable adjunct
to traditional pre-season conditioning and training that
should be considered for injury prevention. Several
studies have shown that poorer neurocognitive func-
tion, including visual attention, results in a higher risk
of musculoskeletal injury.*'** Recently, more studies
have been undertaken to elucidate whether structured
vision training can improve performance and reduce
the risk of injury.

Further research is needed to establish a relation-
ship between vision training and injury prevention
in baseball. However, if vision training produced
improvements in ball tracking as suggested by the

studies performed by Clark et al with Univ. of Cin-
cinnati baseball players, it could be postulated that
injury prevention from being struck by the ball is also
improved. While concussions only represent a small
proportion of injuries in baseball, there is a significant
risk of concussion via being hit by a pitch.?*

Another study looked at increased concussion
rates in high school girls’ soccer versus boy’s soc-
cer and postulated that this could be due to lack of
eye discipline, i.e. having closed eyes when heading
the ball and therefore not being able to detect and
avoid injury. By reviewing 100 images of females
and an equal number of male soccer players head-
ing the ball, it was shown that the females had their
eyes closed 90 percent of the time, while the male
players had their eyes closed in 79% of the images.
Figure 1 supports this concept concerning closed
eyes during headers in college soccer players. This
suggested a potential causal relationship between
having closed eyes during play and concussion inci-
dence. The study further postulated that eye closing
during header plays is likely secondary to the startle
reflex that could be suppressed with training and
coaching, thus providing another potential means
of injury prevention.*®

A primary area of continued interest in sports-
related injury and concussion is in football players, the
sport which has the highest rates of concussion.** >

FIG. 1 University of Cincinnati Women’s Soccer player observed to be heading the ball with eyes closed.
Keeping eyes open with neurovisual training including improved eye discipline may improve performance
as well as prevent injuries associated with heading the ball.
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A study done of data obtained from four seasons of
play by the University of Cincinnati football team
showed that vision training was undertaken as part
of the preseason and in-season conditioning program
resulted in a statistically significant reduction in
concussion rates when compared to seasons where
vision training was not implemented.’” The training
methods used were similar to those used in previous
studies with the baseball team, mentioned above,
including the Dynavision light board, Brock string,
and strobe glasses. During the study time (2006-
2013), the concussion incidence went from an aver-
age of 8.75 diagnosed concussions per season to 1.5
per season after vision training. During this time of
the study, there was a rise in concussion rate among
men’s collegiate football was noted, further implying
a potential causal relationship between vision training
and injury reduction.*®

There is also some limited research into vision and
retinal assessment and monitoring of concussion and
subsequent brain damage. One small study showed
that central and peripheral vision reaction times are
prolonged in patients with visual dysfunction after
a concussion.” The study used a Dynavision light
board to test central vision reaction time and periph-
eral vision reaction time in a patient with diagnosed
concussions with post-concussion visual symptoms.
Prolonged reaction times were found in the concussed
patients as compared to a matched non-concussed
control group. This study postulated that measuring
these times could be utilized as a means of diagnosis
of concussion and assessing return to play by looking
at changes over time in the reaction times.*>” Another
study found that there are statistically significant
sustained chronic retinal nerve fiber layer thickness
changes in athletes who reported sustaining a previous
concussion when compared to athletes without a his-
tory of concussion. This was found by measuring the
retinal nerve fiber layer via optical coherence tomog-
raphy.*’ This measurement is particularly significant
in that an increase in thickness of 3 nanometers was
found in previously concussed athletes compared to
never-concussed athletes; however, these previously
concussed athletes did not perform more poorly
on balance assessments using a Bosu ball and the
Dynavision light board than those athletes who had

never had a concussion previously.*' Assessment of
this could be used to risk-stratify athletes at risk for
structural brain injury who are no longer showing any
symptoms or evidence on the injury on exams. Further
research is needed to evaluate these measurements,
as well as to elucidate if vision dysfunction related
to prior concussion increases the risk of subsequent
concussion.

The studies of vision training and its relationship
to injury prevention are not without flaws. The studies
reported here had small sample sizes, and the studies
in the University of Cincinnati baseball and football
teams did not include control groups. Also, players
did not uniformly participate in vision training during
their seasons of play due to various factors. Further
prospective controlled studies are needed to validate
these findings and further elucidate causal relation-
ships between vision training and injury prevention.
Concerning our athletes, we have performed a risk
assessment concerning concussion risk at the Uni-
versity of Cincinnati. We have found that the average
intercollegiate athlete in the University of Cincinnati
has a 1% per year risk of suffering from a concussion
(unpublished data of Clark, et al). The national average
for concussion (traumatic brain injury risk) is 1.1%
per year (www.cdc.gov and the census bureau). Our
goal has been and continues to be to mitigate injury
risk for our athletes via our neuro visual training
program. Having the risk of a traumatic brain injury
for our athletes essentially be the same as the risk for
the general population in the USA seems to be a step
towards achieving that goal.

DISCUSSION AND CONCLUSION

In this opinion paper, we have presented a summary
of the current literature concerning vision training
in sports performance and concussion. The implica-
tion being that appropriate sports vision training can
improve performance for athletes in several sports.
Also, the vision training that engages neuro visual
pathways and neuro visual conditioning may decrease
injuries such as concussions.

Vision training programs have shown both promis-
ing and equivocal results as it relates to sports perfor-
mance.’*>* Clarity in choosing sports, athletes and
matching vision training methods is needed in the
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area of what types of vision training programs work
best. Some studies show good results from pre-season
training followed by maintenance of skills during
the season, but these are limited studies and further
studies are required.”'? Heterogeneity in results can
be assumed due to the varying structure of vision
training programs across studies as well as varying
degrees of pre-existing proficiency in neuro visual
abilities.*” Methods of enhanced peripheral vision
and reaction with the Dynavasion D2, incorporating
executive functioning tasks with tachistoscope, and
using strobe glasses to improve spatial processing
all focus on training visual and executive functions
at the same time. These training methods focus on
the improvement in the processing of visual infor-
mation and its translation in cognitive and motor
function. Vision is an important sensory pathway
with significance in ball sports, but the interaction
of reaction, visual processing, and interpretation
are also at play. Athletic performance and safety
rely on spatial processing and immediate reaction to
visual input as well as conscious decision making.
Sensory input begins in the visual axis with infor-
mation received via the retina and optic nerve and
is processed in the visual pathways in the occipital
lobe. The coordination between the visual axis and
higher cortical processing and action then becomes
the essence of visual training.

There is promise in the utility of vision training
increasing performance and safety in the athletic
arena, although more studies with improved controls
and randomized controlled trials are needed. It can
be assumed that training of peripheral vision, faster
reaction times, and improved conscious processing of
visual information will lead to enhanced performance
and higher levels of safety, but the extrapolation of this
into field results is yet to be determined. Concerning
reduction to practice of vision training athletes, the
concept of melding the performance enhancement with
the injury prevention has promised with dealing with
athletes, coaches, medical staff and administration.
Athletes and coaches are encouraged to participate
when motivated by performance enhancement. Ad-
ministration and medical personnel can be engaged
by the prospect of mitigating risks such as on-field
injuries. Thus, we firmly believe that vision training

for the competitive athlete has a dual-threat of benefit
that can be adopted by all concerned.

In conclusion, based on the research put forth
thus far, there may be a benefit of incorporating vi-
sion training into athletic conditioning and training
as a means of performance enhancement and injury
prevention. While no studies demonstrated harm to
the athlete as a result of vision training, initiation of a
sports vision training program or neurovisual training
should be performed in consultation with a trained
eye care professional.
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