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Abstract. 25 

 26 

Introduction. Vision training is rapidly becoming a component of sports enhancement but 27 

quantifiable and validated improvement in visual performance has not been clearly 28 

demonstrated in high caliber and / or collegiate athletes. We have performed vision 29 

training for the last three seasons on the University of Cincinnati Baseball team’s hitters. 30 

The goal for the work was for performance enhancement and for monitoring purposes, 31 

we measured stereopsis pre and post vision training.  32 

 33 

Methods. From the preseason (January) 2011 through to the end of the season (May) 34 

2013 all hitters in the University of Cincinnati baseball team underwent regular vision 35 

training. Out of season training was 20 minutes twice a week and in season was 20 36 

minutes once per week. Traditional stereopsis (stereo fly) was performed and recorded. 37 

Vision training typically consisted of: Dynavision light board, Brock string, Strobe 38 

Glasses, Eyeport, saccades and near far.  39 

 40 

The players consistently come into the season with stereopsis 23.7 +1.0 mm and six 41 

weeks of training increases this stereopsis to and improve to 36.9 + 0.49 mm (P<0.0001).  42 

 43 

Discussion. There was a consistent and significant improvement in stereopsis measured 44 

by stereo fly with the baseball team after 6 weeks of vision training. Equally the 45 

stereopsis returned to baseline out of season. Temporal benefits seemed to continue post 46 

6 weeks of vision training. We conclude that in a population of healthy and high caliber 47 

athletes that stereopsis can improve with training and suffer from detraining effects as 48 

well. We suggest that vision training for sports that require good stereo acuity be 49 

considered.  50 

51 



Introduction 52 

Baseball is a vision intensive sport with batting being one of the most visually demanding 53 

activities 
1, 2

 . The ball can depart the pitchers hand at greater than 90 miles per hour 54 

leaving only about 0.4s seconds, or so, before it crosses the plate 
3-9

. That means the 55 

batter needs to see the ball, recognize, process and decide on the swing in a fraction of a 56 

second. The mechanics of the swing takes up much of that 0.2s seconds, which means 57 

less than 0.2 seconds is needed for the visual and cognitive systems to provide 58 

information for making a swing decision 
5
.  59 

 60 

An important component of the assessment of the pitch is speed, which is in part 61 

determined by using the depth perception to determine how fast the ball is coming at the 62 

batter 
10

. The change in distance divided by unit time determines speed 
11

. The brain does 63 

this calculation subconsciously. We felt that improving visual skills, including depth 64 

perception, may be way to improve batting 
12

. We previously published results on how 65 

vision training improved performance 
5
 and in the current paper we investigated whether 66 

vision training had demonstrable changes in a visual parameter such as depth perception 67 

13
. Depth Perception can be defined as the visual ability to perceive the world in three 68 

dimensions and the distance of an object.  Depth Perception arises from a variety of depth 69 

cues.  These are both Monocular and Binocular.  Binocular cues include stereopsis, the 70 

others are convergence and shadow stereopsis.  This is information derived from the 71 

different projection of objects onto each retina to judge depth.  Using two images of the 72 

same scene obtained from lightly different angles, makes it possible to triangulate the 73 

distance to an object with a high degree of accuracy.  This will be true whether at 16 74 

inches or 60 feet. The premise is that vision training will improve stereopsis and that 75 

depth perception improvement will be quantifiable using the stereo-fly. We report on 76 

significant improvements in depth perception with vision training and a detraining effect 77 

out of season.  78 

 79 

 80 

81 



Methods 82 

 83 

Human Subjects. The vision training was performed as part of the pre-season and regular 84 

season practices. All batters were included in the training, which was twice a week pre-85 

season for six weeks and once or twice a week during the season as the schedule allowed. 86 

Baseline stereopsis was obtained at pre-season, beginning of the season, end of season. 87 

The testing and training was a team wide (hitter wide) activity. The activity has been 88 

reviewed by the University of Cincinnati Institutional Review Board and is compliant 89 

with all human subjects rules. A total of 16 players were examined and reported here.  90 

 91 

Participants:  At the beginning of the vision training session, sixteen members of the 92 

University of Cincinnati Intercollegiate Baseball Team participated in this study.  The 16 93 

participants were between the age of 18 – 22.  They were all hitters and field position 94 

players as per the mandate from the coach.   95 

All participants were refracted prior to the start of the fall baseball season to 96 

ensure the participants had appropriate acuity and binocular vision.  Each player was 97 

refracted at 20 feet which is a standard testing measure for binocular vision and they were 98 

measured at 60 feet.   99 

Baseline stereopsis measurements were obtained in August prior to the beginning 100 

the fall baseball season and the beginning of the fall vision training session.  The second 101 

measurement was taken in January at the beginning of pre-season baseball conditioning 102 

and training and prior to start of the pre-season vision training session.  The third 103 

measurement was taken in February at the end of the baseball pre-season conditioning 104 

and training sessions and the beginning of the intercollegiate baseball season and the end 105 

of the pre-season vision training session.   106 

Each player was tested for stereopsis using the Stereo Fly Test [Stereo Optical 107 

Company, Inc Chicago, Il].  The Stereo Fly was fixed on the wall with each player 108 

positioned sitting on a stool 16 inches from the Stereo Fly and at eye level of the Stereo 109 



Fly.  During each testing session each player was given a practice session where they got 110 

comfortable with the test. The second attempt was measured and reported.   111 

During each vision training session all exercises/skills were conducted in a circuit 112 

training method with two repetitions of each exercise/skill at one minute each repetition 113 

of each exercise/skill. A 30 second rest was given in between each exercise/skill.  Basic 114 

visual skill development was initiated during the first 3 weeks of the fall and pre-season 115 

training sessions.  The purpose was to re-develop oculomotor strength and convergence 116 

and divergence movement of the eyes.  The remaining weeks of the training sessions 117 

escalated in additional cognitive function and visual training skill as it relates to baseball 118 

skill. 119 

 120 

The Vision Training Program Design, Tools and Equipment 121 

Three vision training sessions were conduct in which all sixteen participants were 122 

involved in the training sessions.  The sixteen participants were divided into 4 groups of 4 123 

with all groups receiving the same training on the same days.  The first session was 124 

during fall baseball (5 weeks) with two 25 minute training sessions per week per group. 125 

The second training session consisted of the pre-season (7 weeks) with two 25 minute 126 

training sessions per week per group.  The third training session was conducted during 127 

the competitive baseball season (12 weeks) averaging one 25 minute training session per 128 

week per group.  The vision training sessions were designed and implemented using the 129 

following equipment: Eyeport Vision Training System, Brock String, Rotation Trainer, 130 

Saccadic Eye Charts, Near/Far Saccadic Eye Charts, Accommodative Flippers, and Nike 131 

Strobe Glasses. 132 

 133 

Brock String. 134 

The Brock string used consisted of a white string 12 feet in length with 5 small 135 

wooden beads of different colors 
5, 9, 14

.  It is used to develop skills of convergence as 136 

well as to disrupt suppression of one of the eyes.  It is a valuable procedure for 137 

developing accurate fixation skills under binocular conditions. 138 



During the training session the one end of the Brock string is held on the tip of the 139 

nose while the other end is tied to a fixed point. The five colored beads are spaced on a 140 

length of string at least 12 inch long. The patient is instructed to alternate fixation and 141 

focus from one bead to the next while noting the visual input of each eye and sensation of 142 

convergence. The patient can use variable techniques to make easier or more difficult by 143 

bringing the beads closer\further to the nose.   144 

A the beginning of the second half of  (4-7 week) A variation of this exercise was 145 

placing the fixed end of the string to the floor or to the ceiling while the patient was 146 

standing.  Also, the string was shortened to six feet with the player touching the bead 147 

with his index finger and return to the side of the leg.  They alternated using the right 148 

hand and left hand.   A wand with tape the color of the ball on the Brock string was also 149 

used.  The tape was spaced 3 inches apart.  When implementing the exercise, the player 150 

would have to match the color of the tape on the wand to the color of the ball calling out 151 

each color as he matched ball to tape. The athlete would progress from the nearest ball to 152 

the furthest ball on the string and repeat 
15

.   153 

 154 

Eyeport 155 

Eyeport Vision Training System:  The Eyeport Vision Training System (Exercise 156 

Your Eyes, Dove Canyon, CA) is designed to improve visual performance by training the 157 

speed, accuracy, and efficiency of the eyes 
16

.  This electronic device uses alternating red 158 

and blue lights.  Since viewing red and blue light creates opposing effects in the eyes, 159 

alternately looking at these colors creates a rocking action that stimulates and relaxes the 160 

eye’s aiming and focusing mechanisms.  The Eyeport has 10 different speed settings and 161 

changeable speed options.  The Eyeport was placed in two different positions during each 162 

training session; vertical, horizontal, and diagonal eye movement.  A progression of low 163 

speed to high was utilized in the program.  The player was progressed in speed on an 164 

individual basis throughout the training session 
5
.  Each player performed two repetitions 165 

of this device at each session. 166 

 167 



Rotary 168 

The rotation trainer (Bernell Corporation of Mishawaka, IN) is a piece of 169 

equipment to test and enhance eye/hand coordination, perceptual and space awareness, 170 

dynamic visual acuity and dynamic fusional training.  This piece of equipment includes 171 

20-1/2" diameter plastic disc with a two colored geometric design with drilled holes and 172 

an attachment hub and heavy-duty base. It is powered by an electronic control unit with 173 

reversible and variable speeds (5-32 RPM).  Letters of the alphabet and numbers 1-10 174 

that were constructed of plastic 1x1 inch squares were placed randomly on the plastic 175 

disc with velcro.  Each player was positioned 8 feet from the disk.  The player held a 176 

laser light at the tip of their nose and had to identify the letters of the alphabet in order 177 

with the light as well as verbally identify the letter.  The progression started at 5 RPM 178 

and improved up to 24 RPM as they achieved 50 percent of identifying the letters in the 179 

alphabet.  Each training session alternated the disc in moving clockwise or 180 

counterclockwise.    181 

Accommodative Flippers.  182 

Accommodative Flippers were used to enhance the reflex action of the eye.  The 183 

accommodation reflex is a reflex action of the eye, in response to focusing on a near 184 

object, then looking at distant object (and vice versa), comprising coordinated changes in 185 

vergence, lens shape and pupil size (accommodation).  Utilizing +/- flippers gives the 186 

effect of stretching the muscles of accommodation and convergence, much the same as 187 

we do before physical exercise.  This stretching can help reduce/prevent increases in 188 

myopia as well as prolonging presbyopia. The accommodative flippers were used in the 189 

preseason training session in 50% of the weekly training sessions.  The flippers were 190 

implemented in the progression of starting with the .50 and progressing to 3.00 based 191 

upon individual ability. 192 

 193 

Strobe Glasses 194 

The Nike SPARQ Vapor Strobe are glasses in which liquid-crystal lenses flash 195 

between transparent and opaque at a rate set by the user.  The purpose of these glasses 196 

assists in Visual alignment to have both eyes work together to focus on one object; 197 

Hand/eye coordination to assist with reaction time; Visual memory to assist your eyes 198 

http://en.wikipedia.org/wiki/Reflex_action
http://en.wikipedia.org/wiki/Human_eye
http://en.wikipedia.org/wiki/Focus_%28optics%29
http://en.wikipedia.org/wiki/Vergence
http://en.wikipedia.org/wiki/Lens_%28anatomy%29
http://en.wikipedia.org/wiki/Pupil
http://en.wikipedia.org/wiki/Accommodation_%28eye%29
http://nikeinc.com/news/nike-sensory-performance-helps-athletes-see-sport-better


and brain communicate more efficiently.  The Nike SPARQ Vapor Strobe Goggles work 199 

by slowing down movement with a constant flicker in the lens. This effect helps to 200 

improve coordination and the ability to process visual information and the timing of 201 

movements.  202 

Strobe glasses were used to train two different skills appropriate for this 203 

population. The occlusion of vision acts as an interruption of visual information and is 204 

somewhat analogous to a base-runner running in front of the subjects’ visual field. With 205 

practice the athletes learn to focus on the task at hand are may be less likely to be 206 

distracted. Also, the relatively rapid interruption of visual input is thought to train the 207 

visual systems to take in and process more information when available. So it is thought 208 

vision processing improves with strobe glasses training. 209 

 210 

Dynavision 211 

The Dynavision is a eye-hand coordination device that tests and improves visual 212 

motor skills 
9, 17

. We typically perform two one minute sessions on the athletes. The 213 

reason for doing multiple sessions is to demonstrate consistency and improvement with 214 

the tests. The staged and progressive nature of the tests also helps keep the athletes 215 

engaged. 216 

The off the shelf, *A training session is an established Dynavision protocol 
5, 17

. It 217 

uses traditional eye-hand reaction training to assess visual fields and improve reaction 218 

times. This training drill takes one minute. The result is a number of hits in one minute as 219 

well as the average reaction time for each hit. Targeted programs were written to improve 220 

the perception of the strike zone, and eye hand performance and precision.  221 

 222 

Saccades 223 

Saccadic Eye Movement Training:  A saccadic eye chart is used to develop the 224 

fast movement of the eyes 
5, 7, 14

.  This saccadic eye exercise emulates a quick 225 

simultaneous movement of both eyes in the same direction.  This exercise serves as a 226 

mechanism for scanning, fixation, and rapid eye movement. 227 

http://nikeinc.com/news/nike-sensory-performance-helps-athletes-see-sport-better
http://en.wikipedia.org/wiki/Fixation_%28visual%29
http://en.wikipedia.org/wiki/Rapid_eye_movement_sleep


Each player was positioned 8 feet away from the saccadic eye chart and centered 228 

between two saccadic charts, which were positioned about five feet from the center line. 229 

Prior to beginning the exercise each player had to have full range of the eye motion in 230 

order to see all letters on the saccadic chart.  The distance from the charts was adjusted 231 

accordingly to gain full vision of the chart.  Each saccadic chart is constructed on an 81/2 232 

x 11 inch sheet of paper.  Each chart has 10 letters with a 36 point font per vertical line 233 

with 10 vertical lines on the chart.   234 

This exercise was performed reading the horizontal and vertical charts for one 235 

minute each.  The player kept their head still with only moving their eyes.  The player 236 

was asked to read the first letter on the first line on the first chart and then alternated to 237 

the second chart to read the first letter of the first line.  This completed one cycle.  The 238 

athlete then would scan the eyes to read the second letter of the left chart followed by the 239 

second letter of the right chart.  This completed another cycle.  The player would 240 

alternate between charts and letters progressing across the line horizontally.  As they 241 

completed the first line on both charts, they moved to the next line etc for one minute.  242 

The horizontal charts were placed at eye level and the vertical charts were 243 

distanced 6 feet apart.  A progression of this exercises included using unstable surfaces 244 

and varying placement of the charts to enhance eye speed and visual focus. 245 

Near Far Training 246 

Near/Far Eye Movements:  Near/far eye movements change focus quickly and 247 

accurately from a near point to a far point 
5, 7, 14

.  The two charts utilized for this exercise 248 

are a large chart and a smaller chart.  The saccadic eye chart was used for the large chart 249 

and the small chart was constructed on a 3 1/2 x 2 1/2 inch sheet of paper.  Each small 250 

chart has 10 letters with a 12 point font per vertical line with 10 vertical lines on the chart.   251 

The far chart was fixed at eye level with the player positioned 10 feet from the 252 

chart.  The player held the near chart with one hand approximately 4 – 6 inches from the 253 

nose.  This allowed the player to see over the near chart to see the far chart.  The player 254 

was instructed to keep their head still with only moving their eyes.  The player was asked 255 

to read the first letter on the first line of the far chart and then alternate to the near chart to 256 



read the first letter of the first line.  This completed one cycle.  The athlete then would 257 

scan the eyes to read the second letter of the far chart followed by the second letter of the 258 

near chart.  This completed another cycle.  The player would alternate between charts and 259 

letters progressing across the line horizontally.  As they completed the first line on both 260 

charts, they moved to the next line until the time expired for the one minute session.  The 261 

player was instructed to be sure that both eyes came into focus on the near target as well 262 

as the far target when they were alternating from chart to chart. 263 

 264 

Stereopsis Measurement 265 

In this observational study the dependent variable whose changes we measured 266 

based on the vision training is stereopsis Vision training, above, is the independent 267 

variable. We measured depth perception with the stereo fly at intervals before, during and 268 

after training. Measurement of Stereopsis was accomplished with the Stereo Fly (Stereo 269 

Optical Company, Inc. Chicago, IL).  This Stereo Fly test is designed for the evaluation 270 

of both gross stereopsis and fine depth perception. The Stereo Fly test is used as a 271 

standard in stereo testing. The test only works with the use of the stereo glasses.  272 

 273 

Polarizing glasses were placed on the subject and asked if “the fly’s wings 274 

appeared to be standing up at them and in three dimensions?”  Subjects were instructed to 275 

observe the Fly at a distance of 14 inches from their nose.  If the response was positive, 276 

they were instructed to “reach out and pinch the fly’s right wing tip with their thumb and 277 

forefinger and to hold that position.”  The distance between the photo and the center of 278 

the pinch was recorded with a millimeter ruler.  The higher the number, in mm is 279 

indicative of better stereopsis when measured on the Stereo Fly.  Randot testing measures 280 

increasingly smaller increments of stereopsis. So there is a change in stereo fly results in 281 

mm. This method is considered to be accurate within + 1-2 mm (personal communication 282 

James Ellis). 283 

 284 

The Vision Training Procedure. 285 

Three distinct training sessions were conduct during the calendar year.  The first 286 

session was the fall season (5 weeks) with two 25 minute training sessions per week.  The 287 



second training session consisted of the pre-season (7 weeks) with two 25 minute training 288 

sessions per week.  The third training session was conducted during the competitive 289 

season (12 weeks) averaging one 25 minute training session per week.  During each 290 

session all vision training skills were conducted in a circuit training with two repetitions 291 

at one minute each repetition. 292 

Basic visual skill development was initiated during the first 3 weeks of the fall 293 

and pre season training sessions.  The purpose was to develop oculomotor strength and 294 

convergence and divergence movement of the eyes.  The remaining weeks of the training 295 

sessions escalated in additional cognitive function and visual training skill as it relates to 296 

baseball skill. 297 

The stereopsis testing was completed five times during the three baseball training 298 

sessions.  This included the pre and post fall baseball season (5 weeks), preseason and 299 

post preseason (seven weeks), and at the completion of the competitive season (12 300 

weeks). 301 

During each vision training session an average of 5 vision exercises were 302 

performed.  All exercises were conducted in a circuit training method with two 303 

repetitions of each exercise at one minute each repetition. A 30 second rest was given in 304 

between each vision exercise.  Basic visual skill development was initiated during the 305 

first 3 weeks of the fall and pre-season training sessions.  The purpose was to re-develop 306 

oculomotor strength and convergence and divergence movement of the eyes.  The 307 

remaining weeks of the training sessions escalated in additional cognitive functional and 308 

visual training skill as it relates to baseball.  The competitive season training sessions 309 

were designed to maintain the oculomotor control that was developed during the 310 

preseason session. 311 

During the first three weeks of the fall and preseason training sessions the 312 

exercises performed were the horizontal/vertical saccadic eye chart, near/far saccadic eye 313 

chart, brock string, eyeport, and the rotary trainer. The exercises were performed at an 314 

introductory level on a stable surface.  A variation of unstable surfaces such as a dyna 315 

disc and half foam roll were added to escalate the difficulty in performing the respective 316 

exercise.   317 



During the remaining weeks of the fall and preseason training sessions the 318 

exercises were progressed to increase variation and difficulty.  This included a 319 

progression to unstable surfaces in performing the exercises as well as adding 320 

accommodative flippers and Nike Strobe glasses.  Nike Strobe glasses were utilized with 321 

vision exercises and functional hand eye coordination with a ball and bat. 322 

 323 

Statistics.  324 

Paired, two tailed, student T-Test was used go compare the changes in stereopsis 325 

for the players. Statistical significance is P<0.05.  326 

327 



Results. 328 

Table 1 summarizes the average and standard deviation (SD) for the stereopsis 329 

measurements in mm for the University of Cincinnati baseball team as measured through 330 

the three years of vision training. Statistical significance is reported as P<0.05.  331 

 332 

Table 1       Stereopsis 

Measurements of University of 

Cincinnati Baseball Players 

   

2010 

Pre-

Season 

Start of 

Season 

Average 22.7 36.5 

SD 10.6 15.7 

T-Test 0.00004  

2012   

Average 23.6 36.7 

SD 12.8 12.9 

t-Test 

           

0.01  

2013    

Average 24.7 44.2 

SD 12.9 8.6 

t-Test 0.01  

 333 

The players consistently present with stereopsis ranging from 22 to 25 mm at the 334 

beginning of training. As a team they go back to this level consistently between seasons. 335 

Training increases this stereopsis effect. We consistently reached the 45 to 50 mm levels 336 

with the players during the season, data not shown.  337 

338 



Discussion 339 

  340 

Depth Perception. Depth Perception in humans is achieved in two main ways. 1. By 341 

assessing the size of an object and estimating its distance based on the size observed. This 342 

is how the military trains snipers to estimate distances; based on how big a person was in 343 

their sights. It takes training and practice and can be done consciously or subconsciously. 344 

Baseball players, especially fielders, will need this skill to estimate where a fly ball will 345 

land after the hit. This is done by estimating the change in distance with time and 346 

trajectory of the ball 
18

. With experience and practice high caliber players can better 347 

estimate where a ball will land shortly after being hit. 2. Depth perception can also be 348 

done by a form of triangulation where the vergence of the eyes produces an angle that 349 

converges on the target. So if the eyes are looking parallel, there is no vergence and the 350 

triangulation estimate is infinity. But as the eyes start to “cross” the angle of the crossing 351 

indicates distance. The distance between the eyes forms the base of the triangle, for the 352 

triangulation calculation, and the angle of the eyes to vergence gives the brain 353 

information concerning distance. Along with the triangulation there is some assistance in 354 

depth perception with focus. But this is lost when distances are greater than the 355 

hyperfocal length. The focusing method requires eye muscle tone so for this paper it is 356 

considered a subcomponent of triangulation. Distance is therefore determined by 357 

individuals with a cognitive component concerning size estimations and motor 358 

component concerning the eyes’ vergence. Together these provide the individual with 359 

depth information and speed of the ball is inferred by the change in depth and change in 360 

time.  361 

 362 

Larsen reported improved depth perception using fusing training in combination with a 363 

form of cover test training 
13

. This report had a small sample size and the details 364 

concerning duration of training, frequency, and intensity of the training was not clear. 365 

Notwithstanding, the inference from this work and others 
9, 19

 strongly supports the 366 

concept for improving depth perception. However this is a novel systematic study of a 367 

group of high caliber athletes showing consistent and reproducible improvement in 368 

stereopsis.  369 



 370 

To perceive the distance of an object, or its depth of field, the brain uses the eye’s 371 

(vergence angles) and size information to determine distances. This information, for a 372 

baseball player, is important for determining speed and trajectory of a ball; weather a 373 

pitch, throw or hit. The stereo fly tends to assess the depth perception skill of the 374 

vergence. Vision training improved this depth perception measure and by extension may 375 

help a player improve their ability to assess the characteristics of the ball in flight. 376 

Baseball players use and need depth perception at distance (fielders etc) as well as up 377 

close (hitters and infielders) to maintain field awareness and optimal performance. 378 

Improved depth perception for a batter might mean being less likely to be fooled by a 379 

change up pitch 
20, 21, 22]

.  380 

 381 

Training. If we assume that the vision training has a causal effect concerning the 382 

stereopsis changes observed it begs the question why might this occur. We believe that 383 

the vision training, which included ocular motor and neuro visual conditioning led to an 384 

improvement in the control and fidelity of the extra ocular and intra ocular muscles of the 385 

eyes. This likely included an improvement in proprioception. The eyes were able to more 386 

precisely “focus” on a point, remain there and give the brain better information 387 

concerning vergence. Hence the brain improves its depth perception. To an extent in the 388 

players this may help increase awareness of where that point is in physical space. It is 389 

highly likely that the stereo fly results were improved because the ability to detect the 390 

angles for the triangulation were better. This could occur with an improved 391 

proprioception of the extraocular muscles and / or improved precision as to the position 392 

of the eyes. The timing of the improvements are consistent with a muscle training effect 393 

coupled. As mentioned in the results, the players consistently come into the season with 394 

stereopsis 23.7 +1.0 mm and six weeks of training increases this stereopsis to and 395 

improve to 36.9 + 0.49 mm (P<0.0001). The players return from the off season, and after 396 

not doing vision training for 6 plus months with stereopsis numbers similar to their 397 

baselines. This suggests that there is a detraining affect in the absence of vision training.   398 

 399 



We kept to a minimum the number of times that the subjects did the stereo fly to 400 

prevent the athletes from subjectively improving their performance. The time between 401 

stereo fly tests was typically six weeks.  It is felt that the pre-season values and the 402 

consistent return to similar pre-season values enforces this goal. The reproducible 403 

improvement in depth perception with vision training is striking and we believe that the 404 

vision training has a causal effect on the stereo fly results. This is, somewhat, reinforced 405 

by the observed detraining in the off season with a return to a lower stereo fly results at 406 

the beginning of each season along with a relatively consistent improvement in depth 407 

perception. We believe that improved neurovisual processing coupled with the ocular 408 

motor proprioception leads to improved stereo depth perception 
11, 23

. This improvement 409 

is lost during the off season, which is consistent with a detraining effect. At this time, 410 

however, we are unable to definitely say if the apparent detraining post season vision 411 

training is because of incomplete or plateau of the ocular performance or detraining. 412 

Either way, the vision training has apparent positive benefits. Continued or regular vision 413 

training can regain and/ or maintain these improvements. 414 

 415 

We believe that this is a unique report on the improved depth perception of high caliber 416 

athletes following vision training. Our previous paper suggested improved performance 417 

with vision training 
5
, and the current results reinforce vision training for performance 418 

enhancement. We also believe that depth perception and vision training can continue to 419 

improve concerning performance enhancement as well as injury prevention. For example 420 

we did not address the “size recognition” component of depth perception. There are 421 

methods for training this and they may improve the ability to track and predict the 422 

trajectory of a fly ball. Nor did we address the possibility that the subjects were 423 

concentrating better from the training. 424 

 425 

The weaknesses of a study like ours are that the players changed drastically over the 3 426 

years of the study. Only 4 players were present throughout the 3 years. So all the data 427 

presented are a population of the team year by year. No individual or small group 428 

performance data are used in this study  429 



In comparison to statistics from the 2011-2012 vision training sessions we 430 

determined the post vision training depth perception was reproducible in 2 consecutive 431 

years.   The team’s responses were reproducible in that the pre-season stereopsis was 432 

22.7+10.6 vs 23.6+12.7 mm. After 6 weeks of vision training the stereopsis was 433 

36.6+15.7 and 36.7+12.9 over two consecutive years.  434 

The 66 foot distance we used is important to measure for the batters as this is the 435 

distance between home plate and the pitcher’s mound.  It is important for the hitter to 436 

spot the pitcher’s finger position on the ball prior to its release 
21,22,24

. Coaching strategy 437 

indicates for the batter to watch the ball from the bottom of the wind-up position of the 438 

pitcher during the throwing motion. 439 

 440 

Limitations. We used stereopsis as an indicator of vision training progress. In this 441 

paper we have utilized standard stereopsis measure of stereo fly in a non-standard way to 442 

observe apparent stereopsis change caused by vision training. While the data clearly 443 

show significant changes in the “pinch height” on the stereo fly the method has not yet 444 

been directly correlated to the standard method for quantifying stereopsis. Future studies 445 

validating the “pinch height” to standard stereopsis methods are warranted. 446 

Notwithstanding the data demonstrate that this stereo fly method produces apparently 447 

quantifiable results that may be helpful for monitoring ando / or quantifying the effects of 448 

vision training.   Also, it is not clear, based on our data, what the time course and time to 449 

peak is for stereopsis. Nor can we say how long the training lasts or the best dose 450 

(frequency and duration of sessions) is for the vision training. There does appear to be 451 

some detraining late in the season as the sessions become less frequent.  452 

 453 

Further, such vision training methods may improve field and situational 454 

awareness, which we believe may prevent injuries. Therefore vision training may be an 455 

aid to injury prevention as well; but future studies are needed to investigate this thesis.  456 

457 



 458 

References 459 

1. Reichow AW, Garchow KE, Baird RY. (2011) Do Scores on a Tachistoscope Test 460 

Correlate With Baseball Batting Averages. Eye Contact Lens. Apr 5. [Epub ahead of 461 

print]  PMID:21471813.  462 

2. Kirscher DW. (1993) Sports vision training procedures. Optom Clin. 3[1]:171-82.  463 

3. Abernethy, B. (1996) Training the Visual-Perceptual Skills of Athletes. Insights from 464 

the study of motor expertise. The American Journal of Sports Medicine 24(6), 89-92. 465 

4. Brandt, T., Dichgans, J. and Koenig, E. (1973) Differential effects of central 466 

versus peripheral vision on egocentric and exocentric motion perception. 467 

Experimental Brain Research 16, 476-491. 468 

5. Clark, J.F. J.K. Ellis, J. Bench, J. Khoury and P. Graman.  High Performance Vision 469 

Training Improves Batting Statistics for University of Cincinnati Baseball Players. PLoS 470 

ONE (7)1: c29109, 2012.  471 

6. Piras A, Vickers JN. The effect of fixation transitions on quiet eye duration  and 472 

performance in the soccer penalty kick: instep versus inside kicks. Cogn Process. 2011 473 

Aug;12(3):245-55.  474 

7.  Stine CD, Arterburn MR, Stern NS. (1982) Vision and sports: a review of the 475 

literature. J Am Optom Assoc. Aug;53[8]:627-33.  476 

8. Schwab, S. Memmert, D. The impact of a sports vision training program in youth field 477 

hockey players. Journal of Sports Science and Medicine (2012) 11, 624-631. 478 

9. Zupan, M, Wile, A. (2011) Eyes on the Prize. Training and Conditioning. March; Vol 479 

21, No. 2, 11-15. 480 

10. Laby DM, Rosenbaum AL, Kirschen DG, Davidson JL, Rosenbaum LJ, Strasser C, 481 

Mellman MF. (1996) The visual function of professional baseball players. Am J 482 

Ophthalmol. Oct;122[4]:476-85.  483 

11. Howard I (2012) Perceiving in Depth, New York. Oxford University Press. ISBN 484 

978-0-199-76414-3 485 



12. Helveston EM. (2005) Visual training: current status in ophthalmology. Am J 486 

Ophthalmol. Nov;140[5]:903-10.  487 

13. Larson WL. A simple method for improving stereopsis. Optom Vis Sci. 1990 488 

Sep;67(9):684-7. 489 

14. Vickers J. Perception, Cognition, and Decision Training: The Quiet Eye in Act. 490 

Human Kinetics; 1 edition (July 10, 2007) ISBN-13: 978-0736042567.  491 

15. Scheiman, Mitchell and Wick, Bruce. Clinical Management of Binocular Vision. 492 

Lippincott, New York. 1994. pgs 188-192. ISBN 0-7817-3275-1 493 

16. Laukkanen H, Rabin J. (2006) A prospective study of the eyeport vision training 494 

system. Optometry.; Oct;77[10]:508-14.  495 

17. Vesia M, Esposito J, Prime SL, Klavora P. (2008) Correlations of selected 496 

psychomotor and visuomotor tests with initial Dynavision performance. Percept Mot 497 

Skills. Aug;107 [1]:14-20.  498 

18. De Lucia PR, Cochran EL (1985) Perceptual information for batting can be extracted 499 

throughout a ball's trajectory. Percept Mot Skills. Aug:61[1]:143-50.  500 

19. Getz, D. Optometrists Network; http://www.children-special-501 

needs.org/questions.html 502 

20. Fleisig GS, Kingsley DS, Loftice JW, Dinnen KP, Ranganathan R, Dun S, Escamilla 503 

RF, Andrews JR. (2006) Kinetic comparison among the fastball, curveball, change-up, 504 

and slider in collegiate baseball pitchers. Am J Sports Med. Mar;34[3]:423-30.  505 

21. Gray R. (2009) How do batters use visual, auditory, and tactile information about the 506 

success of a baseball swing? Res Q Exerc Sport. Sep;80[3]:491-501.  507 

22. Kato T, Fukuda T. (2002) Visual search strategies of baseball batters: eye movements 508 

during the preparatory phase of batting. Mot Skills. Apr;94[2]:380-6.  509 

23. Thorpe, S., Fize, D. and Marlot, C. (1996) Speed of processing in the human visual 510 

system. Nature 381, 520-522. 511 

24. Kirschen DG, Laby DM, Kirschen MP, Applegate R, Thibos LN. (2010) Optical 512 

aberrations in professional baseball players. J Cataract Refract Surg. Mar;36[3]:396-401.  513 

 514 


